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Background: Subcutaneous venom immunotherapy (VIT) represents an effective

treatment against bee venom allergy. However, it involves long treatment times, high

costs, and the risk of adverse events (AEs). Shorter, safer, and cheaper treatment options

are therefore pursued.

Objective: To determine the safety, immunogenicity, and efficacy of bee venom

intralymphatic immunotherapy (ILIT).

Methods: In an open pilot study, 12 patients received bee venom ILIT in three sessions

with 14-day intervals: 0.1–5 µg/dose. Ultrasound imaging was applied to guide an

injection and to document the lymph node structure. In a second study, 67 patients

from 15 centers in Europe and Australia were randomized to receive four doses of either

10- or 20-µg bee venom ILIT with 28-day intervals. Clinical endpoints included specific

IgE and IgG and protection after a bee sting challenge. These studies were performed in

the years 2000–2003.

Results: In a proof-of-concept study, no serious AEs were observed. An increase in

allergen-specific IgG1 but no IgG4 and IgE was observed. ILIT induced the protection

against a bee sting challenge in 7 out of 8 challenged patients. In a multicenter study,

an increase in allergen-specific IgG and IgE was observed, with the highest increase in

patients receiving a higher ILIT dose. The study was terminated due to several serious

AEs upon the sting challenge provocation after the completion of treatment. However,

out of 45 patients challenged, 15 (65%) and 18 (82%) patients in the 10- and 20-µg

group, respectively, showed an improvement of two grades or more. No correlation was

observed between antibody levels and sting protection.

Conclusions: While a pilot study suggested the safety and efficacy of bee venom

ILIT, a high number of AEs seen after the sting challenge following a randomized study

indicate that the immunology protection offered by bee venom ILIT is insufficient. Of

note, the bee venom allergen extract used in the two studies were from the two different
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providers. While the first study used a formulation approved for use in subcutaneous

VIT, the second study used a nonapproved formulation never tested in humans. Further

studies on approved formulations should be performed to generate conclusive results

regarding the safety and efficacy of bee venom ILIT.

Keywords: immunotherapy, hymenoptera, bee venom, intralymphatic administration, clinical trial

INTRODUCTION

Bee stings can induce systemic allergic and potentially life-
threating reactions in sensitized individuals. In Europe, insect
stings cause 48.2% of all anaphylactic reactions in adults
(1). While emergency medication consisting of epinephrine,
antihistamine, and cortisone is of uttermost importance
in the personal disease management, subcutaneous venom
immunotherapy (VIT) is an effective and the only disease-
modifying treatment. VIT can protect sensitized patients from
subsequent systemic reactions, prevents morbidity, and improves
health-related quality of life (2). However, VIT is frequently
associated with allergic side effects, long treatment times, and
high costs, for which reason the development of novel therapeutic
modalities is of great personal and clinical importance (3).
Moreover, although the compliance to VIT is typically higher for
the treatment of allergies to pollen, animal dander or dust mite,
more than 50% of the discontinuations are caused due to the lack
of compliance and inconvenience (4).

The aim of any allergen immunotherapy (AIT), including
VIT, is to deliver allergens to the lymph nodes for the induction
of anti-allergen immune responses in B- and T-cells. We and
others have shown that only a minor fraction of the AIT
material injected subcutaneously reaches the draining lymph
nodes (5–7). Hence, a direct injection of the AIT material into
a subcutaneous lymph node with its higher density of antigen-
presenting cells (APCs) as well as T- and B-cells should facilitate
stronger immune responses against AIT allergens. Because of
the more efficient delivery to the lymph node, this so-called
intralymphatic immunotherapy (ILIT) also has the potential of
lowering the doses of allergen required to induce protective B-
and T-cell responses. Furthermore, because the allergen is better
contained in the lymph node than in the subcutaneous tissue
and because mast cells and basophils are almost absent in lymph
nodes, ILIT is less likely to trigger allergic mast cell reactions
than subcutaneous AIT and hence potentially less adverse events
(AEs) (8–10). Therefore, we assume that ILIT requires fewer
injections and a reduced treatment duration with comparable
efficacy to conventional VIT. This may generate cost savings and
is of greater convenience to the subject due to a lower number of
treatments over a shorter timeframe.

Intralymphatic immunotherapy has been tested in clinical
phase I and II studies in patients with sensitization to grass
and tree allergens (7, 8, 11–14). Here, pollen allergen ILIT has
shown a clinical improvement after only three injections within
a timeframe of 4–12 weeks. By comparison, the conventional
subcutaneous immunotherapy (SCIT) typically requires 20–50
injections over 3–4 years to induce the targeted effect. In children
and adults with bee venom sensitization and systemic bee sting

reactions, bee venom VIT is highly recommended, but long-
term effectiveness typically requires 5 years of treatment (15–
18). According to an expert consensus, a total of approximately
100 injections are usually given every 4 weeks in the 1st year
of treatment, every 6 weeks in the 2nd year, and every 8
weeks from years 3 to 5 and for the following years when
lifelong VIT is necessary (19). So far, no human clinical trials
on bee venom ILIT have been published. However, in murine
experiments, bee venom ILIT enhanced allergen-specific B- and
T-cell responses when compared to conventional subcutaneous
administration (5).

Therefore, and as a proof of principle of venom ILIT in
humans, we performed two studies. In a pilot study, 12 patients
with bee venom allergy received bee venom ILIT and were
monitored for safety, immunogenicity, and treatment efficacy.
In a following randomized study, 67 patients were split into two
dose arms.

The two studies were performed almost 20 years ago and
were the very first ILIT trials in humans. Hence, the trials also
represent a historical witness and thereby represent a milestone
in the historical development of AIT in humans. Originally,
we did not submit the data for publication, the major reason
being the many events of anaphylactic reactions in a larger
randomized study. However, we are frequently asked to share
the data with colleagues and at scientific and clinical meetings.
Moreover, after several phase I/II clinical trials with grass pollen
allergen ILIT, the first phase III trial is currently running for
the purpose of getting general approval for the use of ILIT in
treating hay fever (EURDACT: 2020-001060-28). Hence, we now
consider it as important and timely appropriate to share the
results, observations, and the experiences of these first-in-human
ILIT trials with scientists and allergologists: ILIT in general, but
also bee venom ILIT work as an alternative delivery method
to conventional and laborious VIT for the treatment of bee
venom allergy.

METHODS

Study Design and Patient Characteristics
To characterize the safety and efficacy of ILIT in patients with
a history of systemic allergic reactions to honeybee stings, two
clinical studies were performed.

The first ILIT study with a bee venom allergen was an open
pilot study in patients with a history of allergic reactions after
a bee sting (cf. scheme in Figure 1A). In total, 12 patients were
enrolled after the assessment of eligibility. Written informed
consent was obtained from all patients prior to enrolment.
The study was performed from October 2000 to July 2001 at
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the University Hospital Zurich, Switzerland, approved by the
independent ethics committee [IEC; (#2000–366 and #2001–
422)], notified with Swissmedic, registered in the University
Hospital Zurich trial register, and conducted according to the
International Council for Harmonization’s guidelines of Good
Clinical Practice (ICH-GCP) and the Declaration of Helsinki.

The second study was a randomized multicenter international
phase I/II dose-comparison study of bee venom allergen ILIT
(cf. scheme in Figure 1B). In total, 88 patients were assessed
for eligibility, after which 67 patients were randomized to
either one of the two dose arms. All patients signed written
informed consent prior to enrolment. The study was conducted
from January 2002 to June 2003 at four centers in Australia,
three centers in Austria, four centers in Germany, three centers
in Spain, and one center in Switzerland. Study protocols,
amendments, and all related documentations were approved by
the local IECs and notified by Swissmedic and other national
medical product agencies prior to study initiation.

The patient inclusion criteria for both studies were 18–55
years of age, a history of systemic allergic reaction after honeybee
sting (specified by grade III or IV reactions in the first pilot
study), a positive intradermal test, and positive serum IgE specific
to honeybee venom. Exclusion criteria for both studies were
HIV positivity, pregnancy, cutaneous or systemic mastocytosis
(serum tryptase ≥ 16 µg/L), clinically significant cardiovascular
or pulmonary disease, active infectious disease, clinically
significant hepatic disease, renal disease, a history of malignancy,
autoimmune disease, organic brain syndrome, or a significant
psychiatric disorder, severe hematological abnormality, current
treatment with β-blockers, angiotensin-converting-enzyme
inhibitors, or immunosuppressive agents, severe asthma
uncontrolled by pharmacotherapy and/or irreversible airway
obstruction, and a body mass index ≥ 30 kg/m2. Other inclusion
and exclusion criteria followed the recommended standards
for VIT.

Allergens
For a pilot study, commercially available bee venom allergen
extracts were purchased fromALK-Abelló (Hamburg, Germany).
A non-depot aqueous formulation (Pharmalgen R©) was used for
the initial ILIT session, while an aluminum hydroxide containing
depot formulation (Alutard R©) was used for the later ILIT
sessions. For both Pharmalgen and Alutard, the maintenance
preparations containing 100µgApis mellifera bee venom allergen
extract were applied.

For a randomized study, an investigational product
(BeeAlleVaxTM) was provided by MannKind Corp. (Westlake
Village, CA, USA); of note, this product is no longer available to
receive or use. The allergen extract contained naturally occurring
protein and polypeptide venom from the honeybee A. mellifera,
the major allergenic components of which are phospholipase-A2

(PLA2), hyaluronidase, and melittin. The lyophilized product
was formulated with 5% sucrose, 0.01% polysorbate 80, 0.01%
poloxamer 188, and 0.0005% citric acid. The vaccine was
reconstituted in aluminum hydroxide adjuvant (2% Alhydrogel
from Brenntag, Fredriksund, Denmark) prior to administration.

Intralymphatic Immunotherapy
In a pilot study, a subcutaneous lymph node of the inguinal
area was catheterized with a 28-gauge needle under sonographic
guidance. To prevent inadvertent intravascular administration,
the injections of 100-µl bee venom allergen extracts were given
after aspiration. For safety reasons, the administrations took
place at the intensive care unit and the first dose of bee venom
allergen was fractionated in doses of 0.1, 1, and 5 µg with
30-min intervals and using a nondepot aqueous formulation
(Pharmalgen R©). The nondepot formulation facilitated the
monitoring of any allergic side effects that would occur and
vanish rapidly while the patient was still in the intensive care unit.
Once the treatment tolerance had been confirmed, 5 µg of bee
venom allergens adsorbed on aluminum hydroxide (Alutard R©)
were administered 30min later. The injected lymph node was
monitored sonographically for swelling. After 4 h, the patient
was transferred to the normal ward, where general monitoring
continued for at least 24 h before the patient was discharged.
After 2 and 4 weeks of the first ILIT visit, patients returned to
receive two further injections of 5 µg of bee venom allergens
adsorbed on aluminum hydroxide, with a 30-min interval
between the injections (Figure 1A). Vital signs of every patient
were monitored for 2 h after each ILIT visit at the normal ward.
The total dose of the injected allergens after three ILIT visits was
31.1 µg.

In the second study (cf. a scheme in Figure 1B), patients
were randomized to receive either 10- or 20-µg bee venom
allergen extract adsorbed to aluminumhydroxide (BeeAlleVaxTM)
ILIT by injections into a superficial inguinal lymph node using
sonographic guidance as described for the abovementioned pilot
study. Nine visits were scheduled, including a screening visit.
At visit 1, both treatment arms received 0.1-, 1-, and 10-µg bee
venom allergen extract with 30-min intervals, providing no signs
of systemic reactions. A safety visit followed 1 day later. After 4
weeks, of the first ILIT, one study arm received a single ILIT dose
of 10-µg allergens, while the second study arm received two doses
of 10 µg, 30min apart. After 8 and 12 weeks of the first ILIT,
one study arm received a single ILIT dose of 10 µg, while the
second study arm received a single dose of 20 µg. Each patient
was observed at the normal ward, 4 h after the first ILIT and 2 h
after the next three ILIT visits. During the observation time, vital
signs were recorded, flare and wheal reaction at the injection site
was measured and spirometry was performed. Blood was drawn
at screening and from visit no. 3 (second ILIT) onward for the
analysis of IgG, IgE, and tryptase measurement, and for further
investigation of hematology and chemistry panels. Urinalysis,
including urine test strip, urine sediment, and pregnancy tests,
were performed at screening and from visit no. 3 onward. After
ILIT sessions no. 2–4 (visits 3–5), patients were followed up 1
day later by telephone. The total dose of injected allergen after
the four sessions of ILIT was 41.1µg in the 10-µg group and 71.1
µg in the 20-µg group.

Bee Sting Challenge
To test the efficacy of bee venom allergen ILIT, study participants
were offered to receive a sting provocation with a honeybee.
The bee sting challenges were performed as recommended by
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FIGURE 1 | Time scheme of pilot (A) and randomized (B) bee venom intralymphatic immunotherapy (ILIT) studies. (A) After screening (V0), patients in the pilot study

attended a first visit (V1, day 0) where they received the first injections of aqueous bee venom in doses of 0.1, 1, and 5 µg with 30-min intervals, followed by 5 µg of

aluminum hydroxide-absorbed bee venom. During the second (V2) and third (V3) injection visit, 5 µg of aluminum hydroxide-absorbed bee venom was injected with

30-min intervals. The total cumulative dose was 31.1 µg. After each visit, patients were observed at the intensive care unit or the normal ward for 24 or 2 h (blue

circles). At the screening visit (V0) and on day 58 (V4), venous blood was drawn and a honeybee sting challenge was performed. (B) Following the screening visit (V0)

of the randomized study, patients in the randomized study attended a first visit (V1, day 0) where they received bee venom ILIT injections: 0.1, 1, and 10 µg 30min

apart, provided no systemic signs or symptoms. Visit 2 was a safety follow-up 1 day after visit 1 (blue circle). At visit 3, treatment group 1 received one 10-µg dose

and treatment group 2 received two doses of 10 µg 30min apart. At visits 4 and 5, one treatment group received 10 µg and the other group received 20 µg in a

single dose. The total cumulative doses were 41.1 and 71.1 µg. Blood was drawn at screening and at every visit from visit 3 onward as to measure bee

venom-specific immune responses. A deliberate bee sting challenge was performed at visit 7. Visits 3, 4, 5, and 7 were followed up for safety 1 day later by telephone

(small blue circles).

the European Academy of Allergology and Clinical Immunology
(EAACI) and the reaction graded according to the Mosbech–
Muller system (20). In a pilot study, the challenge was performed
4 weeks after having completed the bee venom ILIT. In a
randomized follow-up study, the challenge was performed 8
weeks after the completion of bee venom ILIT. No challenge was
performed at baseline, but a patient history record of allergic
reactions was applied to analyze the effect of ILIT on the
protection from sting reactions.

Briefly, sting provocation was performed in an emergency
setting with appropriate rescue equipment and trained personnel.
The honeybee was forced onto the patient’s skin using a syringe
and left for 1min on the skin surface. The bee stinger was left
on the skin but removed immediately if a systemic reaction
occurred. After 5, 15, and 60min, the sting site was examined and
the findings were documented. A peripheral intravenous catheter
was placed prior to the sting provocation and not removed until
the end of the observation period. Vital signs such as pulse, blood
pressure, and oxygen saturation were continuously monitored.
Anaphylactic reactions were immediately treated depending on

the degree of severity and according to internal emergency
guidelines of the allergy unit.

Laboratory Investigations
In a pilot study, patient examinations were performed at an
interval of ∼2 weeks. Hematological and chemical laboratory
tests as well as urinalysis were carried out. PLA2-specific IgG1,
IgG4, and IgE, as well as tryptase in sera were analyzed
by an in-house sandwich ELISA method to determine titers.
In a multicenter study, honeybee venom-specific IgE (RAST,
ImmunoCAP, or categorized) and IgG (SPRIA or categorized)
was measured at the indicated time points.

Primary Objectives
The primary objective of both studies was to evaluate the safety of
bee venom ILIT in patients with a history of bee venom allergy.
Hence, both studies had an open-label design. Particularly, this
pilot study had the intention to show the tolerability of bee venom
ILIT and potential AEs of this novel method for bee venom VIT
in humans.
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In this pilot study, patient examinations were performed on
days 0, 1, 14, 15, 28, 29, and 42. Cardiovascular examinations
included heart rate, blood pressure, and ECG. Furthermore, the
respiratory rate and respiratory peak flow as well as skin, ear,
nose, throat, neck, thyroid, cardiopulmonary function, lymph
nodes, the nervous system, body weight, and body temperature
were examined. AEs and severe adverse events (SAEs) were
recorded at every observation after each injection.

In a randomized multicenter study, the primary objective
was to determine the safety of bee venom ILIT with the
specific investigational product BeeAlleVaxTM. Safety assessments
consisted of monitoring and recording AEs and SAEs, the
regular measurement of vital clinical signs, respiratory function,
and physical examination, regular monitoring of hematology,
serum chemistry, pulmonary function, renal function, and
urinalysis. Allergic skin flare and wheal reactions and systemic
reactions were evaluated for frequency, severity, and the time of
appearance. All adverse treatment reactions that occurred from
the first ILIT until 4 weeks post last ILIT were recorded. AEs
were recorded in Case Report Forms and were assessed by an
investigator as definitely, probably, possibly, or not related to
ILIT. The treatment was discontinued when a patient suffered a
grade IV allergic reaction.

Severe adverse events were defined as AEs that were
potentially life-threatening, required inpatient hospitalization
and the prolongation of hospitalization with systemic treatment,
or resulted in a persistent or significant disability with an
effect on daily activities, including immune system disorders,
psychiatric disorders, vascular disorders, gastrointestinal
disorders, respiratory and thoracic disorders, general disorders
and injection site conditions, and skin and subcutaneous
tissue disorders. The monitoring of AEs included chest
constriction, dyspnea, hyperventilation, desaturation, the loss of
consciousness, precordial pain, bradycardia, severe hypotension,
severe nausea and vomiting, vertigo, dizziness, angioedema,
dysesthesia, generalized urticaria and erythema, flush, anxiety,
and fatigue.

Secondary Objectives
The major secondary objective was to show the efficacy of bee
venom ILIT. For this, a bee sting challenge with a honeybee
was performed as described above. Furthermore, bee venom-
specific IgG, IgE, and tryptase were determined in sera by an
ImmunoCAP analysis. In a pilot study, complete blood counts
were tested along with chemistry laboratory tests and urinalysis.
In a multicenter study, secondary objectives were to compare
vaccine doses for efficacy by the bee sting challenge, and to
assess the allergen-specific IgE and IgG as surrogate endpoints
for efficacy.

Statistical Analysis
The primary goal of this pilot study was to test the safety of
bee venom ILIT in humans. Because only limited information
was available for a quantitative valid sample-size estimation, the
study was designed as an experimental pilot phase open study.
A sample size of 12 patients was estimated to be sufficient to
produce valuable information to determine the patient sample

size for an subsequent phase I/II study, the primary objective of
which would be to further demonstrate dose-dependent safety
(21). The Wilcoxon matched-pairs signed-rank test was used for
a statistical analysis of antibody and sting challenge data before
and after ILIT.

In the multicenter trial, study participants were randomized
into two treatment arms by using a random permuted block
design, which should minimize the risk of confounder effects.
The multicenter design of the study also ensured that individual
sites were unable to discern blocking patterns. Within-group
comparisons of antibodies were calculated with the paired-
samples t-test or the Friedman test for more than two related
variables. The sting reactions were scored, and the effect of
ILIT and dose were analyzed statistically using a mixed-effects
model. The Wilcoxon matched-pairs signed-rank test was used
for the analysis of sting challenge data before and after ILIT.
A sub-analysis of antibodies in sting-protected (n = 35) and
nonprotected (n = 10) patients was made using the Mann–
Whitney U test. Due to the early termination of this study, an
abbreviated clinical study report focusing mainly on safety was
produced. Therefore, only summary statistics were provided to
describe the results. All analyses were made using the GraphPad
Prism 9.00 software.

RESULTS

Patient Characteristics, Pilot Study
In a monocentric pilot study, 12 patients with bee venom allergy
grade III were recruited and received complete per-protocol bee
venom ILIT. Of these, eight out of 12 patients completed the bee
sting challenge period 4 weeks after the last ILIT. Four patients
refused of a deliberating bee sting.

AEs, Pilot Study
In a pilot study, no AEs or SAEs were observed between the
first and last bee venom ILIT injection, or in a 4-week period
between the last ILIT and the bee sting challenge. Moreover,
there were no major changes in vital clinical signs or physical
findings. Shortly after the first injection of the allergen, the treated
lymph nodes significantly increased in volume as monitored
from the sonographic images (Figure 2A). The swelling reached
a maximum level after 1–3 h when the volume increased by
2–4-fold (Figure 2B). Of note, the degree of swelling did
not return to day 0 baseline levels within a 14-day interval
between the two injections; however, new swelling reactions were
observed after the booster injections 2 and 4 weeks later. Upon
palpation, the lymph nodes appeared to be enlarged, indurate,
and slightly tender.

There were no relevant changes in hematological and
chemistry laboratory tests and urinalysis (data not shown).
Patients were also asked to compare the level of pain of an
ILIT injection into a lymph node to the venous puncture during
the same visit. Intralymphatic injections were rated as less
painful than venous puncture and comparable with subcutaneous
injections (8). Of note, as the sensory innervation of lymph nodes
is sparse, any pain arose solely from penetrating the skin.
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FIGURE 2 | Assessment of node swelling, antibody responses, and honeybee provocation test. (A) Ultrasound imaging was applied to guide an injection and to

document possible changes in the lymph node structure. (B) Sonographic monitoring of lymph node swelling for 2–4 h post first ILIT injection at each of the three ILIT

sessions on days 0, 14, and 28. (C) Patient blood analyzed prior to the first bee venom ILIT and 4 weeks after the last ILIT. The sera were measured by ELISA for IgE,

IgG1, and IgG4 antibodies against the major bee venom allergen PLA2 and expressed as titer. Statistical differences were analyzed by Wilcoxon matched-pairs

signed-rank tests. (D) A honeybee was trapped in a prepared syringe, the plunger lowered to provoke a sting, and the stinger left on the skin for 60min while

monitoring local and systemic reactions. (E) Eight patients were subject to a bee sting challenge prior to the first bee venom ILIT and 4 weeks after the last ILIT. While

all patients exhibited grade III allergic reactions to bee stings prior to vaccination, after treatment, only one grade III reaction and three cases of grade I reactions

occurred. In the remaining four patients, there was no systemic allergic reaction to the challenge. The value of p was calculated by Wilcoxon matched-pairs

signed-rank tests.

Serology Analysis, Pilot Study
To test if bee venom ILIT affected the level of IgE and to test
the immunogenicity of bee venom ILIT, blood collected prior to
first ILIT session and 4 weeks after the last ILIT session of a pilot
study were measured for PLA2-specific IgE and IgG (Figure 2C).
While no significant changes in IgE titers could be determined,
bee venom ILIT caused a significant increase in PLA2-specific
IgG1 antibody levels (p= 0.0010) and IgG4 (p= 0.0005). After 8
weeks, the average increase in titers was 2.2-fold for IgG1 with 11
out of 12 patients showing an increase, and 4.9-fold for IgG4 with
all patients showing an increase. Importantly, bee venom-specific
IgE levels were not boosted.

Bee Sting Challenge, Pilot Study
Eight patients from a monocentric pilot study were subject to a
bee sting challenge 4 weeks after having completed the bee venom
ILIT (Figure 2D). Bee venom ILIT improved the protection from
the challenge as compared to a sting challenge at the screening
session and prior to the first ILIT injection (Figure 2E; p =

0.0156; marginal homogeneity test). While all patients exhibited
grade III allergic reactions to bee stings prior to vaccination,
only one grade III reaction and three cases of grade I reactions

occurred after completing bee venom ILIT. In four patients, no
systemic allergic reaction to the challenge was observed.

Patient Characteristics, Randomized Study
In the multicenter randomized study, 88 patients were found to
be eligible after initial screening, and 67 of these were randomized
to receive 10- (n = 33) or 20-µg (n = 34) bee venom allergen
ILIT (cf. flow chart in Figure 3). All randomized patients were
included in the safety evaluation. Gender ratio, age, and race were
equally distributed in both study arms of the safety population,
with a grade III allergy as the most frequent historical bee
venom reaction in both treatment groups (Table 1). The time
interval between the two injections doubled from 14 to 28 days
as compared with a pilot trial. The reason for this was that lymph
node swelling last for longer than 14 days and to comply with
general recommendations in vaccine immunology (22, 23). Out
of the 67 study participants that received bee venom ILIT, 45
(67%) were challenged in a deliberate honeybee sting provocation
test; 23 patients in the 10-µg treatment arm and 22 patients in the
20-µg treatment group. Hence, a total of 22 patients, 10 in the 10-
µg group and 12 in the 20-µg group, withdrew from attending
the bee sting challenge after finishing the ILIT treatment. The
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FIGURE 3 | Flow chart illustrating the development of cohorts and patients in this study.

primary reason for not entering the final sting provocation test
was the premature termination of the study by the sponsor on
April 11, 2003 after several SAEs following the sting test: seven
patients out of 33 in the 10-µg treatment group and nine patients
out of 34 in the 20-µg treatment group. Two patients in the 10-
µg and one patient in the 20-µg withdrew consent. One patient
in the 20-µg group was lost to a follow-up. One patient in the
20-µg treatment group withdrew due to a SAE of anaphylactic
reaction during the provocation test. One patient underwent
treatment up to visit 7, but did not receive a bee sting owing to
the fact that he received 14 country stings in the periodMarch 13,
2003 to April 9, 2003 without any adverse reactions and did not
take any medication. None of the patients were lost with respect
to noncompliance.

In each of the 10- and 20-µg treatment arms, 21 patients
completed all planned ILIT injections as well as the bee
sting challenge. Two patients in the 10-µg treatment group
withdrew due to SAEs in the ILIT period: one patient suffered
an anaphylactic shock after ILIT and one patient withdrew
consent due to an allergic reaction after an accidental insect
sting while at work. One patient in the 20-µg treatment group
withdrew consent due to premature termination of the study by
the sponsor.

AEs, Randomized Study
In the randomized study, 25 out of 33 patients (75.8%) in the
10-µg treatment and 24 out of 34 patients (70.6%) in the 20-
µg treatment experienced at least one AE during the treatment
period (Table 2). The AEs of 18 patients in the 10-µg study
arm and 19 patients in the 20-µg study arm were assessed as

causally related to the study medication, e.g., to bee venom
ILIT. All AEs were characterized as mild. The most affected
system organ class was the general disorders and administration
site conditional class, followed by skin and subcutaneous tissue
disorders and infections and infestations. Injection site swelling
and injection site pain were the most common preferred terms
within the general disorders and administration site conditional
system organ class. No statistical differences were determined
when comparing the two treatment arms of 10 and 20 µg and
with regard to the affected system organ class.

Seven patients had at least one SAE during the treatment
period. Five out of seven patients with at least one SAE had an
immune system disorder SAE. In the 10-µg treatment group,
SAEs were allergic reaction grade II and anaphylactic allergic
reaction grade III. In the 20-µg treatment group, the SAEs were
grade II systemic reaction, grade III allergic reaction following
ILIT, and anaphylaxis. Four treatment period SAEs were assessed
by an investigator as having a definite relationship to the study
drug. One subject experienced a severe systemic reaction (grade
II) in response to an accidental bee sting while at work, one
patient was diagnosed with prostate adenocarcinoma, and one
patient had a motorbike accident during the treatment period.
These SAEs were considered as not related to study medication
by an investigator. None of the treatment period SAEs were
attributed to the method of vaccine delivery.

Nevertheless, no safety issues were identified with regard to
vital signs, respiration rate, respiratory spirometry, and ECG
assessment. Changes were seen in systolic and diastolic blood
pressure and heart rates prior to the bee sting challenge at day
140, which could possibly be related to subject anxiety. No major
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TABLE 1 | Baseline characteristics and demographics for study subjects included

in a randomized multicentric bee venom intralymphatic immunotherapy (ILIT) trial.

Characteristics 10 µg ILIT 20 µg ILIT

N = 33 N = 34

Gender n (%)

Male 27 (81.8%) 22 (64.7%)

Female 6 (18.2%) 12 (35.3%)

Age (years)

Mean (SD) 38.1 (10.2) 33.1 (10.7)

Median 40.0 31.5

Min-Max 18–58 18–60

Race n (%)

Caucasian 33 (100%) 33 (97.1%)

Hispanic 0 (0.0%) 1 (2.9%)

Black 0 (0.0%) 0 (0.0%)

Asian 0 (0.0%) 0 (0.0%)

Other 0 (0.0%) 0 (0.0%)

Systemic Allergic Reaction Grade

Grade 1 1 (3.0%) 0 (0.0%)

Grade 2 4 (12.2%) 5 (14.7%)

Grade 3 21 (63.6%) 25 (73.5%)

Grade 4 7 (21.2%) 4 (11.8%)

changes, patterns over time, or differences between 10- and 20-
µg treatment groups were identifiable with regard to vital signs
and physical findings. Erythema was most often observed in
15–30min post-injection regardless of visit number, bee venom
allergen dose, and the number of injections received during a
visit. Independent of the bee venom ILIT dose, edema at the site
of injection was generally observed in 30–120min post-injection.
Further interpretation of the results for erythema, edema, and the
surrogate efficacy markers is difficult due to the early termination
of this study.

Serology, Randomized Study
As shown in Figure 4A, in the 32 patients of a multicenter
study who were treated with the 10-µg dose of BeeAlleVaxTM,
a statistically significant increase in IgG was observed on day
28 and after a single injection (p < 0.001). The highest serum
concentration of bee venom-specific IgG was determined on day
126, 40 days post fourth ILIT, where an average 3.4-fold increase
as compared to IgG screening concentration was measured.
Similar results were observed in the 33 patients receiving 20
µg of BeeAlleVaxTM. The relative increase in IgG, although
not statistically significant, was slightly higher than for the 10-
µg group, averaging a 4.3-fold increase on day 126 relative
to screening.

In both 10- and 20-µg treatment groups, the differences of
bee venom-specific IgE titers measured at the six consecutive
visits were highly significant (Figure 4B; p < 0.001). A steady
increase in IgE was observed especially for the 20-µg treatment
group. The highest overall increase in IgE relative to screening
was observed between day 56 and 126, averaging approximately

TABLE 2 | Adverse events (AEs) in the safety population (reported for ≥5% of

subjects in either treatment groups) during the treatment period by the preferred

term.

Preferred Term 10 µg 20 µg

N = 33 N = 34

Number of Subjects with at least one AE 25 (75.8%) 24 (70.6%)

Pruritus NOS 7 (21.2%) 5 (14.7%)

Flushing 6 (18.2%) 2 (5.9%)

Injection site pain 4 (12.1%) 4 (11.8%)

Injection site swelling 3 (9.1%) 5 (14.7%)

Headache NOS 2 (6.1%) 4 (11.8%)

Injection site erythema 3 (9.1%) 2 (5.9%)

Nasopharyngitis 2 (6.1%) 3 (8.8%)

Urticaria drug-induced 1 (3.0%) 4 (11.8%)

Allergy to insect sting 3 (9.1%) 1 (2.9%)

Chest tightness 2 (6.1%) 2 (5.9%)

Dizziness 1 (3.0%) 2 (5.9%)

Influenza 0 (0.0%) 3 (8.8%)

Injection site edema 2 (6.1%) 0 (0.0%)

Tachycardia NOS 2 (6.1%) 0 (0.0%)

Cannula site reaction 0 (0.0%) 2 (5.9%)

Erythema 0 (0.0%) 2 (5.9%)

Injection site discomfort 0 (0.0%) 2 (5.9%)

Lymphadenopathy 0 (0.0%) 2 (5.9%)

Rhinitis allergic NOS 0 (0.0%) 2 (5.9%)

Rhinitis NOS 0 (0.0%) 2 (5.9%)

10-fold in the 10-µg treatment group and approximately 20-fold
in the 20-µg treatment group. The highest individual increase
in bee venom-specific IgE was observed in patients entering the
trial with a very low serum IgE. The inclusion criterion for this
study was “positive IgE” and not a quantitative measure of IgE.
When excluding patients who entered the trial with a bee venom-
specific IgE of CAP class 1 or 2, the relative increases in IgE are
only around 5-fold in the 10-µg treatment group and around
7-fold in the 20-µg treatment group.

Bee Sting Challenge, Randomized Study
To test the efficacy of bee venom ILIT, the study subjects were
challenged in a deliberate honeybee sting provocation test. Of
the 67 study subjects completing ILIT, 45 (23 in the 10-µg
group and 22 in the 20-µg group) underwent a deliberate bee
sting challenge. Taking the bee sting history of the subjects as
a baseline, a significant reduction in grade III and IV systemic
allergic reactions was observed after a deliberate bee sting
(Figure 4C; p< 0.001; Mixed-effects model). In the 10-µg group,
21 experienced grade III (n= 15) or IV (n= 6) allergic reactions
at bee stings before the study, while only 6 patients experienced
grade III (n= 2) or IV (n= 4) allergic reactions after a deliberate
bee sting challenge. In the 20-µg group, 19 experienced grade III
(n = 17) or IV (n = 2) allergic reactions at bee stings before the
study, while only 4 persons experienced grade III (n= 2) or IV (n
= 2) allergic reactions after a deliberate bee sting challenge. For
the combined data set, 5 out of 8 (62.5%, p= 0.0156), 26 out of 32
(87.5%, p< 0.0001), and 2 out of 5 (40%, n.s.) patients with grades
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FIGURE 4 | Assessment of antibody responses and honeybee sting provocation test after bee venom ILIT. Study subjects were treated with 10- (red) or 20-µg (blue)

bee venom allergen extract, and allergen-specific IgG (A) and IgE (B) were analyzed by SPRIA (IgG) or ImmunoCAP (IgE). The red and blue lines show the median

antibody concentration, and the gray-filled area show the 95% confidential interval of the median. (C) After completed ILIT, 45 study participants were subject to a

honeybee sting challenge. The challenge was done at screening as well as 8 weeks after the last bee venom allergen ILIT with 10-(red) and 20-µg (blue)

BeeAlleVaxTM. The sting reactions were scored and the effect of ILIT and dose were analyzed statistically using a mixed-effects model. (D) Per-protocol analysis of the

combined sting challenge data as a function of sting grading at baseline. (E) Based on the sting reactions, patients were segregated into protected (n = 35) and

non-protected (n = 10) patients, and the IgG or IgE concentrations measured in serum at the time of the challenge (day 140) were assigned to the protected or

non-protected patients. The antibody levels were then compared by the Mann–Whitney U test for a statistical difference.

IV, III, and II reactions at baseline, respectively, experienced an
improvement of two or more grades upon ILIT (Figure 4D). Out
of the 10 non-protected subjects, six and four were from 10- to
20-µg groups, respectively.

In total, 21 subjects of each dose group completed the bee
sting challenge period with complete scoring of adverse reactions
(Table 3). In total, 20 subjects in the 10-µg group and 19 in
the 20-µg group experienced at least 1 AE during the bee sting
challenge. Most AEs were reported as mild: 14 in the 10-µg
treatment group and 15 in the 20-µg treatment group. The
reported numbers of moderate and severe AEs were also similar
in the 10- (n = 7) and 20-µg (n = 5) groups. AEs included
allergic reaction (n= 8+3 in the 10- and 20-µg group), urticaria
NOS (n = 3+6), erythema (n = 3+4), localized edema (n =

3+3), and anaphylaxis (n = 1+3). There was no clear pattern
with regard to the type or frequency of AEs and the dose of
BeeAlleVaxTM (10 or 20 µg). However, the number of immune
system AEs precipitated by the deliberate bee sting challenge
indicates a lack of efficacy for BeeAlleVaxTM ILIT in providing
adequate immunological protection. For this reason, the study
was terminated earlier than planned before the planned last
bleeding on day 168 post first ILIT.

To test the hypothesis that protections correlate with more
IgG and less IgE, IgG and IgE responses in protected (n = 35)
and non-protected patients (n = 10) was analyzed for the 45
patients who underwent a deliberate honeybee sting challenge.
At the time point of the challenge on day 140, a slightly higher
IgG concentration was observed in the protected cohort than in
the non-protected cohort (Figure 4E). However, the protected
patients also had slightly higher IgE levels. Neither of these

differences were statistically significant. A similar result was
found when comparing the development of IgG or IgE antibody
responses for protected and non-protected patients throughout
the whole study.

Further Monitoring of Clinical Parameters,
Randomized Study
Clinically significant laboratory findings were observed for
one study subject (10-µg treatment group) for hemoglobin,
erythrocytes, and hematocrit (low levels) and one subject (20-
µg treatment group) for microorganisms (urinalysis). In total,
seven subjects had clinically significant high levels of tryptase.
Clinically significant high levels of tryptase were recorded for
four subjects in the 10-µg treatment group and one subject in the
20-µg treatment group on day 140, where mean tryptase levels
were 7.6 ± 6.2 µg/L in the 10-µg treatment group and 5.3 ± 4.7
µg/L in the 20-µg treatment group, and the levels increased to
21.1 ± 28.4 µg/L and to 9.7 ± 9.4 µg/L, respectively, 120min
after the sting challenge. Other clinically significant high levels of
tryptase were seen on day 28 at 120min post-injection for one
subject of the 10-µg treatment group and one subject of the 20-
µg treatment group. Other hematological and chemical analysis
did not suggest patterns of AEs to ILIT or differences between the
two treatment groups.

DISCUSSION

A recent meta-analysis, including five systematic reviews, five
randomized controlled trials, three controlled studies, and four
case series, concluded that VIT significantly reduced the risk of
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TABLE 3 | AEs in the safety population (reported for ≥5% of subjects in either

treatment groups) during the bee sting challenge period by the preferred term and

after completion of ILIT.

Preferred Term 10 µg 20 µg

N = 21 N = 21

Number of Subjects with at least one AE 20 (95.2%) 19 (90.5%)

Allergy to insect sting 8 (38.1%) 3 (14.3%)

Urticaria NOS 3 (14.3%) 6 (28.6%)

Erythema 3 (14.3%) 4 (19.0%)

Localized edema 3 (14.3%) 3 (14.3%)

Peripheral swelling 2 (9.5%) 3 (14.3%)

Headache NOS 3 (14.3%) 1 (4.8%)

Nausea 3 (14.3%) 1 (4.8%)

Pruritus NOS 3 (14.3%) 1 (4.8%)

Flushing 2 (9.5%) 2 (9.5%)

Anaphylactic reaction 1 (4.8%) 3 (14.3%)

Conjunctivitis NOS 2 (9.5%) 1 (4.8%)

Dizziness 2 (9.5%) 1 (4.8%)

Face edema 1 (4.8.%) 2 (9.5%)

Throat tightness 1 (4.8%) 2 (9.5%)

Muscle twitching 2 (9.5%) 0 (0.0%)

Urticaria drug—induced 2 (9.5%) 0 (0.0%)

Abdominal pain NOS 0 (0.0%) 2 (9.5%)

Urticaria generalized 0 (0.0%) 2 (9.5%)

severe systemic reactions to insect stings, improved the quality of
life, andmight be cost-effective in persons with repeated systemic
reactions and impaired quality of life (24). Unfortunately, and
despite these obvious benefits, a large fraction of patients with
venom allergy are reluctant to undergo subcutaneous VIT,
the main reasons being the time required to complete the
treatment comprising around 100 injections and doctor visits
over 5 years and the often associated allergic AEs, including
anaphylaxis (19). The initial up-titration with these allergens
requires hospitalization, which is inconvenient and costly.

While the efficacy of prophylactic vaccines typically can be
improved by increased doses of antigens (25, 26), the efficacy
of subcutaneous VIT, as measured by the total number of
injections required to complete successful therapy, cannot be
improved by solely increasing the allergen doses, for reasons
of safety. More side effects are observed with higher doses of
allergen, especially during the rush or ultra-rush build-up phase
(27, 28). Therefore, current clinical guidelines recommend dose-
adjustment schedules with lower allergen doses for patients with
risk factors, e.g., mastocytosis, increased baseline serum tryptase
levels, mast cell activation disorders, and patients with a history
of systemic AEs to stings (2, 29). Yet, while the allergic side
effects of VIT can be avoided by lowering the allergen doses,
this may impair the therapeutic efficacy. In the current study,
we investigated whether changing the route of administration
from subcutaneous to intralymphatic administration route may
offer a way to reduce the required number of injections and the
allergen dose, hence, potentially reducing the number of AEs
while maintaining the efficacy.

This first-in-human bee venom ILIT study showed that
intralymphatic allergen delivery per se is a fast and safe method
for bee VIT. In total, 12 patients were included in the study and
received a cumulative dose of 31.1 µg in three sessions with 14-
day intervals. Not a single AE or SAE was reported. Of the eight
patients that agreed to test the bee venom ILIT efficacy in a bee
sting challenge, seven patients showed either no or only minor
systemic allergic reactions (grade I) upon the challenge. These
results are comparable to the published efficacy of subcutaneous
VIT, which ranges between 77 and 84% for the protection against
allergic reactions in a honeybee sting challenge (2, 30, 31). We
therefore decided to evaluate further the safety and efficacy of bee
venom ILIT in a multicenter phase I/II clinical trial. Although the
regulatory and scientific recommendation for confirmatory AIT
trials is to use a double-blinded placebo-controlled design (32–
34), we chose an open-label design for safety reasons as still little
was known about ILIT in humans. Of note, the interval between
two ILIT sessions was doubled to 28 days, and a fourth ILIT
injection was added. Furthermore, the commercially available
allergen extract used in the pilot study was replaced with an
investigational medicinal product, specially manufactured for
the trial.

The results again revealed that bee venom ILIT per se
was well tolerated. However, SAEs were observed during the
treatment period of the randomized study. These were typically
not attributed to the bee venom injection, but in one instance
to a non-compliant intralymphatic injection, i.e., intravascular.
The subsequent bee sting challenge enables protection in 35 out
of 45 patients with a reduction in grade III and IV systemic
allergic reactions as compared to baseline. This protection level
of 77.8% is in the lower end of the expected protection after a 5-
year subcutaneous VIT (31), and the protection was only partial,
because many patients still reacted with a grade I reaction. As
10 out of 45 patients were not protected and still reacted with a
grade III or IV reaction to the bee sting, we concluded that ILIT
with BeeAlleVaxTM did not confer sufficient immunity.

Insufficient absorption of bee venom on the aluminum
hydroxide adjuvant may be one possible explanation for a
relatively high number of systemic AEs after bee venom ILIT
with BeeAlleVaxTM. Later analyses of the product revealed that
a major fraction of the bee venom allergen remained unabsorbed
to aluminum hydroxide. Of note, neither the product BeeAlleVax
nor the venom itself was ever tested in subcutaneous VIT before
its use in the current ILIT trial. Another possible explanation of
a relatively high number of sting reactions after the deliberate
bee sting challenge may have been the different etiologies of bees
at different centers and continents. No major safety concerns
were identified for the method of intranodal vaccine delivery;
therefore, the contribution of the mode of delivery to the
potential immune response does warrant further investigation.

Venom immunotherapy has been associated with increased
IgGs (13, 35–38), and with higher doses producing higher IgG
titers (39) although it is not clear if IgG levels correlate with
sting protection (40–43). In both presented ILIT trials, we
observed enhanced bee venom-specific IgG antibody levels but
no significant difference in IgG levels in protected and in non-
protected patients could be detected. While bee venom ILIT
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did not boost the allergen-specific IgE responses in the setting
of a pilot study, a rise was observed in the later randomized
study. The latter phenomenon is also frequently observed after
subcutaneous VIT but with a subsequent decrease in IgE toward
the end of the VIT (2, 44–46). It has been shown that the
functional activity of blocking antibodies might be a more
accurate measure of clinical efficacy as IgG/IgG4 levels decreased
about 80–90% within 1 year after stopping AIT, while IgG-
associated serum IgE-inhibitory activity persisted for several
years (47). Upon conventional AIT, mainly IgG1 is initially
formed, and although IgG4 also rises in the initial period, it
becomes more prominent after 1–2 years of treatment and
might therefore reflect long-term antigenic stimulation (48–51).
As a consequence, 3–4 ILIT injections in the short period as
performed in the current studies may not be sufficient to cause
such changes in antibodies, and the study period is not long
enough to see long-term effects on IgG4. Nonetheless, the more
abundant and potentially allergen-blocking IgG1 is effective in
ameliorating allergic symptoms during the bee sting challenge
(47). Hence, one may assume that ILIT with bee venom requires
more injections and longer treatment duration with a higher
cumulative dose than pollen ILIT for a stronger immunological
response of IgG. Thus, future bee venom ILIT studies should
possibly also consider longer studies and more injections as
to reach higher levels of IgG or better protection. Indeed, a
reduction from 6,000 µg and 100 doses during 5 years to 30–80
µg and 3–4 doses during 2–3 months may be too ambitious for
the initial development of hymenoptera ILIT.

As no correlation was observed between IgE antibodies
and bee sting challenge reactions, this may suggest that the
increased IgE levels observed in the multicenter ILIT trial
had no negative impact on the efficacy of bee venom ILIT.
Here, other factors should perhaps have been considered in the
immune analysis. Immune tolerance with a Th2 to Th1 shift,
an increase in the number of regulatory T-cells (Tregs), and
an increase in the secretion of interferon gamma (INFγ), as
well as a decrease in the secretion of interleukins IL-4 and IL-
13 are observed during VIT (47). Moreover, IL-10 produced
by Tr1-type Tregs plays an important role as IL-10 inhibits
the differentiation and proliferation of IgE-secreting B cells
by blocking the B7/CD28 pathway (47). The important role
of increased IL-10 levels was shown in beekeepers shortly
after the start of bee venom season and during VIT as the
development of clinical and immunological tolerance (47). IL-
10 producing Tregs can also inhibit the proliferation of PLA-
specific effector T-cells, suppresses dendritic cell maturation,
and MHC class II and costimulatory ligand expression (47, 48).
However, perhaps the most promising surrogate measure for
the sting challenge protection after VIT, as allergic reactions to
venom stings are systemic andmediated by basophil cells, may be
the basophil activation test (BAT). Increased protection should
at least theoretically go along with reduced basophil reactivity.
Although the sting provocation test is the gold standard of
measuring the effectiveness of VIT, both doctors and patients are
hesitant to perform such tests (2). Hence, good surrogate markers
are needed. Today, we would probably include BAT and cellular
allergen stimulation tests (CAST), in combination with antibody

assessments such as IgE, IgG1, IgG4, and the measurement of
inhibition of allergen-specific IgE binding by blocking antibodies
(52) in trials analyzing the efficacy analysis of hymenoptera ILIT.

While the current two bee venom ILIT trials were the
first and last to be performed in humans, several trials have
been performed with grass pollen allergen ILIT. A recent
systematic review and meta-analysis of 17 clinical trials about
ILIT for allergic rhinitis showed a clear benefit toward symptom
alleviation and reduced medication use, and comparable safety
and efficacy to both SCIT and SLIT (53). For grass pollen
allergen ILIT, it is recommended that the injections are given
at 4-week intervals (14). Shorter intervals showed no clinical
improvement despite the indications of immunological tolerance
(54). The reason for this is thought to be the short interval
between the injections that does not allow enough time for the
development of antigen-specific immune responses. Therefore,
further venom ILIT studies should also test the importance of
dosing intervals on safety, immune responses, and efficacy, e.g.,
longer intervals to facilitate the stimulation of IgG4 antibody
responses. Of note, it was recently suggested that a booster
ILIT injection, 1 year after the original three grass pollen ILIT
injections, prolonged the increase of allergen-specific IgG4 levels
(13). Studies on subcutaneous VIT have shown that intervals can
be extended up to 6 months without an increased incidence and
severity of AEs (55, 56). With respect to efficacy, the duration of
VIT was more important than the intervals between treatments
(57). Recent observations showed less systemic reactions after
the completion of VIT treatment for at least 5 years with a
systemic reaction rate of 9.5% during another 5 years after
discontinuing VIT (17). In contrast, after 1 year treatment with
VIT, nearly 22% of the patients showed insufficient protection
and allergic reactions against subsequent “field” stings during 3–4
years post-treatment (17, 58). Although the current trial shows a
comparable efficacy after only 3–4 injections, one may speculate
that going from 20 to 25% systemic reaction to <10% systemic
reactions may be reached by prolonging the ILIT treatment.
Thus, the definitive number of bee venom injections may also
need to be considered in future ILIT trials. As subcutaneous
VIT requires a longer treatment duration with more injections
than subcutaneous pollen AIT, we assume a higher number of
injections in venom ILIT than in grass pollen ILIT, the latter
that all have been performed with three ILIT injections. Further
injections and longer intervals will of course also increase the
overall time that the immune system is exposed to the allergen,
and indeed, antigen persistence has been shown to facilitate B-
and T-cell responses upon vaccination (59–61).

There are several limitations to these two clinical studies.
Firstly, the small sample size of a pilot study limits the
significance of the results. Secondly, the allergen extract
BeeAlleVaxTM has limited validity as it was never tested on
humans before. Therefore, the information about potential safety
and efficacy of the product were restricted and a differentiation
between insufficient efficacy of BeeAlleVaxTM and complications
caused by intranodal immunotherapy was difficult. There are
no clear results for long-term protective efficacy due to the
early termination, which leads to limited data and cancellation
of the planned 2-year follow-up study after the treatment with
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BeeAlleVaxTM . The allergen extract itself has limited validity as
it has never tested on humans before. Despite these limitations,
both studies provide useful information on bee venom ILIT as
it is the first evaluation of intralymphatic allergen application
in patients with bee venom allergy, a disease which is prevalent
globally and can lead to the impairment of quality of life due to
the fear of subsequent stings (62, 63).

In conclusion, the presented bee venom ILIT studies show
the very first results of an alternative VIT route with the aim
of reducing the number of injections and the overall dose of
therapeutic allergen. In part, the revealed data were promising
and suggest that venom ILIT may allow to lower both the dose
and the number of venom injections as compared to SCIT. These
venom ILIT trials were made to be representative of venom
allergies on patients with bee venom allergy. However, VIT with
honeybee venom causes more AEs than VIT with yellow jacket
or vespid venom (20, 24, 31, 64), honeybee venom allergy is
a risk factor for VIT failure (19, 65), patients with honeybee
VIT show a higher relapse rate and less protection than patients
with vespid VIT (15), and the prevalence of allergic reactions to
wasp stings is typically higher than to honeybee stings (66, 67).
Hence, future ILIT safety and efficacy studies should probably
also consider vespid venom as an alternative to wasp SCIT.
Moreover, as lifelong therapy should be considered in patients
with severe systemic sting reactions, SAEs during VIT, a high
risk of future honeybee stings, mastocytosis, or increased baseline
serum tryptase levels (2), ILIT could be considered as a patiently
friendly alternative to SCIT in this patient population. The major
benefit of bee venom ILIT would be a lower risk for AEs and
SAEs during treatment, but also that the treatment adherence
may be improved when patients are not bound to the busy
dosing scheme and doctor visits in conventional subcutaneous
VIT. Thus, venom ILIT is most promising in making the causal
treatment against IgE-mediated allergies shorter, safer, more cost-
effective, and patient optimization with a potential to increase
compliance. While the results demonstrate potential clinical
benefits of this novel immunotherapy, it also shows that the
safety and efficacy of bee venom ILIT need further evaluation
and optimization. Furthermore, the quality of injections, allergen
dose, injection numbers, and injection frequency need to be
tested in future bee venom ILIT studies. The authors would
encourage and support further clinical studies to evaluate bee

venom ILIT with respect to dosing and dosing frequency as well
as allergen and adjuvant selection.
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