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ABSTRACT

Background: One of the most important aspects of sublingual immunotherapy (SLIT) is the regimen of administration.

Aim: To find any differences in symptom-medication scores between the two groups of SLIT tablets and drops, given
pre-coseasonally (starting 8 weeks before the pollen season) in children with rhinoconjunctivitis allergy to grass pollen. The
secondary outcome were the differences in lung function and induction of T-requlatory forkhead box P3 (FOXP3) positive cells.

Methods: This was a retrospective, secondary analysis of pooled data obtained from our two prospective randomized placebo
controlled trials that involved children who underwent SLIT. Forty-one children, ages 6—18 years, with allergic rhinitis (AR),
sensitive to grass pollen, participated in the study.

Results: Treatment with both tablets and drops significantly reduced all symptoms (nasal, asthma, and ocular) within the
groups; there was no significant difference between both groups. When compared with the tablet therapy, there was a trend for
drops therapy to be more effective in the reduction of combined symptom-medication score, but the difference was not
statistically significant (p = 0.1036); there was no significant difference in asthma and nasal scores. We showed a significant
decrease in the fractional exhaled nitric oxide level comparable in both immunotherapy groups. There were no differences
between the groups in the induction of CD4" CD25" FOXP3 ™" —positive cells in peripheral blood.

Conclusions: Both protocols showed similar decreases in symptom-medication scores; however, when compared with tablet
therapy, there was a trend for drops therapy to be more effective in the reduction of combined symptom-medication score.

(Allergy Asthma Proc 39:66-73, 2018; doi: 10.2500/aap.2018.39.4099)

As of today, allergen-specific immunotherapy (SIT)
remains the only disease-modifying treatment
offered to patients with allergic rhinoconjunctivitis and
allergic asthma. SIT alleviates the symptoms and pre-
vents the development of allergic asthma in children
with allergic rhinoconjunctivitis and the onset of new
sensitizations. After many years of subcutaneous ap-
plications, the sublingual route has been of growing
importance in the past few years.! Positive outcomes
on the symptom and medication scores in pivotal trials
convinced authorities to approve sublingual allergen
immunotherapy (SLIT).>* Moreover, patients treated
with subcutaneous immunotherapy (SCIT) are at risk
of both local and systemic adverse reactions.
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The safety profile of SLIT is good; therefore, SLIT can
be self-administered by patients in their homes and has
been included in international guidelines for the treat-
ment of allergic rhinitis (AR) with or without conjunc-
tivitis. Dosing of the allergen in SLIT has been a major
issue that has still not been completely resolved. This
could be because, with SLIT, not only the quality and
quantity of the administered extract determine its effi-
cacy but also the vehicle and other factors that are
involved in the local allergen uptake.” The two widely
used forms of administration, such as drops and tablet,
are available on the market. They both contain the
same natural allergens of pollens from several cross-
reacting grasses. The primary outcome of our study
was to find any differences in symptom-medication
score between the two groups, SLIT tablets and drops,
given pre-coseasonally (starting 8 weeks before the
pollen season) in children with rhinoconjunctivitis al-
lergy to grass pollen. The secondary outcomes were
differences in lung function and induction of T-regu-
latory forkhead box P3 (FOXP3) positive cells.

METHODS

This was a post hoc secondary analysis of pooled data
obtained from our two previously published prospec-
tive, randomized, placebo controlled trials that in-
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volved children who underwent SLIT.*” Both trials,
which assessed the clinical and immunologic effect of
different ways of SLIT delivery, were conducted dur-
ing different grass pollen seasons, in the same allergy
center, and according to the similar study protocol.
From these trials, children treated with immunother-
apy only were compared in the present analysis.®” In
the “drops” trial,” there was a true placebo, whereas, in
the “tablet” trial,® there was a lack of immunotherapy
(tablet) placebo.® In one study (tablet),® immunother-
apy was maintained for 5 months and, in the other
study (drops), for 6 months in all the subjects.”

The combined study population consisted of 41 boys
and girls ages 5-18 years (24 participants from the
tablet trial and 17 from the drops trial).®” Nine children
(three participants from tablet trial and six from drops
trial)®” had moderate immunoglobulin E (IgE) depen-
dent asthma with a duration of at least 2 years, treated
with inhaled corticosteroids (intermittent or mild-to-
moderate persistent, according to Global Initiative for
Asthma 2008 and 2014 criteria).” The patients were
sensitive only to grass pollen, with a clinical diagnosis
of grass-related moderate-to-severe rhinoconjunctivitis
(according to Allergic Rhinitis and its Impact on
Asthma 2008 and 2014 recommendation)’ and with a
duration of at least 1 year before the first study visit.
The patients were classified as atopic based on a his-
tory and positive skin-prick testing result (12 tested
allergens in total) and/or by the presence of serum-
specific IgE (list of specific IgEs detected: Dactylis
glomerata, Anthoxanthum odoratum, Lolium perenne, Poa
pratensis, Phleum pretense, Dermatophagoides farina, Der-
matophagoides pteronyssinus, Cladosporium herbarum, Al-
ternaria tenuis, ryegrass, birch, hazel).

Asthma was stable in all the patients; there had been
no exacerbations of the disease and no change in main-
tenance medications or symptoms for 6 months. The
subjects with asthma and/or rhinitis, allergy to peren-
nial allergens, or with severe or unstable asthma were
excluded from the study. Exclusion criteria also in-
cluded active upper respiratory tract infection within 1
month before the first visit and between the first and
the second visit as well as the known contraindications
of SIT according to the European Academy of Allergy
and Clinical Immunology.'® The patients with any pre-
vious immunotherapy or with clinically significant
pulmonary, hematologic, hepatic, gastrointestinal, re-
nal, endocrine, neuronal, cardiovascular, and/or psy-
chiatric diseases or malignancies, which could either
put them at risk during their participation in the study
or might have influenced the results of the study (as
judged by the investigator [J.].]), were also excluded.
Also, excluded medications were systemic corticoste-
roids or immune suppressive drugs, used within 4
weeks before the study.
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Study Design of Included Trials

During the prestudy visit, all the participants were
informed about the purpose of the study, were told
how to score the asthma symptoms, and underwent
skin testing and/or blood sampling. During the first
visit, all the patients received the first sublingual dose
of commercial drops (Staloral 300 IR, Stallergenes
Greer, Antony, France) or tablets (Oralair, Stallergenes
Greer) as a standardized extract of 5-grass pollen (Stal-
lergenes Greer). The next visit took place 5 months
after the first visit in patients who received tablets and
6 months in patients who received drops at the end of
the first year of SIT. Blood samples were obtained from
all the patients before and after SLIT, clinical symp-
toms were assessed, lung function was measured, and
the patients’ diaries were evaluated. The visits were
scheduled in such a way that blood sampling and lung
function testing in individual patients always took
place at the same time and on the same day of each
week. All the children remained in the same environ-
ment during the study. The primary end points were
the following: the efficacy assessed based on the reduc-
tion in symptom-medication score and in symptoms
(nasal, ocular, asthma) and medication use separately.
Secondary end points included lung function, exhaled
nitric oxide (NO) concentration, methacholine bron-
chial provocation test (MBPT), and the percentage of
T-regulatory FOXP3+ cells in peripheral blood. The
safety was estimated based on adverse symptoms.

Treatment

The SLIT drops group was treated with Staloral 300
IR as a standardized extract of 5-grass pollen (Dactylis
glomerata, Anthoxanthum odoratum, Lolium perenne, Poa
pratensis, Phleum pretense) (Stallergenes SA, Antony,
France). The mean concentration of group 5 allergens
(Dact g5, Antx 05, Lol p5, Poa p5, Phl p5) in the extract
was 25 ug/mL. On an average of 8 weeks before the
pollen season (2009), all the children received immu-
notherapy by following a recommended induction
scheme: 1 drop on the first day, followed by 3,5, 7, and
12 drops (4 puffs) on each consecutive day. In the
maintenance phase every morning before breakfast, all
the patients received 4 puffs from a dispenser (10 ug of
the major allergens) for 6 months. It was then followed
by a second induction phase (in March 2010) with SLIT
drops.

The SLIT tablet group was treated once daily with
Oralair 300 IR tablet as a standardized extract of the
5-grass pollen (D. glomerata, A. odoratum, L. perenne, P.
pratensis, P. pretense) (Stallergenes); the mean concen-
tration of group 5 allergens in the tablet was 25 pug/mL
daily. The first SLIT dose (100 IR) was administered at
the physician’s office by following the manufacturer’s
recommendations and the overall favorable safety pro-

67



file shown in previous studies.'"'? All subsequent
doses of Oralair were self-administered by the children
or their guardians at home as follows: second dose 200
IR and the rest as consecutive daily doses of 300 IR.
Every morning before breakfast, all the patients re-
ceived Oralair. Each tablet was placed in an empty
mouth, under the tongue, held until complete dissolu-
tion (at least 1 minute), and then swallowed. The chil-
dren were treated at least 8 weeks before the grass
pollen season and throughout the entire season for a
total of at least 20 weeks.

In both studies, to assess adherence to the treatment,
all the subjects were asked to bring all empty medica-
tion packages to the last visit. The onset of the pollen
season in both studies was defined as the first of 3
consecutive days with grass pollen counts of =10
grains/m’ and its ending as the last day before 3
consecutive days with a grass pollen count of <10
grains/m’. Pollen count was performed throughout
the study for the region of interest."® During the pollen
season, all the children received, at baseline, the stan-
dard treatments of the allergic rhinoconjunctivitis: sys-
temic antihistamines. Other permissible treatments in-
cluded nasal steroids, local antihistamines, or cromones
for eyes, inhaled corticosteroids in minimal doses neces-
sary to control the symptoms, short-acting 2-agonist as
a quick reliever, and the standard treatments of the in-
fections and exacerbations of asthma.

Symptom-Medication Score

A combined symptom-medication score was calcu-
lated as a sum of the symptom score and the medica-
tion score recorded by the patients on a daily basis
during the season from March until August. The symp-
tom score was recorded with the use of a point score
system for the most common symptoms of rhinitis
(rhinorrhea, sneezing, itching, and nasal congestion),
conjunctivitis (ocular pruritus, watery eyes, and itch-
ing), and respiratory disorders (cough, wheeze, and
dyspnea). In addition, the amount of as-needed [2-
agonist (salbutamol) was recorded daily as the number
of puffs. A score that ranged from 0 to 3 was used for
each symptom: 0, no symptoms; 1, mild symptoms
(symptoms clearly present but easily tolerated); 2,
moderate symptoms (definite awareness of bother-
some but tolerable symptoms); and 3, severe symp-
toms (symptoms hard to tolerate and that cause inter-
ference with daily activities and/or sleeping). The
minimum score for each day was 0 (no symptoms
during the day, no symptoms at night) and the maxi-
mum score was 30 (severe symptoms during the day
and at night). In addition, every use of medication was
registered (maximum 1 point daily).'* The two scores
(symptom and medication) were added together to get
the combined score.
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Lung Function Test

Pulmonary function testing was performed with a
Master Screen unit (Erich Jaeger Gmbh, Hochberg,
Germany). Predicted values for all lung function vari-
ables were based on a previous study of healthy con-
trols provided by the manufacturer of the lung func-
tion test equipment.15 Flow-volume curves were
performed according to American Thoracic Society
standards.’ The highest of three successful measure-
ments was taken. The results were expressed as the
percentage of a predicted value. A reversibility test
was performed after administration of salbutamol (200
pg). The percentage of change from baseline in forced
expiratory volume in 1 second (FEV,), prebronchodi-
latatory FEV,, and peak expiratory flow were included
in the analysis.

NO Measurement

The NO measurements were performed according to
European Respiratory Society/American Thoracic So-
ciety recommendations,'® with a chemiluminescence
analyzer (model 280i NO analyzer; Sievers Biotech,
Boulder, CO) and defined in parts per billion. The
analyzer provides an on-line continuous measurement
of NO in a single exhalation, with a detection range of
0.1-500 ppb. The environmental NO level was mea-
sured before and after each test, and never exceeded 5
ppb. All the subjects were studied while they were in
the sitting position and without wearing a nose clip.
The subjects exhaled at a constant flow rate (50 mL/s)
from the total lung capacity to residual volume with-
out breath-holding. They maintained a constant mouth
pressure (17 cm H,O) by monitoring a visual display to
eliminate contamination from nasal NO. Dead space
and nasal NO (which are reflected by the NO concen-
tration peak during exhalation) and NO concentrations
from the lower respiratory tract (determined by the
plateau value after the peak) were recorded automati-
cally by using the manufacturer’s software. Three frac-
tional exhaled NO (FeNO) measurements of the pla-
teau phase were obtained, with <10% variation. The
mean value of three successive, reproducible record-
ings was retained for statistical analysis.

MBPT

MBPT was performed at the beginning of the study,
before immunotherapy, and after the first year of SLIT
by using the dosimeter technique APS Pro (Erich Jae-
ger) with controlled tidal breathing. After the pulveri-
zation physiologic diluent, methacholine was deliv-
ered in four cumulative doses: 0.015, 0.045, 0.18, and
0.72 mg. MBPT was continued with 2-minute intervals
between the inhalations until a fall in FEV; of =20%
was obtained. Provocation dose causing a 20% decline

January-February 2018, Vol. 39, No. 1



Table 1 Clinical characteristics of study groups

SLIT Tablet Group (n = 24) SLIT Drops Group (n = 17) p Value*
Median Lower Upper Median Lower Upper
Quartile Quartile Quartile Quartile
Conjunctivitis score 13.3 9.7 26.9 9.0 4.5 18.0 0.1349
Rhinitis score 16.6 9.1 31.8 16.3 14.2 23.7 0.9472
Drug consumption score 3.8 2.1 8.2 3.5 1.3 42 0.2607
Combined symptoms- 52.8 36.4 79.4 33.8 28.3 46.0 0.1036
medication score
FeNO value, ppb 23.2 17.5 30.7 26.7# 16.3# 46.8# 0.2878
FoxP3 cells, % 7.2 6.2 11.0 9.3§ 6.5§ 13.5§ 0.3967

SLIT = Sublingual immunotherapy; FeNO = fractional exhaled nitric oxide; FOXP3 = forkhead box P3.

*Mann-Whitney test.
#Based on n = 16.
§Based on n = 14.

in FEV; was calculated by linear interpolation on a log
dose-response curve.'”

T-Regulatory Cell Induction

Peripheral blood mononuclear cells (PBMC) were
isolated from whole blood by density gradient centrif-
ugation by using an Histopaque-1077 (Sigma-Aldrich,
St. Louis, MO). CD4, CD25, and FOXP3 expression on
PBMCs was estimated by flow cytometry (LSRII instru-
ment; BD Biosciences, San Jose, CA) by using appro-
priate fluorophore-conjugated monoclonal antibodies.
PBMCs were surface stained with antihuman CD4 flu-
orescein isothiocyanate and antihuman CD25 Anti-
body Conjugation Kit, then fixed and permeabilized by
using the FOXP3 staining buffers and, subsequently,
stained with rat immunoglobulin G2a k-isotype control
phycoerythrin or antihuman FOXP3 phycoerythrin.
The cells in the lymphocyte gate were used for analy-
sis.

Safety

Before the inclusion in the study and during each
consecutive visit, an interview and a physical exami-
nation were performed. The physician assessed the
changes in asthma scores, drug use, and the lung func-
tion test in comparison with the baseline. All adverse
events were recorded at each visit.

Sample Size and Statistics

The sample sizes in both trials were determined
based on previously published results for symptom-
medication scores.'® Both analyses of the effect of SLIT
were performed on an intention-to-treat basis accord-
ing to the randomized treatment allocation. By using
an expected standardized difference of 0.5, a signifi-
cance level of a = 0.05 (one-tailed), and a power of 1 —

Allergy and Asthma Proceedings

B = 0.8, at least 18 subjects per treatment arm should
complete the grass pollen season. This estimation in-
cluded a 20% dropout rate. In the first step, the symp-
tom and medication scores were adjusted to the pollen
count in the season. Next, the study end points were
compared within and among the treatment groups by
the analysis of variance for the repeated measurement
design. The x* test was used for categorical data. A p
value of <0.05 (two-tailed) was regarded as statisti-
cally significant.

RESULTS

Subjects

Forty-one children were included in the analyses.
One child from the drops group did not perform FeNO
measurements and, in three children, blood collection
was not possible. The mean specific IgE for the tablet
group was 21.2 kU/L and for drops group was 28.6
kU/L. The mean skin prick test (SPT) diameter for
patients in “tablet” group was 5 mm and for the drops
group was 6 mm. Baseline characteristics of the sub-
jects who completed the study are shown in Table 1.

Symptom Scores and Combined Symptom-
Medication Score

Diaries were available for evaluations for the whole
grass pollen season. The pollen count was performed
throughout both studies for the region of interest and
was comparable in both seasons (Fig. 1). Receiver op-
erating characteristic curve analysis showed a lack of
difference between both seasons in the area under the
curve of natural allergen exposition (p = 0.2297). Then,
the mean symptom-medication score was then ad-
justed to 1000 pollen grains/m> and recorded during
both grass pollen seasons.” The adjustment was cal-
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culated according to the same following rule: the total
of ([seasonal score]/[cumulative concentration of grass
pollen during the season]) X 1000. Therapy treatment
with tablets and drops significantly reduced all symp-
toms (nasal, asthma, and ocular) within the groups;
there was no significant difference between both
groups (Fig. 2). When compared with the tablet ther-
apy, the drops therapy was more effective in the re-
duction of the combined symptom-medication score,
but the difference was not statistically significant (p =
0.1036).

Lung Function and Bronchial Provocation Test

There were no statistical differences in methacholine
bronchial test and FEV, between the tablet and the
drops groups at the beginning of each study. We did
not observe any significant changes in FEV, and prov-
ocation dose causing a 20% decline in FEV, in either of
the groups after SLIT (when compared with the values
from the beginning of the studies).

NO Measurement

There was a significant decrease of the in-season
FeNO level in both groups in comparison with the
placebo. There were no significant changes in the
FeNO level between both groups (Fig. 2).

T-Regulatory Cell Induction

After the first season of SLIT, significant increases in
the percentage of FOXP3 expression in CD4 CD25-

70

24-Jun 1-Jul

Figure 1. True grass (Fam-
ily: Poaceae) pollen counts
per m> per 24 hours in both
seasons. Receiver operating
characteristic (ROC) curve
analysis showed a lack of dif-
ference between both seasons
in the area under the carve of
natural allergen exposition
(p = 0.2297).
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positive cells in peripheral blood were observed in
both study groups (Fig. 2). We observed more signifi-
cant increases in the percentage of FOXP3 expression
in CD4 CD25—positive cells in peripheral blood in the
drops group; however, there were no statistical differ-
ences among the groups.

Safety

In both trials, there were predominantly local reac-
tions, e.g., sublingual itching. Other adverse events
possibly associated with the treatment were headaches
and stomachaches. There was no difference between
both groups in the number of adverse reactions. There
were no cases of termination of the study due to ad-
verse events in any of the groups. Adherence was the
same for all protocols.

DISCUSSION

The primary outcome of our study was to find any
differences in the symptom-medication score between
two forms of SLIT, tablets and drops, given pre-cosea-
sonally in children with rhinoconjunctivitis allergy to
grass pollen. The secondary outcomes were the differ-
ences in lung function and induction of T-regulatory
FOXP3+ cells. Analysis of our data indicated that,
when compared with drops, the tablets were no more
effective in the reduction of separate symptoms; how-
ever, when compared with the tablet therapy, the
drops therapy was more effective in the reduction of
the combined symptom-medication score, but the dif-
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ference was not statistically significant. We did not
observe any significant changes in FEV;, FeNO, and
MBPT values among the groups throughout the study.
Interestingly, although we observed more significant
increases in the percentage of FOXP3 expression in
CD4 CD25-positive cells in peripheral blood in the
drops group, there were no differences between the
groups.

Recent studies documented the efficacy and safety of
SLIT in pediatric patients with rhinitis.'*** Unfortu-
nately, so far, the choice of SLIT regimen has been
based mainly on economic implications and compli-
ance rather than its effectiveness in head-to-head com-
parisons of different regimens. A recently published
literature analysis, including 41 randomized controlled
trials on pollen SLIT in derived experimentally sup-
ported suggestions about the preferable regimens of
administration, did not include the comparison of the
effectiveness of different regimens.”! In our study, both
immunotherapy treatments, the drops and the tablet,
resulted in similar clinical and immunologic improve-
ment. In our comparison, drops therapy was more
effective in the reduction of the combined symptom-
medication score, but the difference was not statisti-
cally significant.
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Because our study was not designed to assess the
noninferiority of the drops when compared with the
tablet immunotherapy, the conclusion on the lack of
differences could have been underpowered. However,
we did find that the tablet regimen was more effective
than the drops treatment in the reduction of one of the
major end points. Although some studies confirmed
that the tablet is more potent, in our study, the differ-
ences were not statistically significant.”* Therefore, the
clinical implication of our study that indicated that
both regiments should be equally recommended for
treatment of allergic rhinitis in children was justified.

Because both symptoms and medication use are two
linked variables, a combined symptom-medication
score is the preferred primary efficacy variable. How-
ever, some trials use only the symptom score as their
main outcome. Another variable that was similar in
both trials was the definition of the pollen season; we
defined the start of the pollen season in both trials as
the presence of 3 consecutive days with a pollen count
of 10 grains/ m?>. This was important for the outcome of
the trials because it directly affected the symptom score
difference between both treatments. Although both
forms were effective in reducing total symptoms and
medication scores, the drops dose was more so. Treat-
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ment was started 8 weeks before the season and con-
tinued throughout the season, for an average of 38
weeks in both trials. As for safety, in the tablet trial,
similar results were found to those in the drops trial.

In SLIT, the mechanisms of action are not fully un-
derstood but seem to be similar to those of SCIT, with
the particular involvement of mucosal dendritic cells.*
It was previously shown that T-regulatory FOXP3+
cells are induced locally in mucosa during effective
SLIT and that this effect is at least partially involved in
the mechanism of SLIT.**"*° It is also possible that SLIT
induces a significant increase in messenger RNA ex-
pression of FOXP3 in PBMC; however, this effect was
shown in a single trial and was marginal compared
with placebo.”” In our study, the induction of periph-
eral FOXP3 cells in both immunotherapy groups was
comparable, slightly higher in the drops group. The
results of the secondary end points, e.g., lung function,
revealed no differences between the treatment groups.
The decrease of in-season FeNO value contradicted the
abovementioned general conclusion on secondary end
points and showed a positive impact on lower airways
inflammation of the immunotherapy treatments.

For ethical reasons, methacholine challenge was per-
formed outside the pollen season in both trials. Nev-
ertheless, we recognized the assessment of bronchial
hyperresponsiveness just after the pollen season as a
valuable study end point. The main limitation of the
study was the failure to achieve the calculated sample
size due to a high dropout rate, with fewer patients
than expected to detect differences in symptoms and
medication scores. Therefore, the limitation in both
trials was the small number of subjects. However, the
sample size was determined based on the recommen-
dations to reach the necessary power and limit the
administration of placebo to children with symptoms,
which is always a matter of ethical debate.”

The other limitation of the study was that there was
only 1 year of follow-up. The other limitation was that
both studies were in two different pollen seasons,
which could be an additional problem. However, the
pollen count was performed throughout both studies
for the same region and was comparable in both sea-
sons. Fig. 1 compares the pollen count in two seasons.
The receiver operating characteristic curve analysis
showed a lack of difference between both seasons in
the area under the carve of natural allergen exposition
(p = 0.2297). Due to differences between the allergen
immunotherapy trials in patient populations, data
analysis, comparisons between products with existing
data (different daily dose of allergens), a lack of pla-
cebo in one of the trials was not possible nor valid.
However, the evidence available about the efficacy and
safety in our trials could be compared because both
trials had the same design, the same quality, details in
the administration schedules, and safety issues.
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CONCLUSION

SLIT, especially in childhood, offered practical ad-
vantages over SCIT because injections could be
avoided, the treatment was generally well tolerated,
and the risk of severe allergic reactions seemed to be
negligible. Further details on the comparative efficacy
of tablets and drops would only be possible if both
were evaluated in the same, adequately powered trial.
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