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Allergic rhinoconjunctivitis represents a global health prob-

lem affecting 25% of western populations (1). Subcutaneous

immunotherapy (SCIT) using inhalant allergens is clinically

effective in the treatment of allergic rhinitis, induces clinical

and immunologic tolerance, has long-term efficacy, may

prevent the progression of allergic disease, and also improves

the quality of life of allergic patients (2–7). In tree pollen

allergic patients, clinical efficacy and long-term effects in

preventing progression to asthma have also been confirmed

for SCIT with birch pollen extracts (8–10). For patients sensi-

tized to several tree pollens, some studies suggest that

extracts containing birch pollen alone are equally effective as

those containing birch, alder and hazel (11, 12), whereas

others suggest better outcomes if mixed pollen extracts are

used (13). This presumably depends on geographical

variation in forestation and thus tree pollen exposure. It is
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Abstract

Background: Rhinoconjunctivitis because of tree pollen sensitization is common in

Northern Europe. Specific subcutaneous immunotherapy (SCIT) is the only disease-

modifying treatment, but unmodified allergen extracts carry a risk of allergic

side-effects. Our objective was to examine efficacy and safety of a depigmented-

polymerized mixed tree pollen extract.

Methods: A double-blind, placebo-controlled trial of 184 tree pollen allergic adults

was performed. SCIT consisted of four increasing doses at 7-day intervals, then

maintenance injections every 6 weeks for 18 months. Primary outcome was com-

bined symptom and medication score during the 2008 season. Secondary outcomes

included analysis at different levels of pollen exposure and a responder analysis.

Adverse events were classified using the EAACI scale. Birch pollen-specific IgE and

IgG4 were measured before and after treatment.

Results: The combined symptom and medication score of actively treated patients

was significantly lower than those on placebo (P < 0.04). Increased efficacy was

seen at high pollen exposure (median score 2.1 for active [IQR 0.7–3.4] vs 4.2 [IQR

2.4–5.3] for placebo for days with 500 or more pollen grains per m3, a 50% reduc-

tion, P < 0.01). A modified responder analysis revealed 64% responders in the

active and 32% in the placebo group (P < 0.01). There were 17 systemic reactions.

All were mild (grade 1 or 2) and required no treatment. Serum birch-specific IgG4

increased in the SCIT group (P < 0.01).

Conclusions: SCIT with depigmented- polymerized tree pollen extract was clinically

effective and well tolerated. Responder analysis suggested that one-third of patients

treated with immunotherapy may not respond.

Abbreviations

SCIT, subcutaneous immunotherapy; SLIT, sublingual

immunotherapy; EAACI, european academy of allergy and clinical

immunology; Ig, immunoglobulin; ITT, intention to treat; PP, per

protocol; SMS, combined symptom and medication score.
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common practice in Northern and Eastern Europe to admin-

ister mixed tree pollen extracts to patients sensitized against

hazel, alder and birch, especially when their symptoms start

early in the year, when hazel pollination occurs.

The use of SCIT is limited because of the risk of systemic

side-effects (14, 15). In an attempt to overcome these poten-

tial hazards, allergoids were developed by polymerizing aller-

gen extracts with glutaraldehyde (16). The aim of such

chemical modification is to reduce specific IgE binding (which

is responsible for immediate systemic reactions), whilst main-

taining T cell reactivity (which is thought to be responsible

for induction of tolerance) (17). These extracts have been fur-

ther developed by introducing a depigmentation step, before

the polymerization process. The depigmentation removes pro-

tein-bound pigments, enhances the solubility of the allergoids

and inactivates enzymatic activity (18). The clinical safety

and efficacy of depigmented allergoids has been shown in

several clinical studies in patients with pollen- and house dust

mite- induced allergic symptoms (19–23).

The objective of this study was to evaluate clinical efficacy

and safety of 18 months SCIT with standardized, depigment-

ed-polymerized tree pollen extract consisting of hazel, alder

and birch pollen. Additionally, the effect of treatment on

immunological parameters was assessed.

Methods

Patients and study design

This was a randomized, double-blind, placebo-controlled

clinical study, including patients with a medical history of

allergic rhinoconjunctivitis with or without allergic asthma

because of tree pollen sensitization. A total of 184 patients

were recruited at 28 study centres in Lithuania, Poland and

Germany in autumn 2006 and randomized to receive either

SCIT or placebo (Fig. 1). Randomization was 3 : 1 verum to

placebo, and the study sites included 5 academic sites, 5 gen-

eral hospitals, the rest specialized allergy centres (allergological

practice). Positive skin prick tests to birch pollen resulting in a

wheal diameter ‡3 mm as well as serum level of specific IgE

against birch pollen ‡CAP-Class 2 = 0.7 kU/l were required.

A retrospective visual analogue score (VAS) was used in

patient selection. Patients had to score the previous season¢s
symptoms with at least 30 mm on a VAS of disease activity

(on a 100-mm line from no symptoms to intolerable).

Patients were excluded if they had perennial symptoms or

allergic sensitization, other than to tree pollen, causing symp-

toms during the hazel, alder and birch pollen season, or

asthma graded at 2 or more according to GINA guidelines.

Written informed consent was obtained from patients. The

study was approved by the relevant Ethics Committees and

conducted in accordance with the latest version of the Decla-

ration of Helsinki (24).

Immunotherapy

SCIT was performed using Depigoid� (Laboratorios LETI

SL, Tres Cantos, Spain), a standardized depigmented and

glutaraldehyde-polymerized tree pollen extract (33% Corylus

avellana, 33% Alnus glutinosa, 34% Betula alba) adsorbed

onto aluminium hydroxide. Depigoid� was provided at two

different strengths: 100 DPP units (DePigmented and Poly-

merized)/ml (Vial 1) and 1000 DPP/ml (Vial 2). The biologi-

cal activity unit of 1 DPP was the result of depigmenting and

polymerizing 1 histamine equivalent prick test unit of allergen

extract. Before polymerization, 100 DPP corresponded to
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Figure 1 Study flow chart. Patients recruited, treatment schedule

and timelines of study with drop outs in each group. Of the 10

protocol violations in the Depigoid group, four were because of

missing diary data, four because of taking prohibited medication

and two because of other allergies. For the placebo group, two of

the protocol violations were for co-allergy, and one each for non-

permitted medication and missing diary data.
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2.20 lg/ml Bet v1 major allergen equivalent (measured using

a Bet v 1 ELISA from Indoor Biotechnologies Inc., Char-

lottesville, VA, USA). Placebo medication was identical in

appearance and contained the excipients only. Patients

initially received doses of 0.2 and 0.5 ml of Vial 1 followed

by 0.2 and 0.5 ml of Vial 2 at 7-day intervals, followed by

the maintenance dose of 0.5 ml of Vial 2 at 6-week intervals

for 18 months. The maintenance dose corresponded to

11.0 lg Bet v1 before polymerization. All patients were

observed for 30 min in the immunotherapy unit after each

injection, following the recommendations of the EAACI (25).

Pollen counts

The start of the pollen season for each centre was defined as

when the pollen count was ‡ 250 pollen grains/m3 per day for

more than 3 consecutive days. The following period was eval-

uated for efficacy until the pollen count fell to £ 250 pollen

grains/m3 per day for 3 consecutive days, indicating the end of

the relevant pollen exposure. Within one pollen season, several

periods of relevant pollen exposure were evaluated for the

combined symptom and medication score. The local hazel,

alder and birch pollen counts were determined for each

study centre using a volumetric pollen trap (Burkard Scientific

Ltd, Uxbridge, UK). Days with a pollen exposure of >500

pollen grains/m3 per day were used to define the peak pollen

season.

Assessment of efficacy

Using diaries patients recorded their individual rhinitis, con-

junctivitis and (for safety evaluation) asthma symptoms on a

daily basis: sneezing, nasal itch, rhinorrhea, nasal congestion,

ocular itch, increased lacrimation and eye redness were

included into the symptom score. Individual symptoms were

scored on a scale from 0–3, with no symptoms = 0,

mild = 1, moderate = 2 and severe = 3, respectively (4, 26).

Patients were supplied with rescue medication. Each drug

was given according to the recommendation of the manufac-

turer. No other medication was allowed. Each dose of rescue

medication was scored as follows: 0 = no medication;

1 = topical or systemic anti-histamines (desloratidine one

5 mg tablet, and azelastine eye or nose drops, 2 drops), or

salbutamol (2 puffs) for asthma; 2 = nasal or inhaled corti-

costeroids (mometasone nasal spray 2 puffs, budesonide inha-

ler 100 lg); 3 = systemic corticosteroids for uncontrolled

rhinitis or asthma (methyprednisolone 2 mg/kg body weight).

For each patient, the daily rescue medication score was

defined as sum of points for each medication used (26). The

combined symptom and medication score (SMS) was defined

as the time-weighted area under curve (AUC) of the sum of

the daily rescue medication score and the daily symptom

score for all days of the predefined pollen season.

Assessment of safety

Adverse events were documented throughout the study.

Investigators’ terms of adverse events were coded using the

Medical Dictionary for Regulatory Activities (MedDRA).

Systemic reactions were graded according to the EAACI clas-

sification (25).

Immunological parameters

The effects of treatment on specific IgE and IgG4 were stud-

ied. Serum concentrations of tree pollen-specific IgE were

measured before the start of the treatment and outside the

season and after 18 months of treatment using IMMULITE

2000 3g Allergy, a two-step, chemiluminescent immunoassay

(Siemens AG, Eschborn, Germany) (27) and birch pollen-spe-

cific IgG4 using ELISA (REF: 10104PG, Dr. Fooke Laborat-

orien GmbH, Neuss, Germany).

Statistics

The primary efficacy parameter of this study was the time-

weighted AUC of the combined symptom and rescue medi-

cation scores (SMS) during the 2008 birch pollen season

(‡250 pollen grains/m3 per 24 h) after 18 months of treat-

ment. A power calculation suggested 86% power to detect

a difference in means of SMS of 0.5 assuming a standard

deviation of 1.0 with a sample size of 150 active and 50

placebo subjects. Because symptom scores are often rela-

tively low during days of low pollen exposure, efficacy was

also assessed using different pollen exposure cut-offs to

compare median symptom, medication and combined scores

for days with pollen exposure above 300, 400 and 500

grains per mm3, respectively. In addition, a modified

responder analysis was performed. Because we did not

have a baseline year for comparison, the median AUC for

the placebo group was defined as the comparator, and

responders defined as those subjects with AUC less than

this value using different cut-offs (20%, 25%, 30% etc.).

The optimal value for distinguishing actively treated from

placebo groups was selected using receiver–operator curves,

and numbers thus defined as responders and non-respond-

ers in each group were compared by chi-squared analysis.

Clinical and laboratory characteristics of these groups were

also compared. For further description of the responder

analysis, see Data S1.

The two-tailed Wilcoxon rank-sum test was used for the

treatment comparison, and the Hodges-Lehmann estimation

was used to calculate median differences with confidence

intervals, with a significance level of P = 0.05 for primary

and secondary outcome parameters.

Results

A total of 184 patients aged 18–65 (mean: 38 years) were

randomized to receive either SCIT with Depigoid� (n = 137)

or placebo (n = 47). Baseline characteristics were balanced

between the two treatment groups (Table 1). In total, 13

patients discontinued the study prematurely (Fig. 1). A further

14 patients had no diary data or concomitant allergies, thus

the total per protocol population was 157 (117 Depigoid and

40 placebo).
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During the 2008 pollen season, pollen exposure

was within the expected range (mean: 116 pollen grains/m3

per day). In 2008, there were 43 days with exposure >250,

39 days >300 and 26 days >500 pollen grains/m3 per day.

Efficacy

At 18 months, the median AUC for the combined symptom

and medication score (SMS) of the 2008 season was 2.3 (inter

quartile range 0.9–3.2) for actively treated patients and 2.6

(IQR 2.2–4.4) for placebo-treated patients (median difference

)0.4 [)1.22; )0.03], P < 0.04), for the ITT population, and

2.2 (0.8–3.8) and 3.6 (2.3–4.5) for those patients completing

the study (median difference )1.3 [)1.89; )0.34], P < 0.01,

Fig. 2A). Median symptom scores were 0.54 (0.27–0.77) for

Depigoid-treated patients completing the study and 0.61

(0.48–0.75) for placebo (median difference )0.1 [)0.20;
)0.02], P < 0.01), whilst medication scores were 1.36 (0.4–

2.9) and 2.95 (1.7–3.9), respectively (median difference )1.3
[)1.87; )0.34], P = 0.09).

To obtain a relationship between pollen exposure and

clinical symptoms, the SMS were evaluated at different birch

pollen cut-off points: 250, 300, 400 and 500 grains/m3 per

24 h. Data are presented in Table 2 and Fig. 2B. During

peak pollen season, the median AUC for the SMS was 2.1

(0.7–3.4) for actively treated patients and 4.2 (2.4–5.3) for pla-

cebo-treated patients (median difference )1.8 [)2.34; )0.81],
P < 0.01), a 50% reduction comparing active with placebo.

Responder analysis

Receiver–operator curves suggested the optimal cut-off to

define responders was a 30% reduction in AUC of SMS at

Table 1 Demographic baseline characteristics

Depigoid treated

N = 137

Placebo

N = 47

Age (years, mean and

standard deviation)

38.5 (11.6) 39.0 (11.2)

Age (median and range) 38.0 (18–65) 38.0 (19–63)

Gender (male/female) 64M/73F 24M/23F

History of allergic

asthma (number)

61 23

FEV1 (%predicted, mean

and standard deviation)

102 (13) 103 (14)

FEV1 (%predicted,

median and range)

100 (78–135) 106 (78–141)

A

B

P < 0.01 P < 0.01

P < 0.01 P < 0.01  Depigoid®   Placebo
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Figure 2 (A) Combined symptom and

medication scores for patients completing

treatment (medians) for Depigoid (pink

line) and placebo (dark grey line), and

time-adjusted pollen count (grains per day)

for 2008. (B) Combined symptom and

medication scores for patients completing

treatment at different pollen exposures

(median and interquartile ranges or total

number of days at or above each cut-off

value, with number of days shown. Com-

parison was by Wilcoxon rank-sum test).
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pollen exposure of 250 grains per m3 or more (as defined by

ROC curves, Fig. S1), compared to the median placebo

value. Eighty-seven of the ITT population treated with

Depigoid were defined as responders (64%) and 50 as non-

responders (36%). This compared with 15 apparent respond-

ers in the placebo group (32%) and 32 non-responders (68%,

P < 0.01 by chi-squared test, chi-squared statistic 14.1). Val-

ues for the per protocol population were similar as were

those for different levels of pollen exposure (data not shown).

Comparison of ‘‘responders’’ and ‘‘non-responders’’ in the

actively treated group did not identify any significant differ-

ences at baseline for age (mean 37.9 ± 11.0 SD for respond-

ers and 38.1 ± 12.8 for non-responders), gender (48%

female for responders, 62% non-responders), diagnosis of

asthma (38% of responders vs 56% of non-responders), total

IgE (mean 107 IU/ml vs 149), tree-specific IgE (47.4 ±

33.2 IU/ml vs 53.4 ± 34.9) nor the ratio of specific to total

IgE (0.61 ± 0.48 vs 0.61 ± 0.44). There was no difference

between responders and non-responders for tree-specific

IgG4 after treatment (437 kU ± 546 kU/ml vs 463 ±656,

P = 0.2) nor for the increase induced by treatment (233 ±

440 vs 109 ±333, P = 0.6).

Safety

Table 3 displays the patients with local and systemic reac-

tions (all grade 1 or grade 2) according to the EAACI classi-

fication (25). In the SCIT group, the total number of

systemic reactions was 17 (0.7% of all injections), which

occurred in 9 patients. Of these, 12 were classified as grade 1

reactions and 5 as grade 2. There were no reactions of grade

3 and 4. None of the events in the SCIT group were consid-

ered serious and none required specific treatment.

Immunological effects

Mean serum concentrations of birch pollen-specific IgE

remained unchanged throughout the course of the study

(data not shown). There were no significant differences

between baseline and study end for individual treatment

groups and no difference between groups. At the end of the

study, the median serum IgG4 level significantly increased

from 253 to 447 KU/l in the Depigoid� group, whereas it

decreased from 302 to 255 KU/l in the placebo group (med-

ian difference 108 [69;159], P < 0.01).

Discussion

In this randomized, double-blind, placebo-controlled study

with tree pollen-induced allergic rhinoconjunctivitis, SCIT

with depigmented-polymerized mixed tree pollen extract was

clinically effective and safe. In what is to our knowledge the

first reported responder analysis of a double-blind placebo-

controlled immunotherapy study, there was a significantly

superior proportion of responders with active treatment.

Treatment with depigmented-polymerized tree pollen extract

resulted in increased birch pollen-specific IgG4, whereas birch

pollen-specific IgE remained unchanged.

Because summary data over the whole pollen season

include days with minimal pollen exposure and thus mini-

mal symptoms scores, the use of SMS over the whole sea-

son may misrepresent the burden of disease for patients

who often report much higher scores on days of high pollen

exposure. To address this problem, we analysed symptom

and medication scores on days above a series of threshold

values for pollen exposure, arguing that symptoms are likely

to be highest when the pollen count is highest (as was

indeed the case for the placebo group). At the predefined

peak pollen exposure of ‡500 grains/m3 per 24 h, there was

a 50% reduction in the median SMS for actively treated

patients who received the whole course of treatment when

compared to placebo (compared to a 39% reduction over

the whole season). The size of response to treatment seen in

our study is comparable with that noted in previous studies

of immunotherapy with unmodified birch pollen extracts (9,

10, 28, 29) and depigmented-polymerized house dust mite

(22). To our knowledge, this is the first study to suggest a

relationship between pollen exposure and magnitude of

combined symptom and medication score caused by this

exposure. These findings should be investigated in further

studies.

Table 2 Combined symptom and medication score in relation to pollen exposure for patients completing the study

Pollen exposure

Combined symptom and medication score (median and interquartile range)

Depigoid (n = 117) Placebo (n = 40) Median difference CI P value

250 grains/m3 per day 2.2 (0.8–3.8) 3.6 (2.3–4.5) )1.3 [)1.9; )0.3] <0.01

300 grains/m3 per day 2.2 (0.8)3.9) 3.6 (2.6–5.2) )1.3 [)2.1; )0.4] <0.01

400 grains/m3 per day 2.4 (0.8–3.7) 4.1 (2.6–4.8) )1.5 [)2.0; )0.5] <0.01

500 grains/m3 per day 2.1 (0.7–3.4) 4.2 (2.4–5.3) )1.8 [)2.4; )0.8] <0.01

Table 3 Side-effects by treatment group (numbers and percent-

age). No reaction required treatment

Symptom Depigoid (n = 137) Placebo (n = 47)

Local reactions 56 (40.9%) 11 (23.4%)

Systemic reactions* 17/9 (6.6%)� 1/1 (2.1%)

Conjunctival 2 (1.5%) 0

Nasal 9 (6.6%) 0

Asthma 2 (1.5%) 0

Skin (urticaria/edema) 4 (2.9%) 1 (2.1%)

*All grade 1 or 2.

�17 systemic reactions occurred in 9 patients.
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In addition to performing efficacy analysis based on com-

bined symptom and medication scores, current European

Union regulatory bodies suggest a responder analysis should

be performed (http://www.emea.europa.eu/pdfs/human/ewp/

1850406enfin.pdf). Such analysis conventionally requires a

period of baseline observation which is uncommon in large

allergen immunotherapy studies for logistical reasons, and

because pollen counts vary from year to year making com-

parison difficult. For this reason, we performed a responder

analysis setting the median value for the primary outcome

(AUC for SMS for the entire pollen season for the ITT pop-

ulation) for the placebo group as ‘‘baseline’’ and analysing

numbers of responders and non-responders at different levels

of reduction in the combined scores from this baseline. A

cut-off of 30% was selected as the best discriminator between

active and placebo groups using receiver–operator curves

(data not shown) and seems reasonable given that Malling

has suggested that immunotherapy should achieve a treat-

ment effect of at least 30% (30). The level of placebo

response seen here is not unexpected and is similar to that

seen in others studies of allergic diseases such as asthma. The

analysis also suggested that up to 36% of the actively treated

group were ‘‘non-responders’’. This will include as non-

responders any patients who might otherwise have had much

higher combined scores, but also will include a group of gen-

uine non-responders, that is patients who did not respond to

allergen immunotherapy. This is a very little studied area in

allergen immunotherapy, and to our knowledge has never

been reported before in a prospective study. One retrospec-

tive study identified 55.2% responders to treatment in 76

patients treated with SCIT based on clinical assessment (and

hence 44.8% non-responders) (31). Di Lorenzo et al. sug-

gested that the ratio of total to specific IgE might predict

outcome, but we did not confirm that in this study. We did

not identify any factors that were related to responder status,

including the increase in allergen-specific IgG4 induced by

treatment. It would be of interest to examine functional

activity of IgG4 in blocking IgE/allergen interactions, and we

plan to do so in future studies. We suggest that responder

analysis should be included in all future immunotherapy

studies.

The encouraging safety profile seen in our study (no grade

3 or 4 systemic reactions) is in line with some studies using

unmodified allergen birch pollen extract (7, 8, 28). However,

in one study, 5 grade three reactions and 1 grade four reac-

tion occurred in 24 patients treated with unmodified extract

by SCIT (29). Favourable safety profiles were demonstrated

for depigmented- polymerized allergen extracts in children

and adults with allergic rhinoconjunctivitis and/or asthma

because of house dust mites and pollen (19, 22, 23, 28). In 3

prospective, non-interventional studies including 175, 766 and

768 patients who received a variety of different depigmented-

polymerized allergen extracts, no Grade 3 or 4 systemic reac-

tions were reported (23, 32, 33). It is of note that the reduc-

tion in IgE binding resulting from depigmentation and

polymerization allows for very rapid up-dosing schedule for

immunotherapy using 4 up-dosing injections over 3 weeks as

in this study, or even a rush protocol achieving maintenance

dose at the first visit with two injections with a low rate of

mild systemic reactions (21). This short induction-phase of

therapy may encourage patient compliance.

The immunological changes seen in this study are in line

with previous reports of SCIT with unmodified allergen

extracts, where increases in allergen-specific IgG1 and IgG4

are reported (33–35). Indeed, it has been suggested that part

of the mechanism of immunotherapy may be via induction of

IgG antibodies that block interaction of allergen and IgE

with effector cells (34). Here, we confirm that depigmented-

polymerized tree pollen extract immunotherapy also induced

birch pollen-specific IgG4 which suggests retained immunoge-

nicity of this product. Further studies will be required to

determine whether these antibodies have IgE blocking activ-

ity.

In conclusion, SCIT with standardized depigmented- poly-

merized tree pollen extract was clinically effective and safe

and resulted in immunological changes similar to those of

native birch pollen extracts.
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Please note: Wiley-Blackwell are not responsible for the con-

tent or functionality of any supporting materials supplied by

the authors. Any queries (other than missing material) should

be directed to the corresponding author for the article.
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Safety of a depigmented, polymerized vac-

cine for the treatment of allergic rhinocon-

junctivitis and allergic asthma. Am J Rhinol

Allergy 2010;24:220–225.

34. Durham SR, Till SJ. Immunologic changes

associated with allergen immunotherapy.

J Allergy Clin Immunol 1998;102:157–164.
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Supporting information 

Responder analysis 

Responder analysis was performed as described in the methods section.  Values for the AUC 
of combined symptom and medication score for both actively treated and placebo treated 
intention- to-treat populations were compared to the median value for the placebo group 
which was defined (arbitrarily) as the “baseline value”.   The percentage reduction (or 
increase) from this value was calculated and different cut-offs used to define responders 
(20,25, 30,35 etc%).  True positive values were taken as responders to active treatment, whilst 
false positives were responders in the placebo treated group. These data were then used to 
calculate sensitivity and specificity which was plotted for each cut off  at different pollen 
thresholds to generate receiver-operator curves (Figure S1).  The optimal cut off was defined 
as that giving maximal sensitivity and specificity and was a 30% reduction in AUC combined 
SMS for 250, 300 and 400 pollen grains per m3 per day and 35% for 500 pollen grains per m3 

per day.     




