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Abstract

Background: In sublingual immunotherapy, optimal doses are a key factor for

therapeutic outcomes. The aim of this study with tablets containing carbamylated

monomeric house dust mite allergoids was to determine the most effective and

safe dose.

Methods: In this double-blind, placebo-controlled dose-finding study, 131 patients

with house dust mite-induced allergic rhinoconjunctivitis were randomized to 12-

week treatments with 300 UA/day, 1000 UA/day, 2000 UA/day, 3000 UA/day or

placebo. Conjunctival provocation tests (CPT) were performed before, during

and after treatment. The change in mean allergic severity (primary endpoint), cal-

culated from the severity of the CPT reaction, and the proportion of patients

with an improved CPT threshold (secondary endpoint) determined the treatment

effect.

Results: The mean allergic severity decreased in all groups, including the placebo

group. It was lower in all active treatment groups (300 UA/day: 0.14, 1000 UA/

day: 0.15, 2000 UA/day: 0.10, 3000 UA/day: 0.15) than in the placebo group

(0.30). However, this difference was not statistically significant (P < 0.1). The per-

centage of patients with an improved CPT threshold was higher in the active

treatment groups (300 UA/day: 73.9%; 1000 UA/day: 76.0%; 2000 UA/day:

88.5%; 3000 UA/day: 76.0%) than in the placebo group (64.3%). The difference

between placebo and 2000 UA/day was statistically significant (P = 0.04). In 13

(10%) exposed patients, a total of 20 treatment-related adverse events of mild

severity were observed.

Conclusions: The 12-week daily treatment using 2000 UA/day monomeric aller-

goid sublingual tablets is well tolerated and reduces the CPT reaction in house

dust mite-allergic patients.

The efficacy and safety of sublingual immunotherapy (SLIT)

for house dust mite (HDM)-induced allergic rhinoconjunctivi-

tis (AR) is a matter of intense debate. While evidence for the

efficacy of SLIT in HDM-induced AR has often been weak,

not only because of small study sizes, but also because of

house dust mite-specific problems in designing studies (e.g. the

lack of reliable endpoint parameters or difficulty in measuring

allergen exposure), sound scientific proof of the efficacy of

SLIT has begun to accumulate (1–6). However, the optimal

dosing depends on the product used for SLIT and is often still

unclear (3,6). A meta-analysis has demonstrated the efficacy

and safety of house dust mite SLIT using tablets with car-

bamylated allergoids (7), but the cumulative doses shown to

be effective in the various studies differed widely. Hence, in

this placebo-controlled study, we aimed to determine the opti-

mal dose of four different daily dosages for SLIT with car-

bamylated monomeric allergoid tablets in patients suffering

from HDM-induced AR with or without asthma.

Allergen challenges such as the nasal provocation test

(NPT) or the conjunctival provocation test (CPT) are
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recommended to prove the clinical relevance of HDM as the

cause of a patient’s AR (3) and may be used as a primary

outcome parameter for early dose-finding studies such as this

one (8). The CPT has been shown to have a very high corre-

lation with the NPT and a similar, if not better, correlation

with medical history, skin prick tests and specific IgE reactiv-

ity than the NPT in patients suffering from HDM-induced

AR (9,10). Of note, these results were valid regardless of

whether patients suffered from allergic rhinoconjunctivitis or

allergic rhinitis alone. Therefore, we decided to use the CPT

as the primary endpoint for both allergic conjunctivitis and

allergic rhinitis in this dose-finding study.

Methods

Study design

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

multicentre, parallel, five-arm phase II study performed at 16

outpatient allergy centres in Germany. After a screening visit

(V0), eligible subjects were randomized (1 : 1 : 1 : 1 : 1) to

one of the four active treatment groups or to the placebo

group at the following visit (V1) and received sublingual

tablets for 12 weeks to be taken on a daily basis.

Subjects

Eligible subjects for this trial were men and women aged 18

to 75 years with a history of at least 2 years of HDM-

induced allergic rhinitis and/or allergic rhinoconjunctivitis

with or without controlled asthma upon exposure to HDM

(11). Other main inclusion criteria were specific IgE reactivity

to mite allergens (CAP-RAST ≥ Class 2, corresponding to

≥0.70 kU/ml allergen-specific IgE), positive skin prick test

(wheal diameter ≥3 mm, negative control <2 mm; manufac-

turer ALK-Abell�o, Hørsholm, Denmark) and positive

response to conjunctival provocation testing (CPT). Patients

with clinically relevant cosensitizations to perennial allergens

such as animal dander could be included if they were not reg-

ularly exposed. The main exclusion criteria were predominant

seasonal AR, partly or fully uncontrolled asthma, existing or

intended pregnancy and intake of unallowed concomitant

medication (e.g. antihistamines, psychoactive medication).

Study medication

The study medication (including placebo) was manufactured

by Lofarma, S.p.A., Milan, Italy. The tablets consisted of a

1 : 1 mixture of carbamylated monomeric Dermatophagoides

pteronyssinus and Dermatophagoides farinae allergoids and

were standardized in allergy units (UA), with 1 UA corre-

sponding to 1/40 of the mean provocation dosage of the com-

parable unmodified allergen determined by nasal provocation

tests (NPT) in patients suffering from AR. During the treat-

ment phase of 84 days, the patients received daily dosages of

a placebo preparation or one of four different active

strengths: 300 UA/day, 1000 UA/day, 2000 UA/day or

3000 UA/day (cumulative doses for the 84 days of treatment

were 25 200–252 000 UA). According to a publication by Di

Gioacchino, 1000 UA correspond to 2.7 lg of group 1 mite

allergen and 3000 UA to 8.1 lg of group 1 mite allergen (12).

Study endpoints

A CPT with a HDM solution (manufactured by ALK-

Abell�o) was performed at the screening visit (V0), the visit

before the first tablet intake (V1, Day 0), V3 (Day 28 � 14)

and the final visit V4 (Day 84 � 11). Before the CPT was

conducted, investigators confirmed that the eyes were without

irritation, otherwise the test had to be postponed. Then,

increasing concentrations containing 100, 1000 and

10 000 SQ-U/ml were applied to one eye and a control solu-

tion containing only the diluent to the other eye. Conjuncti-

val symptoms were evaluated 10 min after each titration.

Possible reaction stages (Table 1) were graded according to

Riechelmann (9). A CPT response of stage II or higher was

considered positive. Then, the CPT was stopped, the eye was

rinsed with water and a topical antihistamine was applied, if

necessary.

The primary efficacy outcome parameter was the change in

the allergic severity between baseline and the final visit V4,

calculated from the reaction to the CPT as documented in

the case report form. Allergic severity (S), as defined by Ast-

vatsatourov (13), takes into account the reactions to the dif-

ferent allergen concentrations:

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c21 þ c22 þ c23

q

N2

‘c1’, ‘c2’ and ‘c3’ were the documented reaction stages of the

CPT (e.g. 1 = itching, reddening, foreign body sensation) at

the different concentrations (100, 1000 and 10 000 SQ-U/ml),

and N was the number of concentrations (1–3) needed for a

positive CPT. For example, if a patient had no reaction (re-

action stage 0) to the 100 SQ-U/ml and 1000 SQ-U/ml solu-

tions but showed itching, reddening and a vasodilation of the

conjunctiva bulbi (reaction stage 2) at 10 000 SQ-U/ml, the

CPT was positive at 10 000 SQ-/ml and S was calculated as

follows:

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
02 þ 02 þ 22

p

32
¼ 0:22:

If the CPT results from V0 and V1 differed, the smaller S,

corresponding to an earlier CPT reaction, was defined as the

Table 1 Possible reactions to the CPT according to Riechelmann

(9). Reactions of Stage II or higher were considered positive (13)

Stage Findings

0 No subjective or visible reaction

I Itching, reddening, foreign body sensation

II Stage I and in addition tearing, vasodilation of

conjunctiva bulbi

III Stage II and in addition vasodilation and erythema

of conjunctiva tarsi, blepharospasm

IV Stage III and in addition chemosis, lid swelling
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baseline value. The mean improvement was calculated as the

absolute difference between baseline and V4 and as relative

improvement (in per cent).

As secondary efficacy outcome parameter, the change in

the CPT response threshold (improved/not improved) was

analysed. All conjunctival provocations were documented by

high-definition macroimages (14) for optional external rating

and digital image analysis.

A global evaluation of the therapy was carried out at the

final visit V4. The physicians were asked to rate the efficacy

and tolerability, and patients were asked to evaluate their

satisfaction with treatment and whether they would recom-

mend treatment on a four-point scale from 0 to 3, with 3

being the best rating.

The safety endpoints comprised the occurrence and sever-

ity of adverse events (AEs). All AEs except for those rated as

definitely ‘not related’ by the investigators were regarded as

treatment-related AEs (TRAEs).

Sample size calculation

As there are no previous studies assessing S as a primary

endpoint, the sample size was estimated based on the results

of the calculation of S in a dose-finding study for carbamy-

lated allergoid tree pollen tablets. Assuming that the mean

improvement would be 0.2 in the placebo group and 0.3 for

the optimal dose and that the variance would be 0.1 for

both, a sample size of 22 patients per group would be suffi-

cient to obtain an a < 0.05 and a power of 90%.

Randomization and blinding

A computer-based randomization list with a block size of 10

patients was generated for 250 patients. Patients were allocated

to the next random treatment number by the investigators in

consecutive and ascending order. Blinding of the patients and

the investigators was ensured by the identical size, shape,

weight, colour, taste and smell of study medication and packag-

ing. For emergencies, the investigators received a sealed envel-

ope for each of their patients that contained the details of the

treatment to which the individual patient had been allocated.

Statistical method

The statistical analysis was performed with SPSS version 22

(IBM Corp., Armonk, NY). Individual comparisons were

300 UA/d: 23Placebo: 29 2000 UA/d: 26 3000 UA/d: 26

Completed: 28

Discon�nued: 1
Due to SAE*

Completed: 26

Discon�nued: 1
Due to personal 
reasons

Completed: 25

Discon�nued: 1
Due to personal 
reasons

Completed: 26

Discon�nued: 0

Completed: 23

Discon�nued: 0

Analysed: 28*1

Not analysed: 1 
No valid CPT on 
V0, V3, V4

Analysed: 25*1

Not analysed: 2 
- no valid CPT on 
V3, V4
- no valid CPT on 
visit 0

Analysed: 25*1

Not analysed: 1 
no valid CPT on 
V3, V4

Analysed: 26*1

Not analysed: 0

Analysed: 23*1

Not analysed: 0

Screened pa�ents: 165

Screening failures: 34

Randomised pa�ents: 131

1000 UA/d: 27

Figure 1 Patient flow chart. *The serious adverse event (SAE) was the treatment-unrelated occurrence of breast cancer. *1Analysed

patients for ITT, all randomized patients were included in the safety set.
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performed by a nonparametric test (Mann–Whitney U-test or

Wilcoxon test). The significance level was set at a = 0.05.

The analysis was based on the intention-to-treat (ITT) popu-

lation comprising all randomized patients with at least a

valid CPT at baseline and after therapy. The safety popula-

tion consisted of all randomized patients.

Ethical conduct of the study

This study was conducted in accordance with the Declaration

of Helsinki, good clinical practice (GCP) guidelines and the

requirements of national laws (15,16). All study documents

were approved by independent ethics committees (primary

responsible ethics committee: Ethikkommission der
€Arztekammer Nordrhein: 2013125, Eudra-CT: 2013-000617-

20) and by the national regulatory agency of the German

Federal Ministry of Health (Paul Ehrlich Institute). Patients

were covered by insurance and gave written informed consent

before any study procedures were applied.

Results

Trial population

In total, 165 patients were screened for this study. Of these,

131 patients who fulfilled all inclusion criteria were random-

ized and 128 completed the study (Fig. 1). Throughout the

trial, three dropouts were recorded: two patients stated per-

sonal reasons, and one patient from the placebo group termi-

nated the study earlier because she was diagnosed with breast

Table 3 Trial results

Placebo 300 UA/day 1000 UA/day 2000 UA/day 3000 UA/day

Mean allergic severity at baseline (SD) 0.58 (0.72) 0.34 (0.37) 0.52 (0.71) 0.43 (0.48) 0.42 (0.49)

Mean allergic severity at V3 (SD) 0.40 (0.57) 0.26 (0.39) 0.24 (0.38) 0.26 (0.37) 0.34 (0.52)

Mean allergic severity at V4 (SD) 0.29 (0.50) 0.14 (0.17) 0.15 (0.13) 0.10 (0.10) 0.15 (0.09)

Delta allergic severity baseline-V4 (SD) 0.30 (0.50) 0.20 (0.37) 0.37 (0.74) 0.33 (0.46) 0.27 (0.48)

Percentage of patients with improved Allergic severity at V4 75.0 82.6 88.0 88.5 76.0

Percentage of patients reacting to CPT at V4 39.3 34.8 28.0 19.2 32.0

Global evaluation of efficacy (0–3)* 1.96 2.13 2.24 2.27 2.04

Global evaluation of tolerability

(0–3)† 2.89 2.96 3.00 2.81 2.92

Global evaluation of patients’ satisfaction (0–3)‡ 2.11 2.17 2.40 2.23 1.92

Global evaluation of patients’ recommendation (0–3)§ 2.41 2.35 2.56 2.54 2.16

*0 = worsened, 1 = unchanged, 2 = slight-to-moderate improvement, 3 = good-to-excellent improvement.

†0 = poor, 1 = satisfactory, 2 = good, 3 = very good.

‡0 = dissatisfied, 1 = somewhat satisfied, 2 = satisfied, 3 = very satisfied.

§0 = ‘I would definitely not recommend the therapy’, 1 = ‘I would probably not recommend the therapy’, 2 = ‘I would probably recommend

the therapy’, 3 = ‘I would definitely recommend the therapy’.

Table 2 Demographic data and selected baseline characteristics

All patients Placebo 300 UA/day 1000 UA/day 2000 UA/day 3000 UA/day

n 127 28 23 25 26 25

Age [years, mean] 37.5 38.2 36 34.6 38.7 39.6

Sex [n female (%)] 63 (49.6) 12 (42.9) 11 (47.8) 14 (56.0) 14 (53.8) 12 (48.0)

Height [cm, mean] 174.8 174.8 176.8 173.8 174.9 174

Weight [kg, mean] 77.3 78.7 77.7 78.9 72.2 79.6

Asthma [n patients (%)] 30 (23.6) 6 (21.4) 6 (26.1) 5 (20.0) 5 (19.2) 8 (31.0)

History of AR* [years, mean] 14.6 18.3 14.1 12.6 14.1 13.3

Monosensitized† [n patients, (%)] 52 (40.9) 13 (46.4) 11 (47.8) 11 (44.0) 6 (23.1) 11 (44.0)

Polysensitized† [n patients, (%)] 75 (59.1) 15 (53.6) 12 (52.2) 14 (56.0) 20 (76.9) 14 (56.0)

SPT diameter [mm, mean]

Dermatophagoides pteronyssinus 8.7 8.4 8.8 8.3 9.2 8.6

Dermatophagoides farinae 7.9 8.1 7.7 7.5 8.3 7.9

Specific IgE [CAP-RAST, mean]

Dermatophagoides pteronyssinus 3.3 3.3 3.3 3.4 3.1 3.4

Dermatophagoides farinae 3.4 3.5 3.3 3.3 3.2 3.6

*AR, allergic rhinoconjunctivitis.

†Monosensitized/polysensitized according to skin prick test results.
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cancer. Overall, four patients had to be excluded from the

ITT population due to missing CPT results, resulting in an

ITT population of 127 patients. Demographic and baseline

characteristics such as sex, age, asthmatic status and allergic

parameters were distributed comparably among the five

groups (Table 2). The use of nasal steroids during the study,

which was not restricted and therefore might have been a

major confounder, was low and comparable among all

groups (0–2 patients/group).

Primary efficacy endpoint

The mean S decreased in all study groups, including the pla-

cebo group, during the course of the trial (Table 3). At the

end of the treatment (V4), the mean S in the four active treat-

ment groups was only one-third to one-half of the mean S in

the placebo (S(Placebo) = 0.29, S(300 UA/day) = 0.14, S

(1000 UA/day) = 0.15, S(2000 UA/day) = 0.10, S(3000 UA/

day) = 0.15), favouring the treatment group 2000 UA/day

although not significant (P < 0.1, Fig. 2). The absolute reduc-

tion was highest in the 1000 UA/day group (0.37); however, it

was not significantly higher than placebo (0.30).

The number of patients with an improved S at V4 was highest

for 2000 UA/day (88.5%) and 1000 UA/day (88.0%). It was

higher in all treatment groups (82.6% in the group 300 UA/day

and 76.0% in the group 3000 UA/day) than in the placebo

group with an improvement rate of 75.0%. Regarding the aim

of this trial to show a decrease in allergic symptoms by a high

number of nonreactive patients with a negative CPT reaction at

V4, patients treated with 2000 UA/day had the lowest reaction

rate, with only 19.2% still reacting in the final CPT. The per-

centage of patients with a positive CPT reaction was highest for

placebo group patients (39.3%). However, these differences

were not statistically significant (P > 0.05).

Secondary efficacy endpoints

The analysis of patients who showed an improved CPT

response threshold at the end of the study revealed a

statistically significant difference between the group treated

with 2000 UA/day and the placebo group (P = 0.04). While

the smallest improvement rate (64.3%) regarding this CPT

parameter was seen in the placebo group, it was higher in the

actively treated groups, with 73.9% of patients in group

300 UA/day showing an improved response threshold and

76.0% of patients both in groups 1000 and 3000 UA/day.

The percentage of improved patients was highest in the

group receiving 2000 UA/day (88.5%, Fig. 3).

Finally, the results of the global evaluation made by

investigators and patients at the end of the study attribute

high tolerability and acceptance to the investigational prod-

ucts. The three parameters ‘tolerability’, ‘satisfaction’ and

‘recommendation of therapy’ received the most favourable

rating by patients treated with 1000 UA/day, while the

‘overall efficacy’ was rated the best by patients treated with

2000 UA/day. However, compared to placebo or other

active dosages, none of the differences were statistically sig-

nificant (Table 3).

Safety endpoints

During the course of the study, only few and mild treatment-

related AEs were observed. Overall, 50 AEs occurred in 37

(28%) of the exposed patients. Of these AEs, 20 were catego-

rized as treatment-related and reported by 13 (10%) patients

(Table 4). Local reactions such as oral pruritus or ear pruri-

tus made up nine (45%) TRAEs in seven patients. Six

TRAEs were classified as mild systemic reactions (such as

rhinorrhoea and sneezing), three were unspecific systemic

reactions (such as headache) and two reactions (a herpes

infection and a weight gain of 8 kg) fell into none of these

categories. The majority (70%) of the TRAEs occurred after

the first or second tablet intake. The percentage of patients

with at least one TRAE was lowest in the placebo group

(3.4%) and highest in the group 3000 UA/day (19.2%).

Local reactions occurred in 3.4% of the patients in the pla-

cebo group and in a maximum of 7.7% of the patients in the

active treatment groups 2000 and 3000 UA/day.
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threshold at V4. *Significant when compared to placebo (P = 0.04).
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Discussion

This is the first double-blind, placebo-controlled trial that

could show a statistically significant superiority of HDM-

induced AR treatment with a carbamylated monomeric aller-

goid after a treatment course of only 12 weeks. Nonetheless,

this study failed to show a statistically significant superiority

over placebo in the primary endpoint, while it could show

statistically significant superiority in the second outcome

parameter. The efficacy of specific immunotherapy with this

product over treatment periods of 1 year or longer has

already been demonstrated in other trials (17,18). In compar-

ison, a recent double-blind, placebo-controlled house dust

mite SLIT study investigating another product could show a

statistically significant treatment effect only after at least

4 months of treatment (19).

The CPT is a viable surrogate parameter for symptoms

and may be used as a primary outcome parameter in phase

II studies (8). In the present study, the analysis of the CPT

results by means of S (13) favours the active treatment dose

of 2000 UA/day when compared to placebo. The percentage

of patients showing no positive CPT reaction at the final visit

underlines this difference. Likewise, the percentage of

patients having an improved CPT threshold at the final visit

is significantly higher in the group treated with 2000 UA/day

than in the placebo group.

The improvement of the S was strong in all groups of this

study, probably because most of the patients included had

suffered from mild HDM allergy and only reacted to the

highest CPT concentration of 10 000 SQ-U/ml at baseline. In

future studies, the use of higher CPT threshold doses might

be considered to better depict the treatment effect. As the

biological activity of the applied diagnostic solution was

demonstrated to be about three times higher in the tree and

grasses product than in the HDM solution, thresholds of

300 SQ-U/ml, 3000 SQ-U/ml and 30 000 SQ-U/ml may be

more appropriate for future studies (20).

The number of placebo group patients with an improved

CPT result was unexpectedly high in this study. Even for

the CPT threshold, which appears to be most suitable for

depicting differences between the groups, an improvement

by at least one step was recorded for 64% of the placebo

group patients. However, this is not unusual and has been

reported by other authors using this provocation model. In

two studies investigating an allergen-free immune modula-

tor and grass pollen subcutaneous immunotherapy, Klimek

et al. reported an improvement of 40% and 50% in pla-

cebo patients (21,22). In a double-blind, placebo-controlled

trial investigating HDM subcutaneous immunotherapy,

Riechelmann found that 30% of the placebo group

patients and 51% of the actively treated patients had an

improved CPT threshold (23). Possible reasons for the

good placebo performance in this study may be a habitua-

tion to CPT with the diagnostic solution (although

Riechelmann could not observe any indicators for this) or

the lower number of placebo group patients in this trial. A

local desensitization effect of the CPT may also have

played a role (24). Only two of ten patients the investiga-

tors saw were placebo group patients, so that the raters

might have unintentionally transferred the positive results

of the actively treated majority of patients to the placebo

group patients. Methodical problems in the performance of

Table 4 TRAEs in the safety population per study group

TRAEs Placebo 300 UA 1000 UA 2000 UA 3000 UA

Local TRAEs (n = 9) 1 1 2 3 2

Oropharyngeal blistering 1

Swollen tongue 1

Oral discomfort 1 1

Oral pruritus 1

Hypoaesthesia oral 1

Increased upper airway secretion 1

Throat irritation 1

Glossodynia 1

Systemic TRAEs (n = 6) 0 0 3 2 1

Ear pruritus 1

Sneezing 1 1

Rhinorrhoea 1 1

Wheezing 1

Unspecific TRAEs (n = 3) 0 2 0 0 1

Dysgeusia 1

Malaise 1

Blood glucose increased 1

Unclassified TRAEs (n = 2) 0 0 1 0 1

Herpes virus infection 1

Weight increase 1

Total TRAEs (n = 20) 1 3 6 5 5
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the CPT seem unlikely, as a separate analysis of pictures

taken during the CPT by the central observers showed a

very high correlation between the results of the investiga-

tors and central observers. Furthermore, it is possible that

seasonal changes in HDM exposure might have influenced

the reactivity in the course of the study and cannot be

ruled out as a confounder, because HDM exposure was

not measured in this study. However, the absolute differ-

ence of patients with an improved CPT threshold between

the most favourable active treatment group receiving

2000 UA/day and the placebo group in this study (24%)

was in the same order of that determined by Riechelmann

(21%) (23). Whatever the reason for the good placebo per-

formance, it seems to have had no influence on the treat-

ment effect when comparing the placebo group with the

active treatment groups.

The favourable safety profile in this study corresponds to

that observed in other studies (12,17,18,25–28) and has been

confirmed in a meta-analysis (7). SLIT studies using native

allergens are often confounded by the high rate of local side-

effects in the actively treated groups that may unblind patient

and investigator. In our study, however, this confounding

factor does not apply because the number of patients report-

ing local AEs was small and distributed relatively evenly

among all study groups (3.4% in the placebo group and a

maximum of 7.7% in the treatment groups). The incidence of

local AEs with the investigated product in this study was at

least one order of magnitude lower than the ones reported

with tablets containing natural allergens (19,29).

A possible limitation of this study is the lacking evaluation

of the patients’ symptoms and rescue medication intake,

which are usually recommended as primary endpoints

(30,31).

Overall, the 12-week course of treatment with carbamy-

lated monomeric allergoids in this study reliably decreased

CPT reactions in patients suffering from HDM-induced aller-

gic rhinoconjunctivitis. Although the improvement of the

absolute mean allergic severity value was numerically higher

in the group receiving 1000 UA/day, the other results of the

patients benefiting from treatment favour a daily dose of

2000 UA/day to reach a significant treatment effect after

12 weeks.
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