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ABSTRACT

Background: A novel subcutaneous allergen immunotherapy formulation
(gpASIT+™) containing Lolium perenne peptides (LPP) and having a short up-dosing
phase has been developed to treat grass pollen—induced seasonal allergic
rhinoconjunctivitis. We investigated peptide immunotherapy containing the
hydrolysate from perennial ryegrass allergens for the optimum dose in terms of

clinical efficacy, immunogenicity, and safety.

Methods: This prospective, double-blind, placebo-controlled, phase llb, parallel, four-
arm, dose-finding study randomized 198 grass pollen—allergic adults to receive
placebo or cumulative doses of 70, 170, or 370 ug LPP. All patients received weekly
subcutaneous injections, with the active treatment groups reaching assigned doses
within 2, 3, and 4 weeks, respectively. Efficacy was assessed by comparing
conjunctival provocation test (CPT) reactions at baseline, after 4 weeks, and after
completion. Grass pollen—specific immunoglobulins were analysed before and after

treatment.

Results: CPT response thresholds improved from baseline to V7 by at least one
concentration step in 51.2% (170 pg; P = .023), 46.3% (370 pg), and 38.6% (70 ug)
of patients receiving LPP versus 25.6% of patients receiving placebo (modified per
protocol set). Also, 39% of patients in the 170 pg-group became non-reactive to CPT
versus 18% in the placebo group. Facilitated allergen-binding assays revealed a
highly significant (P < .001) dose-dependent reduction in IgE allergen binding across
all treatment groups (70 pg: 17.1%; 170 pg: 18.8%; 370 ug: 26.4%). Specific 1gG4

levels increased to 1.6-fold (70 pg), 3.1-fold (170 pug), and 3.9-fold (370 pug) (mPP).
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Conclusion: Three-week immunotherapy with 170 pg LPP reduced CPT reactivity

significantly and increased protective specific antibodies.

Clinical Trial Registration Number/ EudraCT No.: 2013-005445-37
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ABBREVIATIONS

AE adverse event

AIT allergen immunotherapy

CAP carrier polymer system

COPs continuous overlapping peptides

CPT conjunctival provocation test

EIP exploratory immunological parameters

EudraCT European Clinical Trials Database

FAB facilitated allergen binding

Fel d Felis domesticus, cat allergen

FEV 1 forced expiratory volume in 1 second
lg immunoglobulin

IMP investigational medicinal product

ITT intention-to-treat

LPP Lolium perenne peptide

mITT modified intention-to-treat

mPP modified per protocol

PEF peak expiratory flow
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Phlp Phleum pratense, timothy grass allergen

PP per protocol

SAE serious adverse event

SAR seasonal allergic rhinitis

SCIT subcutaneous immunotherapy

SEM standard error of the mean

SLIT sublingual immunotherapy

slg specific immunoglobulin

SPIRE synthetic peptide immunoregulatory epitope
SPT skin prick test

SR systemic reaction

TEAE treatment-emergent adverse events
Vv visit

WAO World Allergy Organization

INTRODUCTION

Background

Advances in allergen immunotherapy (AIT), particularly in subcutaneous (SCIT) and
sublingual immunotherapy (SLIT), aim to further reduce safety concerns for severe
systemic reactions (SRs) and anaphylaxis as well as to increase real-life
effectiveness, particularly by improving compliance and acceptance among patients
through shorter treatment with a more convenient product.(1) To achieve these
goals, novel therapeutics have been developed to overcome the limitations of natural
allergens’ intrinsic features. Recent investigations on peptide immunotherapy focus
on synthetic peptide immunoregulatory epitopes (SPIRES) containing T cell-reactive

short peptides(2) and longer continuous overlapping peptides (COPs)(3) of up to 80
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amino acids.(4) Sets of long COPs that encompass all potential T—cell epitopes
without IgE conformations induce IgG,4 but also evoke late asthmatic responses at

high concentrations.(4, 5)

Mixtures containing grass allergens from the Pooideae subfamily have been shown
to possess no advantage over single grass allergen extracts, which produced
completely cross-reactive 1gG4 and were substituted for multiple grass subfamilies.(6,
7) Perennial ryegrass (Lolium perenne, L. perenne) contains group 1, 2/3, 4, 5, 11,
12, and 13 allergens.(6) L. perenne, like the other members of the Pooideae
subfamily, possesses strong cross-allergenicity, which is attributable to the high
homology of groups 1, 2/3, and 5.(8) In this trial, different lengths of L. perenne
peptides (LPPs) obtained from enzymatic hydrolysis were administered
subcutaneously in a short up-dosing phase. We determined the optimum dose of
LPP in terms of safety as well as clinical and immunological effects in patients with

seasonal allergic rhinoconjunctivitis (SAR).

METHODS

Trial design

This randomized, parallel-group, double-blind, placebo-controlled, dose-finding trial
was conducted at 23 outpatient study centres. Patients were screened in mid-August
2014, and enrolled participants completed the study by mid-November 2014 after
having attended 7 visits (V1-V7). Conjunctival provocation test (CPT) responses and
immunogenicity parameters of placebo were compared with those of 3 different
cumulative peptide doses (70, 170, and 370 pg) administered post-seasonally.
Inclusion/exclusion criteria are reported in Table E1 in this article’s Online

Repository.
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Study medication

The adjuvant-free immunotherapy peptides used in this trial were extracted from
whole ryegrass pollen by enzymatic digestion and formulated for subcutaneous
injections according to good manufacturing practices requirements (see Online
Repository Methods) as described by Shamji et al.(9) ASIT biotech S.A. (Brussels,
Belgium) provided labelled LPP and placebo treatment kits (per visit and treatment

number).

Planned interventions and timing

Patients received 10 subcutaneous injections of placebo or of increasing doses of
peptides at 5 visits (V2-V6) to participating study centres within 4 weeks. The first
injection at each visit was given in one arm and, if no major local or systemic allergic
reaction occurred within 30 minutes, the second injection was given in the other arm.
Patients stayed at the study centre for another 30 minutes and were monitored
closely. Injection volumes increased for all patients according to Table 1. Wheals and
redness reactions were measured 30 minutes after each injection and recorded by
the patient in a diary on the next 3 evenings. SRs were classified according to the
German anaphylaxis guideline.(10) Investigators issued 3 tablets of rescue
medication (cetirizine dihydrochloride, 10 mg per os, once daily) at each visit to all

patients to relieve mild local reactions after injections if necessary.

Doses were adjusted as follows: if a wheal measuring 5-8 cm in diameter appeared
within 30 minutes after an injection or if an SR grade | occurred, the same dose was
repeated for the following injection. If the wheal diameter was >8 cm 30 minutes after
an injection or if an SR grade Il occurred, the dose was reduced by one step for the
next injection. Patients were to be excluded from further participation in the treatment

if an SAE or SRs grade Il or IV occurred.
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Conjunctival provocation test (CPT)

CPTs were conducted(11) and recorded(12) as described before. The allergen
extract ALK-lyophilized grass (ALK-Abell6, Wedel, Germany) was used in
concentrations of 100, 1,000, and 10,000 SQ-U/mL. CPT responses = stage Il
according to the Riechelmann scale(11) were considered positive. If baseline CPT
responses at V1 and V2 differed by one concentration stage, the higher
concentration step was used for further analyses. CPTs were performed at baseline,
V6, and V7. At V2 and V6, CPTs were conducted before the study medication was

administered.

The CPT score was calculated as follows: 0 = no reaction at all, 1 = reaction at
10,000 SQ-U/mL, 2 = reaction at 1,000 SQ-U/mL, and 3 = reaction at 100 SQ-U/mL.
To calculate the mean composite score, CPT scores of all grass allergen
concentrations used in the individual tests were combined as described before.(13,

14)

CPT results are a predictive surrogate marker for SAR severity, since reduced CPT
reactivity after preseasonal SLIT predicted significantly fewer seasonal SAR

symptoms, less rescue medication use, and an increased number of well days.(14)

Study endpoints

Efficacy endpoints

The primary efficacy endpoint was defined as the proportion of patients whose CPT
reactivity to the different allergen extract concentrations decreased from baseline to
V7. The secondary efficacy endpoints included the proportion of patients whose CPT
reactivity to the different allergen extract concentrations decreased from baseline to

V6, composite and CPT score reductions, as well as immunological changes.
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Immunological responses

Sera were collected from all patients at the screening visit (V1) and at the follow-up
visit (V7, after finishing treatment). Immunoglobulin analyses measured grass pollen—
specific IgG (slgG), 1gGs (slgGs), and IgE (sIgE) levels using the ImmunoCap®

system (Pharmacia AB, Uppsala, Sweden).

The production of blocking antibodies was assessed using a functional assay.(15-17)
Relative allergen-IgE complex binding to CD23 detected in the presence of patient
and indicator serum was expressed as the percentage of binding observed in a
reference condition with indicator serum only. The production of blocking antibodies

was reflected by a decrease in complex binding.

Statistics

The sample size was calculated under the assumption that a maximum of 40% of
placebo group patients and 75% or more of the actively treated patients would
improve.(18) Given a 5% error and a power of 90%, Wilson’s method estimated a

group size of 46.

Statistical analyses were performed using SPSS version 22 (IBM Corp., Armonk, NY,
USA), and data were described in means and standard errors of the mean. P values
versus placebo were obtained using the two-tailed Fisher's exact test or the two-

tailed Mann—-Whitney U test, with P < .05 considered as significant.

A group sequential analysis was conducted under the null hypothesis that there
would be no difference between the treatment groups regarding the proportion of
patients with a reduction in CPT reactivity to a certain concentration of grass pollen

allergen between baseline and V7.
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RESULTS

Demographic data and baseline values

Of 240 screened patients, 198 were randomized to the placebo, 70-, 170-, and 370-
Mg groups (46, 50, 49, and 53 patients, respectively). Of those randomized, 192
patients received at least one dose of placebo or LPP and provided at least 2
evaluable CPT data sets to be included in the modified ITT set (mITT set). Patients
who had completed the up-titration schedule without any per-protocol dose
adjustment were analysed in the modified PP set (mPP set) (Figure 1). The
exploratory immunogenicity parameters set (EIP set) consisted of patients who

supplied at least one blood sample for exploratory immunogenic analyses (Figure 1).

Patients in the safety set showed a mean age of 36.9 years (Table 2). Mean duration
of SAR and wheal size in the SPT for grass pollen were similar across all groups
(Table 2). Specific IgE to grass pollen was significantly higher at baseline in the 70-
Mg (P =.004) and 370-ug groups (P = .031) than in the placebo group. Most patients
had sIgE levels belonging to classes 3 and 4 (38.4% and 27.8%, respectively). One-

fifth of the patients had asthma (Table 2).

Reduction in CPT reactivity from baseline to V7

In the mPP set, exploratory analyses showed the most prominent decrease in CPT
reactivity from baseline in the group receiving 170 pg, followed by those receiving
370 pg, 70 pg, and placebo (Figure 2A). Similarly, in the mITT population CPT
reactivity decreased from baseline to V7, the greatest decrease being observed in
patients receiving 170 ug, followed by those receiving 370 ug, 70 ug, and placebo

(Figure E1A).

Improvements were significantly greater in patients receiving 170 yg (P = .023 for the

mPP set and P = .022 for the mITT set) than in those receiving placebo.
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Reduction in CPT reactivity from baseline to V6

At V6, which took place 1 week after the 170- and 370-ug groups reached a
cumulative dose of 170 ug, the combined group analysis of CPT reactivity showed a
significant decrease (mPP set: P = .004; mITT set: P = .008) in comparison to

placebo (Figures 2B and E1B).

Patients no longer reacting to conjunctival provocation

In the mPP population, the percentages of patients who no longer reacted to
conjunctival provocation were 39.0% (370- and 170-ug groups), 27.9% (70-pg
group), and 18.0% (placebo) after treatment completion (Figure 3). In the mITT
population, the proportion of patients no longer reacting to conjunctival provocation at
V7 was highest in the group receiving 170 ug and lowest in the placebo group

(Figure E2).

Mean composite scores

At baseline, mean composite scores(13, 14) in the mPP set were similar across the
groups: 0.35 (placebo), 0.39 (70 ug), 0.42 (170 pg), and 0.32 (370 upg). At V7,
composite scores were significantly lower in the 170- and 370-ug groups than the
score in the placebo group (P < .005) (Figure E3A). Similar results were obtained for

the mITT set (Figure E4A).

Mean CPT scores of conjunctival provocation analysis

In analogy to the composite scores, mean CPT scores (mPP) at baseline were
similar across the groups: 1.28 (placebo), 1.26 (70 ug), 1.34 (170 pg), and 1.20 (370
Hg). At V7, CPT scores were significantly lower in the 170- and 370-ug groups than
the score in the placebo group (P < .015) (Figure E3B). Similar results were shown

for the mITT set (Figure E4B).
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Immunological changes
An increase in sIgE levels was observed from baseline to V7 in the groups receiving
LPP. At V7, these levels were significantly higher in the LPP groups than the sIgE

level in the placebo group (P < .021) (Figure 4A, Table E2).

Grass pollen—specific IgG levels also increased in the LPP groups from V1 to V7. At
V7, slgG levels were significantly higher in the LPP groups than the level in the
placebo group (P < .009). Specific IgG levels in the placebo group remained

unchanged (Figure 4B, Table E2).

Grass pollen—specific 1gG4 levels increased from V1 to V7 in the LPP groups but
remained unchanged in the placebo group. At V7, these levels were significantly
higher in the LPP groups than the slgG, level in the placebo group (P < .001) (Figure

4C, Table E2).

Blocking antibodies were induced in a dose-response manner. The inhibitory effect
was evident in the significant difference in allergen binding at V7 observed between
all 3 treatment groups and placebo (P < .001): 26.4% (370 ug), 18.8% (170 ug), and
17.1% (70 pg group). No change was observed in the placebo group (Figure 4D,

Table E2).

A significant correlation was observed between the induction of specific IgG4 and the
induction of blocking antibodies in all LPP-treated groups but not in placebo
recipients. The correlation remained significant when considering the whole treated
population (Figure E5). Moreover, a very modest but significant correlation was
observed between CPT reduction in reactivity after treatment and blocking antibodies
(Spearman r = 0.1849, P = .011). However, within individual groups, that is placebo,

70-, 170-, and 370-ug groups, no correlations were observed between blocking
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antibodies and the reduction in CPT reactivity. Moreover, no correlation was found

between the reduction in CPT reactivity and the 19G4:IgE ratio at V7.

Safety and clinical tolerability

There were no reports of SRs grade Il or IV, anaphylactic reactions requiring the use
of epinephrine, or fatalities. Twenty-six SRs, most of which were grade 1 and of mild
severity, occurred in 22 participants. In 89.9% of the patients, no SR occurred at all.
Mean wheal diameters 30 minutes after injection varied from 0.02 to 0.1 cm in the
placebo group and from 0.07 to 0.83 cm in patients receiving LPP. There was neither
a clinically relevant nor a statistically significant increase in wheal size when the LPP
dose increased (Figure E6). Patients recorded decreasing wheal diameters and
redness from the evening of injections to the following 2 days. Use of antihistamines

was rare.

Unsolicited treatment-emergent adverse events (TEAEs, n = 156) were reported by
75 patients (36.9%) (Table E3). Of these TEAES, 78.2% were classified as mild. Four
patients (3.8%) had severe AEs: 2 with grade Il reactions (one being reported as an
SAE based on prophylactic hospitalization overnight), one with a severe local
reaction, and one with an AE unrelated to treatment. A total of 178 patients (70 ug:
94.0%; 170 pg: 89.8%; 370 pg: 77.4%) completed up-titrations per schedule. Twenty
actively treated patients (10.1%) did not reach their group’s full cumulative dose. Of
those, 11 (5.6%) patients discontinued treatment following an AE, and one patient
withdrew consent for personal reasons (Table E4). Fifteen patients (7.6%), including
2 patients in the placebo group, underwent 19 dose adjustments (Table E3); 2 of
these 15 patients discontinued the trial permanently. The safety and tolerability
profile of the asthmatic patients (21.2%) matched that of the non-asthmatic

population.
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DISCUSSION

The aim of this study in patients with allergic rhinitis was to establish an optimal dose
in terms of clinical effect, clinical tolerability, and safety of increasing doses of LPP
when administered by subcutaneous injections. The clinical effect was assessed
using the CPT, which has been shown to be a reliable surrogate marker in the
diagnosis of SAR and in the prediction of allergic rhinoconjunctivitis symptoms during

the season in patients treated with pre-seasonal SLIT tablets.(19, 20)

This dose-finding study showed the largest reduction in reactivity to CPT after 4
bilateral injections over 3 weeks and at a cumulative dose of 170 pg. Higher doses
did not improve clinical effectiveness, making the cumulative dose of 170 pg the
optimum dose. A clinical meaningful benefit was noted, as 39% of participants
became completely tolerant to allergen challenge after the short treatment course
employed in this study. Other recent SCIT studies have shown that short treatment
phases comprising only a few weeks can have clinical and immunological effects.(21-

24)

Moreover, 51.2% of patients in the 170-pug group (mPP set) showed significantly
higher CPT response thresholds than those in the placebo group. By comparison,
Riechelmann et al. reported decreased CPT reactivity in 51.0% of patients after 1
year of glutaraldehyde-modified house dust mite SCIT.(25) Jutel et al. reported
reductions in CPT reactivity that were not significantly different from those of
placebo-treated patients after 6 weeks of recombinant grass pollen SCIT (n =54, P =

.081).(1)

Our findings suggest most prominently in the mPP set that a plateau of dose-
response effect is reached at a cumulative dose of 170 pg LPP. Similarly, Felis

domesticus 1 (Fel d 1) SPIRE findings showed a better effect on late-phase allergic
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skin reactions with 3 nmol than with 12 nmol of peptides. Results of trials
investigating COPs demonstrated greater improvements in rhinoconjunctivitis
symptom scores using 5 injections with 50 pg than with 100 pug (P = .015).(4, 26)
Klimek et al. reported the highest percentages of CPT response threshold
improvements (90% of patients) in the group receiving lower doses of a recombinant
5-grass-pollen SCIT (40 pg) compared to 50% improvement under placebo (P =

466).(27)

In comparison to other studies, a limited placebo effect was observed. In the mPP set
at V7, 25.6% of placebo group patients showed less CPT responsiveness and 18.0%
showed no reaction. However, another trial reported that 30.0% of patients receiving
placebo showed an increase in their CPT threshold concentrations.(28) Fifty percent
of control group patients in the study by Klimek et al. exhibited decreased CPT
reactivity after receiving placebo. The authors argued that posttreatment
reprovocations at threshold doses from baseline (without prior up-dosing and less
cumulative allergen) were a possible cause.(27) Jutel et al. were unable to
demonstrate significantly different CPT results between placebo and actively treated
groups, with 53.8% of the placebo group patients having higher CPT response
thresholds.(1) Huser et al. reported the highest number: 64.3% of placebo group
patients showed reduced posttreatment CPT reactivity.(29) Composite scores
confirmed that no desensitization occurred in the placebo group of our study. In fact,
conjunctival allergic inflammation under provocation (represented by the composite

score) increased from baseline.

The positive effect on immunological serum parameters underscores the clinical
effect of LPP. FAB assays revealed a dose-dependent induction of blocking

antibodies parallel to that of slgG, (Table E2).
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A study comparing SCIT and SLIT in terms of immunogenicity deduced that the
maximum changes in slg and blocking antibodies were reached after 3 months of
treatment. FAB inhibition after 1 month was less than 5% for SCIT and non-existent
for SLIT.(30) Nevertheless, in our study LPP immunotherapy led to FAB inhibition
that after 4 weeks was 26.4% greater than that at baseline (370-ug group). Shamiji et
al. observed FAB inhibitions of 24.70 £ 1.79% after double the treatment time (8

weeks) with 100,000 SQ grass pollen SCIT (n = 108).(16)

Cumulative doses higher than 170 pg had no additional clinical benefits but
increased immunological surrogate markers in this study. It remains unclear whether
the greater induction of blocking antibodies and higher sigG, levels in the 370-ug
group would offer clinical benefits in the long run. The discrepancy in the dose-
response curves of CPT and immunological parameters could have been the result
of multiple factors, including 1) a difference in the kinetics of clinical and
immunological effects and 2) the reduction in CPT reactivity being considered a local

response compared to the systemic production of serum-specific antibodies.

While successful AIT correlates with higher 1gG, levels, they might not be a
prerequisite for clinical efficacy.(31) Phase lla/llb trials using COPs from the Bet v 1
(Betula verrucosa birch allergen) sequence showed an up to 40-fold increase in IgG4
levels, measured 85 days after the first injection, and a 20-fold increase in IgG, after
60 days of treatment.(32) There were no significant differences in specific IgG,4 levels

between the low- and high-dose birch COP—treated patients.(4)

The absence of a strong but modest correlation between blocking antibodies and
CPT scores in this study may be explained by the fact that the CPT data were

categorical and in a low range (-1, 0, 1, 2, 3) while those of specific IgG,4 and FAB
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were continuous. Blocking antibodies have been shown to correlate with clinical

response following long-term treatment.(16)

The tolerability and safety of the peptide treatment are as important as its clinical or
immunological efficacy. The safety profile of the peptides used in this study was
comparable to that of conventional SCIT: a Cochrane meta-analysis of SCIT showed
that 19% of patients experience SRs.(33) Frew et al. reported up to 25.6% early SRs
during 8-week conventional grass allergen SCIT.(34) In a study using recombinant
grass allergens, 7 of 62 randomized patients (11.3%) had SRs, corresponding to
0.96% of 731 active treatment injections and 0.47% of 1,479 overall injections during
10 weeks of up-dosing and a dose maintenance phase of 2 subsequent pollen
seasons.(1) Another study using a mixture of 5 recombinant grass pollens reported
SRs in 16% of the patients (8/50). This corresponded to 2.21% of all injections,
assuming that patients had received 13 dose-escalation injections with maximum

doses of up to 20, 40, 80, and 120 pg in 2 to 6 months.(27)

This trial showed a lower percentage rate for SRs than all the above trials, with
10.1% of the patients experiencing such events. Although that figure corresponds to
1.36% of all injections, it is important to note that this trial followed a rapid up-titration
protocol, which is more likely to elicit SRs than dose maintenance phases having
longer up-dosing schedules. Most TEAEs occurred at doses below 100 pg and no

late SRs were observed.

As for the tolerability in terms of local reactions, all patients in our study reported mild
local erythema and wheals at the injection site within the first 30 minutes at least
once (Figure EG6). Good clinical tolerability of grass pollen carrier-based fusion
proteins was shown in 60 patients with almost no immediate wheal reactions and no

positive late-phase skin reactions after 48 hours of atopy patch testing.(35)
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Conclusion

Three-week treatment with an adjuvant-free formulation of LPP significantly reduced
CPT reactivity in grass pollen—sensitized SAR patients. It appeared to have a more
positive impact on FAB inhibition and slgG,4 production than did conventional SCIT,
and it also gave rise to lower sIgE levels. Seasonal clinical efficacy and safety of LPP
during natural allergen exposure are currently being investigated in a large phase-ll|

clinical trial (EudraCT number: 2015-002105-11).
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FIGURE LEGENDS

Figure 1. CONSORT flow diagram of the trial.

Figure 2: Percentages of patients (mPP set) whose reactivity in the CPT decreased
from baseline to V7 (A) and V6 (B). Patients were treated with either placebo or
increasing doses of LPP to reach cumulative doses of 70, 170, or 370 pg. The CPT
was performed at screening, at V6, and at V7. At V7, all patients had reached the
cumulative dose of their respective group. Data are presented as the percentages of
patients with an improvement compared to baseline in the mPP set (placebo: n = 39;
70 ug: n =43; 170 ug: n =41; 370 ug: n = 41). At V6, patients allocated to the 170-
and 370-ug groups had received 170 pg of LPP and were pooled for this analysis (n

= 82). P values versus placebo were obtained using Fisher’s exact test.
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Figure 3: Percentages of patients in the mPP set (placebo: n = 39; 70 ug: n = 43;
170 pg: n =41; 370 ug: n = 41) who became non-reactive to the highest allergen
concentration used during the CPT after treatment (V7). Patients were treated with
either placebo or increasing doses of LPP to reach cumulative doses of 70, 170, or

370 ug. P values versus placebo were obtained using Fisher’s exact test.

Figure 4: Immunogenicity before and after treatment in the EIP set. A) Grass pollen—
specific IgE (sIgE), B) grass pollen—specific IgG (slgG), C) grass pollen—specific IgG4
(slgGs), and D) facilitated allergen binding (FAB). Patients were treated with either
placebo or increasing doses of LPP to reach cumulative doses of 70, 170, or 370 pg.
Data are presented as mean £ SEM; P values versus placebo were obtained using

the Mann—-Whitney U test.

ONLINE REPOSITORY - FIGURE LEGENDS

Figure E1: Percentages of patients (mITT set) whose reactivity in the CPT
decreased from baseline to V7 (A) and V6 (B). Patients were treated with either
placebo or increasing doses of LPP to reach cumulative doses of 70, 170, or 370 pg.
The CPT was performed at screening, at V6, and at V7. At V7, all patients had
reached the cumulative dose of their respective group. Data are presented as the
percentages of patients with an improvement compared to baseline in the mITT set
(placebo: n = 45; 70 pg: n = 49; 170 pg: n = 47; 370 pg: n = 49). At V6, patients
allocated to the 170- and 370-ug groups had received 170 ug of LPP and were
pooled for this analysis (n = 89). P values versus placebo were obtained using

Fisher’s exact test.
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Figure E2: Percentages of patients in the mITT set (placebo: n = 45; 70 ug: n = 49;
170 pg: n =47; 370 ug: n = 51) who became non-reactive to the highest allergen

concentration used during the CPT after treatment (V7). Patients were treated with
either placebo or increasing doses of LPP to reach cumulative doses of 70, 170, or

370 ug. P values versus placebo were obtained using Fisher’s exact test.

Figure E3: A) Mean composite scores and B) mean CPT scores (mPP set) before
and after treatment (V7). Patients were treated with either placebo or increasing
doses of LPP to reach cumulative doses of 70, 170, or 370 ug. The CPT was
performed before and after treatment. Composite and CPT scores were calculated as
described in the Methods section. Data are presented as mean £ SEM in the mPP

set; P values versus placebo were obtained using the Mann—Whitney U test.

Figure E4: A) Mean composite scores and B) mean CPT scores (mITT set) before
and after treatment (V7). Patients were treated with either placebo or increasing
doses of LPP to reach cumulative doses of 70, 170, or 370 pg. The CPT was
performed before and after treatment. Composite and CPT scores were calculated as
described in the Methods section. Data are presented as mean £ SEM in the mITT

set; P values were obtained using the Mann—-Whitney U test versus placebo.

Figure E5: Correlation between the induction of grass pollen—specific 1IgG4 (sIgGa)
and of blocking antibodies in the placebo (A), 70-ug (B), 170-ug (C), 370-ug (D)
groups, and the whole population (E). Correlations were calculated using non-

parametric methods.
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Figure E6: Mean wheal diameters 30 min after injection of grass pollen peptides.

Patients were treated with either placebo or increasing doses of LPP to reach

cumulative doses of 70, 170, or 370 ug (2 subcutaneous injections per visit). Patients

allocated to the 70-pg group received 6 injections of LPP followed by 4 injections of

placebo, patients from the 170-ug group received 8 injections of LPP and 2 injections

of placebo, and patients from the 370-ug group received 10 injections of LPP. Data

are presented as mean = SEM in the safety set.

Table 1. Cluster titration schedule.

Visit (days) 1 2 3 4 ° 6 /
(-d35t0-d2)| (d1) [(d8+2)|(d15+2)|(d22+2)|(d29+2)|(d36=*2)

CPT X X* X* X
Placebo group Inj. 1 0 ug 0 ug 0 ug 0 ug 0 ug

Inj. 2 0 ug 0ug 0 ug Oug 0 ug
70 pg group Inj. 1 5 ug 10 ug 20 ug 0 ug 0 ug

Inj. 2 SHg| 10ug 20 pg 0 pg 0 pg
170 uyg group  Inj. 1 5 g 10 pg 20 ug 50 ug 0 ug

Inj. 2 5 ug 10 ug 20 ug 50 ug 0 ug
370 uggroup Inj. 1 5 ug 10 ug 20 ug 50 ug 100 ug

Inj. 2 5 ug 10 ug 20 ug 50 ug 100 ug

* CPT was performed before the administration of the IMP

CPT, conjunctival provocation test; IMP, investigational medicinal product
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Table 2. Baseline demographic data for the safety set.

Characteristic Placebo 70 ug 170 pg 370 ug Total
Total (n) 46 50 49 53 198
Total (%) 23.2 25.3 24.8 26.8 100
Female (n) 27 22 20 22 91
Female (%) 58.7 44.0 40.8 41.5 46.0
Male (n) 19 28 29 31 107
Male (%) 41.3 56.0 59.2 58.5 54.0
Age (y), mean £+ SEM 39.2+197| 35.1+1.73| 36.9+1.58| 36.6 +1.88] 36.9 +0.90
Duration of SAR (y), 18.7+1.90| 18.6+1.76| 20.6+1.71| 17.5+1.73| 18.8+0.88
mean + SEM

Asthmatic patients (%) 17.4 26.0 245 17.0 21.2
SPT grass pollen (mm), | 75, 59| g5+056| 7.8+046| 7.6+038| 7.9+047
mean diameter + SEM

sIgE grass pollen

(KU/L)*, 204+4.31| 295+3.94| 23.8+4.25| 29.5+4.49]| 26.0+2.13
mean = SEM

CAP class grass

pollen*, 3.2+0.17 3.7+0.15 3.5+0.16 3.6 +0.18 3.5+ 0.08
mean + SEM

*as determined in the local laboratories
CAP, carrier polymer system; SAR, seasonal allergic rhinitis; SEM, standard error of the

mean; SPT, skin prick test

Assessed for eligibility (n = 240)

Excluded (n = 42)
* Inclusion criteria n

"] + Declined to participate (n = 6)
* Otherreason(n=1)

ot fulfilled (n = 35)

Randomized (n = 198)

)

l

l

l

Allocation

Allocated to placebo (n = 46)

* Received treatment (n = 46)

* Discontinued treatment
* Adverse event (n=1)

* Adverse event (

Allocated to 70 pg LPP (n = 50)
* Received treatment (n = 50)
* Discontinued treatment

Allocated to 170 pg LPP (n = 49)
* Received treatment (n = 49)
* Discontinued treatment

* Adverse event (n=1)

* Consent withdrawal (n=1)

n=3)

Allocated to 370 pg LPP (n =53)
* Received treatment (n = 53)
* Discontinued treatment

* Adverse event (n =6)

l

| Follow-up l | Completed study (n = 45)

‘ | Completed study (n = 49)

[ l Completed study (n = 47)

‘ ‘ Completed study (n = 51)

}

}

}

}

Analysis

Analysed SS and EIP (n = 46)
Analysed mITT (n = 45)
Analysed mPP (n = 39)

Analysed SS and EIP (n
Analysed mITT (n = 49)
Analysed mPP (n = 44)

=50) Analysed SS and EIP (n = 49)
Analysed mITT (n = 47)

Analysed mPP (n = 42)

Analysed SS and EIP (n = 53)
Analysed mITT (n = 51)
Analysed mPP (n =43)
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