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Aims: To establish the optimal dose of Phleum pratense subcutaneous immunotherapy 
(SCIT) in patients with allergic rhinoconjunctivitis with/without asthma. Materials 
& methods: One hundred and fifty-one patients were randomized to receive SCIT 
0.25, 0.5, 1.0, 2.0 or 4.0 skin-prick test units (SPT) or placebo. The primary end point 
was the variation in the concentration of Phleum pratense extract needed to produce 
a positive nasal provocation test from baseline (V0) to final visit (FV). Results: After 
17 weeks, a dose-dependent trend was apparent in the concentration of P. pratense 
extract needed to produce a positive nasal provocation response. Systemic adverse 
reactions occurred with 3.2% of administered doses. Grade III (n = 2) and IV (n = 2) 
events were observed only at the two highest doses. Conclusion: P. pratense depot SCIT 
showed signs of clinical and immunological efficacy by dose-dependently decreasing 
the allergen sensitization rate. Risk-benefit favored doses below 1.0 SPT  units for 
confirmatory trials.
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Background
Allergic rhinitis is a common disorder, affect­
ing up to 1.4 billion people worldwide [1]. It 
is associated with a high symptom burden, 
and can impair patients’ school/work perfor­
mance and reduce quality of life  [2–4]. The 
economic effects of allergic rhinitis are sub­
stantial, and include both the direct costs of 
treatment and indirect costs associated with 
reduced work productivity [2,5].

Management of allergic rhinitis and rhino­
conjunctivitis includes allergen avoidance, 
symptomatic treatment with medications 
and treatment of the underlying offending 
allergen using immunotherapy. Although 
pharmacotherapy to treat the symptoms of 
allergic rhinitis can be effective, symptoms 
generally return once treatment stops. More­
over, adequate symptom control may not be 
possible in patients with moderate/severe 

disease despite optimal pharmacotherapy 
[6] and up to a third of patients express dis­
satisfaction with their treatment  [7]. Specific 
immunotherapy has the potential not only to 
improve symptoms and reduce the need for 
other medications [8–11], but also to alter the 
long-term course of the disease  [12]. It pro­
vides beneficial effects even after the course of 
treatment has ended [12–14]. Importantly, spe­
cific immunotherapy can reduce the develop­
ment of polysensitization  [15,16] and the pro­
gression from rhinitis/rhinoconjunctivitis to 
asthma [13–14,17]. In addition, specific immu­
notherapy may be associated with an eco­
nomic benefit compared with symptomatic 
treatments [18–21].

Pollen allergy is one of the most common 
underlying causes of allergic rhinitis  [7,22]. 
Although considerable geographical varia­
tion exists with regard to the type of pol­ part of
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len to which patients are sensitized, sensitization to 
Phleum pratense (Timothy grass) is common  [23–25]. 
The median prevalence of P. pratense sensitization 
across Europe has been reported as 17%, with indi­
vidual rates of 23 and 14% recorded in Germany and 
Spain, respectively  [23–25]. In a previous study con­
ducted in Spain and Portugal, grass pollen sensitiza­
tion in allergic rhinitis patients aged 10–50 years was 
highly prevalent at 55 and 53%, respectively [26].

Allergen immunotherapy is effective in reduc­
ing symptoms associated with allergic rhinitis and 
asthma, and potentially improves the course of these 
diseases  [27,28]. Despite strong evidence-based recom­
mendations for its use in numerous treatment guide­
lines  [27,28], allergen immunotherapy is generally 
underused. The European Medicines Agency (EMA) 
recommends that once a tolerated dose range for 
immunotherapy has been determined, trials should be 
performed to establish a dose–response relationship for 
clinical efficacy  [29]. These trials should be of short-
term duration (2–4 months) and evaluate different 
doses of immunotherapy in several study arms. Suit­
able end points include findings from provocation test­
ing (e.g., conjunctival, nasal or bronchial provocation 
or exposure in allergen challenge chambers) and/or 
evaluation of clinical efficacy [29].

In a previous study we attempted to establish the 
maximum tolerated dose and identify the most appro­
priate up-dosing schedule of a depot subcutaneous 
immunotherapy (SCIT) preparation containing 
P. pratense pollen extract  [30]. The aim of the current 
study was to establish the optimal dose of P. pratense 
depot SCIT in adult patients with allergic rhino­
conjunctivitis, with or without asthma, who were 
sensitized to P. pratense.

Materials & methods 
Study design
A double-blind, randomized, placebo-controlled, 
dose-ranging study was performed at ten hospitals 
in Spain and Portugal to evaluate the efficacy and 
safety of five different doses of P. pratense depot 
SCIT, including a comparison with placebo. The 
study was designed according to EMA guidelines [29] 
and conducted outside the pollen season. After a 
4-week screening period, eligible patients were ran­
domized to receive one of five active treatment dose 
levels or placebo (Figure 1). During a 5-week induc­
tion phase, patients received six gradually increasing 
doses; this was followed by a 12-week maintenance 
phase. The study was performed according to ICH 
Harmonized Tripartite Guideline for Good Clinical 
Practice and the Declaration of Helsinki, and was 
approved by the responsible Ethics Committees and 

the correspondent Regulatory Authorities (EudraCT 
2011-000814-21).

Patients
Adults aged 18–60 years who had a minimum 2-year 
history of seasonal allergic rhinitis due to P. pratense 
were eligible for the study. The study was conducted 
between October 2011 and April 2013 outside the 
pollen season. Selection criteria were defined accord­
ing to Allergic Rhinitis and its Impact on Asthma 
(ARIA) 2008 and EMA guidelines [6,29]. A skin-prick 
test (SPT) result of ≥3 mm diameter (Prick Test Diag­
nóstico, Bial-Arístegui, Bilbao, Spain) and specific IgE 
of at least class 2 against P. pratense (ImmunoCAP® 
System FEIA, Thermo Scientific, Phadia, Uppsala, 
Sweden) were required. Patients were ideally sensitized 
only to P. pratense; however, polysensitized pollen 
patients could be included if their other sensitizations 
were not expected to produce symptoms during the 
study period. Patients with concurrent mild or moder­
ate asthma were allowed to participate, even though 
asthma was not the disease under study. All patients 
underwent spirometry at the basal visit to rule out 
those with severe asthma. Written informed consent 
was provided prior to inclusion into the study.

Exclusion criteria were those outlined in the Euro­
pean Academy of Allergy and Clinical Immunology 
(EAACI) standards for practical allergen-specific 
immunotherapy  [31]. The main exclusion criteria 
were: continuous use of allergy medication dur­
ing the 2 weeks prior to the study; immunotherapy 
against P. pratense or a cross-reactive allergen within 
5 years prior to entering the study or current receipt of 
immunotherapy for any other allergen; severe asthma, 
or a forced expiratory volume in 1 s (FEV

1
) of <70%, 

or corticosteroid treatment for asthma in the 8 weeks 
prior to the study; and, a history of anaphylaxis, 
chronic urticaria or moderate-severe atopic dermatitis. 
Patients were also excluded if they had immunologi­
cal, cardiac, renal or hepatic diseases, or upper respira­
tory tract malformations, or were receiving treatment 
with tricyclic antidepressants, psychotropic drugs, 
β-blockers or angiotensin-converting enzyme inhibi­
tors. Women could not be pregnant or breast feeding, 
and had to be using adequate contraception if they 
were of child-bearing age.

Study treatment
Active SCIT treatment comprised P. pratense pol­
len extract adsorbed in 0.33% aluminium hydroxide 
plus 0.5% phenolized physiological saline solution 
(Allergovac Depot®, Bial-Industrial Farmacéutica 
S.A., Zamudio, Spain). The placebo comparator was 
a 0.5% phenolized saline solution, which was identical 
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to active treatment in composition and appearance but 
without the P. pratense extract. Study medication was 
administered by subcutaneous injection into an exter­
nal site in the middle part of the arm, alternating arms 
each time. FEV

1
 was measured in all patients before and 

30 min after each vaccine injection. Patients remained 
at the study site for at least 30 min after each injection 
in case an immediate adverse reaction occurred. SCIT 
doses were chosen based on the results of our previous 
study that aimed to determine the maximum tolerated 
dose and the most suitable dose-escalation scheme [30].

Patients were block randomized to receive one of 
five doses of SCIT (0.25 [Group 1], 0.5 [Group 2], 
1.0 [Group 3], 2.0 [Group 4] or 4.0 [Group 5] SPT ) 
or matching placebo (Group 6) (Figure 1). During the 
induction phase, patients received six increasing doses 
at 1-week intervals until the planned maintenance dose 

was reached (Table 1). During the subsequent main­
tenance phase, patients received their planned main­
tenance dose at 4-week intervals for 12 weeks (three 
administrations) (Table 1). In the event of adverse 
reactions during the induction or maintenance phases, 
dose adjustments were made in accordance with the 
EAACI recommendations  [31]. If an adverse reaction 
led to interruption of treatment, the induction phase 
could be extended by a maximum of 2 weeks. If treat­
ment was suspended for longer than 10 weeks during 
the maintenance phase, the patient was removed from 
the study. If a patient was unable to tolerate their target 
maintenance dose, he/she could continue participation 
using their maximum tolerated dose.

The major allergen Phl p 5 concentration of 
1 SPT/ml (Group 3) was 1.5 μg/ml. For each treat­
ment group, the corresponding vial 2 had a concen­

Table 1. Dose administration protocol per group for the induction and maintenance phases.

Week Vial Volume to inject Group 1 
(target 
0.25 SPT)

Group 2 
(target 0.5 
SPT)

Group 3 
(target 1.0 
SPT)

Group 4 
(target 2.0 
SPT)

Group 5 
(target 4.0 
SPT)

Group 6 
(placebo)

Interval 
between 
doses

Phl p 5 concentration (µg/ml)  0.1875 0.375 0.75 1.5 3.0 0  

1 2 0.1 ml 0.005 SPT 0.01 SPT 0.02 SPT 0.04 SPT 0.08 SPT 0 SPT First dose

2   0.2 ml 0.01 SPT 0.02 SPT 0.04 SPT 0.08 SPT 0.16 SPT 0 SPT 1 week

3   0.5 ml 0.025 SPT 0.05 SPT 0.1 SPT 0.2 SPT 0.4 SPT 0 SPT 1 week

4 3 0.1 ml 0.05 SPT 0.1 SPT 0.2 SPT 0.4 SPT 0.8 SPT 0 SPT 1 week

5   0.2 ml 0.1 SPT 0.2 SPT 0.4 SPT 0.8 SPT 1.6 SPT 0 SPT 1 week

6   0.5 ml 0.25 SPT 0.5 SPT 1 SPT 2 SPT 4 SPT 0 SPT 1 week

10 3 0.5 ml 0.25 SPT 0.5 SPT 1 SPT 2 SPT 4 SPT 0 SPT 4 weeks

14 0.5 ml 0.25 SPT 0.5 SPT 1 SPT 2 SPT 4 SPT 0 SPT 4 weeks

18 0.5 ml 0.25 SPT 0.5 SPT 1 SPT 2 SPT 4 SPT 0 SPT 4 weeks

SPT: Skin-prick test (units).

Figure 1. Study design. 
SPT: Skin-prick test (units).
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tration ten times lower than vial 3. The protocol for 
administering treatment in each group during the 
induction and maintenance phases is shown in Table 1.

Rescue medications, including loratadine, topic 
nasal azelastine, topic ocular olopatadine, nasal 
budesonide, salbutamol and inhaled budesonide, were 
permitted for the treatment of allergic symptoms, with 
a prespecified washout period prior to performing 
efficacy assessments and administering each dose.

Efficacy assessments
The primary efficacy end point was the change in 
allergen concentration (P. pratense) needed to produce 
a positive response in the nasal provocation test (NPT) 
between baseline and the final visit. Differences were 
compared among groups and against placebo. Second­
ary end points included SPT results and changes in 
immunoglobulin levels.

Nasal provocation test
The NPT was to be performed in all patients at base­
line and at the final visit. The methodology used foll­
owed the recommendations of the ARIA guidelines [6] 
and the test was designed according to recommenda­
tions on allergen-specific nasal provocation testing 
of the Rhinoconjunctivitis Committee of the Span­
ish Society of Allergy and Clinical Immunology  [32]. 
After establishing the baseline nasal inspiratory flow, 
assessments were performed following application of a 
negative control to each nostril, and then application 
of increasing doses of the allergen, including 1/1000 
(vial 1), 1/100 (vial 2), 1/10 (vial 3) and 1 (vial 4) until 
a positive reaction was observed. After each applica­
tion, the number of sneezes during the next 15 min 
was recorded and patients rated their nasal itchiness 
and secretions using a 4-point scale (0 = no symptoms, 
1 = mild, 2 = moderate, 3 = severe). Nasal inspiratory 
flow was measured at the end of each 15 min interval.

The highest of three consecutive measurements of 
nasal inspiratory flow was used for each assessment. A 
positive response for the NPT was defined as ≥5 sneezes 
or a decrease of >50% in nasal inspiratory flow.

Cutaneous reactivity
For dose-response SPT, wheal size was measured in 
mm2 using planimetry. The SPTs were conducted in 
duplicate, on the volar surface of the forearm using 
four dilutions of standardized P. pratense extract (10, 1, 
0.1, 0.01 SPT ). Histamine dihydrochloride 10 mg/ml 
and phenolized glycerinated saline solution were used 
as the positive and negative controls, respectively. After 
15 min, the contours of the wheals (but not erythema) 
were encircled. By pressing a transparent self-adhesive 
tape against the wheal, a copy of the circular mark was 

obtained and transferred to the Case Report Form, 
which was sent to Bial Industrial Farmacéutica S.A. for 
measuring. Results were provided as the average of both 
values of each of the tested allergen concentrations, as 
well as the positive and negative controls.

Immunological parameters
Specific IgE, IgG and IgG

4
 to P. pratense were mea­

sured before and after treatment using the ELISA 
technique at the Protein Lab of Bial-Industrial 
Farmacéutica S.A. [30].

Safety assessments
Safety was assessed through adverse events reported 
by patients or observed by the investigators during site 
visits throughout the study. The tolerability of SCIT 
was evaluated by assessing early and late local reactions 
(i.e., local swelling and redness) and systemic reactions 
after each injection. All local adverse reactions were 
reported irrespective of their size. Systemic reactions 
were graded, from grade 0 to IV, based on the sever­
ity and onset of the reaction, according to the EAACI 
classification [31].

Blood samples were collected before and at the 
end of treatment for evaluation of hematologic and 
biochemical parameters.

Statistical analysis
A sample size of 150 patients (∼25/group) was cal­
culated to be required with the aim of identifying a 
clear trend across the different doses. This premise was 
in accordance with ICH E4 guidelines  [33] for dose-
response clinical trials to support drug registration that 
state it is not necessary to obtain statistically signifi­
cant differences between the different dose groups at 
this stage of clinical development.

Statistical analyses were largely descriptive. Explor­
atory comparisons were performed for the primary 
end point, and for changes in the dose-response SPT 
and immunoglobulin levels. Active treatment groups 
were compared with the placebo group using rank-
based analysis of covariance (ANCOVA), while the 
signed-rank test was used for within-group compari­
sons of final visit versus baseline values. Tests were per­
formed at a two-sided significance level of α = 5%. No 
adjustments were made for multiple testing. Efficacy 
variables were analyzed for the intent-to-treat and per-
protocol populations. Adverse events were described 
for the safety population.

Results 
Patients
Of 171 patients screened, 151 were randomized 
between October 2011 and April 2013 outside the 
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pollen season. Patient disposition is summarized 
in Figure 2. After excluding 38 patients for protocol 
deviations related mainly to dose adjustment errors, 
the per-protocol population consisted of 113 patients 
(Figure 2). Twenty patients (13.25%) were withdrawn 
prematurely from the study: placebo group (n = 3): 
adverse event not related to the study drug (1), proto­
col noncompliance (1) and patient request (1); Group 1 
(n = 3): protocol noncompliance (3); Group 2 (n = 2): 
protocol noncompliance (2); Group 4 (n = 5): proto­
col noncompliance (3), adverse reactions (2); Group 5 
(n = 7): lost to follow-up (2), protocol noncompliance 
(1), adverse reactions (4). A total of 5.3% of patient 
withdrawals were due to adverse drug reactions that 
occurred in the two highest dose groups (Groups 4 
and 5) (see ‘Safety & tolerability’ section).

The demographic and baseline characteristics of 
the study population are summarized in Table 2. The 
mean age of the study population was 32.8 years, 
41.7% of participants were male, and the mean time 
since diagnosis was 9.4 years. Most patients had rhi­
noconjunctivitis described as persistent (85.4%) and of 
moderate/severe intensity (96.7%), and been treated 
for it during the previous year (98.0%). Almost half 
the patients (47.7%) had another allergic disease, most 
commonly asthma (41.7% of this subgroup). Although 
statistical comparisons were not performed, Group 1 
had a slightly lower mean age than the other groups, 

and Group 4 had, on average, a more recent diagnosis 
than other groups. Sixteen patients (10%) in total had 
undergone previous immunotherapy. These patients 
were distributed across the six groups with no relevant 
differences between them.

Nasal provocation test
The NPT was performed at baseline and at the final 
visit in all but eight subjects. Overall, there was a dose-
dependent trend, with higher SCIT doses (Groups 3, 4 
and 5) requiring higher extract concentrations to pro­
duce a positive response on NPT. In a within-group 
comparison of the percentage change in allergen con­
centration needed to produce a positive NPT at the 
final visit compared with baseline (signed-rank test), 
statistically significant increases were seen for Group 4 
(p = 0.004) and Group 5 (p = 0.004), and also for 
the placebo group (p = 0.011) (per-protocol analysis; 
Figure 3). There were no significant differences between 
active treatment (at any dose level) and placebo (rank-
based ANCOVA) in terms of the change in allergen 
concentration needed to produce a positive response 
in the NPT from baseline to final visit (primary end 
point; Figure 4). There were also no significant diff­
erences between active treatment and placebo when 
NPT results for the final visit were compared between 
groups. The results of an intent-to-treat analysis were 
generally consistent with those of the per-protocol 

Figure 2. Patient disposition. 
SPT: Skin-prick test (units).
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analysis; no significant differences were found versus 
placebo, but the within-group change from baseline to 
final visit achieved statistical significance in all groups 
(data not shown).

Dose-response skin-prick test
Cutaneous reactivity at the final visit versus baseline 
was decreased significantly in at least one test vial in 
active treatment groups (rank-based ANCOVA), and 
the reduction was significantly greater than that for 
placebo for all but the lowest concentration test vial 
(vial 1) (Figure 5). Overall, changes tended to be greater 
with higher doses of SCIT. Similar results were found 
in the intent-to-treat analysis.

Immunoglobulin levels
Changes in immunoglobulin levels from baseline to 
final visit are illustrated in Figure 6. Levels of specific 
IgE increased in Group 1, were unchanged in Group 2, 
and decreased in a dose-dependent manner in Group 
3, 4 and 5 (Figure 6A), with the difference in the two 
highest active treatment groups achieving statistical 
significance (both p < 0.001) compared with placebo 
(rank-based ANCOVA). IgG levels increased signifi­
cantly from baseline to final visit in all active treatment 

groups with the changes being significantly greater 
than that seen in the placebo group (p < 0.001). IgG

4
 

levels increased dose-dependently in active treatment 
groups (Figure 6B), with changes in all groups being sig­
nificantly greater compared with placebo (p < 0.001). 
The intent-to-treat analysis produced similar results.

Safety & tolerability
Safety results were analyzed in the safety population, 
which comprised all randomized patients (n = 151). The 
overall rate of adverse events tended to increase with 
increasing dose of SCIT. The most common all-cause 
adverse events were injection site reactions (19.2% of 
patients), nasopharyngitis (12.6%), headache (9.3%) 
and urticaria (9.3%).

Adverse reactions (adverse events considered to 
be related to study treatment) are summarized in 
Table 3. During the study, patients received a total of 
1311 doses of study medication, of which 286 (21.8%) 
administrations were associated with adverse drug 
reactions; 18.6% were local reactions and 3.2% were 
systemic reactions. In all, 244 local reactions occurred 
in 77 patients (51%) and included injection site ery­
thema, inflammation, edema, pain, pruritus, swell­
ing, urticaria and unspecified injection-site reactions. 

Table 2. Demographics and baseline characteristics.

Parameter Group

Placebo (n = 26) 0.25 SPT (n = 27) 0.5 SPT (n = 25) 1.0 SPT (n = 24) 2.0 SPT (n = 24) 4.0 SPT (n = 25)

Age (years)†  35.0 (10.0) 27.4 (7.7) 31.8 (9.9) 34.8 (9.0) 33.5 (9.4) 34.9 (8.3)

Sex (male) ‡ 11 (42.3%) 9 (33.3%) 8 (32.0%) 8 (33.3%) 14 (58.3%) 13 (52.0%)

BMI (kg/m2)† 26.4 (4.4) 23.9 (4.9) 25.1 (3.6) 24.4 (4.0) 25.5 (4.3) 25.5 (3.6)

Years since 
diagnosis†

9.4 (9.3) 9.7 (8.5) 10.4 (8.9) 9.2 (8.3) 5.9 (3.7) 11.6 (10.2)

Rhinoconjunctivitis 
type‡

           

– Intermittent 6 (23.1%) 4 (14.8%) 4 (16.0%) 2 (8.3%) 4 (16.7%) 2 (8.0%)

– Persistent 20 (76.9%) 23 (85.2%) 21 (84.0%) 22 (91.7%) 20 (83.3%) 23 (92.0%)

Rhinoconjunctivitis 
intensity‡

           

– Mild 2 (7.7%) 0 (0.0%) 1 (4.0%) 0 (0.0%) 1 (4.2%) 1 (4.0%)

– Moderate/severe 24 (92.3%) 27 (100.0%) 24 (96.0%) 24 (100.0%) 23 (95.8%) 24 (96.0%)

Asthma (yes)‡ 10 (38.5%) 12 (44.4%) 10 (40.0%) 10 (41.7%) 9 (37.5%) 12 (48.0%)

Previous 
immunotherapy‡

2 (7.7%) 2 (7.4%) 4 (16.0%) 2 (8.3%) 1 (4.2%) 5 (20.0%)

Specific IgE at 
baseline§ (kU/L)

44.00 
(8.00/59.00)

42.00 
(15.00/311.00)

112.00 
(17.00/331.00)

31.00 
(13.00/167.00)

42.00 
(15.00/150.00)

70.00 
(31.00/243.00)

†Mean (standard deviation).
‡Number (%).
§Median (first and third quartiles).
SPT: Skin-prick test (units).
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Among these local reactions, 241 occurred in recipi­
ents of active treatment (18.4% of all dose administra­
tions) and three occurred in the placebo group (0.2% 
of all dose administrations). Overall, 29 local reactions 
(2.2% of all dose administrations) were considered to 
be clinically relevant and necessitated a dose adjust­
ment; of these, three (0.2%) were immediate reactions 
and 26 were late reactions (2.0%).

A total of 42 systemic reactions were recorded in 
28 patients (18.5%) and all occurred in recipients of 
active medication (Table 3). The most common were 
urticaria (20 reports in 14 patients; 9.3% of patients) 
and allergic rhinitis (nine reports in four patients; 
2.6% of patients). Other systemic reactions included 
anaphylactic reactions, angioedema, allergic pruritus, 
cough, rhinorrhea and unspecified upper respiratory 
tract reactions. Grade III and IV systemic reactions 
occurred only at the two highest dose levels; there were 
two grade III reactions in Group 5, and one grade IV 
reaction in each of Group 4 and Group 5 (Table 3). These 
reactions resolved upon treatment, most commonly 
with antihistamines and corticosteroids.

During the study, 22 serious adverse events were 
reported in 17 patients, of which 20 were adverse drug 
reactions, including urticaria (ten reports), anaphy­
laxis (three reports), pruritus (four reports), urticaria 
plus pruritus (two reports), urticaria plus angioedema 
(one report). The remaining two events were hand 
fracture and deep vein thrombosis and were not related 
to active treatment. Six patients were withdrawn from 
the study due to serious adverse events: four in Group 5 

(two with anaphylaxis, one urticaria plus angioedema 
and one urticaria), one in Group 4 (anaphylaxis) and 
one in the placebo group (deep vein thrombosis). All 
patients recovered.

No clinically significant abnormalities in hematology 
or biochemistry parameters were observed during the 
study.

Discussion
This dose-finding study is the continuation of an ear­
lier study that compared the tolerability and safety of 
three dose-escalation regimens of a depot SCIT prepa­
ration containing P. pratense pollen extract [30]. Once 
the range of tolerated doses was established, and in 
adherence with EMA guidelines [29], this Phase II dose-
response clinical trial was designed to evaluate the effi­
cacy and safety of P. pratense depot SCIT in adults with 
allergic rhinoconjunctivitis with or without asthma. 
The dose-escalation scheme to be tested was chosen 
based on the results of the aforementioned clinical 
trial. As recommended in EMA guidelines  [29], a pla­
cebo control was used. SCIT is an established approach 
for the treatment of allergic rhinoconjunctivitis [6] and, 
in this study, it was targeted at P. pratense grass pol­
len, a common allergen among patients with seasonal 
allergic respiratory diseases in Europe [23].

To our knowledge, there is only a single published 
double-blind, randomized, placebo-controlled dose-
response clinical trial of SCIT with grass pollen extract 
that provides major allergen concentrations [34]. How­
ever, this study was conducted prior to the availability 

Figure 3. Allergen concentrations needed to produce a positive result in the nasal provocation test at baseline 
and final visit. 
*p = 0.01 for percentage change versus baseline.
**p = 0.004 for percentage change versus baseline.
NPT: Nasal provocation test; SPT: Skin-prick test (units).
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of EMA recommendations on clinical development of 
products for specific immunotherapy in treatment of 
allergic diseases. Only two doses were tested against 
placebo, whereas our study investigated a wider range 
of doses.

We found evidence of a dose-dependent trend in 
the concentration of allergen needed to produce a 

positive response in the NPT after 17 weeks of treat­
ment with SCIT, meaning that patients assigned to 
higher doses needed more allergen concentration to 
produce a positive response. This was also observed 
in the placebo group. It is recognized that a strong 
placebo effect can occur in studies of allergic dis­
eases  [35], including studies of immunotherapy  [36], 

Figure 5. Wheal area for dose-response skin-prick test. For each treatment group, baseline (pale bar) and 
final visit (dark bar) values for the four skin-prick test vials are shown in order of increasing test concentration 
(vial 1 = 0.005, vial 2 = 0.05, vial 3 = 0.5 and vial 4 = 5 SPT). 
*p < 0.05 versus placebo.
†p < 0.05 versus baseline. 
SPT: Skin-prick test (units); V0: Baseline; VF: Final visit.
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and that this effect may be most pronounced with 
injected therapies  [36]. In addition, Narkus and coll­
eagues demonstrated that the placebo effect is more 
marked for subjective outcomes, such as NPT, than 
for objective variables, such as immunoglobulin level 
changes [36].

It is worth mentioning that patients assigned to 
Groups 1 and 2 produced positive results at baseline 
with a high concentration of allergen (vial 4 = 5 SPT ), 
meaning that no further improvement could be 
observed at the final visit. However, as no differences 
in patients’ baseline characteristics could be identified 
among treatment groups to explain these findings, the 

reasons are unclear. Furthermore, patients without a 
positive result with any of the tested vials at the final 
visit were assigned the vial 4 value for analysis pur­
poses, meaning that no real improvement could be 
observed in these patients. Thus, for future studies, 
additional dilution steps for the NPT will be included 
in order to obtain more differentiated effects.

The significant effects observed on objective mea­
sures of the immune response provide additional supp­
ort for a dose-dependent effect of P. pratense depot 
SCIT. Cutaneous reactivity was shown to decrease on 
active treatment with a trend toward greater decreases 
at higher doses. Reduced skin reactivity as a marker of 

Figure 6. Change in immunoglobulin levels from baseline to final visit. (A) Change in specific IgE level. (B) Change 
in specific IgG4 level. 
#p = 0.004 versus placebo.
*p < 0.001 versus placebo.
SPT: Skin-prick test (units).
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the immunological effect of SCIT in terms of toler­
ance development has been reported in several other 
studies of specific immunotherapy with grass pollen 
extracts [37–42]. A study of P. pratense immunotherapy 
in patients sensitized to grass pollen conducted by 
Martínez-Cócera and colleagues confirms our find­
ings; a significant reduction (p < 0.01) of the skin 
response in intervention groups from baseline to end of 
treatment was seen during a short course of immuno­
therapy [41]. In adults with olive pollen-associated aller­
gic rhinoconjunctivitis with/without asthma, Moreno 
and colleagues found a significant (p < 0.01) 2.34-fold 
increase in the cutaneous tolerance index (the differ­
ence in allergen concentration needed to elicit the same 
response) within 6 weeks of treatment  [42]. Down­
regulation of the allergic response in patients under­
going allergen immunotherapy is attributed to an 
increase in allergen-specific IgG (e.g., IgG

4
) antibody 

levels, along with a decreased allergen-specific IgE 
response  [29]. In the current study, significant differ­
ences were observed between active and placebo groups 
with regard to changes in immunoglobulin levels. In 
active treatment groups, dose-dependent increases were 
observed in levels of IgG and IgG

4
, the IgG isotype 

that blocks the allergic inflammatory response caused 
by IgE recognition of an antigen [12,43–44]. In parallel, 
significant dose-dependent decreases in IgE levels from 
baseline to study end were observed at higher doses 
(Groups 3, 4 and 5) of SCIT. A shift in the balance 
between IgE and IgG

4
 is considered to be essential to 

successful immunotherapy  [12], and the persistence of 
allergen-specific anti-IgE IgG

4
 antibodies after treat­

ment discontinuation may account for long-term clini­
cal tolerance  [45]. In long-term (1–4 years) studies of 
immunotherapy with grass pollen extracts, this same 
pattern of immunological changes was associated 
with significant improvements in clinical outcome 
parameters [37,46–48].

SCIT with Timothy grass pollen extract was gen­
erally well tolerated in this study, and the incidences 
and types of adverse events and adverse drug reactions 
(especially local and systemic reactions) were consis­
tent with those reported in other studies of SCIT for 
pollen-associated rhinoconjunctivitis  [42,46–48]. For 
example, in the up-dosing study of allergen extract of 
Olea europaea, local reactions predominated over sys­
temic reactions (34.4 vs 4.3% of subjects) and related 
mostly to the injection site  [42]. Sastre and colleagues 

Table 3. Summary of adverse reactions.

Reactions, 
events (%)

Group

Placebo (n = 26) 
Inj = 216 
e# (%)/p## (%)

0.25 SPT (n = 27) 
Inj = 236 
e# (%)/p## (%)

0.5 SPT (n = 25) 
Inj = 229 
e# (%)/p## (%)

1.0 SPT (n = 24) 
Inj = 227 
e# (%)/p## (%)

2.0 SPT (n = 24) 
Inj = 202 
e# (%)/p## (%)

4.0 SPT (n = 25) 
Inj = 201 
e# (%)/p## (%)

Local reactions 
– Immediate 
– Late

3 (1.4%)/3 
(11.5%) 
1 (0.5%)/1 
(3.8%) 
2 (0.9%)/2 
(7.7%)

49 (20.8%)/17 
(63.0%) 
17 (7.2%)/5 
(18.5%) 
32 (13.6%)/15 
(55.6%)

34 (14.8%)/15 
(60.0%) 
14 (6.1%)/6 
(24.0%) 
20 (8.7%)/10 
(40.0%)

69 (30.4%)/15 
(62.5%) 
24 (10.6%)/4 
(16.7%) 
45 (19.8%)/14 
(58.3%)

42 (20.8%)/12 
(50.0%) 
16 (7.9%)/5 
(20.8%) 
26 (12.9)/10 
(41.7%)

47 (23.4%)/1 
5(60.0%) 
26 (12.9%)/6 
(24.0%) 
21 (10.4)/12 
(48.0%)

Systemic 
reactions

0 (0) 6 (2.5%)/3 
(11.1%)

10 (4.4%)/7 
(28.0%)

2 (0.9%)/2 
(8.3%)

6 (3.0%)/5 
(20.8%)

18 (9.0%)/11 
(44.0%)

– Grade I 0 (0) 5 (2.1%)/2 
(7.4%)

6 (2.6%)/5 
(20.0%)

0 (0) 3 (1.5%)/2 
(8.3%)

8 (4.0%)/5 (20.0%)

– Grade II 0 (0) 1 (0.4%)/1 
(3.7%)

4 (1.7%)/2 
(8.0%)

2 (0.9%)/2 
(8.3%)

2 (1.0%)/2 
(8.3%)

7 (3.5%)/6 (24.0%)

– Grade III 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1.0%)/2 (8.0%)

– Grade IV 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.5%)/1 
(4.2%)

1 (0.5%)/1 (4.0%)

Serious adverse 
reactions

0 (0) 1 (0.4%)/1 
(3.7%)

4 (1.7%)/2 
(8.0%)

2 (0.9%)/2 
(8.3%)

3 (1.5%)/3 
(12.5%)

10 (5.0%)/9 
(36.0%)

Adverse 
reaction leading 
to withdrawal

0 (0) 0 (0) 0 (0) 0 (0) 2 (1.0%)/2 
(8.3%)

4 (2.0%)/4 (16.0%)

e# = Number of adverse reactions per dose and per group.
p## = Number of patients per group.
Inj: Total number of doses per group; N: Total number of patients per group; SPT: Skin-prick test (units).
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reported a higher incidence of adverse drug reactions 
in a study of immunotherapy with a grass extract 
– a total of 432 adverse drug reactions (64% local and 
31% systemic) in 133 (69%) patients – but found that 
the number of grass allergens that sensitized patients 
was associated significantly with the total number of 
adverse drug reactions  [49]. Among our patients, the 
majority of adverse reactions were late local reactions, 
and the most common systemic adverse reaction was 
urticaria. The main safety concern with SCIT is the 
risk of serious or severe systemic reactions. In the curr­
ent study, two grade III and two grade IV systemic 
reactions occurred, all in the two highest active treat­
ment dose groups. Of the five patients who discontin­
ued the study because of serious systemic adverse reac­
tions, all were allocated in the two highest dose groups. 
Thus, doses of Group 3 and lower appeared to be safer 
and better tolerated than higher doses.

Conclusion & future perspective
This double-blind, placebo-controlled dose-ranging 
study of depot SCIT with Timothy grass pollen extract 
in patients with allergic rhinoconjunctivitis with or 
without concomitant asthma has shown a clear dose-
dependent trend toward improved tolerability after a 
rapid dose–escalation scheme and 3-month mainte­
nance period. A trend toward greater improvement 
with higher concentrations of SCIT extract was evi­
dent even if the results did not achieve statistical sig­
nificance. P. pratense depot SCIT shows signs of clini­
cal and immunological efficacy and had good safety 
profile; however, for safety reasons, doses higher than 
those in Group 3 would seem less appropriate for trials 
of clinical efficacy.
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Executive summary

•	 Allergen-specific immunotherapy can provide long-term clinical benefits and alter the course of disease in 
patients with allergic respiratory airway diseases.

•	 Sensitization to Phleum pratense pollen is a common cause of allergic rhinitis/rhinoconjunctivitis in Europe.
•	 A double-blind, placebo-controlled, dose-ranging study of a depot subcutaneous immunotherapy (SCIT) 

preparation containing P. pratense pollen extract was performed in patients with allergic rhinoconjunctivitis 
due to this allergen.

•	 There was evidence of a dose-dependent trend using the nasal provocation test.
•	 A statistically significant dose-dependent effect was seen with SCIT in terms of skin reactivity and changes in 

immunoglobulin levels.
•	 Grade III and IV systemic reactions occurred only at the two highest dose levels evaluated in the study 

(Groups 4 and 5).
•	 SCIT doses no higher than in Group 3 would be suitable for evaluation in efficacy trials.
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