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Background: Immunotherapy with the SQ-standardized grass
tablet Grazax is efficacious and well-tolerated in adult patients
with rhinoconjunctivitis. Allergic asthma and
rhinoconjunctivitis are closely linked, and a strategy combining
treatment of the upper and lower airways is recommended.
Objective: To investigate the efficacy of treatment with the grass
tablet on grass pollen–induced rhinoconjunctivitis and asthma
as well as the immunologic response and the safety profile in
children.
Methods: A total of 253 children age 5 to 16 years, with grass
pollen–induced rhinoconjunctivitis with/without asthma, were
randomized 1:1 to active treatment or placebo. Treatment was
initiated 8 to 23 weeks before the start of the grass pollen season
2007 and continued throughout the entire season. Symptomatic
medication was provided as relief medication to both groups in
a stepwise fashion. Primary endpoints were rhinoconjunctivitis
symptom and medication scores.
Results: The rhinoconjunctivitis symptom and medication
scores and the asthma symptom score were all statistically
significantly different between the 2 treatment groups. The
differences in medians relative to placebo were 24%, 34%, and
64% in favor of active treatment. The immunologic response
was similar to that observed in adults. The most common
adverse reaction was oral pruritus, reported by 40 subjects
(32%) in the active and 3 (2%) in the placebo group. Six
subjects withdrew because of adverse events. No serious adverse
events were assessed as treatment-related.
Conclusion: Immunotherapy with the grass tablet reduced grass
pollen–induced rhinoconjunctivitis and asthma symptoms in a
pediatric population and introduced an immunomodulatory
response, consistent with treatment of the underlying allergic
disease. The treatment was well tolerated. (J Allergy Clin
Immunol 2009;123:167-73.)
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Allergic rhinoconjunctivitis represents a global health problem
affecting 10% to 25% of the population,1,2 and the number ap-
pears to be rising.3 Allergy to grass pollen is one of the most
common inhalant allergies in the Western world. Allergic rhino-
conjunctivitis has been identified as one of the main reasons for
visits to primary care clinics, and although usually not regarded
as a severe disease, it significantly limits the quality of life of the
patient and affects school learning performance and work
productivity.1,2

If left untreated, allergic rhinoconjunctivitis is considered to be
one of the major risk factors for the development of asthma,1,4-6

and asthma and rhinoconjunctivitis are common comorbid-
ities.1,7,8 Concomitant asthma is estimated to occur in 10% to
50% of patients with allergic rhinoconjunctivitis,1 and concomi-
tant rhinoconjunctivitis is estimated to occur in more than 80%
of patients with asthma.9

The majority of children with asthma are atopic,4 and it has
been estimated that more than 50% of all asthma cases reported
are caused by inhaled allergens.10 The most recent evidence
points towards abnormalities of lower airway function as being
present for many rhinoconjunctivitis patients without an actual
asthma diagnosis.6 For seasonal allergies, the prevalence of ab-
normality is as much as 50%.11

Today the treatment of allergic diseases is based on allergen
avoidance, pharmacotherapeutic symptom relief, and allergen-
specific immunotherapy,1,4 and a strategy combining treatment of
upper and lower airways is suggested.1,7 Specific immunotherapy
is the only treatment modality with the capability to change the
natural course of the allergic disease, thereby preventing its exac-
erbation12 and the possible progression from rhinoconjunctivitis
to asthma symptoms.4,5 These aspects are particularly important
for children, in whom the possibility exists of altering the natural
course of the disease before the onset of permanent tissue
damage.13

The long-term effect of subcutaneous immunotherapy (SCIT)
on rhinoconjunctivitis is well established.1 Clinical efficacy for
asthma has been shown1,14 in children as well.15

Sublingual immunotherapy (SLIT) is a newer concept, devel-
oped as a more convenient form of immunotherapy with a reduced
risk of systemic adverse reactions. Convenience and safety are
highly determinative factors, particularly when contemplating the
initiation of immunotherapy in children. The favorable risk-benefit
profile of a once-daily SQ-standardized grass allergen tablet with
respect to reducing rhinoconjunctivitis symptoms in adults has been
shown in several large trials.16-19 Sustained effect and progressive
immunologic changes have also been demonstrated for adults,19,20
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Abbreviations used

AE: Adverse event

IMP: Investigational medicinal product

SAE: Serious adverse event

SCIT: Subcutaneously administered allergen-specific

immunotherapy

SLIT: Sublingually administered allergen-specific

immunotherapy

SQ: Standardized quality

SQ-T: Standardized quality tablet unit

and recently the safety and tolerability have been investigated in
children.21 The current study is the first large trial investigating
the efficacy of tablet-based SLIT on allergic symptoms in
children.

METHODS

Trial population, design, and conduct
This was a multicenter, randomized, parallel-group, double-blind, placebo-

controlled trial, initiated in autumn 2006. A total of 253 subjects age 5 to 16

from 26 centers in Germany were randomized 1:1 to once daily administration

of either an orodispersible, fast-dissolving, SQ-standardized grass allergen

tablet (Grazax; ALK, Hørsholm, Denmark; 75,000 SQ-T/2800 bioequivalent

allergen units, approximately 15 mg Phl p 5, Phleum pratense major allergen

5) or a placebo tablet similar in taste, smell, and appearance. The placebo tab-

let contained no histamine or any other active ingredients. The treatment was

commenced a minimum of 8 weeks before the start of the grass pollen season

in 2007 and continued throughout the season. The randomization was strati-

fied according to trial center.

Before enrollment, written informed consent was obtained from parents/

guardians, and subjects where appropriate, and the trial was performed in

compliance with the Declaration of Helsinki22 and Good Clinical Practice.

The trial was approved by the Ethics Committee of the Medical Faculty,

Ruhr-University Bochum.

Main eligibility criteria were as follows: 5 to 16 years of age; at least 1 year

clinical history of grass pollen–induced allergic rhinoconjunctivitis having

received symptomatic treatment during the previous grass pollen season;

positive skin prick test against P pratense (Soluprick SQ; ALK), wheal diam-

eter >3 mm; specific IgE against P pratense, IgE class�2; no clinical history

of chronic sinusitis or perennial or seasonal allergic rhinitis and/or asthma be-

cause of another allergen during—or potentially overlapping—the grass pol-

len season; no clinical history of severe asthma (Global Initiative for Asthma

2002 step 4 and FEV1 <80% of expected value after treatment with inhaled

corticosteroids and short-acting b2-agonists); and no previous treatment by al-

lergen-specific immunotherapy within the previous 5 years. Pregnancy was an

exclusion criterion.

Each day the subjects rated their rhinoconjunctivitis and asthma symptoms

in the electronic diaries on a scale from 0 to 3 (0 5 no, 1 5 mild, 2 5 moderate,

3 5 severe symptoms). A total of 10 types of symptoms were rated. The 6

rhinoconjunctivitis symptoms were 4 nose and 2 eye symptoms: runny nose,

blocked nose, sneezing, itchy nose, gritty feeling or red/itchy eyes, and watery

eyes. The 4 asthma symptoms were cough, dyspnea, wheezing, and exercise-

induced asthma. In case of allergic symptoms, subjects had access to

symptomatic relief medication (loratadine tablets, levocabastine eye drops,

budesonide nasal spray, salbutamol spray, fluticasone inhaler, and predniso-

lone tablets) provided in a stepwise fashion depending on the persistence and

severity of the symptoms. Use of relief medication was recorded in the daily

diary and scored according to predetermined criteria (see this article’s Table

E1 in the Online Repository at www.jacionline.org). The scoring scale was

not revealed to the subjects.

The symptom and medication scores were calculated as the sum of the

individual daily scores for each subject during the grass pollen season 2007
divided by the number of subject diary recordings of that score during the same

period.

Rhinoconjunctivitis well days were defined as days with no intake of

rhinoconjunctivitis relief medication and with a rhinoconjunctivitis symptom

score�2. Subjects with more than 50% rhinoconjunctivitis well days over the

entire grass pollen season were defined as having excellent rhinoconjunctivitis

control.

The grass pollen season (entire) was defined for each of the 17 pollen

regions using boundaries of three consecutive days with pollen counts �10

grains/m3. Using 30 grains/m3 instead yielded what is termed the high-level

pollen season in the presented analyses. The peak pollen season was defined

as the period of 15 consecutive days with the highest cumulative average

pollen counts.

Immunologic assessments
Blood samples for immunologic assessments were drawn at the screening

visit, the preseason visit, the on-season visit, and the end-of-season visit.

Specific IgE was determined with the ADVIA Centaur immunoassay

system (Siemens Medical Solutions, Diagnostics, Tarrytown, NY) as previ-

ously described by Petersen et al.23

The IgE-blocking factor and specific IgG4 were also determined using the

ADVIACentaur immunoassay system. For further details, please refer to the ad-

ditional Methods information in the Online Repository at www.jacionline.org.

Statistics
The power calculation was based on the first of the 2 primary endpoints,

ie, the rhinoconjunctivitis symptom score and on results from similar trials

in adults.17

All statistical tests were assessed using a nominal 2-sided significance level

of 5%. For further details on the statistical analyses, please refer to the

additional Methods information in the Online Repository.

Relative differences were calculated as (jplacebo – activej/placebo)�100%.

Analyses of the difference between active and placebo involving days with

asthma symptoms were performed post hoc, as were analyses involving the

high-level pollen season. All other analyses were predefined.

All analyses presented were performed on all randomized subjects (full

analysis set, in accordance with the intention-to-treat principle). No imputa-

tion of data was performed in case of missing data, but all available data were

used to their full extent.

RESULTS
A total of 253 subjects were randomized, and 234 (92%)

completed the trial. There were a total of 19 (8%) withdrawals
from the trial. Of these withdrawals, 6 (2%) were due to adverse
events (AEs), 4 (3%) in the active group and 2 (2%) in the
placebo group. A diagram of the trial flow is presented in Fig 1.

The trial population comprised close to twice as many male as
female subjects, and the majority (97%) were white. Generally,
baseline parameters and vital signs were well balanced between
the 2 groups, and no major differences were observed with respect
to sensitization status or to severity of and years with grass pollen
allergy (Table I).

Grass pollen counts were obtained from 17 pollen stations in
Germany. The average grass pollen season lasted 81.4 days (SD,
23.9; range, 42-126 days). The preseasonal treatment ranged from
7.9 to 23.4 weeks, with a mean of 17.1 weeks. The average high-
level pollen season lasted 32.4 days (SD, 25.4; range, 4-92 days).
Based on investigational medicinal product (IMP) accountability
records, the mean compliance was 93%, median 96%. The
distribution in each treatment group of days from first to last
IMP intake is shown in this article’s Fig E1 in the Online Repos-
itory at www.jacionline.org. Mean values were 202 and 200 for
the placebo and active groups, respectively.

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
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Rhinoconjunctivitis. Table II shows a summary of the aver-

age daily rhinoconjunctivitis symptom score and the subdivision
of this score into eye and nose symptoms.

The difference in medians relative to placebo was 24% in the
entire grass pollen season and 28% in the high-level pollen
season (threshold of 30 grains/m3), in favor of active treatment. A
sensitivity analysis showed no statistically significant effect of
oral pruritus on the rhinoconjunctivitis symptom score (P > .5),
revealing that blinding was not compromised by the increased in-
cidence of this side effect in the active group. The symptom score
was statistically significantly different between the 2 treatment
groups from the start of the grass pollen season, with P values
for differences between treatment groups of .0228 and .0014
for first day and first week, respectively. The first day relative re-
duction in medians was 33%, and the first week relative reduction
was 31%.

The observed difference in the overall rhinoconjunctivitis
symptom score was the result of a reduction in the active group
of both nose and eye symptoms, as evident from Table II.

Table II also shows a summary of the total rhinoconjunctivitis
medication score. The relative difference in medians was 34% for
the entire grass pollen season and 65% for the high-level pollen
season. As seen from Fig 2, the observed difference in the overall
rhinoconjunctivitis medication score was the result of a generally
reduced use in the active group of all types of rhinoconjunctivitis
relief medication except prednisolone, the use of which was very
limited in both treatment groups. Please refer to this article’s Ta-
bles E2 and E3 in the Online Repository at www.jacionline.org
for statistical analyses.

A rhinoconjunctivitis well day was defined as a day with no
intake of rhinoconjunctivitis relief medication and with a
rhinoconjunctivitis symptom score �2. Subjects with more than
50% well days over the entire grass pollen season were defined as
having excellent rhinoconjunctivitis control, and this was
achieved by 56% of the subjects on active treatment, compared
with 40% in the placebo group. The difference in well days
(medians) relative to placebo was 28% in favor of the active
group, with 53% well days achieved by the active group and 42%
for the placebo group. Out of an average pollen season of 81 days,
this corresponds to 43 well days for subjects on active treatment
and 34 for subjects on placebo. A statistically significant

FIG 1. Trial flow diagram.
difference between treatment groups was shown for both end-
points, with P values of .0235 and .019 over the entire pollen sea-
son for well days and excellent control, respectively.

Asthma. Over the entire pollen season, a relative difference of
64% in favor of active treatment was seen for the median asthma
symptom score on comparison with placebo (full analysis set).
The corresponding relative difference was 81% for the high-level
pollen season. The asthma symptom score was statistically
significantly different between treatment groups, with P values
of 0.0344, 0.0496, and 0.0433 for the entire, peak, and high-level
seasons, respectively. The number of subjects reporting asthma
symptoms in the diary at any point in time during the grass pollen
season was lower in the active group, 78 (67%) compared with 90
(74%) in the placebo group. The percentage of days with asthma
symptoms was 5% in the active group and 11% in the placebo
group, with the difference between treatment groups statistically
significant (P 5 .027, entire grass pollen season). The actual
number of days (medians) with asthma symptoms for the individ-
ual subject was 9 days in the placebo group and 3 days in the
active group.

The use of asthma medication was limited for both treatment
groups, with a total of only 23% of all subjects reporting intake of
asthma medication in the diaries at any point in time during the
grass pollen season. Hence, no statistically significant difference
was detectable between the 2 treatment groups for the asthma
medication score. The number of subjects in need of asthma relief
medication was nominally lower in the active group, 22 (19%)
compared with 32 (26%) in the placebo group.

Immunology
The results of the immunologic investigations are depicted in

Fig 3.
Fig 3, A, shows the mean IgE screening levels of the 2 treatment

groups to be offset with respect to each other, leading to crossing
of values when comparing treatment groups. However, the trends
within each treatment group are clear, with the main features a
gradual increase in the IgE levels for the active group and a sud-
den increase with the onset of the grass pollen season for the pla-
cebo group.

Fig 3, B, shows the mean level of IgG4 to be nearly constant for
the placebo group, whereas a continuous increase is observed
for the active group. This increase seems to level off slightly
towards the end of the trial. The differences in treatment effect
between the 2 treatment groups are statistically significant for
all visits (P < .001).

Fig 3, C, shows the IgE-blocking factor to be constant for the
placebo group until onset of the grass pollen season, where a slight
increase is observed. For the active group, the mean blocking fac-
tor increased continuously, from initiation of treatment. Again, the
differences in treatment effect between the 2 treatment groups are
statistically significant for all visits (P < .001).

Safety
Table III summarizes the overall AE frequency and severity.
Four types of IMP-related adverse events occurred with an

incidence �5%: oral pruritus, throat irritation, swollen lip, and
cough (Table III). The 3 most frequent of these were local reac-
tions at or near the application site. This article’s Table E4 in
the Online Repository at www.jacionline.org summarizes the
time of onset and time to resolution—that is, the time from first
onset until the event no longer occurred in that subject. The actual

http://www.jacionline.org
http://www.jacionline.org
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TABLE I. Subject demographics and baseline characteristics

Active (N 5 126) Placebo (N 5 127) Total (N 5 253)

Treatment group N Percent N Percent N Percent

Sex

Male 83 66 83 65 166 66

Female 43 34 44 35 87 34

Ethnic origin

White 123 98 123 97 246 97

Asian <1 0 0 1 <1

African 1 <1 2 2 3 1

Other 1 <1 2 2 3 1

Severity of grass pollen allergy

Mild 9 7 9 7 18 7

Moderate 78 62 88 69 166 66

Severe 39 31 30 24 69 27

Age (y)

Mean (SD) 10.1 2.9 10.1 3.1 10.1 3.0

Median 10.0 9.0 10.0

Q252Q75 8.0 212.0 8.0 213.0 8.0 213.0

Minimum2maximum 5.0 216.0 5.0 216.0 5.0 216.0

No. of years with grass pollen allergy

Mean (SD) 3.5 2.6 3.4 2.4 3.5 2.5

Median 2.9 2.7 2.8

Q252Q75 1.5 24.7 1.6 24.6 1.6 24.6

Minimim2maximum 0.5 212.6 0.3 211.5 0.3 212.6

Asthma severity

N 55 44 50 39 105 42

Mild 27 21 21 17 48 19

Moderate 24 19 26 20 50 20

Severe 3 2 2 2 5 2

Not available 1 <1 1 <1 2 <1

Sensitization status

Mono 24 19 21 17 45 18

Multiple 102 81 106 83 208 82
duration in minutes of these events was not collected in this trial
but has been investigated previously in phase I pediatric trials.21

Abdominal pain, which is frequently observed with sublingual
immunotherapy in children,21,24 was observed with an overall inci-
dence below 5% and with similar incidence for the 2 treatment
groups (data not shown). Only one event of abdominal pain was as-
sessed as IMP-related, and this event was found in the placebo group.

No differences were observed between the 2 treatment groups
in the trial for the incidence of any IMP-related adverse events
indicative of a systemic reaction.

No deaths or pregnancies occurred in the trial. A total of 5
treatment-emergent serious adverse events (SAEs) were experi-
enced by 4 different subjects, 2 in each treatment group (see this
article’s Table E5 in the Online Repository at www.jacionline.org).
IMP relation was assessed as unlikely for all 5 SAEs. One subject
withdrew because of an SAE.

Six subjects (2%) were withdrawn because of a total of 15 AEs,
2 subjects (2%) in the placebo group and 4 (3%) in the active
group (Table E5). Out of the 4 AE withdrawals observed in the
active group, 3 were a result of local reactions related to the
oral administration of the allergen. Half of the AE-related with-
drawals were initiated by the subject. All subjects recovered fully.

A total of 15 treatment-emergent severe AEs were experienced
by 11 different subjects (4%), 7 in the active group (6%, 11
events) and 4 in the placebo group (3%, 4 events; Table E5). IMP
relation was assessed as unlikely for all severe AEs except 3,
which were all experienced on the same date by the same subject,
who was withdrawn from the trial as a consequence. This subject
was an 11-year-old boy with a clinical history of allergic rhino-
conjunctivitis and mild asthma. In January, on days 3 to 17 count-
ing from the date of the first IMP intake, the subject experienced
swelling of tongue, itchy tongue, tightness, blister on lip, and
shortness of breath. The events increased in severity with time,
and the subject was withdrawn on day 17 because of 3 severe ad-
verse events (oral pruritus, dyspnea, and tongue disorder). All the
events were assessed as probably related to the IMP by the inves-
tigator. The events were treated with desloratadine, salbutamol,
and cetirizine. The subject recovered fully from all events.

No differences were evident in the safety profile across the age
span of the trial population, and the pattern of adverse events was
similar for subjects with and without asthma symptoms. The majority
of the IMP-related adverse events were mild to moderate local
reactions of a transient nature, as observed previously with adults.

DISCUSSION
The efficacy of SCIT in treatment of IgE-mediated allergic

disease is well established.1,12 In recent years, SLIT has been in-
tensively debated, with recent large phase III trials and meta-
analyses supporting efficacy of this administration form as
well, in adults.17,19,25 However, conflicting evidence has been
presented regarding the efficacy of SLIT in children,26,27 and
2 pediatric trials in Germany, where the current trial was con-
ducted, failed to show reduction of rhinoconjunctivitis

http://www.jacionline.org
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TABLE II. Summary of average daily rhinoconjunctivitis symptom and medication scores

Entire GPS Peak GPS High-level GPS

Mean (SD) Median Mean (SD) Median Mean (SD) Median

Symptom score

Active 2.67 (2.38) 2.13 3.57 (2.90) 2.93 3.36 (2.75) 2.71

Placebo 3.17 (2.14) 2.80 4.47 (3.02) 3.93 4.29 (2.92) 3.75

Difference relative to placebo 24% 25% 28%

P value, difference between treatment groups .0195 .0139 .0071

Nose symptom score

Active 2.01 (1.73) 1.60 2.57 (2.09) 2.20 2.45 (1.98) 2.04

Placebo 2.38 (1.65) 2.08 3.20 (2.20) 2.73 3.06 (2.11) 2.73

Difference relative to placebo 23% 20% 25%

P value, difference between treatment groups .0461 .0199 .0163

Eye symptom score

Active 0.66 (0.76) 0.38 1.00 (0.99) 0.80 0.91 (0.95) 0.61

Placebo 0.79 (0.73) 0.54 1.27 (1.17) 0.93 1.23 (1.14) 0.96

Difference relative to placebo 30% 14% 37%

P value, difference between treatment groups .0541 .0754 .0213

Medication score

Active 2.13 (3.48) 0.78 2.81 (4.57) 0.87 2.68 (4.44) 0.64

Placebo 2.53 (3.03) 1.19 3.83 (4.28) 2.40 3.53 (4.02) 1.83

Difference relative to placebo 34% 64% 65%

P value, difference between treatment groups .0156 .0013 .0016

GPS, Grass pollen season.

Number of subjects: active, 117; placebo, 121. P values obtained by Wilcoxon rank sum test. A P value below .05 means that active scores tend to be lower than placebo scores on a

5% significance level.
FIG 2. Rhinoconjunctivitis medication use, entire grass pollen season. Left, Percentage of subjects with

medication use. Right, Total percentage of diary records (days) with medication use. *Statistically signifi-

cant difference between treatment groups (Fisher exact test). #Statistically significant difference between

treatment groups in the prevalence of days with use of the concerned relief medication (generalized linear

mixed model).
symptoms on drop-based, grass pollen SLIT in children.28,29

The current study with the SQ-standardized grass allergen tablet
is the first pediatric SLIT trial to show consistent rhinoconjunc-
tivitis efficacy data in a larger group of children, with reliable
power and significant effects compared with placebo. The ad-
ministration form and the dosing of drops and tablets are incom-
parable, and it remains an open question why the drop-based
treatment did not show efficacy.

Furthermore, a statistically significant reduction of asthma
symptoms was observed in the active group, consistent with
children with grass pollen allergy presenting with a 1-airway
disease.1,7 Efficacy of immunotherapy on asthma symptoms has
been shown in meta-analyses,14,30 also with SLIT in children.31

Recent evidence points toward the presence of impaired lung
functionality for a proportion of patients with allergic
rhinoconjunctivitis, and these seem to be the patients most likely
to develop asthma as a later stage of their progressing disease.6 At
the time of enrollment, 41% of the subjects in the current trial were
listed with a medical history of asthma, evenly distributed be-
tween the 2 treatment groups. However, 66% reported asthma
symptoms at some stage during the trial, reflecting the gradual
progression of the allergic disease for some subjects and the strong
association between allergic rhinoconjunctivitis and allergic
asthma. The percentage of subjects reporting asthma symptoms
was lower in the active group than in the placebo group.

The improvements over placebo were observed throughout the
entire grass pollen season, with numerically larger relative
differences observed in the peak and high-level pollen seasons.
This illustrates that comparisons across trials should take into
account the definition of the pollen season, because no consensus
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FIG 3. Immunology results reported as change from baseline for each of the 2 treatment groups at different

time points, with 95% CIs. A, Mean levels of P pratense–specific IgE antibodies. B, Mean levels of P pra-

tense–specific IgG4 antibodies. C, IgE-blocking factor, P pratense (mean values).
TABLE III. Summary of treatment-emergent AEs

Active (N 5 126) Placebo (N 5 127) Total (N 5 253)

Treatment group N (%) E N (%) E N (%) E

No. of subjects 126 (100) 127 (100) 253 (100)

All adverse events 109 (87) 426 106 (83) 278 215 (85) 704

IMP relation

Probable 53 (42) 104 16 (13) 18 69 (27) 122

Possible 27 (21) 47 22 (17) 30 49 (19) 77

Unlikely 94 (75) 275 95 (75) 230 189 (75) 505

Severity

Mild 100 (79) 288 87 (69) 171 187 (74) 459

Moderate 65 (52) 126 65 (51) 103 130 (51) 229

Severe 7 (6) 11 4 (3) 4 11 (4) 15

Unknown 1 (<1) 1 0 (0) 0 1 (<1) 1

Seriousness

Nonserious 109 (87) 423 106 (83) 276 215 (85) 699

Serious* 2 (2) 3 2 (2) 2 4 (2) 5

IMP-related AEs, severity 67 (53) 151 37 (29) 48 104 (41) 199

Mild 63 (50) 116 27 (21) 35 90 (36) 151

Moderate 15 (12) 32 12 (9) 13 27 (11) 45

Severe 1 (<1) 3 0 (0) 0 1 (<1) 3

IMP-related events,

incidence �5%

51 (40) 77 8 (6) 10 59 (23) 87

Oral pruritus 40 (32) 50 3 (2) 3 43 (17) 53

Throat irritation 12 (10) 12 2 (2) 2 14 (6) 14

Swollen lip 9 (7) 9 0 (0) 0 9 (4) 9

Cough 6 (5) 6 3 (2) 5 9 (4) 11

E, Number of events; N, number of subjects.

*IMP relation was assessed as unlikely for all 5 SAEs.
exists on this issue. The current trial showed effect of treatment at
any level of exposure, with the largest relative differences
observed in the periods with the highest pollen counts.

The simultaneous reduction in the level of rhinoconjunctivitis
symptoms and the intake of rhinoconjunctivitis relief medication
was confirmed by statistically significant differences in favor of
active treatment for the percentage of rhinoconjunctivitis well
days and the number of subjects achieving excellent rhinocon-
junctivitis control. This supports responsiveness in children to the
treatment and further illustrates the consistency of the data in this
trial.

The results for efficacy and safety are comparable with those
observed in adults.16,17 This is further confirmed by the results of
the immunologic investigations (Fig 3), which reveal trends to be
similar to those previously reported for the SQ-standardized grass
tablet in adults16,19,32 and qualitatively similar to those observed
with subcutaneous immunotherapy.33,34 Of note is the observed
increase in the level of grass allergen–specific IgG4 antibodies
for the active group, which has also been observed in other trials
with grass pollen SLIT in children.28 This increase is consistent
with the observed increase in the IgE-blocking factor, which as-
sesses the effect of treatment-induced serum components compet-
ing with IgE for binding to the allergen.

In conclusion, all data consistently demonstrate efficacy of
SLIT with the SQ-standardized grass tablet in children, and
pediatric use is expected to result in the same benefits as those
observed in adults, with a similar safety profile. An effect on
asthma symptoms was observed, supporting that a treatment
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effective for rhinoconjunctivitis is also active for asthma. Along
with the demonstrated induced immunomodulatory response, this
leads to a favorable risk-benefit ratio, leaving the SQ-standard-
ized grass tablet to be considered as baseline therapy for children
with diagnosed grass pollen allergy.

Interestingly, a progressive effect of SLIT with the
SQ-standardized grass tablet in adults has been demonstrated
recently,20 perhaps indicating a long-term effect, as is well estab-
lished for SCIT.1 Showing a long-term effect of SLIT in children
would be an important next step in elucidating the characteristics
of this administration form.

We thank the following investigators, members of the Network of Pedia-

tricians for Clinical Studies (NETSTAP e.V., Hamburg, Germany), for partici-

pating in this study: Thomas Adelt, Bramsche; Jonathan Aryee, Geldern;

Andrea von Berg, Wesel; Hans-Georg Bresser, Bielefeld; Matthias Bolz,
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Clinical implications: The SQ grass tablet may be used in chil-
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METHODS

IgE-blocking factor assay
The IgE-blocking factor assesses the effect of serum components compet-

ing with IgE for binding to allergen. Such components, including IgE-

blocking antibodies of various isotypes, are known to be induced by

immunotherapy.E1-E3 The IgE-blocking factor was determined using the AD-

VIA Centaur immunoassay system, by using a modification of the Petersen

et alE4 protocol for IgE quantification. The assay is a competition assay and

is based on 2 IgE determinations from the same serum sample:

d T: determines the total amount of allergen-specific IgE capable of binding

to allergen when all competing antibodies/components have been rinsed

off (washed away after the first assay step/incubation). This is a standard

specific IgE quantification.

d S: determines the amount of allergen-specific IgE bound to allergen in the

(possible) presence of competing components, including antibodies of

unspecific isotype.

The results of the assay are reported as 1–(S/T). This IgE-blocking factor is

a dimensionless number which varies theoretically from 0 (no presence of any

IgE-blocking components) to 1 (all IgE blocked from binding to allergen).

IgG4 assay
Specific IgG4 was also determined using the ADVIA Centaur immunoassay

system. The assay was similar to that used for determination of specific IgE

with the following modifications: antihuman IgE was replaced with P pratense

extract, and the biotinylated P pratense extract was replaced with biotinylated

murine monoclonal antihuman IgG4. The serum samples were diluted 1:100

before analysis. A P pratense–specific IgG4 standard curve was constructed

from a serum pool on the basis of serum samples drawn from patients during

specific immunotherapy treatment. The amount of P pratense–specific IgG4 in

each serum sample was then determined relative to the standard curve.

Statistics
A total of 300 subjects were planned for randomization. Assuming a

withdrawal rate of 20% and a 1:1 ratio of randomization, a sample size of
150 per treatment group yields 90% probability for detecting a relative

difference of 21.2% for the SQ-standardized grass allergen tablet compared

with placebo, with a significance level of 5%. In the first year of treatment in

a similar trial in adults, the treatment effect was 31% and 39% with regard to

the rhinoconjunctivitis symptom and medication scores, respectively (P <
.0001 for both).E5

The null hypothesis was the hypothesis of no difference, and the

alternative to the null hypothesis was the hypothesis of difference. When

the assumption of normality was confirmed by plotting residuals in normal

quantile plots, data were analyzed by using both a parametric ANOVA and a

nonparametric analysis (Wilcoxon rank-sum test). Otherwise, as prespecified

in the protocol, only a nonparametric analysis was performed. The binary

response ‘‘day with asthma symptoms/day without asthma symptoms’’ was

analyzed by using a parametric generalized linear mixed-effect model with a

logit link function.

The 2 treatment groups were active and placebo. The approach to the

multiple comparisons with 2 primary endpoints was a hierarchical ordering of

the null hypotheses. Hence, statistical conclusions could only be based on the

test of a null hypothesis with a rank higher than the first rejected null

hypothesis. Because the ranking of the null hypotheses was prespecified, no

formal adjustment for multiple testing was necessary.
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FIG E1. Distribution of subjects in each treatment group with regard to length of treatment evaluated by

number of days from the day of first tablet intake to the day of last tablet intake.
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TABLE E1. Relief medication scoring scale

Step Rhinoconjunctivitis relief medication Score/dose* Maximum daily score

1 Loratadine tablets, 5 or 10 mg 6 6

1b Levocabastine eye drops, 0.5 mg/mL 1 4

2 Budesonide nasal spray, (5-12 y, day 1) 100 mg/dose 4 8

2 Budesonide nasal spray, (5-12 y, day 21) 50 mg/dose 4 8

2 Budesonide nasal spray, (13-16 y, day 1) 200 mg/dose 4 8

2 Budesonide nasal spray, (13-16 y, day 21) 100 mg/dose 4 8

3 Prednisolone tablets 5 mg, day 1� 1.6 16

3 Prednisolone tablets 5 mg, day 21� 3.2 16

Maximum daily rhinoconjunctivitis medication score 34

Asthma relief medication Score/dose 1 Maximum daily score

A Salbutamol spray (5-12 y) 100 mg/dose 2 8

A Salbutamol spray (13-16 y) 100 mg/dose 1 8

B Fluticasone inhaler/spray, 125 mg or 250 mg 4 8

C Prednisolone tablets 5 mg, day 1� 1.6 16

C Prednisolone tablets 5 mg, day 21� 3.2 16

Maximum daily asthma medication score 32

*Scoring scales were not seen by the subjects.

�Use of prednisolone counts in the rhinoconjunctivitis score and/or in the asthma score depending on the reason stated in the diary record.
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TABLE E2. Analysis of rhinoconjunctivitis rescue medication days in entire grass pollen season (full analysis set)

Effect N Estimate 95% df 95% lower CL 95% upper CL P value

Entire season

GLMM

Fixed effects

Placebo, rhinoconjunctivitis med days (%) 8107 20.23 186 13.27 29.58

Grazax, rhinoconjunctivitis med days (%) 7803 9.89 195 6.12 15.59

Odds ratio: Grazax vs placebo 2.31 189 1.18 4.52 .0147

pollen region .1979

Random effects

Subject, variance 6.32

Residual, variance 0.77

Fisher exact test

Placebo, rhinoconjunctivitis med days (%) 8107 32.29

Grazax, rhinoconjunctivitis med days (%) 7803 25.35

Odds ratio: Grazax vs placebo 1.40 1.31 1.51 <.0001

CL, Confidence limits.

The binary response ’’Medication day/no medication day’’ is modeled by using a generalized linear mixed model (GLMM) with treatment and pollen region as fixed effects and

subject as a random effect. A logit link function is used in the GLMM.

Fisher exact test is also performed.
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TABLE E3. Analysis of rhinoconjunctivitis loratadine days in entire grass pollen season (full analysis set)

Effect N Estimate 95% df 95% lower CL 95% upper CL P value

Entire season

GLMM

Fixed effects

Placebo, loratadine days (%) 8107 10.54 199 6.12 17.58

Grazax, loratadine days (%) 7803 4.74 205 2.63 8.39

Odds ratio: Grazax vs placebo 2.37 196 1.08 5.18 .0308

pollen region 0312

Random effects

Subject, variance 8.32

Residual, variance 0.66

Fisher exact test

Placebo, loratadine days (%) 8107 27.45

Grazax, loratadine days (%) 7803 20.01

Odds ratio: Grazax vs placebo 1.51 1.40 1.63 <.0001

CL, Confidence limits.

The binary response ‘‘Loratadine day/no Loratadine day’’ is modeled by using a generalized linear mixed model (GLMM) with treatment and pollen region as fixed effects and

subject as a random effect. A logit link function is used in the GLMM.

Fisher exact test is also performed.
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TABLE E4. Time of onset and time to resolution of the 4 most

frequent IMP-related adverse events

Onset Resolution

Active Placebo Active Placebo

Oral pruritus

N 40 3 40 3

Mean 12.6 11.7 48.4 0.0

Median 1 1 15 0

Q25-Q75 1-159 1-33 0-223 0-0

Minimum-maximum 1-2.5 1-33 0-93 0-0

Throat irritation

N 12 2 12 2

Mean 18.5 1.0 59.5 0

Median 2 1 21 0.0

Q25-Q75 1-103 1-1 0-236 0-0

Minimum-maximum 1-19 1-1 0-81 0-0

Cough

N 6 3 6 3

Mean 24.7 91.3 20.2 11.0

Median 9 59 20.5 14

Q25-Q75 1-107 46-169 0-42 0-19

Minimum-maximum 1-21 46-169 7-31 0-19

Swelling face

N 9 0 9 0

Mean 19.3 — 31.9 —

Median 3 — 1 —

Q25-Q75 1-54 — 0-223 —

Minimum-maximum 1-42 — 0-23 —
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TABLE E5. Serious, severe, and withdrawal-related AEs

Allocation

Age

(y) Description Onset (d)

Duration

(d)

Assessment

of IMP-

relation

Change to

IMP intake Outcome Severity

Withdrawn

because

of event Serious

Placebo 10 Gastroenteritis 20 8 Unlikely Discontinued Unknown Moderate Yes No

Placebo 8 Abdominal pain 34 3 Unlikely None Recovered Moderate No Yes

Placebo 12 Rhinitis allergic 47 Not available Unlikely Discontinued Recovered Moderate Yes No

Placebo 15 Appendicitis 83 4 Unlikely Temporarily

interrupted

Recovered Severe No Yes

Placebo 11 Laryngotracheitis 135 6 Unlikely None Recovered Severe No No

Placebo 7 Allergic asthma 147 12 Unlikely None Recovered Severe No No

Placebo 8 Tonsillitis 208 9 Unlikely None Recovered Severe No No

Active 11 Lip blister 3 12 Probable None Recovered Mild No No

Swollen tongue 15 1 Probable None Recovered Moderate No No

Chest discomfort 15 1 Probable None Recovered Moderate No No

Dyspnea 15 1 Probable None Recovered Moderate No No

Swollen tongue 15 1 Probable None Recovered Moderate No No

Oral pruritus 17 1 Probable Discontinued Recovered Severe Yes No

Dyspnea 17 1 Probable Discontinued Recovered Severe Yes No

Tongue disorder 17 1 Probable Discontinued Recovered Severe Yes No

Active 9 Swollen lip 17 1 Probable Discontinued Recovered Mild Yes No

Active 5 Otitis media 31 8 Unlikely None Recovered Severe No No

Active 8 Oral pruritus 34 1 Probable Discontinued Recovered Moderate Yes No

Throat irritation 34 1 Probable Discontinued Recovered Moderate Yes No

Headache 34 1 Possible Discontinued Recovered Moderate Yes No

Active 6 Otitis media 48 9 Unlikely None Recovered Severe No No

Active 13 Nasopharyngitis 49 5 Unlikely None Recovered Severe No No

Active 16 Viral infection 49 11 Unlikely None Recovered Severe No No

Asthma exacer bation 52 6 Unlikely None Recovered Severe No Yes

Asthma 199 15 Unlikely None Recovered Severe No Yes

Active 8 Influenza 64 8 Unlikely Temporarily

interrupted

Recovered Severe No No

Active 8 Asthma 93 2 Unlikely Discontinued Recovered Severe Yes Yes


	Safety and efficacy in children of an SQ-standardized grass allergen tablet for sublingual immunotherapy
	Methods
	Trial population, design, and conduct
	Immunologic assessments
	Statistics

	Results
	Efficacy
	Rhinoconjunctivitis
	Asthma

	Immunology
	Safety

	Discussion
	References
	Methods
	Statistics



