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ARTICLE INFO ABSTRACT
ATH'CI_B history: ] Background: Sublingual allergy immunotherapy tablets (SLIT-tablets) provide a well-tolerated and clini-
Received 26 April 2022 cally efficacious treatment for allergic disease such as allergic rhinitis and allergic asthma. In SLIT, uptake

Accepted 15 June 2022 of allergen by immune-competent cells in the oral mucosa activates the immune system and leads to

tolerance toward the sensitizing allergen. The ability to deliver the full allergen content into solution

Keywords: within the recommended sublingual holding time is therefore an essential quality of SLIT-tablets that
Allergen delivery must be supported by the tablet formulation for all relevant allergen sources. SLIT-tablets based on a
Allergen release fast-dissolving orodispersible freeze-dried formulation (Zydis) are currently available for 5 of the most
SLIT-tablet prevalent allergens: tree (birch and related species from the birch-homologous group), grass, ragweed,

SLIT-tablet formulation

. . Japanese cedar, and house dust mite.
Sublingual allergy immunotherapy

Objectives: The purpose of this study was to examine the allergen release properties of three freeze-dried
SLIT-tablets containing tree, ragweed, and Japanese cedar extracts, respectively. The correlation between
SLIT-tablet allergen release and the level of allergen-specific T-cell activation was examined for the tree
SLIT-tablet.
Methods: Allergen release kinetics and tablet disintegration times for the 3 freeze-dried SLIT-tablets were
examined. For all 3 tablets, the magnitude of solubilized major allergen relative to time in solution was
compared to external controls to achieve a measure of the total allergen release. Additional assessments
of allergen release occurring after the initial timepoint (15 or 30 seconds in solution) were done inde-
pendently of external controls by linear regression analyses. For the tree SLIT-tablet, the immunological
potency of the released major allergen was assessed at each experimental timepoint by a Bet v-specific
T-cell activation assay.
Results: All 3 SLIT-tablets disintegrated within 1 second after contact with assay buffer without any de-
tectible residue. Complete release of major allergens (Bet v 1, Amb a 1, and Cry j 1, respectively) was seen
at the earliest experimental time points (15 or 30 seconds). For the tree SLIT-tablet, full T-cell activation
was achieved at 30 seconds (earliest experimental time point).
Conclusions: The freeze-dried SLIT-tablet formulation consistently provides rapid and complete release
of allergen from a wide range of species in a standardized in vitro assay. Full release of the SLIT-tablet
allergen content within the sublingual holding time is a prerequisite for maximal exposure of allergens
to the sublingual mucosa immune system. The freeze-dried SLIT-tablet formulation examined here sup-
ports short sublingual holding times and furthermore offers a convenient administration form of allergy
immunotherapy.
© 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The prevalence of respiratory allergic disease, including allergic
rhinitis and allergic asthma, has increased dramatically over the
past 40 years and with 10% to 30% of the world’s population af-
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fected, allergic diseases are now considered a global health prob-
lem.":? The burden of allergy in both adults and children is sub-
stantial and affects the general quality of life, including reduced
work and school performance.®> In addition, allergy is a known
risk factor for development of allergic asthma.* Most commonly,
allergy is treated with symptomatic medications such as antihis-
tamines and corticosteroids. Although these medications may pro-
vide relief for some but not all allergic individuals, their effects
are symptomatic and short term.” Allergy immunotherapy (AIT)
is the only treatment option for respiratory allergic disease that
unlike the symptomatic medications provides disease-modifying
and long-lasting effects.5-% Allergy is an immunologic disease and
through repeated administration of extracts of the sensitizing al-
lergen, the immune-modulatory effects of AIT lead to a series of
events starting with rapid desensitization of effector cells (ie, mast
cells and basophils) followed by production of protective allergen-
specific antibodies (eg, immunoglobulin G4 and immunoglobulin
A) and suppression of allergen-specific effector T-cell subsets by
regulatory B-cells and T-cells.”-10

AIT is available in 2 main forms: subcutaneous immunother-
apy (SCIT) and sublingual immunotherapy (SLIT). SLIT is available
as liquid formulations of allergen extracts (SLIT-drops) or as al-
lergen extracts formulated as dry tablets (SLIT-tablets). With both
SCIT and SLIT, repeated administrations, typically over a period of
3 years, are required to obtain lasting effect of the treatment.%:”
Unlike SCIT that requires repeated injections at the doctor’s office,
SLIT is a needle-free self-administration treatment option where
only the initial dose is administered under medical supervision.'!
Although SCIT has been the mainstay of AIT for many years, a
larger body of evidence of clinical safety and efficacy in the form
of Phase I, II, and III trials is now available for SLIT-tablets than
for SCIT. Large clinical trials have demonstrated the safety and
efficacy of a range of SLIT-tablets based on a freeze-dried fast-
dissolving orodispersible tablet formulation covering the 5 most
prevalent respiratory allergies worldwide; that is, house dust mite
(HDM)'2-1> and pollens from grass,®1617 trees,!8:19 ragweed,20:2!
and Japanese cedar.?? Studies include allergic rhinitis with or with-
out conjunctivitis in both adults and children,®29:23:24 and allergic
asthma.?®

In SLIT, the allergen extract is placed under the tongue either
in the form of allergen extracts that are prediluted in an aque-
ous buffer before administration (SLIT-drops) or in the form of dry
tablets (SLIT-tablets) where the allergen content of the tablet is
dissolved in saliva directly at the surface of the sublingual mu-
cosa. For SLIT-tablets, the recommended sublingual holding time
is about 1 minute,25-28 during which allergens become solubi-
lized and subsequently internalized by immune-competent cells in
the sublingual mucosa such as antigen-presenting oral Langerhans
cells.??-30 For a dry SLIT-tablet, the ability to deliver the full con-
tent of allergen extract into soluble form in a limited amount of
saliva within a short period of time is key, which must be reflected
in the physical properties of the SLIT-tablet formulation.

The physical properties of 2 different SLIT-tablet formulations, a
freeze-dried and a compressed formulation, respectively, regarding
tablet disintegration time and major allergen release kinetics have
previously been examined.?!-32 Both formulations were examined
under identical in vitro experimental conditions in the form of
SLIT-tablets containing extracts of grass pollen (Phleum pratense)
or HDM (mixtures of Dermatophagoides pteronyssinus and D fari-
nae). For both grass pollen and HDM, the freeze-dried formulation
was shown to provide full release of major allergens in a mat-
ter of seconds in contrast to the compressed formulation where
slower and incomplete release of the allergen content during the
experiment were seen.>':32 These experiments indicated that the
allergen-release properties of the fast-dissolving freeze-dried SLIT-
tablet formulation were independent of the allergen extract species
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examined. However, allergens from different allergen sources are
proteins with unique biochemical properties with different poten-
tial for interactions with the tablet matrix, which could potentially
prevent or delay allergen release. It is therefore relevant to study
the actual SLIT-tablet disintegration and allergen release properties
for all allergen sources.

The purpose of this study was to examine the disintegration
times, allergen dissolution properties, and release kinetics of 3
fast-dissolving freeze-dried SLIT-tablets containing allergen extracts
from tree (birch, Betula verrucosa, and related species from the
birch homologous group) pollen, ragweed (Ambrosia artemisiifolia)
pollen, and Japanese cedar (Cryptomeria japonica) pollen, respec-
tively. To demonstrate the biological potency of allergen released
from a SLIT-tablet, data on T-cell activation in relation to dissolu-
tion time was done for the tree SLIT-tablet.

Materials and methods
Test samples

Freeze-dried SQ ragweed SLIT-tablets (12 SQ-Amb, lot No.
3702086) (ALK-Abell6 A[S, Hersholm, Denmark), SQ tree SLIT-
tablets (12 SQ-Bet, lot No. 1721798) (ALK-Abellé A/S, Hersholm,
Denmark) and Japanese cedar SLIT-tablets (5000 JAU, lot Nos.
1619238, 1625155, and 1625156) (Torii Pharmaceutical Co. Ltd.,
Tokyo, Japan) were obtained from the manufacturer.

Assay buffer

A 100-mmol/L phosphate buffer (pH 6.8) supplemented with
0.125% casein was used for all disintegration and dissolution ex-
periments. The composition of the assay buffer was similar to hu-
man saliva with regard to pH value, ionic strength, and total pro-
tein content.*>

SLIT-tablet disintegration test

Tablet disintegration was done according to the Japanese phar-
macopeia. Briefly, tablets (tree and ragweed SLIT-tablets [n=6]
and Japanese cedar SLIT-tablet [n=9]) were deposited into a sub-
mersible mesh basket (1.8-2.2 mm mesh size) and agitated ver-
tically in assay buffer at 37 °C until disintegrated. Disintegration
was considered complete when all the tablet residues had passed
through the mesh.

Total SLIT-tablet allergen content

The control samples for complete allergen content were pre-
pared by dissolving 1 SLIT-tablet in 10 mL (ragweed SLIT-tablet
[n=4]) followed by vortexing for 1 minute or 100 mL (tree SLIT-
tablet [n=4] and Japanese cedar SLIT-tablets [n=3]) assay buffer
followed by stirring at 50 rpm for 1 minute, then leaving for 10
minutes. Major allergen concentrations were determined for Bet v
1 (tree SLIT-tablet) and Amb a 1 (ragweed SLIT-tablet) by ELISA
(Indoor Biotechnologies, Charlottesville, Virginia). Concentration of
Cry j 1 (Japanese cedar SLIT-tablet) was determined by ELISA de-
veloped by the Japanese Society of Allergology.>4-3> All major al-
lergen concentrations were calculated as micrograms major aller-
gen per tablet. Full release of the SLIT-tablet major allergen con-
tent was confirmed by comparing the released amounts of major
allergen to the manufacturer’s respective in-house references us-
ing in-house ELISAs and controls (Amb a 1 and Bet v 1) or ELISA
developed by the Japanese Society of Allergology.>*:3>
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SLIT-tablet dissolution and allergen release

The dissolution test was performed according to the paddle
method of the Japanese pharmacopoeia.® Allergen dissolution was
measured in assay buffer using a minivessel (200 mL) Distek model
2500 instrument (Distek Inc, North Brunswick, New Jersey) (50
rpm paddle speed). Aliquots were removed at 15, 30, 60, 90, 120,
180, and 300 seconds (ragweed SLIT-tablet and tree SLIT-tablet) or
30, 45, 60, 90, 120, 180, and 300 seconds (Japanese cedar SLIT-
tablet) and the amounts of soluble major allergens were analyzed
by ELISA (n=4 [tree and ragweed SLIT-tablets] or n=3 [Japanese
cedar SLIT-tablets] (Amb a 1 and Bet v 1 ELISAs [Indoor Biotech-
nologies] or Cry j 1 ELISA [Japanese Society of Allergology]>*3°).

Allergen release kinetics

Allergen release data obtained between 15 seconds (tree and
ragweed SLIT-tablets), or 30 seconds (Japanese cedar SLIT-tablet)
and 300 seconds were analyzed by linear regression assuming lin-
earity of any residual release occurring after these time points. The
linear regression curves are mathematical approximations of the
allergen release rates and provide a relative measure of the mag-
nitudes of allergen release that may occur after 15 or 30 seconds,
respectively. The ideal regression curve where no further allergen
release occurred after the first time point would be a horizontal
line with a slope =0.

T-cell proliferation assay

DC preparation

Peripheral blood mononuclear cells were isolated from whole
blood and adjusted to 5x 10¢ cells/mL in RPMI 1640 + Gluta-
max medium (Gibco 72400-021, Live Technologies Europe B.V. the
Netherlands) supplemented with 1% penicillin/streptomycin and
15% AB serum (Sigma-Aldrich, St Louis, Missouri). A total of 1 x 107
cells/jwell (2 mL) was seeded in a 6-well culturing plate, incu-
bated for 1.5 hours in 5% carbon dioxide at 37 °C, and washed 4
times with 1 mL prewarmed medium. For culturing, 2 mL culture
medium supplemented with 50 granulocyte-macrophage colony-
stimulating factor (GM-CSF) and 25 ng/mL IL-4 (Peprotech, Rocky
Hill, New Jersey)) was added to each well and incubated in 5%
carbon dioxide at 37 °C for 7 to 10 days. At day 4 or 5, 500 pL
of the medium was removed and replaced with 750 pL fresh cul-
ture medium supplemented with granulocyte-macrophage colony-
stimulating factor (GM-CSF) and recombinant interleukin 4 (Pepro-
tech, Rocky Hill, New Jersey). The DCs were detached from the
plate with 1 mL/well 10 mM EDTA (Invitrogen, Waltham, Mas-
sachusetts) in phosphate buffered saline followed by incubation at
4 °C for 45 minutes. After centrifugation at 300 g for 10 minutes,
the cells were collected in 1 mL RPMI and adjusted to a concen-
tration of 2.5 x 10> cells/mL.

T-cell stimulation

Tree SLIT-tablets (batch 1592972 7DU) were deposited into
T-cell assay buffer (0.5% human serum albumin in phosphate
buffered saline). After 30, 60, 90, and 120 seconds, aliquots were
removed and sterilized by filtration (0.2 pM). An amount of 50
pL tablet solution was added to each well of a 96-well Flat Clear
Bottom White Polystyrene TC-treated Microplate (Corning, Glen-
dale, Arizona). 25 pL of 4 x 10° DC/mL was added to each well
as antigen presenting cells, combined with 25 pL T-cells (3 x 108
cells/well) from a previously established autologous Bet v-specific
T-cell line®” and incubated at 37 °C in 5% carbon dioxide for 3 days.
T-cell proliferation was measured using an adenosine triphosphate-
based cell assay (CellTiter-Glo 2.0 (cat. no. G9241) Promega, Madi-
son, Wisconsin) according to supplier protocol. In brief, an equal
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Table 1
Sublingual allergy immunotherapy tablets (SLIT-tablet) disintegration times.

Tablet n Disintegration time (sec)’
Ragweed SLIT-tablet 6 1(0)
Tree SLIT-tablet 6 1(0)
Japanese cedar SLIT-tablet 9 1(0)

* Values are presented as mean (SD).

volume of CellTiter-Glo 2.0 reagent was added to each well of cell
culture, and the plate was placed on an orbital plate shaker for
2 minutes at 200 RPM followed by incubation for 10 minutes at
room temperature. Luminescence was recorded with a GloMax Ex-
plorer Multimode Microplate Reader (Promega). Phytohemagglu-
tinin was used as an unspecific assay control. We have found
that this method correlates with and can replace conventional 3H-
thyminine methods for measuring proliferation (unpublished data).
Use of this method for lymphocyte cell proliferation assessment
was recently reported by others.?®

Statistical analyses

Estimation of slope and test for significance were done using
ordinary linear regression (Table 1). Comparison of allergen release
at individual timepoints were done using a Welch t test. All calcu-
lations were made using R software version 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Results
SLIT-tablet disintegration time

When deposited into assay buffer, all 3 freeze-dried fast-
dissolving SLIT-tablets disintegrated within 1 second (Table 1). No
solid residue could be detected for any of the tablets after disinte-
gration in assay buffer (data not shown).

Ragweed, tree, and Japanese cedar SLIT-tablet dissolution profiles

The freeze-dried SLIT-tablets were deposited into assay buffer
under constant mixing and aliquots were removed at 15, 30, 60,
90, 120, and 300 seconds (tree and ragweed SLIT-tablets) or at
30, 45, 60, 90, 120, and 300 seconds (Japanese cedar SLIT-tablets).
The amounts of the respective major allergens (Bet v 1, Amb a
1, Cry j 1) released into solution at each time point were deter-
mined by ELISA (Fig. 1). The total major allergen contents of each
SLIT-tablet were determined in parallel experiments that included
prolonged dissolution in assay buffer followed by measurements
of released major allergen by ELISA. Complete release of allergen
was confirmed by comparison to the manufacturer’s in-house ref-
erences (data not shown). This 100% allergen release control is
shown as dotted lines in Fig. 1. At each experimental time point,
the amounts of major allergen released during the dissolution ex-
periment were compared with the total major allergen content
(Fig. 1). For all 3 SLIT-tablets, complete allergen release compared
with the control was achieved at the first point of measure (15
seconds for tree and ragweed SLIT-tablets and 30 seconds for the
Japanese cedar SLIT-tablet), although some experimental variations
occurred, especially at the early time points (Fig. 1).

Allergen release kinetics
To establish the kinetic parameters of major allergen release

from the 3 freeze-dried SLIT-tablets independently of the controls,
the major allergen release data were examined with the amounts
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Fig. 1. Sublingual allergy immunotherapy tablet (SLIT-tablet) dissolution. Recovered amounts of soluble major allergens are indicated for each timepoint as % of the con-
trol (mean [SD]). (A) Tree SLIT-tablet. (B) Ragweed (RW) SLIT-tablet. (C) Japanese cedar (JC) SLIT-tablet. Tree and RW SLIT-tablets: Neonerol =4. Niimepoint =4. JC SLIT-tablet:
Neontrol = 3. Ntimepoint = 3. NS =nonsignificant. *P > 0.05.
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Table 2

Linear regression line slopes.
Tablet Slope P value
Ragweed SLIT-tablet 1.20 x 10 ug/sec 0.863
Tree SLIT-tablet 2.07 x 1072 pg/sec 0.011
Japanese cedar SLIT-tablet (lot 1625155) -2.86 x 10 pg/sec 0.497
Japanese cedar SLIT-tablet (lot 1625156) 3.40 x 1074 pgfsec 0.478
Japanese cedar SLIT-tablet (lot 1619238) 3.55x 1074 pug/sec 0.184

SLIT-tablet = sublingual allergy immunotherapy tablet.
* Calculated slope vs slope =0.

of released major allergens at the first experimental time points as
references. The rapid release of allergen seen for all 3 SLIT-tablet
species prevented assessment of the initial release rates due to
lack of experimental data before 15 seconds (30 seconds for the
Japanese cedar tablet). Instead, allergen release data obtained be-
tween 15 seconds (tree and ragweed SLIT-tablets), or 30 seconds
(Japanese cedar SLIT-tablet) and 300 seconds were analyzed by lin-
ear regression assuming linearity of any residual release occurring
after these time points, as suggested by the shapes of the curves
in Fig. 1. For the ragweed SLIT-tablet and 3 different batches of the
Japanese cedar SLIT-tablet, no statistically significant differences (P
> 0.05) between the slopes of the respective regression curves and
the ideal regression curve (slope=0) were seen (Table 2), indi-
cating that no measurable allergen release occurred after the first
timepoints (15 and 30 seconds, respectively). For the tree SLIT-
tablet, a slight upward trend in allergen release after the initial
time point of 15 seconds was seen (Fig. 1A) and the slope of the
linear regression curve was determined to be statistically signifi-
cantly different from 0 (P=0.011) (Table 2). However, although the
calculated slope of the linear regression curve was statistically sig-
nificantly different from 0, the magnitude of additional allergen re-
lease occurring from the 15-second time point was marginal. A cal-
culated slope of the regression line of 2.07 x 10~2 ug/sec as seen
for the tree SLIT-tablet (Table 2) corresponds to a mean calculated
release <2% of the SLIT-tablet major allergen content between the
15- and 60-second time points; the 60-second time point corre-
sponding to the recommended sublingual holding time of 1 minute
for the tree, ragweed, and Japanese cedar SLIT-tablets.26-28

T-cell activation

The biological potency of the allergen released at each time
point was examined for the tree SLIT-tablet in a T-cell activation
assay. Aliquots of solubilized allergen were collected after 30, 60,
90, and 120 seconds in solution and mixed with peripheral blood
mononuclear cells-derived DCs and T-cells from an autologous Bet
v-specific cell line. After incubation at 37 °C for 3 days, the levels
of T-cell proliferation resulting from DC uptake and presentation
of solubilized tree SLIT-tablet allergen was quantified by chemilu-
minescence. Representative data from 1 of 5 donors is shown in
Fig. 2. No statistically significant differences in the T-cell activation
achieved after 30 seconds and 60, 90, or 120 seconds, respectively,
were seen, indicating full immunological activity of the released
amounts of Bet v allergens at all time points (Fig. 2).

Discussion

Rapid (15-30 seconds) and complete release of allergen from
the 3 freeze-dried SLIT tablets examined here was supported by 3
lines of experimental evidence. At almost all time points during
the SLIT-tablet dissolution experiments, the released amounts of
major allergens showed no statistically significant difference com-
pared with the full allergen release controls, in line with results
obtained with the freeze-dried HDM and grass SLIT-tablets that
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are based on the same formulation as the 3 SLIT-tablets examined
here.?"-3? An additional approach where the rates of allergen re-
lease for each of the 3 SLIT-tablets were determined independently
of the 100% major allergen release control also supported that full
major allergen release had been achieved for all the SLIT-tablets
at the first experimental time points (15 seconds for the tree and
ragweed SLIT-tablets and 30 seconds for the Japanese cedar SLIT-
tablet). In these analyses, the amounts of allergen released be-
tween earliest experimental time points (15 or 30 seconds) and
300 seconds were fitted to a linear regression curve, and the cal-
culated slopes of these lines were for each tablet tested for statisti-
cally significant differences from a horizontal line with a slope =0
(Table 1). For the ragweed and Japanese cedar (3 different batches)
SLIT-tablets, the calculated slopes of the liner regression lines were
not statistically significantly different from 0, meaning that no ad-
ditional allergen release from 15 seconds (ragweed) or 30 seconds
(Japanese cedar) could be demonstrated. For the tree SLIT-tablet,
the slope of the linear regression line turned out statistically sig-
nificantly different from 0. However, although statistically signifi-
cantly different, the magnitude of the deviation from 0 of the cal-
culated tree SLIT-tablet allergen release regression line slope was
marginal with a maximal calculated residual allergen release <2%
between 15 and 60 seconds (60 seconds corresponding to the 1-
minute recommended sublingual holding time?¢-28). In combina-
tion, the results obtained by comparing SLIT-tablet major allergen
release at each time point to the 100% major allergen release con-
trols established in separate experiments and the results obtained
by assessing the intra-assay major allergen release kinetics with
the earliest time point because the reference shows that rapid and
complete major allergen release is achieved with the freeze-dried
SLIT-tablet formulation for all 3 species.

The T-cell proliferation data obtained with the tree SLIT-tablets
provide additional support for full release of Bet v allergen after
30 seconds in solution (30 seconds was the earliest time point in
this experiment) and furthermore demonstrate that the amounts
of allergen released from the SLIT-tablet at different time points
correlate with biological activity.

The data shown here for the ragweed, tree, and Japanese cedar,
and elsewhere for HDM>3? and grass pollen®' freeze-dried SLIT-
tablets demonstrated that under the experimental conditions em-
ployed, allergen release from the freeze-dried SLIT-tablets were
highly reproducible: All 5 freeze-dried SLIT-tablets disintegrated
within 1 second when applied to assay buffer and full release of
major allergens was achieved within 15 seconds for HDM, grass,
tree, and ragweed and within 30 seconds for Japanese cedar, where
30 seconds was the earliest experimental time point for Cry j 1 re-
lease quantification.

The concentration of solubilized allergen and the mucosal con-
tact time are believed to be essential parameters for mucosal aller-
gen uptake.3? Sublingual holding times of 1 to 2 minutes are gen-
erally recommended by the SLIT-tablet manufacturers,26-28.40-42
which emphasizes the need for rapid SLIT-tablet allergen release.
When placed under the tongue, SLIT-tablets need to disintegrate
and become completely solubilized in a small amount of saliva to
deliver the full allergen extract content to the surface of the oral
mucosa. Consequently, SLIT-tablet dosing not only depends on the
amounts of allergen contained in the tablet but also on the prop-
erties of the tablet formulation.*> Rapid and complete release of
allergen extracts from the freeze-dried SLIT-tablets immediately af-
ter sublingual administration will ensure both the highest concen-
tration and maximal contact time between the solubilized allergen
extract and the sublingual mucosa within the recommended sub-
lingual holding time.32 Prolonging the sublingual holding time to
extend the mucosal contact time may seem an attractive option
for increasing mucosal allergen exposure, but due to continuous
saliva production that occurs throughout the sublingual holding
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Fig. 2. Tree sublingual allergy immunotherapy tablet (SLIT-tablet) T-cell proliferation assay. Aliquots of the solubilized tree SLIT-tablet were collected at the time points
indicated and combined with antigen-presenting cells (dendritic cells [DCs]) and Bet v-specific T-cells. T-cell proliferation was determined by CellTiter-Glo (CellTiter-Glo 2.0
(cat. no. G9241) Promega, Madison, Wisconsin) viability assay (triplicate, mean [SD]). DC + medium was included as a negative control. Figure shows representative data from

1 of 3 donors. NS = nonsignificant; RLU =relative light units. ****P=0.001

period, the allergen concentration will be rapidly reduced, a pro-
cess known as saliva washout,** which is likely to have a negative
influence on allergen uptake efficiency due to dilution.>®

Controlled and efficient delivery of pharmaceutical drugs to the
target organ in the intended dose and with an acceptable benefit-
to-risk ratio is a key element in drug development. In addition
to actual drug delivery performances, particular drug formulations
and administration forms may be preferred by individual patients
or patient groups on the grounds of more subjective parameters
such as convenience, fear of needles, and stigmatization. Choos-
ing the right formulation and administration form for a given drug
may lead to higher patient compliance and overall satisfaction with
the treatment.

According to Food and Drug Administration guidance, orally dis-
integrating/orodispersible tablets (ODTs) should disintegrate within
30 seconds or less in saliva without the need for chewing or in-
take with water.*> Advantages offered by the formulation of phar-
maceutical drugs in the form of ODTs include quick absorption of
the drug, rapid onset of action, convenience, and increased patient
compliance.*®-*7 ODTs are generally well suited for pediatric use
due to factors like noninvasive administration and ease of admin-
istration.*® Within the pediatric segment, it is important to de-
fine and use the most appropriate dose form according to age,
and in a recent survey, a preference for ODTs among children and
adolescents was seen.*® In an European Medicines Agency reflec-
tion paper based on clinical practice and the experience of hos-
pital pediatricians and parents, ODTs with rapid dispersion were
considered “the preferred dosage form” for children aged 2 to
5 years and “the dosage form of choice” for children aged 6 to
11 years.”® In AIT, where the more conventional regimens of re-

peated subcutaneous injections may be considered invasive and re-
source demanding for both children and parents/caregivers, fast-
dissolving SLIT-tablets provide a treatment option with daily self-
administration after the first dose has been taken under medical
supervision.'0-11.18,20

Conclusions

The tree, ragweed, and Japanese cedar freeze-dried SLIT-tablets
were shown to provide rapid and complete allergen release in vitro
in a highly reproducible manner that, together with previously
published reports, demonstrate that the allergen-release properties
of the freeze-dried SLIT-tablet formulation are reproducible across
a wide range of allergen sources. These properties support short
sublingual holding times for the freeze-dried SLIT-tablets and offer
an administration form that may be particularly well suited for pe-
diatric use where adherence to prolonged sublingual holding times
can be challenging.
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