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Abstract

Introduction: There is a need for a fast, efficient and safe way to induce tolerance in
patients with severe allergic rhinitis. Intralymphatic immune therapy has been shown
to be effective.

Methods: Patients with severe birch and timothy allergy were randomized and re-
ceived three doses of 0.1 ml of birch and 5-grass allergen extracts (10,000 SQ units/
ml, ALK-Abell6), or birch and placebo or 5-grass and placebo by ultrasound-guided
injections into inguinal lymph nodes at monthly intervals. Rhinoconjunctivitis total
symptom score, medication score and rhinoconjunctivitis quality of life questionnaire
were evaluated before treatment and after each birch and grass pollen season dur-
ing three subsequent years. Circulating proportions of T helper subsets and allergen-
induced cytokine and chemokine production were analysed by flow cytometry and
Luminex.

Results: The three groups reported fewer symptoms, lower use of medication and im-
proved quality of life during the birch and grass pollen seasons each year after treat-
ment at an almost similar rate independently of treatment with one or two allergens.
Mild local pain was the most common adverse event. IgE levels to birch decreased,
whereas birch-induced IL-10 secretion increased in all three groups. IgG4 levels to birch
and timothy and skin prick test reactivity remained mainly unchanged. Conjunctival
challenge tests with timothy extract showed a higher threshold for allergen. In all
three groups, regulatory T cell frequencies were increased 3 years after treatment.
Conclusions: Intralymphatic immunotherapy with one or two allergens in patients
with grass and birch pollen allergy was safe, effective and may be associated with
bystander immune modulatory responses.
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Intralymphatic immunotherapy with one or two allergens renders similar clinical response in patients
with allergic rhinitis due to birch and grass pollen.
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Immunotherapy with three monthly injections with extracts containing each 1000 SQ-U of birch pollen and 1000 SQ-U of grass pollen,
or either and placebo, in bilateral inguinal lymph nodes was safe and effective. One or two allergens rendered similar clinical response in
patients with allergic rhinitis due to birch and grass pollen. Symptoms, medication and quality of life were all improved in all treatment
groups. An increase in the proportion of activated Treg cells may explain the results.

1 | INTRODUCTION

Nearly 30% of the adult population of Sweden report allergic rhi-
nitis.> In addition, the prevalence of allergic sensitization, as de-
termined as the presence of circulating IgE antibodies to birch,
timothy, mugwort, cat, dog, horse, Dermatophagoides pteronyssinus,
Dermatophagoides farinae and Alternaria, is up to 45% in Sweden and
in many other European countries.>® The total cost of allergic rhi-
nitis in Sweden, with a population of 9.5 million (in 2014), has been
estimated at €1.3 billion annually. Treating these patients with aller-
gen immunotherapy (AIT) is cost-effective.® To date, AIT is the only
treatment that affects the long-term development of allergic rhino-
conjunctivitis. It induces clinical tolerance primarily by stimulating
regulatory T (Treg) cells, attenuating T helper 2 (Th2) responses and
inducing blocking antibodies.® Conventional AIT with subcutaneous
injections is effective but consumes time and resources as it lasts
more than 3 years and requires about 40 injections to complete.”®
Another method is sublingual immunotherapy (SLIT), where tablets
containing allergens are given daily for 3 years’

Allergen immunotherapy for allergic rhinoconjunctivitis improves
symptom, medication and combined symptom and medication
scores (MS) in patients with allergic rhinoconjunctivitis.’® A random-
ized placebo-controlled trial with subcutaneous immunotherapy

Key Messages

e Immunotherapy with three intralymphatic injections is
safe and effective.

e One or two allergens render similar response in patients
with allergic rhinitis due to birch and grass pollen.

e Anincrease in the proportion of activated Treg may ren-
der a bystander effect.

(SCIT) with birch pollen allergen reduced the symptom score by 40%
over placebo.11 In a review article of SCIT and SLIT trials, SCIT was
reported to reduce nasal and ocular symptoms by 32-36% compared
with placebo, whereas SLIT produced a reduction in 26-36% com-
pared with placebo.*? Furthermore, both clinical and immunological
bystander effects of specific AIT on other allergens have been re-
ported in animal studies and one case report.*1°

In an open intralymphatic immunotherapy (ILIT) study,'® hay-
fever patients received three monthly allergen injections directly
into the inguinal lymph nodes and an accumulated dose of 3000
standardized quantified units (SQ-U) in contrast to approximately
3,000,000 SQ-U with SCIT. Greater efficacy and safety and faster
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relief of symptoms were observed after ILIT than after SCIT. The
study was followed by a few smaller studies of which five!’?!
pointed in the same direction as the original trial, whereas one
showed no benefit of ILIT.?? These studies were performed with
timothy or birch pollen or both. Small ILIT studies with cat, house
dust mite and dog have also shown positive clinical results.?®2*
Recently we performed a small open pilot study of 10 patients
treated with ILIT for birch or grass pollen allergy. We concluded that
ILIT was associated with improved quality of life, reduced symptoms
and beneficial immunological changes.21 However, further studies
are required to determine whether ILIT can induce clinical effects
similar to those of SCIT concerning rhinitis symptoms and how ILIT

affects immune responses.25

2 | METHODS
21 | Aim

The objective was to evaluate safety and efficacy after ILIT with one
or two allergens: birch- or grass pollen or both. We also aimed to
determine its immune modulatory effects including changes in spon-
taneous and allergen-induced cytokine and chemokine production,
and proportions of circulating T helper cell subsets.

Assessed for eligibility (n=126)

2.2 | Study design

A 3-year double-blind randomized clinical trial in 72 patients with
rhinoconjunctivitis due to sensitization with birch and grass pollen
allergens. The patients were given active treatment with birch or
grass in one inguinal lymph node and active treatment with the other
allergen or placebo in an inguinal lymph node on the other side. The
study was approved by Regional Ethics Committee in Linkdping
(EPN number 2013/487-31).

2.3 | Study population eligibility criteria

In all, 126 patients were assessed for eligibility. All patients signed
writteninformed consent to participate in the study. Forty-four did
not meet the inclusion criteria, 7 withdrew consent before treat-
ment and 1 was excluded for unknown reasons (Figure 1). Fifty-
seven patients with allergic rhinoconjunctivitis due to birch and
timothy pollen allergens were randomized in 2014 and 17 patients
2015. The 74 patients, including 35 females, were 19-53 years old
and had seasonal allergic symptoms to birch and grass (Table 1),
whereof 28 were randomized and followed in the Department
of Medicine, County Hospital Ryhov, Jonkoping. All participants
were given ILIT at Allergy Center, University Hospital, Linkdping,

[ Enrolment ]

Excluded (n=52)

+ Not meeting inclusion criteria (n=44)
| + Declined to participate (n=7)

+ Other reasons (n=1)

Randomized (n=74)

!

A 4

ILIT, Birch + 5-grass (n=23)
+ Received allocated intervention (n=23)

[ Allocation ]

A 4

ILIT, Birch + placebo (n=25)
+ Received allocated intervention (n=24)
«+ Lost to follow-up after 2 injections (n=1)

ILIT, 5-grass + placebo (n=26)
+ Received allocated intervention (n=25)
+ Declined after 1 injection (n=1)

[ Follow-Up ]

A4

Lost to follow-up (n=2)
« Depression

+ No improvement

Lost to follow-up (n=0)

Lost to follow-up (n=0)

[ anaysis ] |

Analyzed (n=21)
+ Excluded from analysis (n=0)

Analyzed (n= 24)
+ Excluded from analysis (n=0)

Analyzed (n= 25)
+ Excluded from analysis (n=0)

FIGURE 1 126 patients were assessed for eligibility. 52 were excluded. 74 patients were randomized to ILIT with three doses of birch-
and 5 grass-pollen allergen extracts, or either and placebo at monthly intervals. 72 patients received all injections. 70 patients remained for

analyses 3 years after treatment
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TABLE 1 Baseline characteristics by

Birch + 5-grass  Birch + placebo 5-grass + placebo treatment group, presented as mean and

n 23 25 26 standard deviation
Site (Linképing/Jonkdping) 14/9 15/11 16/10

Female 11 (49%) 12 (48%) 12 (46%)

Mean age at study start 38.1+10.2 36.8 +10.0 34.8+99

Min/max age at study start 19.3/53.3 21.0/53.4 19.5/51.4

Other sensitizations? 26+11 1.8+1.3 27+09

FEV1% 90.5+10.0 97.3+9.7 91.8+7.6

FENO ppb 24.5 + 270 22.2+178 22.6 +15.7

Note: FEV1%: forced expiratory volume at the end of the first second, percent of predicted
value.3>%¢ FENO-ppb: fraction of exhaled nitric oxide in parts per billion.

Number of other positive SPT with mugwort, cat, dog, horse, Dermatophagoides pteronyssinus,
Dermatophagoides farinae, Cladosporium, Alternaria and Aspergillus extracts (Soluprick SQ Birch and
Timothy, ALK-Abelld, Hgrsholm, Denmark).

TABLE 2 Scheme of schedule procedures

Screening Randomization Intervention Follow-up

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8
Informed consent X
Phys. examination X X X X X
Blood pressure, pulse, PEF X X X X X X X X
Safety tests® X X X
Immunol. tests® X X X X
SPT X X X X X
Lung function X X X X X
U-HCG X X X X
RQLQ, RTSS, MS¢ X X X X X
CAPT? X X X
AE X X X X X X X
Concom. med X X X X X X
Diary teaching € X X X X
ILIT X X X
Tel contact’ X X X

Note: Visit 1: Pre-ILIT, pre-season. Visit 2: pre-ILIT, post-season. Visit 3; 7-35d post visit 2. Visit 4: 28-42d post visit 3. Visit 5: 28-42d post visit 4.
Visit 6: Fall year 1. Visit 7: Fall year 2. Visit 8: Fall year 3. All inclusion and exclusion criteria were checked at visits 1-5.

Abbreviations: ILIT, Intralymphatic immunotherapy; PEF, peak expiratory flow; SPT, skin prick test, U-HCG, urine human chorionic gonadotropin
(only in females).

Haematology: leukocytes, leukocyte differentiation (neutrophil, eosinophils, basophils and lymphocytes) haemoglobin and platelets at visits 1, 2 and
6. Coagulation blood tests at visits 1 and 2 (PK-INR and APTT).

b Total 1gG and subsets (IgG1-G4), total IgE, allergen-specific IgE and 1gG4, and other immunological tests.
¢ RTSS, RQLQ and MS were measured after the birch pollen season (approx. Jun 1st) and after the grass pollen season (approx. Aug 1st)

9 The conjunctival challenge tests (CAPT) with timothy were performed according to the EAACI guidelines.?® Due to lack of extract from the
company planned CAPT were not performed after the third pollen season.

“The diary had space for description of the adverse events (AEs) since the last visit.
fTwo to five days after visit 3-5, telephone contact was made considering symptoms after the allergen injections.

Sweden. Their skin prick test was >3 mm and displayed IgE to more than 800 pg inhaled budesonide (or equivalent) per day,
birch and timothy >0.35 kU/L. Exclusion criteria were pulmonary pregnancy, severe arterial hypertension, autoimmunity, cardio-
disease other than asthma, asthma with <80% of predicted forced vascular, hepatic, renal, upper airway or metabolic disease, men-
expiratory volume at the end of the first second (FEV1), use of tal incapacity, alcohol abuse, medication interfering with immune
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response or beta-blockers. From earlier studies we expected 8 out
of 9 patients would improve at least 40%. With 40 active treated
and 20 in the placebo group, with an alpha of 0.05 the power was
calculated to 92%.

2.4 | Intralymphatic immunotherapy

The patients were randomized into three groups receiving three
doses at 4-week intervals of 0.1 ml of birch pollen allergen on
aluminium hydroxide (10,000 SQ-U/ml; ALK-Abellé) and/or 0.1 ml
of 5-grass pollen allergen on aluminium hydroxide (10,000 SQ-U/
ml; ALK-Abell6. 5-grass is a mix of equal amounts of SQ-U of
Alopecurus pratensis (meadow foxtale), Dactylis glomerata (cocks's
foot), Festuca pratensis (meadow fescue), Lolium perenne (English
ryegrass) and Phleum pratense (timothy). Each allergen dose was
1000 SQ-U. A diluent from ALK was used as placebo. Thus the
participants received two injections, one in each groin on three
occasions. Patients were randomized in blocks of six, facilitated
by Forum Ostergétland. An unblinded nurse prepared and marked
each syringe with a label providing randomization number, injec-
tion number and injection site. ILIT was administered by blinded
clinicians at Allergy Center. Ultrasound-led technique was used
whereby a lymph node was punctured with a 27G (0.4 x 40 mm)
needle. Histamine-1 blocker desloratadine tablet 5 mg was given

15 min prior to the injections.

2.5 | Primary outcome measures

Symptoms and drug consumption were primary outcome meas-
ures. Symptoms were validated based on the rhinoconjunctivitis
total symptom score (RTSS) questionnaire‘26 Drug consumption was
measured using an MS questionnaire (see File S1). Medication was
not provided by our study, but participants bought it themselves
over the counter or prescribed as in normal health care. The RTSS
and MS were recorded by the patients at the end of the birch pol-
len season (approximately June 1st) and at the end of the grass pol-
len season (approximately September 1st) before treatment and for
the following 3 and 4 year's altogether, no daily symptom score was
recorded. The birch- and grass peak pollen seasons are separate in
Sweden.

2.6 | Safety assessment

Safety was assessed as the recording of adverse events from the
time of the first injection to 3 years after the last injection. A re-
search nurse called the patients to assess adverse events during the
first 5 days after each injection. Safety laboratory parameters were
assessed at screening, after the third ILIT injections and after the

first pollen season following treatment (Table 2).

2.7 | Secondary outcome measures

Effects on quality of life were measured using the rhinoconjuncti-
vitis quality of life questionnaire (RQLQ)?” was recorded by the pa-
tients at the end of the birch pollen seasons (approximately June 1st)
and at the end of the grass pollen seasons (approximately September
1st) thus mirroring the last season rather than the last week. Skin
prick test reactions (Soluprick SQ Birch and Timothy, ALK-Abelld),
allergen-specific IgE and allergen-specific IgG4 levels were analysed
(ImmunoCAP ThermoFisher) before ILIT and in the fall the follow-
ing 3 years. Conjunctival allergen provocation tests (CAPT)?® were
performed with timothy (Aquagen SQ Timothy, ALK-Abell6) before
treatment and after the first pollen season after treatment. Due
to lack of extract from the company planned CAPT were not per-

formed after the third pollen season (Table 2).

2.8 | Immune laboratory methods

Flow cytometry was used to analyse the CD4+ Th cell population in
whole blood from the patients at randomization, and 1 and 3 years
after completed ILIT. Peripheral blood mononuclear cells obtained
from the patients at randomization and 1 year after ILIT were stimu-
lated in vitro with birch and timothy allergen. Levels of IL-5, IL-10,
IL-13, IFN-y, CCL17 and CXCL10 were quantified using Luminex.
For logistic reasons immune tests were only analysed from the 45
participants from the Allergy Center, University Hospital, Linkdping,
Sweden. For detailed methods, experimental protocols and statisti-
cal analyses, see Files S2 and S3.

2.9 | Statistics

Descriptive statistics for RQLQ, RTSS and MS are presented in
medians and percentiles (p25 and p75), and in the graphs with
medians and 95% confidence interval. Paired comparisons over
time were calculated with Friedman’s test and adjusted with the
Bonferroni correction for multiple comparisons. Descriptive sta-
tistics for IgE, 1gG4, SPT and CAPT are presented in mean values
and standard deviation (SD). Paired comparisons over time were
calculated with repeated measures ANOVA with Bonferroni con-
fidence interval adjustment. The answers to the 28 questions in
RQLQ were explored with an item analysis, rendering Cronbach's
Alpha at 0.933; thus, the changes within the different domains
of RQLQ were consistent. All analyses above were performed in
SPSS version 25 (IBM Corp.).

All flow cytometry, cytokine and chemokine data were ana-
lysed using GraphPad Prism, version 8.3.1 (GraphPad software,
Inc.) and non-parametric tests were used. Comparisons at the dif-
ferent time-points within the treatment groups were calculated
using paired Wilcoxon signed ranks test. Unpaired Mann-Whitney

U test was used to compare differences between the treatment
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groups at the different time-points. The significance level was set
at p < .05.

3 | RESULTS

Seventy-four patients were randomized to ILIT with three doses
of 0.1 ml of either birch and placebo, 5-grass and placebo or both
birch and grass allergen extracts at monthly intervals. Seventy-two
patients received all injections (Figure 1). One patient was lost to
follow-up 2 years after treatment and his RQLQ and RTSS had been
halved and the patient had not required or used anti-allergic medi-
cation. Another patient was lost to follow-up 3 years after ILIT, but
2 years after treatment the patient showed no improvement in RTSS,
MS or RQLQ. Hence, 70 patients remained for analyses 3 years after

treatment.

3.1 | Symptoms and medication

The symptoms measured by the RTSS and MS were significantly
reduced 3 years post ILIT regardless of active allergen during the
birch and grass pollen seasons. The reduction was already evident
during the first season after ILIT, and the effect was sustained
throughout the following 3 years. When combining all three groups,
all having received one or two active allergens, RTSS was reduced
from 12.2 to 7.4 (-39%) and from 11.2 to 6.5 (-42%) 3 years after
treatment during the birch and grass pollen seasons, respectively
(p < .05, Figure 2, and File S4). When combining MS data from all
three treatment groups together, it was significantly reduced from
9.4 before ILIT to 4.9 (-48%) and from 8.6 to 4.4 (-49%) 3 years after
treatment during the birch and grass pollen seasons, respectively
(p < .01, Figure 2). For levels of RTSS and MS, see File S4). There
were no differences in reduction in RTSS nor MS between the three
groups. There were no sex-related differences in improvement (data
not shown). The patients receiving ILIT in 2014 and 2015 responded

in a similar way (data not shown).

3.2 | Adverse events

A total of 438 injections were given, of which 285 had an active sub-
stance containing allergen extract. Mild local pain at the injection
site was the most common adverse event (AE) (Table 3). However,
on three occasions, patients recorded severe pain from ILIT. One pa-
tient had moderate breathing problems without any fall in peak flow
30 min after the second ILIT (birch and 5-grass) and received the
third treatment without any AEs. One patient experienced breath-
ing problem 2 h after physical activity, 4 days after the first injec-
tions and was relieved with salbutamol inhalations, antihistamine
and oral corticosteroids. The remaining injections followed without
breathing problems. During the follow-up, 3 years after ILIT, nine
patients reported severe AEs, diverticulitis, miscarriage, burn injury,

disc hernia, abdominal pain, hysterectomy, concussion, chest pain
and heart failure, but none was judged to be related to ILIT. One
patient showed hypothyroidism with elevated levels of antithyroid
peroxidase, and thyroid-stimulating hormone receptor antibodies
diagnosed in 2018, possibly related to the therapy given in 2014. No
anaphylactic reaction was observed or reported.

3.3 | Health-related quality of life

The impact on health-related quality of life as measured by RQLQ
was significantly reduced during the birch and grass pollen seasons,
regardless of active ILIT with birch, 5-grass or both allergens. When
combining all three groups, the RQLQ score was significantly re-
duced from 3.15 to 1.50 (-52%) and from 2.82 to 1.25 (-56%) 3 years
after treatment during the birch and grass pollen seasons, respec-
tively (p < .01, Figure 2, and File S4).

3.4 | Conjunctival allergen provocation tests, IgE,
IgG4 and skin prick tests

Conjunctival allergen provocation test?

with timothy were per-
formed before ILIT and the first year post ILIT, and showed a higher
tolerance for increased concentrations of timothy pollen, in patients
receiving ILIT with birch and 5-grass (p < .05) and 5-grass and pla-
cebo (p < .05), but not significant in patients who received ILIT with
birch and placebo (p = .19, see File S4). The IgE levels to birch de-
creased from baseline to 3 years post ILIT from 25.45 to 17.71 kU/L
(p < .01) in the group treated with birch and placebo; in the group
treated with 5-grass and placebo the IgE levels to birch decreased
from 33.18 to 24.42 (p < .01). The levels of IgE to timothy decreased
after ILIT with birch and placebo from 16.60 to 11.00 kU/L (p < .05);
similar, but non-significant differences were determined after ILIT
with 5-grass and placebo. IgE levels to both birch and timothy de-
creased slightly (p < .01 and <.05) after ILIT with both birch and 5-
grass. There was no significant decrease in the levels of total IgE (see
File S4). Levels of 1gG4 antibodies to birch and timothy remained
unchanged in all three treatment groups, except for IgG4 levels to
timothy, which increased from in mean 0.36 to 0.44 mg/L (p < .05)
after ILIT with birch and 5-grass (see File S4). Skin prick test for re-
activity to birch and timothy allergens remained unchanged during
the study period (see File S4).

3.5 | Circulating T helper cell subsets

Flow cytometry data revealed that the proportion of Th1l cells, de-
fined as CD3T"CD4TCD45RA Thet™ cells, decreased between base-
line and 3 years after treatment in the groups receiving ILIT with
birch and placebo and 5-grass and placebo (p < .05, Figure 3A,B).
A significant increase was observed after 1 year in the group re-
ceiving birch and 5-grass treatment and it seemed to decrease,
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FIGURE 2 Quality of life measured as RQLQ, Symptoms measured as RTSS and medication measured as MS (see under Method section in
the File S2). Results during birch pollen seasons (b) and grass pollen seasons (g) MS, medication score; RQLQ, Rhinoconjunctivitis Quality of

Life Questionnaire; RTSS, Rhinoconjunctivitis Total Symptom Score

but not significantly so, to 3 years (p < .05, Figure 3C). The pro-
portion of Th2 cells, defined as CD3"CD4*CD45RA GATA3" cells,
increased 3 years after treatment in the group receiving birch and
placebo ILIT (Figure 3D, p < .01) and in the group receiving both
treatments (Figure 3F, p < .05). This change was not significant in

the group that received 5-grass and placebo ILIT (Figure 3E). The
proportion of Th17 cells, defined as CD3*CD4" CD45RA™ RORC*
cells, decreased from baseline to 3 years post ILIT, independent of
treatment (Figure 3G-I, p < .05). A significant reduction in Th17
cell frequencies was also observed from 1 year to 3 years after ILIT
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TABLE 3 Cumulative data for adverse events

Organ system Frequency

General symptoms and/or symptoms from Very common

the injection site

Immune system Very common

(>1/10: 29 of 216 visits)

Immune system Rare

(>1/10; 162 of the 216 visits, whereof 94 only
on one injection site)

Adverse events

Immediate or late local reactions, swelling,
pain at the injection

Immediate or late systemic reactions, nasal
congestion, itch, ocular itch, eczema

Anaphylaxis, anaphylactic chock

(1/1000-1/10,000; O of the 216 visits)

Note: Including 216 visits, hence 432 injections whereof 1/3 received ILIT with two allergens and 2/3 received ILIT with one allergen and placebo.

(p < .01). The Th17 memory population was significantly higher at
baseline in the birch and placebo group than in the other treatment
groups (p < .001, see File S5a). One year after treatment, a higher
proportion of Th1l7 memory cells was observed in patients receiv-
ing 5-grass and placebo ILIT than in the birch and placebo group
(p < .05, see File S5b). No significant differences between the treat-
ment groups were observed at 3 years (see File S5). The proportion
of CD49mCD25MFoxP3* Tregs (Figure 4A-C) and activated Tregs,
defined as CD3"CD4*CD45RA FoxP3™* cells (Figure 4D-F), sig-
nificantly increased between baseline and 3 years, independent of
treatment. In contrast, the proportion of resting Tregs, defined as
CD3*"CD4*CD45RAFoxP3™ cells, was not affected by ILIT (data not
shown).

3.6 | Allergen-induced cytokine and
chemokine production

At baseline and 1 year post ILIT, peripheral blood mononuclear cells
were harvested and stimulated with birch and grass allergen in vitro
to measure cytokine and chemokine secretion (see Files Sé and S7).
Both birch and grass allergens induced an increase in IL-5 production
after birch and placebo ILIT (p < .05, Figure 5A,B), while IL-5 secre-
tion did not change in the other treatment groups. Increased birch
allergen-induced IL-10 secretion was also observed after birch and
placebo ILIT and 5-grass and placebo ILIT, whereas no significant
change occurred in the birch and 5-grass group (Figure 5C). ILIT did
not affect grass-allergen IL-10 production (Figure 5D). The sponta-
neous production of the CCL17 chemokine decreased after 5-grass
and placebo ILIT and birch and 5-grass ILIT but not after birch and
placebo ILIT (p < .05 Figure 5E).

4 | DISCUSSION

The current study is to our knowledge the largest double-blind
randomized clinical ILIT trial to date. Patients with hayfever due
to sensitization to both grass and birch pollen allergens received
5-grass and birch ILIT, 5-grass ILIT (with birch placebo), or birch
ILIT (with grass placebo), thus with ‘active allergen placebo’ as sug-
gested in the ARIA-GAZLEN statement 2011.27 The study revealed
statistically significant clinical efficacy of ILIT in all three treatment

groups. Participants reported improvements in RTSS, RQLQ as
well as reduced MS in the first pollen season following ILIT. The
effects were sustained throughout the following three follow-up
seasons. We expected that the clinical efficacy of ILIT would mostly
be observed for the targeted allergen, that is that patients receiv-
ing birch ILIT would respond better during the birch pollen season
thanduring the grass pollen season and vice versa for patients with
5-grass ILIT. However, patients receiving birch ILIT or 5-grass ILIT
reported similar improved clinical symptoms during pollen seasons
for which they had received no treatment. This bystander effect
has previously been hypothesized in SCIT both clinically and im-
munologically’**> but not previously shown in ILIT. The clinical
data were accompanied and supported by non-allergen-specific
immunological changes such as an increase in the proportion of
activated Treg cells in all treatment groups. Birch allergen-induced
secretion of IL-10 was increased in both the birch/placebo and the
grass/placebo group irrespectively of the allergen after the treat-
ment. Furthermore, a decreased spontaneous production of the
Th2 chemokine CCL17 was seen in the single treatment groups. In
contrast, the increase in the number of Th2 cells and the increased
level of allergen-specific IL-5 production after birch ILIT were un-
expected. Thus, the beneficial clinical responses correlated with
the increase in the frequency of Tregs and increased secretion of
IL-10. This potentially inhibitory bystander effect of Tregs and IL-
10 might explain why the improved clinical outcome was not de-
pendent on the ILIT allergen and corroborates previously reported
bystander immunological effects of SCIT in animal studies and one
case report”’15

As clinical improvement was sustained throughout our study,
we suggest the results are not only due to the placebo used in the
single treatment groups, although placebo effects may be strong in
AlT-clinical trials.3° The positive clinical effect did not seem to be
mediated by allergen-specific 1gG4, as these antibody levels were
not clearly elevated between pre-ILIT baseline and any of the time-
points thereafter. AIT efficacy has, however, often been reported
to correlate with increased 1gG4 in SCIT and SLIT.® Moreover, in
previous grass- or birch-pollen ILIT studies, only moderate or no
changes in 1gG4 were determined,'®?? whereas a significant in-
crease in allergen-specific 1gG4 was determined after ILIT with cat
dander aIIergen.31 However, different results regarding 1gG4 levels
in SCIT, SLIT and ILIT may depend on the route of administration of
the allergen.
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FIGURE 3 Proportion (%) of the T helper (Th) cells in the CD4*CD45RA™ memory populations after intralymphatic immunotherapy

with birch and/or 5-grass allergen. Blood samples were collected at three time-points: screening, 1 year after and 3 years after treatment
had finished. The proportion of Th1 cells, defined as CD3*CD4*CD45RA Thet* cells, decreased over time after treatment in the groups
receiving birch and placebo (A) and in the group receiving grass and placebo (B). A slight increase was observed between baseline and 1 year
after treatment in the group receiving both birch and grass allergen (C). The proportion of Th2 cells, defined as CD3*CD4* CD45RA GATA3™"
cells, increased between baseline and 3 years after treatment in the group receiving birch (D), not in the group receiving grass and placebo.
Furthermore, Th2 cells increased 3 years after treatment in the group receiving both treatments (F). The proportion of Th17 cells, defined as
CD3*CD4* CD45RA™RORC" cells, decreased between all time-points in the treatment group receiving birch and placebo (G). The treatment
groups receiving grass and placebo treatment (H) and birch and grass treatment (I) had similar changes; the proportion decreased between
baseline and 3 years after treatment. A decrease was also observed between 1 year after and 3 years after treatment had finished. *p < .05;
**p <.01; ***p < .001 from Wilcoxon signed rank tests. The lines indicate median and interquartile range (IQR, 25th and 75th percentile
values). Only patients randomized in Linkdping included
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FIGURE 4 Proportion (%) of the T regulatory (Treg) cells in the CD3"CD4" populations after intralymphatic immunotherapy with birch
and/or 5-grass allergen. Blood samples were collected at three time-points: screening, 1 year after and 3 years after treatment had finished.
The proportion of Treg cells, defined as CD49™CD25" FoxP3* cells, increased over time in all treatment groups (A-C). The same trend was
observed in the activated Treg cell population, defined as CD3"CD4*CD45RA FoxP3™* (D-F). *p < .05; **p < .01; ***p <.001 from Wilcoxon
signed rank tests. The lines indicate median and interquartile range (IQR, 25th and 75th percentile values). Only patients randomized in

Linképing included

The birch pollen counts in southeast Sweden in 2014 and 2018
were higher than in 2015, 2016, and 2017 (see File S8). As 55
study subjects received ILIT in 2014 and seventeen received ILIT in
2015, differences in pollen count were levelled out. Patients who
received ILIT in 2015 compared well in the following seasons to
patients that received ILIT in 2014. There were no differences in
timing of blood samples. The patients recorded their RQLQ, RTSS
and MS directly after the birch and grass pollen seasons, which are
quite separate in Sweden, after enrolment, before ILIT and 3 years
after, that is 4 years in all. This is a limitation, which may have
caused a recall bias. However, the use of daily combined symptom
medical score was not yet recommended when we designed this
study. Of seventy-two patients receiving ILIT, only two was lost to
follow-up after 3 years.

AEs were very common (>1/10) but most were judged as mild
or moderate, generally at the allergen injection site (Table 3). These
are also normal reactions after SCIT.*?*2 However, whereas patients

receiving ILIT in the current study reported between none to three
AEs, the number of AEs after SCIT can be up to 40-50. Inalarge study
that analysed AEs in 1700 patients who had received SCIT, systemic
AEs were reported in 3.3% of the patients and in 1.56/1000 injec-
tions.®>® Oedema and pruritus at the injection site, flush, urticaria,
wheezing, dyspnoea, eye pruritus, headache and abdominal pain are
common (1-10%) or very common (>10%) with SCIT, whereas oral
pruritus, oral oedema, rhinitis, headache, ear pruritus, throat irrita-
tion, asthma, abdominal pain, urticaria and fatigue are common or
very common with SLIT.3* ILIT seems to give AEs similar to those
with SCIT, but because ILIT only needs three injections, the AEs can
be reduced by up to 90% compared with SCIT.

One limitation of this study is that it had no true placebo group
because all the participants received ILIT against, at least, one pol-
len. However, the efficacy of ILIT have been described in earlier
studies, 6721233536 yut not whether there is a difference in response
to treatment with one or two allergen in dual allergic patients.
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AIT renders significant improvements in rhinoconjunctivitis and
conjunctival sensitivity that persist at least 7 years after termina-
tion of treatment.” In addition, AIT can prevent development of

asthma37,38 12,39

and new sensitizations in mono-sensitized patients.
After an updosing phase of 7-15 weeks in SCIT, a maintenance phase
of 3 years with injections every six to eight weeks is typically re-
quired to render long-term tolerance. For SLIT, 55-82% of patients
were reported to abandon the treatment before completing the
recommended course of therapy‘40 With only three injections over
eight weeks, ILIT may overcome the disadvantages of long duration
of treastment and poor compliance.

The results of this study add to the hitherto positive studies and
suggest that ILIT may be effective and safe as treatment for pol-
len allergy. We will follow the patients in this study for symptoms,
health-related quality of life and adverse events in an open study
until 2024 (EPN 2017/302-31). ILIT may be an opportunity to make
AIT more easily accessible to patients at a lower cost and less risk.
However, there is a need for further studies to establish the optimal
dose for efficacy and side effects.?*

5 | CONCLUSIONS

Intralymphatic immunotherapy against grass and birch pollen al-
lergy was safe and seems effective. The unspecific effect of one al-
lergen ILIT may be associated with bystander immune modulatory

responses.
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