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Abstract

Background: Allergen immunotherapy (AIT) with mould extracts has been performed

for many years but the final demonstration of its clinical efficacy is still missing, due

to the small number of studies and their inconsistent results.

Objective: To systematically review efficacy and safety of AIT for the treatment of

respiratory allergies to moulds.

Design: The primary outcomes were safety and reduction of symptoms (Symptom

Score, SS) and medication use (Medication Score, MS) in patients treated with AIT

compared to controls. The strength of the evidence was graded based on the risk of

bias, consistency and magnitude of effect, according to the GRADE Working Group's

guide.

Data sources: Medline, Web of Science and the Cochrane Library (through Septem-

ber 2017) supplemented with manual searches of reference lists.

Eligibility criteria: Randomized studies of intervention comparing AIT to placebo/

pharmacotherapy. Studies not reporting on our outcome of interest or without a

control population were excluded.

Results: Nine studies (168 children, 99 adults; median sample size, 27) met the

inclusion criteria. The risk of bias was moderate‐to‐high in all but one study. Low

strength evidence supports the assumption that AIT is effective in reducing symp-

toms and medication use, with only four of nine studies reporting higher benefit of

AIT vs. comparators. The highest benefit of AIT compared to pharmacotherapy/pla-

cebo was reported in studies with a longer follow‐up (SMD for MS from −3.96 to

−3.97 in favour of AIT) and low risk of bias (VAS for SS: 66.3 ± 13 in AIT group;

186.6 ± 39 in comparators; P < 0.05). No difference was reported with respect to

study sample size, route of administration, age of participants. Generalised adverse

reactions were reported in 12.5% of participants treated with sublingual

immunotherapy, and 37.2% of participants treated with subcutaneous immunother-

apy.

Conclusions: Low strength evidence suggests that mould AIT is efficacious for the

treatment of respiratory allergies. High‐quality studies with an adequate sample size

are needed.
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1 | INTRODUCTION

Mould allergy is a relatively common condition with a prevalence esti-

mated about 5% of European patients with respiratory allergy, as

determined by skin prick tests.1,2 There is a large geographical varia-

tion in mould sensitization among countries, with a prevalence ranging

from 2% in Nordic countries to more than 20% in some Mediterranean

areas.1-4 Alternaria, one of the most important outdoor mould together

with Cladosporium, is the fifth most common sensitizing agent in Eur-

ope, after Dermatophagoides, Graminaceae, cat and birch. Notably,

Alternaria sensitization appears to be overall more common than sensi-

tization to olive pollen and Parietaria pollen.1-4

Alternaria and Cladosporium are responsible for seasonal respira-

tory allergy, in the form of both rhinitis and asthma.

Subjects with allergic rhinitis or asthma resistant to usual phar-

macotherapy can be treated by allergen immunotherapy (AIT), which

is the only causal treatment for allergic diseases.5,6 AIT has been

proven effective, with a variable clinical benefit, in reducing symp-

toms and the use of anti‐symptomatic medications in patients with

allergic rhino‐conjunctivitis and asthma due to pollen exposure.5-8

Although AIT with mould extracts has been performed for many

years,9,10 the final demonstration of its clinical efficacy is still missing,

due to the small number of studies performed to date and the incon-

sistency of their results, hindering the overall assessment of treatment

efficacy. Possible explanations for the inconsistency among the results

of the existing individual studies are the heterogeneity of their design

and conduct and the heterogeneity of the enrolled population.

In this study, we evaluated the strength of the evidence of the

efficacy and safety of AIT with mould extracts for the treatment of

allergic asthma and rhinitis in children and adults. We reviewed the

quality of the available studies using the GRADE (Grading of Recom-

mendations Assessment, Development and Evaluation) approach to

collect evidence on the effect of AIT on symptom improvement and

reduction of medication use.11

2 | METHODS

2.1 | Data sources and searches

The primary sources of the reviewed studies were Medline, Web of

Science and the Cochrane Library (inception to 18 September 2017)

with a specific search strategy based on the following medical sub-

ject headings: rhinitis, rhino‐sinusitis, rhino‐conjunctivitis, conjunctivi-
tis, asthma, allergen immunotherapy, immunotherapy, moulds,

fungus, fungi, Alternaria, Cladosporium. We also searched in Clini-

calTrials.gov and the EU Clinical Trail Register. The computer search

was supplemented with manual searches of reference lists for all

available review articles, primary studies and abstracts from meetings

(see Appendix S1). There was no language restriction.

2.2 | Study selection

We required that studies: (a) were randomized studies of interven-

tion of subcutaneous immunotherapy (SCIT), sublingual immunother-

apy (SLIT) or oral immunotherapy (OIT) comparing subjects treated

with AIT to subjects who received placebo or conventional treat-

ment (pharmacotherapy) without placebo; (b) included mono‐sensi-
tized or poly‐sensitized patients with allergic rhinitis/rhinosinusitis/

conjunctivitis and/or asthma with a positive allergen‐specific skin

prick test and/or elevated serum allergen‐specific IgE to Alternaria

alternata/tenuis or Cladosporium. Studies were excluded if they did

not include a control population.

2.3 | Data extraction and quality assessment

Two separate reviewers (DDB, FF) independently extracted detailed

information on the study characteristics, study participants, interven-

tions, outcomes and their methods of ascertainment. Disagreements

were solved by consensus adjudication.

We used a modification of the Cochrane Collaboration Tool for

Assessing Risk of Bias from the Cochrane Handbook for Systematic

Reviews of Interventions to evaluate the risk of bias in the results of

the randomized studies.12 We assessed the following six categories

of potential bias: (a) lack of randomization, (b) lack of allocation con-

cealment, (c) inadequate blinding, (d) incomplete data reporting, (e)

selective outcome reporting and (f) other sources of bias, such as

participation of sponsor company in the study design and interpreta-

tion of data. Trials assessed as having low risk of bias in all of the

above‐specified domains were considered trials at low risk of bias.

Trials assessed as having uncertain risk of bias or high risk of bias in

one or more of the above specified domains were considered trials

at moderate to high risk of bias.

The GRADE approach was used to rate the overall quality of evi-

dence.11 The grading incorporated the risk of biases, the consistency

of direction of the effect across studies for a given comparison and

outcome, the relevance of the collection of study data to the ques-

tion of interest (directness), the imprecision, the publication bias and

the magnitude of the effect. The evidence for the established out-

come was graded as: (a) high grade, that is high confidence that the

evidence reflects the true effect; (b) moderate grade, that is moder-

ate confidence that the evidence reflects the true effect (the true

effect is likely to be close to the estimate of the effect, but there is
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the possibility that it is substantially different); (c) low grade, that is

the confidence in the effect estimate is limited (the true effect may

be substantially different from the estimate of the effect); (d) insuffi-

cient evidence. Observational studies without special strengths (ie,

large magnitude of an effect; dose‐response gradient; effects of all

plausible residual confounding accounted for) or with important limi-

tations (ie, study design or execution; publication bias; imprecision;

inconsistency) were considered to provide low quality of evidence.

To upgrade the overall evidence, we required a minimum of two

or more studies with low risk of bias, and at least one strong magni-

tude of effect in the context of largely consistent overall evidence.

Moderate‐grade evidence required one or more studies with low risk

of bias or strong magnitude of effect or one study with low risk of

bias or moderate magnitude of effect plus one study with medium

risk of bias or strong magnitude of effect in the context of consis-

tent overall evidence. Evidence was low grade if it did not meet any

of these categories. Insufficient evidence was assigned if there were

no relevant studies.

There was a wide range of clinical diversity in the type of the

participants, their allergy, the specific allergen treated and geo-

graphic study location. Methodological diversity was also evident in

the study design. Despite these critical limitations, an attempt to

meta‐analyse the data was made by including studies consistently

reporting on the same outcome (see Appendix S1).

3 | RESULTS

Our search strategy identified 691 publications, from inception to 18

September 2017, the titles and abstracts of which were screened for

inclusion. The full text of 14 studies was finally retrieved, of which

nine met the inclusion criteria,13-21 after applying triage and exclu-

sion to other topics (Figure 1). We excluded the Cantani study

because this study had a case‐control design.22

We excluded the Zapatero study23 and the Meltzer study,24

because they did not include a control population, and the Bernardis

study,25 as it compared SCIT to SLIT (Figure 1). Finally, we identified

another RCT, started in 2011, whose results are still unpublished

(EUCTR2010‐024440‐15‐ES).26

Table 1 shows descriptive data for the 9 systematically reviewed

studies.13-21 The six child 13,15-17,20,21 and three adult studies 14,18,19

included a total of 268 patients (169 children, 99 adults). All the

studies were performed in Europe. Nine studies were randomized,
13-21 two of which had an open design16,21; one study was single

blinded.19

The comparator groups of the studies were either placebo or

conventional treatment (pharmacotherapy) without placebo. Two

studies were performed on patients sensitized to Cladosporium,13,14

and the remaining seven studies on patients sensitized either to

A. alternata or A. tenuis.15-21 Immunotherapy was administered by

subcutaneous route in six studies,13-15,17,20,21 by sublingual route in

two studies 18,19 and by oral route in one study.16 The sample size

of the studies was small (median sample size, 27 participants),

ranging from 16 21 to 51 patients.19 The median of the mean age of

patients at inclusion was 12 years (range 10.121‐12.917) in the child

studies, and 23.5 years (range 18.519‐2814) in the adult studies. Five

studies enrolled mainly patients with bronchial asthma.13,14,16,20,21

Three studies did not report the percentage of patients with allergic

rhinitis.13,14,21 The severity of the main disease at baseline (asthma

or rhinitis) or comorbidities (asthma, rhinitis, other diseases) was not

clearly reported in the majority of the studies. The duration of treat-

ment ranged from 1018 to 36 months.19,20 There was large hetero-

geneity in reporting the maintenance or cumulative AIT dose

delivered and a variety of units to report dosing (Table 1). The out-

come reporting was heterogeneous, with diverse systems and scores

for evaluating both primary and secondary outcomes (SS, MS, VAS,

Quality of Life, bronchial/nasal/conjunctival provocation test results,

peak expiratory flow, forced expiratory volume in 1 s, changes in

serum specific IgE levels, changes in skin prick test results).

The risk of bias was estimated as high in four studies14,16,19,21

moderate in four studies13,15,17,18 and low in one study20 (Table 2).

We found low strength evidence to support the use of AIT in

improving the clinical outcomes, that is symptoms and medication

use. See Table 3.

SS and MS were the primary outcomes for the treatment effi-

cacy. Safety was also assessed by reporting the total number of

adverse events, both local and general.

No secondary outcomes were assessed due their possibly mod-

est clinical relevance. Moreover, they were reported only in a sub-

group of the selected studies, with a small sample size, insufficient

to allow drawing reliable conclusions.

3.1 | Asthma and rhinitis symptoms

SS was reported in eight studies.13-18,20,21 The Pozzan and the Kuna

studies reported VAS as measure of efficacy.19 Three out of the

eight studies using SS as the primary outcome demonstrated a statis-

tically significant improvement in asthma or rhino‐conjunctivitis
symptoms in the AIT group, relative to placebo or pharmacother-

apy.15,18,20 Also the Pozzan study reported a greater benefit of AIT

compared to pharmacotherapy.19 The remaining five studies showed

no statistically significant difference between the groups

(Table 3).13,14,17,21 We performed subgroup analyses to understand

whether inconsistency of the results could be explained on the basis

of differences in populations, interventions or study design. The

comparisons of groups of studies sharing similar characteristics

showed that studies with a longer follow‐up showed the highest

benefit of AIT (Table 4).19,20 No difference was reported with

respect to the study sample size, route of administration (SCIT vs.

SLIT) and age of participants (Table 4). The two studies with Cla-

dosporium did not report any difference between AIT and pharma-

cotherapy,13,14 while four15,18-20 of the eight studies with Alternaria

reported a greater efficacy of AIT.

An attempt to meta‐analyse these data was made for studies

consistently assessing the same outcomes. The effect of mould AIT

on symptom score, in which AIT is compared with placebo/

DI BONA ET AL. | 1393



pharmacotherapy, is reported in Figure S1A. Two studies showed a

statistically significant reduction of symptom score in actively treated

patients compared with controls,15,18 while one study was in favour

of the control group.17 The pooled Standardized Mean Difference

(SMD) for the treatment effect was −0.90 (95% CI, −2.19 to 0.40;

P = 0.18), showing a not statistically significant association between

AIT and symptom reduction. A remarkable degree of heterogeneity

between the results of individual studies was calculated (I2 = 84%).

Analytical data from the studies not included in the meta‐analysis
are reported in Figure S1B. Two studies were in favour of AIT and

reported a statistically significant difference between the two

groups.21,22 All remaining four studies did not show a statistically

significant difference between the groups.13,14,16,21

Considering the inconsistency in study results (which remained

unexplained), the small study sample size and that the risk of bias was

moderate to high in almost all the studies (eight out of nine), we graded

the strength of evidence as low in supporting AIT with fungal extracts

for the treatment of allergic asthma and/or rhinoconjunctivitis.

3.2 | Medication use

MS was reported in nine studies.13-21 Four studies demonstrated

greater improvement in MS in the AIT group vs. the comparator

group.15,18-20 The remaining five studies reported no significant dif-

ference (Table 3).13,14,16,17,21

The effect of mould AIT on medication score was estimated

by meta‐analysis, comparing AIT with placebo/pharmacotherapy

(Figure S2A). Five studies were suitable for meta‐analysis.15,17-20

Four studies showed a statistically significant reduction of

medication score in actively treated patients compared with con-

trols,15,18-20 while one study was in favour of the control group.17

The pooled SMD for the treatment effect was −2.11

(95% CI, −3.84 to −0.39; P = 0.02), showing a statistically

significant association between AIT and medication use reduction.

However, a remarkable degree of heterogeneity between the

results of individual studies was calculated also in this case

(I2 = 94%).

F IGURE 1 Flow diagram of AIT studies
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Analytical data from the studies not included in the meta‐analysis
are reported in Figure S2B. These four studies did not show a statis-

tically significant difference between the groups.13,14,16,21

We graded the strength of evidence as low in demonstrating AIT

efficacy in reducing medication use, due to inconsistency, low sam-

ple size and study quality (Table 3). Subgroup analysis showed

results similar to those reported for SS (data not shown).

3.3 | Safety

Local and general reactions were not reported in all studies. Local

reactions were reported in a total of 26 patients (20.6% of the 126

patients available for the analysis). The majority of these reactions

were mild and easily controlled by symptomatic treatment (Table 5). A

total of 37 patients (26.1% of the 142 patients available for the analy-

sis) reported systemic reactions, including asthma and anaphylaxis

(three patients in the Malling study).14 Notably, 24 of 37 systemic

reactions were reported in the only two studies on Cladosporium

AIT.13,14 Notably, in the Dreborg study,13 using an accelerated cluster

schedule with high allergen dose, systemic reactions were reported in

all the subjects who experienced large local reactions (>10 cm in diam-

eter). In contrast AIT with Alternaria extracts caused systemic side

effects in a smaller proportion of patients (13 of 115; 11.3% of

patients) (Table 5). Overall, generalised adverse reactions were

reported in eight of 64 (12.5%) participants treated with sublingual

immunotherapy (reported in three studies), and 29 of 78 (37.2%) par-

ticipants treated with subcutaneous immunotherapy (reported in five

studies), compared with three of 65 (4.6%) participants treated with

subcutaneous placebo injections (reported in five studies).

4 | DISCUSSION

To our knowledge, this work is the first systematically reporting on

efficacy and safety of AIT for outdoor moulds, through a

comprehensive review of the literature and grading of evidence for

clinical outcomes. The results provided here are applicable to

patients with both allergic rhinitis and asthma due to Cladosporium

and Alternaria. There is very limited evidence for the use of

immunotherapy to treat allergy caused by other mould species,

including Aspergillus. We found that the collected evidence is of low

strength overall, and it is not sufficient to support the opinion that

AIT with mould extracts is effective in reducing symptoms and the

medication use in patients with respiratory allergy to moulds. The

strength of the evidence was graded as low, considering the incon-

sistency of study results, the small study sample size and the moder-

ate‐to‐high risk of bias of almost all the studies, according to the

GRADE criteria.11

Our conclusions are in accordance with those of a recently pub-

lished review by Larenas‐Linnemann, showing that low‐quality evi-

dence exists supporting the use of subcutaneous immunotherapy for

Alternaria to treat allergic rhinitis and asthma and very low quality

evidence supports the use of subcutaneous immunotherapy for Cla-

dosporium and sublingual immunotherapy for Alternaria.27

Overall, an AIT benefit was observed in only 4 of 9 studies, the

remaining studies being negative or null. This high level of inconsis-

tency was not explained by subgroup analyses comparing studies

sharing similar characteristics. In fact, no difference between AIT and

comparator groups was reported with respect to age of participants,

allergen used (Alternaria/Cladosporium), route of administration, study

sample size.

The only exception was represented by the observation that the

studies with longer duration of treatment reported the highest bene-

fit from AIT. This could suggest that adequately longer treatment

duration (as recommended by the Guidelines) would perhaps lead to

a significant clinical response.5,6 However, the overall small number

of studies and their small sample size makes it impossible to draw

any meaningful conclusion based on these latter findings.

In fact, the main limitation of the studies included in this review

was the small sample size (median = 27 participants per study),

TABLE 2 Risk of bias in randomized studies

Study
Sequence
generation

Allocation
concealment Blindinga

Incomplete
data outcome

Selective
outcome
reporting

Tie with
study sponsor Risk of bias

Dreborg, (1986)13 Not described Not described Double blind No No No Moderate

Malling, (1986)14 Not described Not described Double blind No No Yes High

Horst, (1990)15 Not described Adequate Double blind No No No Moderate

Criado‐Molina, (2002)16 Not described No No blinding Yes No No High

Tabar, (2008)17 Adequate Adequate Double blind No No Yes Moderate

Cortellini,

(2010)18
Adequate Adequate Double blind No No Yes Moderate

Pozzan, (2010)19 Adequate No Assessor blinded No No Yes High

Kuna, (2011)20 Adequate Adequate Double blind No No No Low

Kilic, (2011)21 Not describedb No No blinding Yes No No High

aBlinding of participants, personnel and outcome assessors.
bSignificant differences in patient characteristics between the groups at baseline.
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leading to imprecision in the estimates. A preliminary calculation of

sample size was made only in few studies. However, as suggested

by the GRADE approach,11 whenever the sample size is smaller than

400, approximately, this should not be considered sufficient to pre-

vent prognostic imbalance. Therefore, in these cases, one should

consider rating down the evidence for imprecision. The total number

of patients included from the 9 studies in our analysis was 268,

below the above‐mentioned threshold for a single adequately pow-

ered trial.28 This limit increases the risk of imprecision of estimates,

reducing the confidence in the study results.

The overall risk of bias was moderate‐to‐high overall. The unclear

description of the random sequence generation 13-16,21 and alloca-

tion concealment,13,14,16,19,21 and the lack of blinding 16,19,21 were

the most frequent biases for the randomized studies. Furthermore,

in 4 studies, there was the participation of sponsor companies in the

study design and the interpretation of data.14,17-19 As it was repeat-

edly shown, these studies are more likely to report results that

favour the sponsor's product than studies supported by independent

sources.29,30

There were many sources of heterogeneity that limited the com-

parability of the study results. The studies were heterogeneous in

design and conduct (double or single blinded, open parallel design,

non‐paired controls, evaluation at different time points, per protocol

or intention to treat evaluation, etc.). Moreover, different scoring

and reporting systems were used for clinical outcomes and safety

data.

Furthermore, some studies used combined symptom scores

(asthma plus rhinitis) or combined symptom‐medication scores. The

use of asthma plus rhinitis combined score may not accurately

reflect the degree of control of each disease. The use of symptom

plus medication score, besides being methodologically incorrect,7,31

does not allow estimating the real benefit in each individual out-

come. In any case, it is difficult to compare studies using combined

scores to studies using separate scores for each outcome.

Asthma and rhinitis severity was not clearly reported in the

majority of the studies and some of them compared groups with dif-

ferent characteristics at baseline. This led to possible serious bias

such as inception or selection bias.

There was a great variability in the dosing and treatment sched-

ules among the studies. Different units were used to report the

doses (biological units, protein nitrogen units, total units, micro-

grams). The major allergen content was reported only in half of the

SCIT studies and in the two SLIT studies. When considering the dos-

ing for Alternaria in micrograms per year, the highest dose used in

SCIT studies was more than 50 times greater 20 than the lowest 17

(Table 1). Moreover, some SLIT studies used a dose lower that cer-

tain SCIT studies, suggesting that higher doses would possibly lead

to higher SLIT efficacy.

Another important source of between‐study heterogeneity is

likely related to the marked company‐to‐company difference, in

source material and manufacturing procedures for the preparation of

allergen extracts for AIT. This is due to the lack of a generally

TABLE 4 AIT for moulds: comparisons of subgroups for symptom improvement

Subgroup
Number of
participants

Number
of studies

Favours AIT
(number of studies)

Favours pharmacotherapy
or null (Number of studies) Comment

Age

Children 168 6 215,20 413,16,17,21 A two‐study‐difference in favour of

pharmacotherapy in adult studies; a one‐
study‐difference in favour of AIT in child

studies

Adults 99 3 218,19 114

Sample size

>28 156 4 219,20 213,16 The effect of AIT was not influenced by

the sample size. Notably, all the available

studies had a small sample size.
≤28 112 5 215,18 314,17,21

Type of treatment

SCIT 158 6 215,20 413,14,17,21 A one‐study‐difference in favour of AIT in

SLIT studies; a two‐study‐difference in

favour of pharmacotherapy in SCIT

studies.

SLIT/oral immunotherapy 110 3 218,19 116

Type of allergen

Cladosporium 52 2 0 213,14 The only 2 studies on Cladosporium did

not show any benefits of AIT. There was

a slight prevalence of studies in favour

of AIT in the Alternaria subgroup.

Alternaria 216 7 415,18-20 316,17,21

Length of follow‐up

≤1 year 173 7 215,18 513,14,16,17,21 The benefit of AIT was more evident in

studies with a longer follow‐up.>1 years 95 2 219,20 0

AIT, allergen immunotherapy; DB‐PC‐RCT, double blind, placebo controlled, randomized controlled trial; HDM, house dust mites; SCIT, subcutaneous

immunotherapy; SLIT, sublingual immunotherapy.
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accepted potency assay and the substantial variability of fungal spe-

cies. In the most recent studies, the major allergen content (Alt a1)

was reported in μg. However, the lack of standardization does not

ensure full consistency of allergen products.

The clinical‐methodological heterogeneity is also evident in the

meta‐analyses including the studies assessing the same outcomes.

See Appendix S1. We observed a considerable degree of between‐
study heterogeneity in the meta‐analyses of SS and MS (as shown

by the I2 statistics: 84% to 94%). The main reason of heterogeneity

was likely the small sample size of all the studies leading to impreci-

sion in the estimates of the treatment effect. Furthermore, the stud-

ies were heterogeneous with respect to age of participants,

comorbidities (asthma), route of administration (SLIT and SCIT), aller-

gen dose used, length of treatment. Therefore, the pooled estimates

should be considered with caution, as the overall benefit may not be

generalized.

Publication bias, with studies reporting positive results being

more likely to be published than studies reporting negative results,

could not be assessed with this set of data. In fact, due to the

incomplete reporting on relevant statistical information, such as stan-

dard deviation, standard error or confidence interval, we were

unable to prepare a meaningful funnel plot. We tried to overcome

publication bias through an extensive search of the literature, both

performing electronic database searches and hand searches of refer-

ence lists of original publications or review articles. However, this

bias still cannot be excluded. In any case, given the overall result

inconsistency, we are confident that a publication bias, if any, would

be unlikely to influence the findings of this analysis.

Regarding safety, although all, but one21 studies included in this

analysis reported on this subject, they did not report on safety data

in a uniform and consistent manner. For this reason, we reported in

our review the number of patients affected by adverse events,

rather than the number of total adverse events. There was no report

of life‐threatening adverse events, in this review. Overall, both local

and general adverse events were more frequent in subjects treated

with AIT than in the comparator groups. AIT with Alternaria was

apparently better tolerated than AIT with Cladosporium, which was

associated with a remarkable number of general adverse events (24

of 37 patients with general adverse events were treated with Cla-

dosporium extracts). However, the allergen dose used in Cladosporium

studies seems to be much higher than that used in Alternaria studies,

although a clear comparison between the doses used in different

studies is challenging, due to their difference in measure units.

Moreover, safety data on Cladosporium were drawn from studies

performed more than 30 years ago.13,14 More updated reports on

this issue would be needed, as no other study on Cladosporium has

been performed since then.

In conclusion, we found low strength in the evidence in support-

ing the use of AIT for moulds. However, it should be emphasized

that our conclusions are based on a limited number of studies, with

small sample size and of a low quality. Due to these limitations, fur-

ther studies with more robust methodology would probably establish

progress in this field. In fact, AIT with other allergens, such as Grami-

naceae or Dermatophagoides, was proven effective when modern

RCTs with an adequate sample size were properly carried‐out.32

Therefore, we recommend that future studies should be double‐
blinded placebo‐controlled trials, assessing clinical outcomes, using

common scores and transparently reporting on participant data and

allergen content of AIT. The study sample size must be adequate

and the study should possibly include subjects from different Euro-

pean and non‐European countries, in order to increase the generaliz-

ability of the results. The option of using materials other than

common allergenic extracts for immunotherapy, such as carrier‐
bound peptides without allergenic activity, should also be consid-

ered.33 Thus, performing new adequate studies is particularly urgent

since, in recent years, the requirements on the data that must be

provided to successfully apply for marketing authorization have risen

significantly and products with insufficient quality or limited data on

clinical efficacy will hardly remain on the market,34 to the detriment

of patients who may need AIT.
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TABLE 5 Safety data

Study
Type of
reactions

AIT Placebo/PT
Number of
patients

Number
of patients

Dreborg, (1986)13 Local 4/16 (25%) NR/14a

General 13/16 (81%) 0/14

Malling, (1986)14 Local 8/11 (73%) 0/11

General 11/11 (100)% 1/11 (9.1%)

Horst, (1990) 15 Local 0/13 0/11

General 2/13 (15.4%) 0/11

Criado‐Molina, (2002)16 Local NR/16 NR/16

General 8/16 (50%) NR/16

Tabar, (2008)17 Local 0/13 0/10

General 2/13 (15.4%) 0/10

Cortellini, (2010)18 Local 1/15 (6.7%) 0/11

General 0/15 0/11

Pozzan, (2010)19 Local 6/34 (17.6%) 0/18

General 0/33 0/18

Kuna, (2011)20 Local 7/25 (28%) 0/19

General 1/25 (4%) 2/19 (10.5%)

Kilic, (2011)21 Local NR/9 NR/7

General NR/9 NR/7

Overall Local 26/126 (20.6%) 0/80 (0%)

General 37/142 (26.1%) 3/94 (3.2%)

PT, pharmacotherapy; NR, not reported.
aOnly minor local reactions (not‐quantified by the Authors).
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SUPPLEMENTS

Methods

Search method for the identification of the studies

The following search strategy was use to search MEDLINE:

#1 Mold
#2 Mould
#3 #1 OR #2
#4 Immunoth*
#5 Desensitiz*
#6 #3 #4 OR #5
#7 Alternaria
#8 Cladosporium
#9 #6 AND #7 OR #8
#10 Clinical study OR trial OR clinical trial OR groups OR random* OR placebo
#11 #9 AND #10

The date of the last search was September 2017.
All other search strategies were modelled on the MEDLINE version.

Meta-analysis

The outcome data analyzed were continuous, but different scoring systems and scales for symptoms
and medications were used by the Authors of the identified studies. Therefore, to compare the
results, analyses were performed by the method of standardized mean difference (SMD), expressing
the differences in means between AIT and placebo/pharmacotherapy in terms of units of the pooled
SD. The overall SMD among patients treated with AIT and placebo was estimated with a model
that was based on random-effects assumptions, as this model is considered the most conservative
(S-1). The random-effects model applying the inverse variance method was used to estimate the
SMD.
The outcome measures used for SMD calculations were symptom and medication scores. These
measures were selected on the basis of their clinical relevance, compared to other outcome
measures used in the individual studies, such as peak expiratory flow (PEF), forced expiratory
volume in 1 second (FEV1), conjunctival or nasal or bronchial provocation tests, circulating specific
IgE levels. Some of these measures may be considered only as surrogate markers of clinical
response. Furthermore, SS and MS were the only two outcome measures used in all the studies,
except the Pozzan study which used VAS instead of SS (19).



The I2 statistics, which describes the percentage of variability due to heterogeneity rather than
sampling error, was used to quantify heterogeneity (S-2).
All our analyses were computed in Review Manager, Version 5.3. (S-3)
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Supplementary	Fig.	1.	AIT	versus	placebo/pharmacotherapy:	effect	on	symptom	score.	A)	Meta-analysis	of	3	RTCs	of	AIT	versus	
placebo/pharmacotherapy	for	allergic	asthma/rhinosinusi?s,	using	the	random-effects	model.	The	SMD	and	95%	CI	for	the	effect	
of	AIT	on	symptom	score	are	shown	as	a	forest	ploJ.	Studies	of	each	group	are	arranged	chronologically	on	the	basis	of	the	year	
of	publica?on.	The	Horst	 	study	used	a	symptom-medica?on	combined	score.	B)	analy?cal	data	of	the	remaining	6	studies	not	
suitable	for	meta-analysis.	

A	

B	
Study	
	

AIT	
(n)	

Control	
(n)	

AIT	
findings	

Control	
findings	

P	 Measures	of	
position	

Measures	of	
outcome	

Notes	

	
Dreborg	1986	

	
16	

	
14	

	
NR	

	
NR	

	
n.s.	

	
-	

	
SS	

The	two	groups	did	not	differ	
significantly	regarding	total	
symptom	scores	(no	data	

provided)	

	
Malling	1986*	

	
11	

	
11	

	
1.83	

	
1.5	

	
n.s.	

	
Median	

	
SS	

No	statistically	significant	
difference	between	the	groups	

Favors	control	
	

	
Criado	Molina	2002	
	

	
16	

	
16	

	
0.31	(0.54)	

	
0.56	(1.04)	

	
0,43	

	
Median	(IR)	

	
SS	

	
No	statistically	significant	

difference	between	the	groups	
Favors	AIT	

	

	
Pozzan	2010	

	
34	

	
18	

	
4.7	±	0.8	

	
2	±	1,6		

	
0.0002	

	
Mean	(SD)	

	
VAS	

0=extreme	worsening	
6=extreme	improvement			

Favors	AIT	
	

	
Kuna	2011*		

	
25	

	
19	

	
66.3	(13)	

	
186.6	(39)	

	
0.04	

	
Median	(IR)	

	
VAS	

0=no	symptoms	
100=extremely	bothersome			

Favors	AIT	
	

	
Kilic	2011	

	
9	

	
7	

	
2	(1.38)	

	
1,45	(0.39)	

	
0.08	

	
Median	(IR)	

	
SS	

No	statistically	significant	
difference	between	the	groups	

Favors	control	
	

	

*Data	extracted	from	the	graphs.	NR,	non	reported;	SS,	symptom	score;	IR,	interquar?le	range;	VAS,	visual	analogue	score.	



Supplementary	Fig.	2	AIT	versus	placebo/pharmacotherapy:	effect	on	medica@on	score.:	A)	Meta-analysis	of	5	RTCs	of	AIT	
versus	placebo/pharmacotherapy	for	allergic	asthma/rhinosinusi?s,	using	the	random-effects	model.	The	SMD	and	95%	CI	
for	the	effect	of	AIT	on	medica?on	score	are	shown	as	a	forest	plot.	Studies	of	each	group	are	arranged	chronologically	on	
the	basis	of	the	year	of	publica?on.	The	Horst		study	used	a	symptom-medica?on	combined	score.	B)	analy?cal	data	of	the	
remaining	4	studies	not	suitable	for	meta-analysis.	

A	

B	

Study	
	

AIT	
(n)	

Control	
(n)	

AIT	
findings	

Control	
findings	

P	 Measures	of	
position	

Measures	of	
outcome	

Notes	

	

Dreborg	1986	

	

16	

	

14	

	

NR	

	

NR	

	

n.s.	

	

-	

	

MS	

The	two	groups	did	not	
differ	significantly	

regarding	total	medication	

scores	(no	data	provided)	

	
Malling	1986*	

	
11	

	
11	

	
4.3	

	
3.3	

	
n.s.	

	
Median	

	

	
MS	

No	statistically	significant	
difference	between	the	

groups	

Favors	control	

	

Criado	Molina	2002	

	

16	

	

16	

	

0.19	(0.47)	

	

0.39	(1.75)	

	

0.23	

	

Median	(IR)	
	

	

MS	

No	statistically	significant	
difference	between	the	

groups	

Favors	AIT	

	

Kilic	2011	

	

9	

	

7	

	

2.51	(1.83)	

	

1.38	(1.32)	

	

0,2	

	

Median	(IR)	

	

	

MS	

No	statistically	significant	
difference	between	the	

groups	
Favors	control	

	

*Data	extracted	from	the	graphs.	NR,	non	reported;	MS,	medica?on	score;	IR,	interquar?le	range.	
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