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ABSTRACT

Background: Allergen immunotherapy is the only disease-modifying treatment for IgE-mediated diseases for patients 5years
and over. The question is often asked why children receive the same doses as adults. There is not a single dose-finding study
including children and/or adolescents. Moreover, randomized controlled trials that include all age groups but report effects sep-
arately are rare.

Method: This randomized trial investigated the safety and tolerability of an accelerated dose escalation schedule (One-Strength
group) compared to the standard regimen (Standard group) when using a birch pollen SCIT allergoid in patients aged 5-65years.
Results: Overall, 201 patients were randomized to the two regimens: 87 adults, 52 adolescents, 62 children. Three hundred
eighty-two treatment-related adverse drug reactions (ADRs) occurred in 81 patients (40.5%). A higher proportion of patients in
the One-Strength group (48.5%) experienced at least one ADR compared to those in the Standard group (32.0%). The majority
of ADRs were local (93.3%), and the majority were of mild intensity (95.8%). 3 patients in the One-Strength and 1 patient in the
Standard group developed a total of 9 systemic ADRs, which all were classified as WAO grade 1 or 2 and most of mild intensity.
No event of WAO grade 3 or higher was reported. No serious ADR occurred. Overall, tolerability was assessed as “very good” or
“good” by more than 96% of investigators and patients. Safety and tolerability were comparable in the three age groups.
Conclusion: Birch pollen SCIT was safe and well-tolerated when administered using a One-Strength dose-escalation regimen
in patients aged 5-65years.

1 | Introduction and represent a major cause of allergic rhinitis (pollinosis).

The respiratory tract is the primary target of inhaled pollen
Pollen grains, which act as carriers of airborne allergens and and can be affected by IgE-mediated allergic diseases in ge-
contain potent allergenic proteins, are well-studied worldwide netically predisposed individuals. These conditions manifest
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clinically as allergic rhinitis (AR), conjunctivitis, or asthma.
Most pollen-allergic patients experience rhinoconjunctivi-
tis [1]. In Europe, the prevalence of confirmed AR in adults
ranges from 17% to 28.5%, while 15%-38% of patients are also
affected by asthma [2].

In Central and Northern Europe, tree pollens of the order
Fagales (birch, alder, hazel, hornbeam, and oak) are major air-
borne allergens [3, 4]. In Germany, a survey reported that ap-
proximately 19% of the adult population was sensitized to tree
pollen allergens [5]. Additionally, a skin prick test study found
that 34.1% of German patients had a clinically relevant allergy
to birch pollen [6]. Allergen immunotherapy (AIT) is the only
causal treatment option for IgE-mediated allergic diseases, in-
cluding allergic rhinitis, rhinoconjunctivitis, and asthma [7, 8].
Its efficacy and safety using birch pollen products for subcu-
taneous or sublingual immunotherapy were shown in several
randomized clinical trials [9-13], while real-world database
analyses proved long-term effectiveness for up to 6 years [14, 15].

Up to now, the majority of randomized controlled AIT trials
showing efficacy and safety were primarily performed with
adult patients and only a few exclusively included children
[16-18]. According to the EAACI guideline on allergen immu-
notherapy in allergic rhinoconjunctivitis “many of the SCIT
trials are now relatively old, many enrolled only a few children
and/or did not present pediatric only analyses” [8]. Especially,
there are no dose-finding trials investigating whether the
same dose(s) and/or dose regimen are suitable for children.
Therefore, randomized AIT trials, including children and ad-
olescents, are still desirable and essential.

The aim of this randomized, two-arm, open-label multicenter
trial was to investigate the safety and tolerability of an accel-
erated dose escalation regimen (One-Strength dose escalation)
compared to the standard regimen (Standard dose escalation)
when using a birch pollen SCIT allergoid. This study not only
included children, adolescents, and adults simultaneously,
but also provided results for each age group individually and
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examined the comparability of safety and tolerability across
groups.

2 | Methods
2.1 | Trial Design

This was a multicentre, open label, randomized, phase II trial
with two active treatment arms (EudraCT 2021-002317-34),
which was performed in 15 sites in Germany and Poland. All
patients were treated with an aluminum hydroxide-adsorbed
birch pollen allergoid product for SCIT (Allergovit Birch;
Allergopharma GmbH & Co. KG, Reinbek, Germany) in two
different dose escalation regimens (Figure 1).

No premedication was planned during the trial.

After each injection, all patients were supervised for at least
120min to monitor FEV1, vital signs, and potential treatment-
emergent adverse events (TEAEs) related to the investigational
medicinal product (IMP).

A dose reduction after an IMP-related TEAE followed a strict
pattern (see Supporting Information).

Randomization was performed block-wise at each site in a 1:1
ratio, and patients were stratified into the respective age group
according to their age on the day of their enrolment.

2.2 | Ethics

The trial was conducted in compliance with Good Clinical
Practice guidelines and the Declaration of Helsinki. Competent
authorities in Poland and Germany and independent ethics
committees approved the trial protocol, and written informed
consent was obtained from the patient and the patient's legal
representative, respectively.
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FIGURE1 |

Dose regimens in the one-strength and standard group during SCIT with the birch pollen allergoid. Dose escalation was administered

in weekly intervals. Once the maintenance dose had been reached, two injections were administered at intervals of 2-4 weeks.
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2.3 | Patients
Patients' inclusion criteria were:

e age: >5to <65years

« clinically relevant symptoms of moderate to severe rhini-
tis/rhinoconjunctivitis with or without asthma (well con-
trolled acc. to [19]) caused by birch pollen confirmed by
a positive skin prick test, birch pollen-specific IgE (>0.7
kU/L), allergic symptoms from March to May and need of
symptomatic anti-allergic medication for at least 2 seasons.

Main exclusion criteria are listed as Supporting Information.

2.4 | Endpoints
2.41 | Safety
Number and incidence of the following events were recorded:

+ Adverse event (AE): any untoward medical condition that
started or worsened at the day of the patient's signature on
patient information consent until and including the final
visit or premature termination visit.

« TEAE:any AE that started on the day of the patient's signa-
ture on patient informed consent and was performed until
and including the final visit or premature termination visit.

« TEAE related to IMP, herein after referred to as adverse
drug reaction (ADR): An untoward and unintended re-
sponse to the IMP related to any dose administered. ADRs
were differentiated into:

o Local ADR: occurring at the injection site,

o Systemic ADR: graded according to the WAO grading
system based on the organ systems involved and the se-
verity of the reaction [20],

o ‘Other type of ADR: ADR which could not be classified
as local or systemic ADR.

Investigators recorded the time of onset for every ADR.

Moreover, the number of patients who reached the maintenance
dose without dose adjustment due to ADRs was recorded.

Intensity of all ADRs was assessed by investigators based on the
following criteria:

« Mild: Transient symptoms, no interference with the pa-
tient's daily activities.

« Moderate: Marked symptoms, moderate interference with
the patient's daily activities.

« Severe: Considerable interference with the patient's daily
activities.
2.4.2 | Tolerability

Overall tolerability of SCIT for every single patient was as-
sessed at the final visit by investigators and patients/parents/

legal guardians by using the 5-point Likert scale (1 =very bad;
5=very good) [21].

2.4.3 | Immunology

Levels of birch pollen-specific IgG4 were measured both before
the start of treatment and at the final visit.

2.4.4 | Other Clinical and Laboratory Parameters

Changes in laboratory values (hematology, clinical chemistry,
and urinalysis), vital signs, and lung function were measured
before and after the treatment phase.

2.5 | Statistics

The study assessed the safety and tolerability of two differ-
ent dose-escalation schemes in an exploratory design. A total
of 210 participants (35 per age and treatment group) were
planned to be randomized, ensuring a 95% probability of ob-
serving at least one adverse event with a true incidence of 8.6%
per group. All analyses were descriptive and exploratory; no
formal hypothesis testing was performed. Continuous vari-
ables were summarized using standard descriptive statistics,
and categorical data by absolute and relative frequencies.
Comparisons between groups were exploratory, with two-
sided significance levels set at « =0.05. Details on sample size
determination, methodology and statistical approach are pro-
vided in the Supporting Information.

3 | Results

Overall, 200 patients received at least one SCIT injection and
were assigned to the Safety Set (SAF). 103 of these patients were
randomized to the One-Strength group and 97 patients to the
Standard group. A total of 188 patients (93.5%) completed the
trial, with 96 of them receiving SCIT with the One-Strength and
92 with the Standard regimen. For detailed information on pa-
tients’ disposition see Figure S1.

3.1 | Patients’ Demographic

For the total patient population, demographic characteristics in
the SAF were generally comparable between groups. All patients
suffered from moderate to severe symptoms of birch pollen-
allergic rhinitis [1], see Table 1. Overall, 77.0% of patients also suf-
fered from allergic conjunctivitis and 27.0% from well-controlled
asthma. There was no statistically significant difference between
the groups for any analyzed demographic parameter (all p>0.05,
multiple Fisher's Exact tests and Mann-Whitney U-tests) except
for children's age (p=0.0345). The distribution of asthmatic pa-
tients did not differ significantly between the two regimens across
the three age groups (p>0.05; Fisher's exact tests and Mantel-
Haenszel test). In contrast, the proportion of asthmatics was no-
tably higher among children than among adolescents and adults.
Moreover, compared to adolescents and adults, the level of birch
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pollen-specific IgE was highest in children, with a median value
of 100 kU/L, indicating that they were highly allergic. For further
information on patients’ demographic characteristics, see Table 1.

3.2 | Safety

For the total population, 75.7% of patients in the One-Strength
group received 5 injections while 84.5% in the Standard group re-
ceived 9 injections, consistent with the expected regimens without
dose adjustment. In the One-Strength group, 77.4% of children,
88% of adolescents, and 68% of adults received 5 injections.

Four patients terminated the trial prematurely due to non-
serious TEAEs related to the IMP, which affected two patients
in each treatment regimen. One further patient, randomized to
the One-Strength group, discontinued the trial due to a serious
TEAE, not related to the IMP. This patient developed food aller-
gic symptoms several hours after the IMP injection.

Overall, 382 ADRs occurred in 81 (40.5%) patients. The propor-
tion of patients having experienced at least one ADR was signifi-
cantly higher in the One-Strength group (50 (48.5%)) compared to
the Standard group (31 (32.0%)) (95% CI [3.2%; 30.0%], p <0.05).
No serious ADR was reported during the trial course. For further
details on TEAEs and ADRs in the three age groups, see Table 2.

95.8% of all ADRs were of mild intensity, which occurred slightly
less often in the One-Strength (94.3%) than in the Standard
group (97.7%). No ADR was of severe intensity. A comparable
picture emerged across the three age groups.

Overall, 356 (93.2%) out of the 382 ADRs were local reactions
which occurred in significantly more patients of the One-
Strength (47 patients (45.6%) with 202 events) than of the
Standard group (31 patients (32.0%) with 154 events) (95% CI
[0.3%; 27.0%], p<0.05). Also, in the subgroup of adults signifi-
cantly more patients were affected by at least one local ADR
in the One-Strength (46.8%) compared to the Standard group
(20.0%) (95% CI [7.9%; 45.7%), p<0.05), while no significant
differences were present in the subgroups of adolescents and
children. In contrast to adults and adolescents, children in the
One-Strength group showed fewer local ADRs compared to the
Standard group (Figure 2).

A total of 9 systemic ADRs occurred in 4 patients. The symp-
toms observed were those typically seen during AIT: nasal
pruritus, hypersensitivity, sneezing, tiredness, flushing, or
rash. One adult, one adolescent, and one child each of the
One-Strength group experienced one systemic ADR, while
1 child of the Standard group developed 6 events. There was
no significant difference in the number of patients affected
between the One-Strength and Standard groups for any age

TABLE 2 | Number and proportion of adults, adolescents and children having experienced any treatment-emergent adverse event (TEAE) and

any adverse drug reaction (ADR) as well as the number of respective events.

Adults Adolescents Children
One- One-
One-Strength Strength Strength
group Standard group group Standard group group Standard group
Treatment-emergent adverse events (TEAESs)
Patients 30 (63.8%) 18 (45.0%) 16 (64.0%) 15 (57.7%) 22 (71.0%) 21 (67.7%)
with at
least 1
TEAE, n
(%)
p value n.s. n.s. n.s
Events, n 153 84 87 92 189
Adverse drug reactions (ADRs)
Patients 24 (51.1%) 8 (20.0%) 15 (60.0%) 11 (42.3%) 11 (35.5%) 12 (38.7%)
with at
least 1
ADR, n (%)
p value 95% CI [12.1%; 50.0%], p <0.05 n.s. n.s
Events, n 110 41 35 38 95
Intensity of ADRs
Events with intensity of, n (%)
Mild 101 (91.8%) 39 (95.1%) 61 (96.8%) 34 (97.1%) 37 (97.4%) 94 (98.9%)
Moderate 9 (8.2%) 2(4.9%) 2(3.2%) 1(2.9%) 1(2.6%) 1(1.1%)
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Allergy, 2026 5
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FIGURE2 | Proportion of adults, adolescents and children affected by (a) local and (c) systemic adverse drug reactions (ADR) and the respective

number of (b) local and (d) systemic ADRs in each age group.

group. Seven of the 9 systemic ADRs, which developed in 3
patients, were classified as WAO grade 1 reactions, while 2
events in 2 patients (1.0%) were classified as WAO grade 2 re-
actions. No events of WAO grade 3 or higher were reported.
8 of the 9 systemic ADRs were rated as mild, while one in an
adolescent patient of the One-Strength group was rated to be
of moderate severity. For details on the number of patients af-
fected and events see Figure 2.

Seventeen ADRs classified as “other type of event” occurred in 8
(4.0%) patients and included headache, feeling cold, fever, tired-
ness as stand-alone symptom as well as pain and weakness in
the extremity. Six “other types of events” affected 5 (4.9%) pa-
tients of the One-Strength group, while 11 events occurred in
3 (3.1%) patients of the Standard group. There was no statisti-
cally significant difference in the number of patients affected
between the two treatment groups.

Overall, dose adjustment due to ADRs was necessary in 12.6%
of patients in the One-Strength and 4.1% of patients in the
Standard group.

3.3 | Time to Onset of ADRs

In the total population, 93.8% of ADRs in the One-Strength and
89.5% of ADRs in the Standard group occurred within 24 h after
injection. The results were comparable in the two treatment
arms within the three age groups.

Analyzing the occurrence of the number of ADRs in relation
to the individual IMP administration per visit shows that for
the total population, the majority of ADRs occurred during
the dose escalation phase (Figure 3). In the One-Strength

group, most ADRs occurred after the 1st and 2nd injections
with a consecutive decrease thereafter. In contrast, in the
Standard group, the number of ADRs was lower than in the
One-Strength group and remained nearly constant through-
out the dose escalation phase.

There is no notable difference in the number of ADRs in relation
to the individual IMP administration per visit between the three
age groups.

3.4 | Safety in Patients With Asthma

A total of 27.0% of patients had allergic asthma. Table 3 shows
that the proportion of asthmatic patients developing local or
systemic ADRs was comparable to that of the non-asthmatics.
Moreover, the kind of systemic ADRs did not differ noticeably
between asthmatics and non-asthmatics. The only asthmatic
patient developing a systemic ADR developed sneezing after one
SCIT injection during the One-Strength dose escalation, which
was classified as a WAO grade 1 reaction. No trend toward in-
creased intensity of local ADRs was observed in patients with
asthma.

3.5 | Tolerability

Overall tolerability of both regimens was assessed as
“very good” or “good” by more than 96% of investigators.
Assessments for the Standard regimen were marginally better
than for the One-Strength regimen (Figure 4). More than 97%
of patients of all age groups rated the tolerability of both reg-
imens as “very good” or “good.” Results were similar for the
three age groups.
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TABLE 3 | Number and proportion of asthmatic and non-asthmatic patients having experienced local and systemic adverse drug reactions

(ADRs) as well as the number of respective events.

Asthmatics

Non-asthmatics

One-Strength (n=30)

Standard (n=24)

One-Strength (n=73) Standard (n=73)

Local adverse drug reactions (ADRs)

Patients with at least 1 13 (43.3%) 7(29.2%) 34 (46.6%) 24 (32.9%)

local ADR, n (%)

Events, n 67 43 135 111
Systemic ADRs

Patients with at least 1(3.3%) 0 2(2.7%) 1(1.4%)

1systemic ADR, n (%)

Events, n 1 0 2 6

Standard

One-Strength
21% 1.1% 1.1%

2.0% 2.0%

4.0%

= Very good

= Good
Average
Bad

= Very Bad

92.0% 95.7%

FIGURE 4 | Overall tolerability of the One-Strength and Standard
regimens for birch pollen SCIT, as assessed by the investigators in the
total population.

3.6 | Birch-Pollen Specific IgG4

For the total population and each of the three age groups, lev-
els of birch pollen-specific IgG4 increased significantly from
baseline to the final visit (p<0.0001 for all comparisons;
Wilcoxon signed-rank test). At the final visit, the comparison
of the changes from baseline revealed no significant difference

between the One-Strength and the Standard group for the total
population and the three age groups (p> 0.5, each, van Elteren
test or Mann-Whitney U-test). Figure 5 shows the results for
birch pollen-specific IgG4 for the total population.

3.6.1 | Other Clinical and Laboratory Parameters

There were no significant changes in laboratory values (hema-
tology, clinical chemistry, and urinalysis), vital signs, and lung
function from before to after the treatment phase.

4 | Discussion

AIT is one of the rare treatment options in which children and
adults receive the same medication dosage, even for starting
doses, dose escalation regimens and maintenance doses. Up to
now, no phase II trial investigating dose response relationship in
terms of efficacy and safety in children and adolescents has been
performed. The trial at hand investigated safety and tolerability
of a new One-Strength dose escalation regimen compared to the
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Birch pollen-specific IgG4

30

I One-Strength group

25 I Standard group

p>0.05

p<0.0001

20 A 1

p<0.0001

Birch pollen-specific IgG4 [kU/L]

o-# L

1 2 1 2
Blood sample

FIGURE 5 | Level of birch pollen-specific IgG4 before starting dose
escalation with the birch pollen allergoid (blood sample 1) and after
dose escalation and two injections of the maintenance dose (blood sam-
ple 2). The boxes show the 25th percentile (bottom), the 75th percentile
(top); error bars show the 10th percentile (bottom) and the 90th percen-
tile (top).

Standard regimen when using a birch pollen SCIT allergoid. The
trial is unique in that it included not only adults, but also ado-
lescents and, notably, children. In addition, the three age groups
were each analyzed separately, and the results compared with
each other.

The trial showed that a One-Strength dose escalation regimen,
comprising 3 injections from the higher of two strengths, was
as safe and tolerable as the Standard regimen, which consists of
7 injections from 2 strengths, in patients aged 5-65years. The
One-Strength regimen caused more ADRs, but there were no
differences in the kind and intensity of ADRs compared to the
Standard regimen. Moreover, all reported ADRs were known
and already described for the birch pollen SCIT product. No se-
rious ADR was reported during the trial course. More than 93%
of all ADRs were local reactions at the injection site, like swell-
ing, pruritus, erythema, and pain. No systemic ADR of WAO
grade 3 or higher occurred. Most ADRs were of mild intensity,
and asthma was not a risk factor for more or more severe ADRs.
Overall, asthmatics did not show a divergent safety profile. The
subgroups of adults, adolescents, and children showed similar
safety and tolerability results overall. In contrast to adults and
adolescents, children in the One-Strength group showed consid-
erably fewer ADRs, indicating potentially better tolerability. As
expected, starting SCIT with only the highest of 2 strengths and
respectively a 10-fold higher dose in the One-Strength regimen
compared to the Standard regimen caused more ADRs already
after the first injection(s). Comparable observations were made
in two randomized trials investigating the safety and tolerability
of a grass pollen SCIT allergoid when administered using the
One-Strength regimen, both in adults [22] and in children and
adolescents [23]. There were also trends toward more ADRs in
the One-Strength group compared to the Standard regimen;
however, most ADRs were local reactions at the injection site,
predominantly of mild intensity, and the proportion of patients
experiencing systemic ADRs was small. There was also no sys-
temic ADR of WAO grade 3 or higher. When summarizing the

results of the three randomized phase II trials investigating the
safety of the grass and birch pollen SCIT allergoid in the One-
Strength regimen, involving a total of 193 patients, two patients
in the grass pollen SCIT group experienced serious ADRs—one
adolescent with urticaria and one adult with severe erythema
and swelling at the injection site.

An analysis of the occurrence of ADRs in relation to the in-
dividual IMP showed that with the One-Strength scheme,
more ADRs appear after the first two injections than with the
Standard scheme. This was also observed in the two trials in-
vestigating the same regimens using a grass pollen allergoid
[22, 23]. As already discussed for a One-Strength scheme using
a house dust mite SCIT product, this shift of the highest num-
ber of ADRs per administration may hint at a faster tolerance
induction in the One-Strength group [24]. This hypothesis is
underlined by the significant increase in birch pollen-specific
IgG4 levels from baseline to the final visit, without significant
differences between the two regimens, indicating that both were
able to induce an immunological response toward an immune
tolerance. To further strengthen this observation, assessing the
functional capacity of IgG4 antibodies using the IgE-facilitated
allergen binding assay and the basophil activation test would
have been of particular interest [25, 26].

In recent years, several randomized controlled trials have been
conducted to investigate the safety of accelerated dose escala-
tion for various SCIT products [22-24, 27-31]. Only one trial
included children [23] after safety and tolerability of the One-
Strength regimen for a grass pollen allergoid was shown for
adults [22]. This regimen was then approved in Germany in
2022 for patients aged 5Syears and older. Most other studies were
limited to the adolescent and adult age groups, or even solely
on adults; hence, the use in children would constitute off-label
use [27-31]. Ultimately, the current trial resulted in the approval
for the One-Strength dose escalation regimen in Germany in
April 2024 for the birch pollen allergoid AIT in patients aged
5years and above. Thus, both the grass and birch pollen aller-
goids are now approved in Germany for all age groups, in both
the Standard and One-Strength regimens.

The One-Strength regimen improves patient convenience by re-
ducing the number of doctors' visits. This may enhance patient
adherence, which is crucial for achieving optimal AIT outcomes.
Non-adherence threatens the clinical effectiveness of AIT both
during the treatment phase and in the long term, as well as its
potential to modify the disease [7, 8]. Based on real-world data-
base analyses, the adherence rate after 3years ranged between
10% and 55% [32, 33]. Moreover, patients’ adherence to SCIT
was generally higher than to sublingual immunotherapy (SLIT)
[14, 34, 35]. Inconvenience is a key factor affecting adherence to
treatment [36, 37]. A particularly relevant study demonstrated
that shortening the dose escalation phase of SCIT significantly
improved patient adherence. Even after the first year, signifi-
cantly fewer patients discontinued SCIT when treated with an
accelerated versus a conventional dose escalation regimen—and
this positive effect persisted for at least 3years [35].

This trial has some limitations. Rare ADRs or safety risks may
not be observed in the rather small patient population. The
results may not be generalizable to the broader population as
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the sample may not be sufficiently representative. In addition,
the trial was not powered to detect statistically significant dif-
ferences in systemic ADRs between the two dose escalation
regimens. Therefore, data for larger patient cohorts can contrib-
ute to confirming the positive benefit-risk profile of the One-
Strength regimen. Another aspect is that physicians were not
blinded to the regimen, which could have influenced their eval-
uation of tolerability and the intensity of ADRs. This could have
resulted in a worse evaluation of the One-Strength compared to
the Standard regimen because they assumed worse safety and
tolerability due to the 10-fold higher starting dose. Nevertheless,
physicians' evaluation of tolerability and intensity of events was
comparable between the two regimens.

5 | Conclusion

The trial demonstrated that SCIT with the birch pollen al-
lergoid is safe and well-tolerated when dose escalation is per-
formed using the One-Strength regimen. No differences in the
safety profile were observed between children, adolescents, and
adults. There was no trend toward more or more severe ADRs
in asthmatic patients compared to non-asthmatics. This regi-
men improves patient convenience in the short term, potentially
enhancing adherence over the course of 3-5years of treatment
course, although this association has yet to be fully established.
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