
BRIEF COMMUNICATION

Determinants of efficacy and safety in epicutaneous
allergen immunotherapy: summary of three clinical trials
G. Senti1,*, S. von Moos2,*, F. Tay1, N. Graf3, P. Johansen4 & T. M. K€undig4

1Clinical Trials Center, University of Zurich; 2Department of Internal Medicine, University Hospital Zurich, Zurich; 3Graf Biostatistics,

Winterthur; 4Department of Dermatology, University Hospital Zurich, Zurich, Switzerland

To cite this article: Senti G, von Moos S, Tay F, Graf N, Johansen P, K€undig TM. Determinants of efficacy and safety in epicutaneous allergen immunotherapy:

summary of three clinical trials. Allergy 2015; 70: 707–710.

Keywords

allergen-specific antibodies; allergic rhino-

conjunctivitis; epicutaneous allergen-specific

immunotherapy; needle-free immunisation;

patch immunisation.

Correspondence

Thomas M. K€undig, Gloriastrasse 31, 8091

Zurich, Switzerland.

Tel.: +41 44 255 1111

Fax: +41 44 255 4418

E-mail: thomas.kuendig@usz.ch

*These authors shared first co-authorship.

Accepted for publication 16 February 2015

DOI:10.1111/all.12600

Edited by: Thomas Bieber

Abstract

The results of our third trial on epicutaneous allergen-specific immunotherapy

(EPIT) will be presented and discussed in the context of our previous trials. This

monocentric, placebo-controlled, double-blind phase I/IIa trial included 98

patients with grass pollen rhinoconjunctivitis. Prior to the pollen season 2009,

patients received six patches (allergen extract: n = 48; placebo: n = 50) with

weekly intervals, administered onto tape-stripped skin. Allergen EPIT produced a

median symptom improvement of 48% in 2009 and 40% in the treatment-free

follow-up year 2010 as compared to 10% and 15% improvement after placebo

EPIT (P = 0.003). After allergen EPIT but not placebo EPIT, conjunctival aller-

gen reactivity was significantly decreased and allergen-specific IgG4 responses

were significantly elevated (P < 0.001). In conclusion, our three EPIT trials found

that allergen EPIT can ameliorate hay fever symptoms. Overall, treatment effi-

cacy appears to be determined by the allergen dose. Local side-effects are deter-

mined by the duration of patch administration, while risk of systemic allergic

side-effects is related to the degree of stratum corneum disruption.

Classic subcutaneous allergen-specific immunotherapy (SCIT)

(1) has two shortcomings: long treatment duration with

numerous injections and local or systemic allergic side-effects.

Introduction of sublingual allergen-specific immunotherapy

(SLIT) made immunotherapy safer (2), but treatment dura-

tion could not be shortened and low treatment adherence is a

problem in both (3), SCIT and SLIT. Allergen delivery to

the epidermis, epicutaneous allergen-specific immunotherapy

(EPIT), represents a highly interesting route for allergen-spe-

cific immunotherapy (AIT), as the epidermis contains a high

density of antigen-presenting cells (4). This should reduce the

number of required AIT administrations. Moreover, the epi-

dermis is nonvascularized, which should reduce the risk of

systemic allergic side-effects due to inadvertent intravascular

allergen delivery. Here, we present our third clinical trial on

EPIT and compare the results with our two previous trials.

Detailed methods are given in the online repository. This

single-centre phase I/IIa, placebo-controlled, randomized,

double-blind study was conducted in Zurich, Switzerland. A

total of 121 subjects were screened in November and

December 2008. Ninety-nine patients were enrolled and

assigned to receive allergen EPIT (n = 48, grass pollen

extract in petrolatum 1.5 ml; 200 IR/ml; Stallerg�enes,

Anthony, France) or placebo EPIT (n = 50, petrolatum

1.5 ml) using stratified randomization according to reported

rhinoconjunctivits symptom severity (Fig. S1). Full treatment

consisted of six patches, each applied to the upper arm and

kept there for 8 h. Patches were administered in weekly

intervals during December 2008 to February 2009, that is

before the pollen season 2009. Before patch application, the

treated skin area was prepared by adhesive tape-stripping

ten times (Scotch-Tape�; 3M Company, St Paul, MN,

USA). Before application of the first patch, skin preparation

was performed by abrasion using a foot file (Pedic care�

100 grit; Migros, Zurich, Switzerland,) in the first 52 study

Abbreviations

AE, adverse event; AIT, allergen-specific immunotherapy; CPT,

conjunctival provocation test; EPIT, epicutaneous allergen-specific

immunotherapy; SCIT, subcutaneous allergen-specific

immunotherapy; SLIT, sublingual allergen-specific immunotherapy;

SPT, skin prick test; VAS, visual analogue scale.

Allergy 70 (2015) 707–710 © 2015 The Authors Allergy Published by John Wiley & Sons Ltd 707
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

Allergy

http://creativecommons.org/licenses/by-nc-nd/4.0/


subjects (Fig. S2A). This procedure was stopped due to high

number of systemic allergic side-effects (5). Primary outcome

treatment efficacy was assessed after the treatment year 2009

and after the treatment-free follow-up year 2010 (Table S1)

by visual analogue scale to rate general improvement or

deterioration on a scale ranging from �100 mm (worst con-

ceivable symptom exacerbation) to +100 mm (total symptom

relief).

The allergen EPIT and the placebo EPIT groups did not

differ in demographic and disease-specific baseline character-

istics, except that more women than men were randomized to

receive allergen EPIT (Table S2). After treatment in the year

2009, a median hay fever symptom improvement of 48% was

reported after allergen EPIT (without significant difference

between subgroups receiving abrasion or tape-stripping prior

to the first patch, Fig. S2B), while improvement after placebo

EPIT was 10% (Fig. 1A, P = 0.003). In 2010, without any

further immunotherapy, median improvement was still 40%

after allergen EPIT, but only 18% after placebo EPIT

(Fig. 1B, P = 0.430). For the combined symptom and medi-

cation score, no difference between the treatment groups was

observed. However, a significant decrease in conjunctival

reactivity was recorded after the first season of allergen EPIT

(2009, P = 0.005), while the conjunctival provocation test

threshold did not change after placebo EPIT (P = 0.218).

Furthermore, allergen-specific IgG4 significantly increased

after allergen EPIT in 2009 (Fig. 1C, median increase 58%,

P < 0.001), but not after placebo EPIT (median increase 0%,

P = 1.0, Fig. 1D). For allergen-specific IgE, there was no sig-

nificant increase after allergen EPIT in 2009 (Fig. 1E,

P = 0.154) but a decrease after placebo-EPIT (Fig. 1G,

P < 0.001). Exact frequencies of improvement for the differ-

ent treatment groups are given in the inset table (Fig. 1G).

After 2010, no significant effect was seen anymore for IgG4

and IgE as compared to pre-EPIT values for any treatment

group.

Eight systemic allergic reactions led to study exclusion. Six

reactions occurred after abrasion and allergen EPIT (one
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Figure 1 (A) Improvement/deterioration of hay fever symptoms

after treatment year 2009 and (B) treatment-free follow-up year

2010 as compared to pretreatment years recorded on a scale from

�100 (worst possible deterioration) to +100 (best possible improve-

ment). Box plots show the median, the 10th, 25th, 75th and 90th

percentiles and outliers. (C, D) Allergen-specific IgG4 and (E, F) IgE

responses pre- and posttreatment in 2009. One outlier is not

shown in the placebo epicutaneous allergen-specific immunother-

apy (EPIT) group IgG4 pre- (3.92)/posttreatment (4.32). (G) Inset

table showing number and frequencies of patients with enhanced

(pos) or reduced (neg) antibody response after EPIT in 2009.
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grade 1 and five grade 2 reactions). Only one reaction

occurred after tape-stripping and allergen EPIT (grade 2).

One systemic grade 2 reaction was observed in the placebo

group (Table S3). No serious adverse events were recorded.

Table 1 summarizes and compares our three EPIT trials

and suggests a pattern. Within the second trial (6), there was

a clear dose–response relationship, and similarly, the present

trial may be interpreted as the medium dose version of the

second trial. Hence, clinical efficacy appears to depend on

the allergen dose. Local eczematous reactions after EPIT

strongly correlated with the duration of patch application,

with more and stronger reactions after 48 h (7) as compared

to 8 h applications (6). We assume that 8 h is sufficient to

pulse antigen-presenting cells, but later, when T cells start

infiltrating, the allergen is already vanishing. Hence, a reduc-

tion from 48 to 8 h patch application was accompanied by

roughly 50% reduction in local eczema reactions, while clini-

cal efficacy was still comparable. Systemic side-effects, how-

ever, primarily correlated with the degree of stratum corneum

disruption (5) with six systemic allergic reactions after skin

preparation by abrasion (n = 26; 23%) and only one systemic

reaction after skin preparation by adhesive tape-stripping

(n = 239, 0.4%), which was not more than in the placebo

group (n = 277, 0.4%).

The current trial was the first to measure induction of

allergen-specific IgG4 after allergen EPIT. In SCIT, IgG4 has

been shown to increase IgG4 by a factor of 30–40 (8, 9),

while SLIT increased IgG4 by factor of 3–4 (8). After aller-

gen EPIT, IgG4 increased by 58%, or a factor of 1.58.

In summary, this and two previous allergen EPIT trials

from our groups suggest that this novel therapeutic strategy

may find potential application in the management of IgE-

mediated allergies. However, further research and develop-

ment is needed to define an optimal regime that balances

clinical efficacy and safety. Our three EPIT trials have shown

that the skin preparation method, the allergen dose in the

patch, the number of patches administered, and the duration

of each patch application are parameters that affect efficacy

and side-effects. Moreover, the interval between each patch

and the additional use of adjuvants or other immune

response modifiers (10–12) may be parameters to be inte-

grated into the development of allergen-EPIT. Targeted

methods of allergen delivery such as the use of microneedles

(13) or laser microporation (14) may also improve allergen-

Table 1 Epicutaneous allergen-specific immunotherapy trials comparison

First trial (pollen season

2006) (7)

Second trial (pollen season 2007)

NCT00719511 (6)

Third trial (pollen season 2009)

NCT00777374

Study design Proof of concept Dose–response study Immune response

Allergen extract 5 Gramin�ees, Stallerg�enes,

France

6 Gramin�ees, Inmunotek, Spain 5 Gramin�ees, Stallerg�enes, France

Solvent Petrolatum Glycerol 50% Petrolatum

Allergen extract potency 200 IR/ml, 1.5 ml

(=19 atopy patch test)

=21 lg Phl p 5

10 HEP/ml, 1 ml

(=19 prick test)

=3 lg Phl p 5

200 IR/ml, 1.5 ml

(=19 atopy patch test)

=21 lg Phl p 5

50 HEP/ml, 1 ml

(=59 prick test)

=15 lg Phl p 5

100 HEP/ml, 1 ml

(=109 prick test)

=30 lg Phl p 5

Time of tape-stripping 69 69 109

Number of patches 12 patches 6 patches 6 patches

Cumulative dose 252 lg Phl p 5 10 HEP: 18 lg Phl p5

50 HEP: 90 lg Phl p5

100 HEP: 180 lg Phlp5

126 lg Phl p 5

Patch application time (h) 48 8 8

Efficacy: first year (median

VAS symptom improvement)

50% 10 HEP: 44%

50 HEP: 51%

100 HEP: 63%

48%

Efficacy: follow-up (median

VAS symptom improvement)

72% 10 HEP: 31%

50 HEP: 53%

100 HEP: 70%

40%

Safety: eczema (eczema/allergen

patch application)

160/252 (63.5%) 10 HEP: 29/174 (16.6%)

50 HEP: 51/171 (29.8%)

100 HEP: 44/171 (25.7%)

48/265 (18.1%)

Safety: systemic side-effects

(n = study participants,

y = total patches)

0 (n = 21, y = 252) 10 HEP: 3 (n = 33, y = 174)

50 HEP: 3 (n = 33, y = 171)

100 HEP: 4 (n = 33, y = 175)

1 (after tape-stripping, n = 24, y = 239)

6 (after abrasion, n = 26, y = 26*first

patch)

VAS, visual analogue scale.

Allergy 70 (2015) 707–710 © 2015 The Authors Allergy Published by John Wiley & Sons Ltd 709

Senti et al. Conclusions of three EPIT-trials



EPIT. Finally, while we used allergen extracts in our three

EPIT trials, peptides, recombinant allergens (15) or other

hypoallergenic allergen preparations may represent a safety

benefit in allergen EPIT as in AIT in general.
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Determinants of efficacy and safety in epicutaneous allergen immunotherapy:  summary1

of three clinical trials2

3

Online Repository4

5

Methods6

Study population. In November and December 2008, 121 subjects were screened and 987

patients were enrolled and randomly assigned to one of the two treatment groups (Figure S1).8

Inclusion criteria were written informed consent, age between 18 and 65 years, a history of9

grass-pollen allergic rhinoconjunctivitis, a positive skin prick test (SPT), and a positive10

conjunctival provocation test (CPT). Exclusion criteria were eczematous skin lesions on the11

upper arms, perennial allergic rhinitis, infectious rhinitis within the last 14 days, moderate to12

severe asthma, surgical intervention within the last 30 days, pregnancy or nursing,13

hypertension or significant pulmonary, renal or hepatic disease, history of significant14

haematological disorder, antihistamines with long half-life within the last week or systemic or15

topical steroids within the last 5 days, beta-blockers, immunosuppressive agents, angiotensin-16

converting enzyme inhibitors, angiotensin II antagonists, beta-agonists, steroid inhalers, or17

tricyclic antidepressants, and participation in another clinical trial within the last 60 days. The18

study was approved by the institutional review board and the Swiss regulatory agency19

Swissmedic (ClinicalTrials.gov NCT00777374)20

21

Clinical trial design and patient assignment. This single-centre phase I/IIa, placebo-22

controlled, randomized, double-blind study was conducted at the Clinical Trials Center of the23

University Hospital Zurich, Switzerland. Patients were assigned to receive allergen or24

placebo-EPIT using stratified randomization according to their reported rhino-conjuncitivitis25

symptom severity assessed with visual analogue scale (VAS). A VAS-symptom Score > 5 cm26



was defined as moderate-to-severe rhinoconjunctivitis whereas a VAS-Symptom Score  527

cm was defined as mild rhinoconjunctivitis(1).28

29

Study procedures. Before the pollen season of 2009, the patients came to the clinic with30

weekly intervals to receive a total of 6 patches applied to the upper arm. Before application,31

the skin area was tape-stripped 10 times with an adhesive Scotch-Tape® (3M Company, St32

Paul, MN) in an area of 4x4cm. A new tape was used for each of the 10 strips. One point33

worthy of note is that in the first half of the study subjects, skin preparation before application34

of the first patch was performed by microabrasion using a commercially available foot file35

(Pedic care, Migros, Switzerland, 100 grit size) (Figure S2A). This procedure was36

subsequently stopped due to high number of systemic allergic side effects. Subjects were37

supervised for 30 minutes after receiving the patch and discharged if no systemic allergic38

reactions were observed. The patch was removed by the patient after 8 hours. The study was39

conducted according to the International Conference on Harmonisation guidelines on Good40

Clinical Practice (ICH-GCP) and the Declaration of Helsinki.41

42

Allergen patch system. The allergen extract derived from Dactylis glomerata, Agrostis43

stolonifera, Phleum pratense, Poa pratensis, Anthoxanthum odoratum (200IR/ml, 14 g Phl p44

5/ml, Stallergènes, Anthony, France) was suspended in white petrolatum and embedded in the45

patch system (MIM GmbH, Starnberg, Germany) by the Cantonal pharmacy of Zurich.46

Allergen patches contained 1.5 ml of allergen in petrolatum. Placebo patches contained white47

petrolatum only.48

49

Primary outcome: Visual analogue scale (VAS) treatment success score. Three to five50

months after the pollen seasons 2009 (visit 9) and after the pollen season 2010 (visit 11)51

(Table S1), patients were asked to compare seasonal hay fever symptoms to the symptoms52



experienced in previous years. General improvement or deterioration was rated on a 200 mm53

VAS ranging from -100 (worst conceivable symptom exacerbation) to +100 (total symptom54

relief).55

Combined symptom and medication score. Patients recorded their daily hay fever56

symptoms (nasal itching, sneezing, rhinorrhea, nasal congestion, ocular pruritus, watery eyes,57

palatal symptoms, itchy ears, lung symptoms) on a 4-point rating scale. Additionally, patients58

were asked to record the use of rescue medications during the pollen season:59

rhinoconjunctivitis medication score: 1 = oral antihistamines (desloratidine 5 mg, Aerius©) or60

ocular antihistamines (epinastine 5 mg/ml, Relestat©); 2 = use of both oral and ocular61

antihistamines or use of intranasal corticosteroid (mometasone furoate 0.05 mg, Nasonex©); 362

= use of both intranasal corticosteroid and oral/ocular antihistamines; asthma medication63

score: 1 = 1 daily shot of budesonide 0.1 mg, formoterol fumarate 0.006 mg, Symbicort©; 2 =64

2 daily shots of budesonide andformoterol fumarate; 3 = 3 or more daily shots of budesonide65

and formoterol fumarate). According to the World Allergy Organization (WAO), a combined66

rhinoconjunctivitis and asthma symptom and medication score was formed as the sum of the67

symptom and medication scores(2). The area under the curve was calculated for the 20 days68

with heaviest pollen load, i.e. between 17th May and 5th June 2009 and between 25th May and69

12th June 2010. Values from patients who were abroad or in the Alps during the assessment70

period were not included. Moreover, patients with more than 10% missing data were excluded71

from this analysis.72

73

Conjunctival provocation test (CPT). The CPT was performed according to the protocol by74

Abelson et al.(3) using increasing allergen doses (1:32, 1:16, 1:8; 1:4; 1:2; 1:1; 100 IR/ml,75

Stallergènes 5 graminees 100IR/ml, Antony, France). Conjunctival hyperemia, tearing,76

itching and swelling of eyelids were evaluated after 10 minutes and scored on a 4 point rating77



scale. If the total score was equal to or exceeded 5 of a maximum of 13, the test was78

considered positive, and further testing was stopped at that dose.79

80

Skin prick test (SPT). All patients were subject to a SPT at the screening visit to confirm81

sensitization using grass pollen extract (Stallergènes 5 graminees, Anthony, France). Patients82

were considered sensitised if the wheal diameter was > 3 mm(4).83

84

Immune responses. For measurement of allergen-specific antibody responses, blood was85

taken from each patient before (baseline), 4 weeks after EPIT and at the end of pollen season86

2009 and 2010. The sera were analysed for grass-pollen-specific IgE and IgG4 by the87

ImmunoCAP-system as described by the provider (Phadia, Uppsala, Sweden).88

89

Safety assessment. Adverse events and serious adverse events were defined according to90

ICH-GCP guidelines. Systemic allergic reactions were graded according to the EAACI91

Immunotherapy Task Force(5): Grade 0: non-specific reactions; Grade 1: mild systemic92

reactions such as localized urticaria, rhinitis or mild asthma; Grade 2: moderate systemic93

reactions such as slow onset (< 15 min) of generalised urticaria and/or moderate asthma;94

Grade 3: severe (non life-threatening) systemic reactions with rapid onset (< 15 min) of95

generalized urticaria, angioedema, or severe asthma; Grade 4: anaphylactic shock with96

immediate itching, flushing, erythema, generalized urticaria, stridor (angioedema), immediate97

asthma or hypotension.98

99

Statistical analysis. Based on the results of a previous EPIT study(6-7), it was assumed that100

the mean improvements would be 32% (SD = 34%) in the placebo group and 55% (SD =101

34%) in the allergen group. With a sample size of 36 patients per treatment groups, the study102

would have a power of 80% to yield a statistically significant result (α = 0.05). Expecting a103



drop-out rate of 10%, the study needed a total of 98 patients. All ordinal and interval (non-104

normal) data were compared using an exact Mann-Whitney U test for independent samples105

and an exact Wilcoxon signed ranks test for dependent samples. All comparisons were106

calculated with two-tailed tests and the results considered significant with p<0.05. All patients107

with at least one application of the patch were evaluated for efficacy and safety. Missing data108

were not replaced. Efficacy data was analyzed according to a per-protocol analysis and safety109

data according to an intention-to-treat analysis.110

111



Table S1. Study Outline112

113
114

Visit Time Intervention / Assessments

Screening Nov – Dez 2008 Informed consent, medical
history, physical examination,
CPT, SPT, VAS symptom
severity

Visit 1 Jan 2009 Blood, first patch, AE

Follow-up call 48 h after 1. patch AE

Visit 2 – Visit 6 Jan 2009 – Feb 2009 Patch 2-6, AE

Visit 7 4 weeks after last patch Blood for serology

Visit 8 Beginning of pollen season Diary, Rescue Medication

At home April 2009 – June 2009 Diary, Rescue Medication

Visit 9 Sept 2009 – Nov 2009 CPT, VAS change of symptom,
physical examination, AE

Visit 10 April 2010 Blood for Serology, AE

At home April 2010 – June 2010 Diary, Rescue Medication

Visit 11 Oct 2010 – Nov 2010 CPT, VAS change of
symptoms, physical
examination, AE, Blood for
Serology

115
116



Table S2. Baseline Characteristics117
118

Placebo-EPIT (n=46) Allergen-EPIT(n=50)

Age, mean y (std) 33 (10.9) 34 (11.1)

Ethnicity (%)
Caucasian 42 (91.3) 47 (94)
Afro-American 0 (0) 1 (2)
Other 4 (8.7) 2 (4.0)

Female (%) 18 (39.1) 30 (60)
Rhinoconjunctivits severity (%)

mild 25 (54.3) 25 (50.0)
Moderate-sever 21 (45.7) 25 (50.0)

Seasonal asthma (%) 12 (26.1) 14 (28.0)

Spring time hay fever (%) 27 (58.7) 25 (50)

Sensitization to cat dander (%) 16 (34.8) 20 (40)

Sensitization to dog dander (%) 10 (21.7) 15 (30)

Sensitization to D. farinae (%) 10 (21.7) 12 (24)

Sensitziation to D. pteronyssinus (%) 11 (23.9) 8 (16)
119
120



Table S3. Side effects121
Placebo-EPIT Allergen-EPIT

Local side effects

Erythema 27 143

Wheal 4 62

Eczema 1 48

Systemic side effects*

Allergic reaction grade 1 0 1

Allergic reaction grade 2 1 6

* all after administration of the first patch (6 in the abrasion group)122

123



Figure Legends Online Repository124

125

Figure S1.126

Flow chart with patient numbers that were screened, randomised and assigned to the two127

treatment arms (Placebo-EPIT vs. Allergen-EPIT) and treated accordingly.128

129

Figure S2130

A) Flow chart showing skin pre-treatment before administration of the first patch. B)131

Comparison of improvement/deterioration of hay fever symptoms after allergen-EPIT132

between subgroups receiving tape-stripping or abrasion as skin pre-treatment prior to first133

patch administration. Box plots show the median, the 10th, 25th, 75th and 90th percentiles134

and outliers135

136
137
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