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Summary
Background. Heterogeneity in the design and quality of trials evaluating allergy 
immunotherapies (AITs) limits their comparability, making it difficult for physi-
cians, patients, and payers to select the best treatment option. Methods. This system-
atic review evaluated the quality of randomised controlled trials (RCTs) of registered 
grass AITs using the National Institute of Health and Care Excellence checklist. 
Results. 17 of 44 unique RCTs (38.6%) (sample size range: 18-1,501 subjects) 
were subcutaneous grass immunotherapy trials and 27 (61.4%) were sublingual 
grass immunotherapy trials (Allergovit, 5 trials; Alutard, 8; Grazax, 13; Oralair, 
6; Staloral, 8; Pollinex, 2; Phostal and Purethal, 1 each). Three trials (6.8%; all 
Grazax) fulfilled every quality criterion. Quality assessments revealed inconsistencies 
in study quality and reporting. Study quality trended towards improvement over 
time, particularly after 2009. Conclusions. When assessing grass AIT, it is import-
ant to focus not only on endpoints but also on the quality of evidence.

symptoms are inadequately controlled by pharmacotherapy. 
Allergy immunotherapy treats the underlying disease, thereby 
reducing symptoms (1,7,8).
Selection of the most appropriate AIT treatment for individu-
als with AR/ARC is complex, in part because of the historical 
background of the development of AIT. Historically, allergen 
extracts have not been seen as medical products in the Euro-
pean market, and named patient products, which may be dis-
tributed in European countries without a marketing authori-
sation (9), have been and continue to be widely used (10,11). 
Moreover, the first regulatory approvals were granted to AIT 
products with very limited or even no randomised controlled 
trials (RCTs) supporting a positive benefit-risk profile. For 
physicians and patients who decide to use a registered AIT 
product, the challenge is to find a product with well-docu-
mented evidence for the efficacy and safety.

Introduction

Allergic rhinitis/allergic rhinitis with conjunctivitis (AR/ARC) 
and asthma are considered separate manifestations of the same 
disease: chronic airway inflammation, occurring in the upper 
airway in AR/ARC and in the lower airway in asthma (1,2). 
AR/ARC is one of the most important risk factors for asthma 
and typically precedes the development of asthma, contribut-
ing to unsatisfactory disease control (2-4). Early diagnosis and 
treatment of AR/ARC is crucial to halt the progression of the 
disease to asthma (3,5). Symptom-relieving pharmacothera-
py for AR/ARC is not effective for all patients and does not 
prevent development of asthma symptoms because it does not 
treat the underlying disease (6). Allergy immunotherapy (AIT), 
or gradual exposure to an allergen to desensitise the immune 
response to trigger allergen, is a treatment option for patients 
with AR/ARC related to grass pollen and other allergens whose 
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Allergen-specific AITs for AR/ARC may be administered sub-
cutaneously or sublingually. In European countries, subcutane-
ous immunotherapy (SCIT) has been available for more than 
a century (12). Sublingual immunotherapy (SLIT), which is 
available in drop formulation and, more recently, in tablet for-
mulation, was first licensed in 2006 (13). There are limitations 
in the evidence base for SCIT and SLIT products. Early tri-
als of AITs were often uncontrolled and included small sample 
sizes (10). Placebo-controlled clinical trials are now common, 
and the quality of these trials has improved in the past decade 
(14). Nevertheless, heterogeneity in trial design and population 
limits the comparability of trial results (10,11,14). The Euro-
pean Academy of Allergy and Clinical Immunology (EAACI) 
has published recommendations regarding clinical outcomes in 
AIT trials for ARC. These are likely to assist in standardising 
outcome measures to enable better analysis of clinical efficacy 
and improve the comparability of results (15).
Clinical guidelines recommend AIT for uncontrolled AR/ARC 
symptoms. The Allergic Rhinitis and Its Impact on Asthma 
(ARIA) clinical guidelines recommend AIT, including SLIT or 
intranasal allergen-specific immunotherapy, for the treatment of 
AR due to pollen (16). In 2017, the EAACI issued guidelines 
for AIT for the treatment of AR (17). These guidelines note that 
some AIT products do not provide sufficient data to support 
their efficacy in clinical practice and recommend that only stan-
dardised AIT products with documentation of efficacy should 
be prescribed. Specifically, the guidelines recommend presea-
sonal/co-seasonal SLIT for seasonal AR for short-term benefit 
and grass pollen SLIT tablets or solution with continuous ther-
apy for AR for long-term benefit.
To support treatment decision making for AITs for AR/ARC, 
the objective of this study was to conduct a systematic lit-
erature review to identify placebo-controlled RCTs of grass 
AITs used for the treatment of patients with AR/ARC, with 
the aim of evaluating the quality of published evidence. The 
review was restricted to grass AIT products that are registered 
in Europe, including Allergovit, Alutard/ALK Depot, ALK 
start, Grazax, Oralair, Phostal, Pollinex, Polvac, Purethal, 
and Staloral.

Materials and methods

Searches were performed on the MEDLINE, Embase, Biosci-
ences Information Service (BIOSIS), and Cochrane Library 
electronic literature databases on 25 January 2017, with no 
date, language, or geographical restrictions. Updated searches 
of the same databases were performed on 24 April 2018. In 
addition, conference abstracts (EAACI; American Academy of 
Allergy, Asthma and Immunology [AAAAI]; European Respi-
ratory Society [ERS]; American Thoracic Society [ATS]) were 
searched from 1 January 2015 to 30 December 2016. Two 

study registries (ClinicalTrials.gov and the European Union 
Clinical Trials Register [https://www.clinicaltrialsregister.
eu/]) were also searched for completed trials with results. Bib-
liographic lists of included recent relevant systematic literature 
reviews and meta-analyses were searched for further studies of 
interest.
Search terms included combinations of free text and Medical 
Subject Headings (MeSH). Specifically, the searches included 
terms for the population of interest (disease), including AR 
or ARC and grass or grass pollen (e.g., (“Rhinitis, Allergic” 
[MeSH] OR “allergic rhinitis”[Text Word] OR “allergic rhi-
noconjunctivitis”[Text Word]) AND grass[Text Word]); for 
the interventions or comparators of interest (e.g., “allergy im-
munotherapy”[Text Word] OR “sublingual immunotherapy-
”[Text Word]); and for the study types of interest, including 
placebo-controlled, randomised, clinical trials (e.g., “Ran-
domized Controlled Trials as Topic”[MeSH] OR “Random-
ized Controlled Trial”[Publication Type]). Animal studies, 
phase 1 trials, comments, and editorials were excluded.
The study selection process occurred in 2 phases, during 
which studies were screened for relevance based on study 
design, population, interventions included, and language 
of publication. Table I presents the inclusion and exclusion 
criteria that were used at the level 1 and level 2 screenings. 
Specifically, at level 1 screening, titles and abstracts of iden-
tified studies were reviewed independently by 2 researchers 
(double screening) for eligibility according to the inclusion 
and exclusion criteria. Any discrepancies were resolved; when 
a consensus was not reached, a third researcher was consulted. 
At level 2 screening, full texts of studies selected at level 1 
were obtained and reviewed for eligibility, using the same in-
clusion and exclusion criteria. Single screening was performed 
for 52% of articles; double screening was performed for 48% 
of articles. The inclusion and exclusion processes were docu-
mented. Only articles published in the English language were 
reviewed.
Quality of the included studies then was assessed using a mod-
ified version of the checklist recommended by the National 
Institute of Health and Care Excellence (NICE) (18), which 
is a validated and accepted quality-assessment checklist and 
which has been used previously to assess study quality for AIT 
trials (19). Table II presents the items comprising the NICE 
checklist and the methods used to assess each item. Primary 
trial publications were the focus of this review; however, any 
previously published articles describing the study design or 
methodology of a trial that were cited in the primary publi-
cation for that trial also were consulted to identify additional 
details about the quality-assessment items. Although the qual-
ity-assessment items that constitute the NICE checklist are 
somewhat subjective, they were evaluated consistently across 
studies, supporting the comparability of the assessments.
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Table I - List of criteria for the inclusion and exclusion of articles.

Criteria Included Excluded

Level 1

Study design Randomised, double-blind, placebo-controlled trials
Long-term follow-up studies (e.g., open-label follow-
up of randomised, double-blind, placebo-controlled 
trials)
Systematic reviews and metaanalysesa

Nonrandomised studies
Open-label randomised studies
Phase 1 studies
Proof-of-concept studies
Prognostic studies
Comments
Editorials
Letters
Case reports
Studies in animals but not humans

Population Adults and children with grass pollen AR or ARC 
undergoing treatment with AIT

Patients without AR or ARC
Patients with AR or ARC induced by allergens other than 
grass or grass pollen, e.g., house dust mites, animal dander/
animal allergens, tree pollen or mould

Interventions Trials that include AIT in at least 1 study arm. Terms 
for AIT may include:
- allergen immunotherapy
- specific immunotherapy (SIT)
- allergen-specific immunotherapy
- sublingual immunotherapy (SLIT)
- subcutaneous immunotherapy (SCIT)
- allergy vaccination

Articles that do not include AIT in at least 1 study arm

Outcomes No limits None

Language English Non-English

Level 2

Study design Same criteria as level 1 Same criteria as level 1

Population Same criteria as level 1 Same criteria as level 1

Interventions ALK start SQ/ALK 7
Allergovit
Alustal
Alutard/ALK Depot
Grazax
Oralair
Phostal
Pollinex
Polvac
Purethal
Staloral

Treatments other than the treatments of interest

Outcomes Efficacy (AR symptom reduction; AR medication 
use reduction; asthma symptom reduction; asthma 
medication use reduction)
Safety and tolerability
Quality of life
Compliance
Patient preference

Articles that do not report any of the outcomes of interest

Language English Non-English
Abbreviations: AIT, allergy immunotherapy; AR, allergic rhinitis; ARC, allergic rhinitis with conjunctivitis.
Note. Any issues with study design will be reported via the quality-assessment process.
aSystematic reviews and meta-analyses will be used for identification of primary articles.
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Table II - Items assessed in the modified NICE RCT checklist.

NICE RCT Checklist Item Response

Was randomisation carried out appropriately?a yes/no/not clear/NA

Was the concealment of treatment allocation adequate?b yes/no/not clear/NA

Were the groups similar at the outset of the study in terms of prognostic factors [baseline 
characteristics]?c

yes/no/not clear/NA

Were the care providers, participants, and outcome assessors blind to treatment allocation?d yes/no/not clear/NA

Were there any unexpected imbalances in dropouts between groups?e yes/no/not clear/NA

Is there any evidence to suggest that the authors measured more outcomes than they reported?f yes/no/not clear/NA

Were all randomised patients included in the analyses?g yes/no/not clear/NA
NA, not applicable; NICE, National Institute of Health and Care Excellence; RCT, randomised controlled trial.
aThe process of randomisation was found to be appropriate if the authors provided further elaboration on the methods used to generate the random allocation such 
as a table of random numbers or a computerised random number generator;
bAllocation concealment, which is the method used to implement the random allocation, was sufficient if participants had no prior knowledge of treatment assign-
ment by using an external body, sequentially numbered containers, centralised assignments, or an automated system;
cPrognostic factors of treatment groups were classed as similar where authors reported that there were no significant differences in baseline characteristics or the 
reported baseline characteristics were similar across groups;
dBlinding was adequate if authors explicitly stated that participants were blinded and described the use of a placebo that was similar to the active drug;
eDropout rates were considered to be balanced if the proportion of patients withdrawing from the trial were similar across the groups;
fOutcome reporting was considered adequate if authors reported all outcomes stated in the methods section or provided sufficient information about where the 
additional data could be located;
gThe inclusion of all randomised patients in the analyses was considered adequate if all randomised patients were included in the efficacy and safety analyses.
Source: CRD (18).

Results

Search results

A total of 444 potentially relevant unique records from the Jan-
uary 2017 searches and 50 potentially relevant records from the 
April 2018 searches were identified for screening: 383 (from 
January 2017) and 49 (from April 2018) published studies from 
the database searches, 17 conference abstracts from the Internet 
searches (January 2017), and 44 (January 2017), and 1 (April 
2018) published studies from hand searches of bibliographies. 
After level 1 screening, 210 (January 2017; databases 162; Inter-
net searches 6; hand searches 42) and 20 (April 2018; databases 
19; hand searches 1) studies were progressed for further screen-
ing. After level 2 screening, 80 articles were included (databases 
61; Internet searches 1; hand searches 18); 44 were unique stud-
ies (primary reports) and 36 were secondary reports (1 of which 
was a randomised, double-blind, placebo-controlled study pro-
tocol). For the purposes of conducting the quality assessments, 
all conference abstracts then were excluded because they includ-
ed insufficient detail about the assessment items (figure 1). 
Among the 44 unique studies identified, 17 (38.6%) were SCIT 
trials and 27 (61.4%) were SLIT trials. Overall, 5 trials report-
ed on Allergovit, 8 on Alutard, 2 on Pollinex, and 1 each on 
Phostal and Purethal (all SCITs); 13 trials reported on Grazax, 
6 on Oralair, and 8 on Staloral (all SLITs). These treatments 
were compared with placebo in all trials. No studies reporting 
on ALK start or Polvac were identified.

Quality Assessment

Overall quality
The results of the quality assessment by year and by treatment 
type (SCIT vs. SLIT) are shown in figures 2 and 3, respective-
ly. Overall, 3 of 44 trials (6.8%), all Grazax studies, fulfilled 
every quality criterion in the NICE checklist (figure 3).
The sample sizes of included trials ranged from 18 subjects 
(20) to 1,501 subjects (21). Trials of Grazax included the larg-
est number of subjects across the included trials (5,832 subjects 
in total), followed by Oralair (2,227 subjects), Alutard (830 
subjects), Staloral (789 subjects), Allergovit (281 subjects), Pol-
linex (258 subjects), Purethal (60 subjects), and Phostal (29 
subjects). Nineteen trials included < 100 subjects: 4 of Allergo-
vit, 5 of Alutard, 1 of Phostal, 1 of Purethal, 2 of Grazax, 1 of 
Oralair, and 5 of Staloral. Ten trials included 100 to 199 sub-
jects: 1 of Allergovit, 2 of Alutard, 2 of Pollinex, 2 of Grazax, 
1 of Oralair, and 2 of Staloral. Four trials included 200 to 299 
subjects: 2 of Grazax, 1 of Oralair, and 1 of Staloral. Two trials, 
both of Grazax, included 300 to 399 subjects. Eight trials in-
cluded 400 to 999 subjects: 1 of Alutard, 4 of Grazax, and 3 of 
Oralair. One Grazax trial included 1,501 subjects (21). Twen-
ty-seven trials were conducted in adults (Allergovit, 3 trials; Al-
utard, 6 trials; Grazax, 8 trials; Oralair, 4 trials; Staloral, 2 trials; 
Phostal, 1 trial; Pollinex, 2 trials, Purethal, 1 trial), 9 included 
only children (Alutard, 1 trial; Grazax, 4 trials; Oralair, 1 trial; 
Staloral, 3 trials), and 8 included both children and adults (Al-
lergovit, 2 trials, Alutard, 1 trial; Grazax, 1 trial; Oralair, 1 trial; 
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Figure 1 - PRISMA Diagram.

 

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Staloral, 3 trials). One trial conducted in children and 2 trials 
conducted in adults met all 7 of the quality criteria.
In general, there was a trend towards improved study quality 
over time: more recent studies, particularly those published after 
2009, appropriately addressed more of the quality-assessment 
items relative to older studies (figure 2). Furthermore, for each 
product, study sizes tended to increase over time (figure 3).

Randomisation and concealment of treatment allocation
The process of randomisation was found to be appropriate if 
the authors provided further elaboration on the methods used 

to generate the random allocation (e.g., a table of random 
numbers or a computerised random number generator). Al-
location concealment was considered sufficient if participants 
had no prior knowledge of treatment assignment by using an 
external body, sequentially numbered containers, centralised 
assignments, or an automated system.
Of the 44 included trials, 21 (47.7%) reported methods of 
randomisation in detail and 21  (47.7%) adequately described 
concealment of treatment allocation. By treatment, appropriate 
randomisation methods were reported for 100% of Pollinex tri-
als (2/2), 62.5% of Alutard trials (5/8), 61.5% of Grazax trials 
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Figure 2 - Summary of quality assessment of included randomised controlled trials, by year.

aInformation about this trial’s inclusion of all 
randomised patients in the analyses was present-
ed in Valovirta et al. (72), which was cited as a 
methods paper in the primary trial publication.

Note. The process of randomisation was found 
to be appropriate if the authors provided further 
elaboration on the methods used to generate the 
random allocation such as a table of random 
numbers or a computerised random number 
generator. Allocation concealment, which is 
the method used to implement the random 
allocation, was sufficient if participants had no 
prior knowledge of treatment assignment by 
using an external body, sequentially numbered 
contain-ers, centralised assignments, or an au-
tomated system. Prognostic factors (or base-
line characteris-tics) of treatment groups were 
classed as similar where authors reported that 
there were no sig-nificant differences in baseline 
characteristics or the reported baseline charac-
teristics were simi-lar across groups. Blinding 
was adequate if authors explicitly stated that 
participants were blinded and described the 
use of a placebo that was similar to the active 
drug. Dropout rates were considered to be bal-
anced if the proportion of patients withdrawing 
from the trial was sim-ilar across the groups. 
Outcome reporting was considered adequate 
if authors reported all out-comes stated in the 
methods section or provided sufficient infor-
mation about where the addi-tional data could 
be located. The inclusion of all randomised pa-
tients in the analyses was consid-ered adequate 
if all randomised patients were included in the 
efficacy and safety analyses.	
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Figure 3 - Summary of quality assessment of included randomised controlled trials, by SCITs vs. SLITs.

		

SCIT, subcutaneous immunotherapy; SLIT, 
sublingual immunotherapy.
aInformation about this trial’s inclusion of all 
randomised patients in the analyses was present-
ed in Valovirta et al. (72), which was cited as a 
methods paper in the primary trial publication.

Note. The process of randomisation was found 
to be appropriate if the authors provided further 
elaboration on the methods used to generate the 
random allocation such as a table of random 
numbers or a computerised random number 
generator. Allocation concealment, which is 
the method used to implement the random al-
location, was sufficient if participants had no 
prior knowledge of treatment assignment by 
using an external body, sequentially numbered 
contain-ers, centralised assignments, or an au-
tomated system. Prognostic factors (or baseline 
characteris-tics) of treatment groups were classed 
as similar where authors reported that there were 
no sig-nificant differences in baseline character-
istics or the reported baseline characteristics were 
simi-lar across groups. Blinding was adequate if 
authors explicitly stated that participants were 
blinded and described the use of a placebo that 
was similar to the active drug. Dropout rates 
were considered to be balanced if the propor-
tion of patients withdrawing from the trial was 
sim-ilar across the groups. Outcome reporting 
was considered adequate if authors reported 
all out-comes stated in the methods section or 
provided sufficient information about where the 
addi-tional data could be located. The inclusion 
of all randomised patients in the analyses was 
consid-ered adequate if all randomised patients 
were included in the efficacy and safety analyses.
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(8/13), 50.0% of Oralair trials (3/6), 25.0% of Staloral trials 
(2/8), and no trials of Allergovit or Phostal (figure 3). Adequate 
concealment of treatment allocation was reported for 100% of 
Pollinex trials (2/2), 75.0% of Alutard trials (6/8), 61.5% of 
Grazax trials (8/13), 37.5% of Staloral trials (3/8), 16.7% of 
Oralair trials (1/6), and no trials of Allergovit or Phostal. Among 
SCIT studies, 47.1% (8/17) reported methods of randomisation 
in detail and 52.9% (9/17) adequately described concealment 
of treatment allocation; among SLIT trials, 48.1% (13/27) and 
44.4% (12/27), respectively, appropriately addressed these mea-
sures. In general, studies published after 2009 more consistently 
used and/or reported methods of randomisation and allocation 
concealment than older studies (figure 2).

Similarity of baseline characteristics
Baseline characteristics of treatment groups were classed as 
similar where authors reported that there were no significant 
differences in baseline characteristics or the reported baseline 
characteristics were similar across groups.
Overall, in 37 of 44 trials (84.1%), treatment and placebo 
groups had similar baseline characteristics. Baseline charac-
teristics were similar between groups in a majority of trials 
for each treatment: Pollinex, 100% of trials (2/2); Purethal, 
100% (1/1); Grazax, 92.3% (12/13); Staloral, 87.5% (7/8); 
Oralair, 83.3% (5/6); Alutard, 75.0% (6/8); Allergovit, 60% 
(3/5); and Phostal, 0. Among SCIT trials, 70.6% (12/17) had 
treatment groups with similar baseline characteristics, whereas 
88.9% of SLIT trials (24/27) had treatment groups with sim-
ilar baseline characteristics.

Blinding of treatment allocation
Blinding of treatment allocation was considered adequate if 
authors explicitly stated that participants were blinded and de-
scribed the use of a placebo that was similar to the active drug. 
Although all trials were reported to be double blind, it was 
unclear whether subjects were blinded appropriately in 9 of 
44 trials overall (20.5%). By treatment, 100% of Grazax tri-
als (13/13), 100% of Staloral trials (8/8), 87.5% of Alutard 
trials (7/8), 66.7% of Oralair trials (4/6), 50% of the Pollinex 
trials (1/2), 20% of Allergovit trials (1/5), and the Phostal trial 
clearly reported on blinding procedures, whereas the Purethal 
trial did not. More SLIT trials (92.6%, 25/27) than SCIT trials 
(58.8%, 10/17) clearly reported on blinding procedures.

Unexpected imbalances in dropouts
Dropout rates were considered to be balanced if the proportion 
of patients withdrawing from the trial was similar across treat-
ment groups. 
In 5 of 44 trials (11.4%), there were unexpected imbalances 
in dropouts between treatment groups, and this item was not 
clearly reported in 7 trials (15.9%). By treatment, 60.0% of 
Allergovit trials (3/5), 37.5% of Staloral trials (3/8), 50.0% of 

Oralair trials (3/6), 25.0% of Alutard trials (2/8), and the Pure-
thal trial either included or did not clearly report on imbalanc-
es in dropouts. No such imbalances were included in any of the 
13 Grazax trials, the 2 Pollinex trials, or the Phostal trial. Pro-
portionally more SCIT trials (35.3%, 6/17) than SLIT trials 
(22.2%, 6/27) included or did not clearly report on imbalances 
in dropouts.

Evidence of outcomes assessed and not reported
Outcome reporting was considered adequate if authors reported 
all outcomes stated in the methods section or provided sufficient 
information about where the additional data could be located. 
Overall, 2 of 44 trials (4.5%) did not report all outcomes 
assessed, and this was unclear in 1 trial (2.3%). All trials of 
Allergovit (5/5), Alutard (8/8), Pollinex (2/2), Oralair (6/6), 
and Phostal and Purethal (1 each) reported on all outcomes 
assessed, whereas 92.3% of Grazax trials (12/13) and 75.0% 
of Staloral trials (6/8) reported on all outcomes assessed. All 17 
SCIT trials and 88.9% of SLIT trials (24/27) reported on all 
outcomes assessed.

Inclusion of all randomised patients in the analyses
The inclusion of all randomised patients in the analyses was 
considered adequate if all randomised patients were included 
in the efficacy and safety analyses.
Overall, 10 of 44 trials (20.7%) included all randomised pa-
tients in the analyses. By treatment, 60% of Allergovit trials 
(3/5), 38.5% of Grazax trials (5/13), 16.7% of Oralair trials 
(1/6), and 12.5% of Alutard trials (1/8) included an all ran-
domised patients in the analyses; none of the Staloral, Pollinex, 
Phostal, or Purethal trials included all randomised patitents in 
the analyses. Such analyses were included in 23.5% of SCIT 
trials (4/17) and 22.2% of SLIT trials (6/27).

Discussion

In this systematic literature review to assess the quality of 44 
placebo-controlled trials of grass allergy AITs, only 3 trials, 
all Grazax studies, fulfilled all quality criteria in the modified 
NICE checklist. Consistent with previous findings that more 
recently conducted AIT trials are of better quality than older 
trials (22), our review found that more recent trials (published 
after 2009) were generally of better quality and reporting than 
older trials, both overall and for individual products. The trend 
towards improved quality over time is potentially a reflection 
of evolving standards for both trial design and reporting. More 
recent studies also tended to include larger sample sizes relative 
to older studies, both overall and for the individual products. 
Notably, 5 Grazax trials, 3 Oralair trials, and 1 Alutard trial 
each enrolled more than 400 subjects, and 1 of these Grazax 
trials included 1,501 subjects. Trials of SLIT products generally 
included larger sample sizes than SCIT trials.
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Inconsistencies in the quality and reporting of trial methods 
were revealed when quality assessments were performed. Sev-
eral trials reported that they were randomised, but only a few 
reported the methods used for randomisation, concealment of 
treatment allocation, inclusion of all randomised patients in the 
analyses, or handling of missing data. In particular, studies pub-
lished after 2009 more consistently addressed randomisation 
and concealment of treatment allocation compared with older 
trials. In most trials, treatment groups had similar baseline char-
acteristics. Although all trials were double blind, it was unclear 
whether blinding procedures were appropriate in approximately 
20% of trials overall; more SLIT trials than SCIT trials clearly 
reported on blinding methods. Few trials overall, and propor-
tionally more SCIT trials than SLIT trials, reported imbalanc-
es in dropouts between treatment groups. All SCIT trials and 
all but 3 SLIT trials reported on all outcomes assessed. Only 
a quarter of trials overall, and similar proportions of SCIT tri-
als (approximately 24%) and SLIT trials (approximately 22%), 
included all randomised patients in the analyses. When studies 
were compared across the treatments reviewed, Grazax studies 
were of high quality relative to trials of other treatments, ac-
cording to the quality assessments. Specifically, all Grazax trials 
included appropriate blinding methods and avoided unexpect-
ed imbalances in dropouts. In addition, 92% of Grazax trials 
reported on all outcomes assessed. Three Grazax trials appro-
priately addressed all 7 quality criteria. Although fewer trials of 
Alutard than of Grazax were identified (8 vs. 13), Alutard trials 
were also of good quality overall, with 87.5% of trials appropri-
ately addressing 5 or more quality criteria.
The quality-assessment results from this study provide import-
ant context for the assessment of clinical endpoints and other 
outcomes in AIT. For example, previous research has explored 
the effects of SCIT versus SLIT for respiratory allergy. Although 
both SCIT and SLIT have been shown to be effective, SCIT is 
associated with a higher risk of life-threatening systemic reac-
tions than SLIT (23). In contrast with SCIT, SLIT is suitable 
for at-home administration, is less painful and more convenient 
owing to a lack of injection, has a lower risk of anaphylaxis, has 
lower indirect costs, and has been shown to be cost saving rela-
tive to pharmacotherapy (15,24-26). 
Physicians, patients, and payers considering AIT options for 
respiratory allergy should consider not only the attributes and 
outcomes of available treatments but also the robustness of the 
underlying evidence. Given the unique regulatory history of 
AIT products in Europe, some products have been registered or 
are in use that lack a solid evidence base. Nevertheless, eviden-
tiary standards for AIT products are evolving, as can be observed 
from the AIT landscape in Germany. Guidelines on the use of 
AIT issued jointly by German, Austrian, and Swiss professional 
organizations in 2014 acknowledge that data from SCIT and 
SLIT trials differ in quality and scope and recommend prod-

uct-specific evaluations to inform treatment decisions (27). In 
conjunction with these guidelines, a summary of the currently 
available AIT products (including registration dates) and a sep-
arate summary of the evidence fulfilling defined quality criteria, 
including study quality, supporting the available products are 
issued every 6 months (28,29). The intent of these resources is 
to enhance transparency for AIT products to support the physi-
cians in their guidelines-based therapy decisions. Whether other 
health care systems will adopt a similar focus on quality of evi-
dence for AIT products remains to be seen. 
Some strengths and limitations of this study must be consid-
ered when the results are interpreted. Studies were identified 
systematically using a comprehensive search strategy with no 
date limitations and were screened according to predefined in-
clusion and exclusion criteria. Study quality was assessed using 
an accepted, validated measure that has been used previously to 
assess the quality of AIT evidence (19). Nevertheless, there are 
some limitations associated with the quality-assessment method 
in that studies indicating that they fulfilled a particular qual-
ity-assessment item (e.g., randomisation) but did not clearly 
describe the methods used for that item were classified as “not 
clear.” Such classifications reflect incomplete reporting of the 
trial, potentially in line with reporting standards that were in 
place when the trial was published, and not necessarily poor 
quality. In particular, 5 trials (3 of Allergovit, 1 of Alutard, and 
1 of Staloral) were published before the first CONSORT state-
ment was issued in 1996. Finally, only articles published in the 
English language were reviewed, and thus trials published in 
other languages are not reflected in the results.

Conclusions

Considering the historical perspective on and the evolving evi-
dentiary standards for AIT trials, it is important to understand 
the quality of the existing clinical evidence. Although the results 
here are only for grass AIT, it is likely that similar results would 
be found for other AIT products. The marketing and use of 
AIT products in Europe and worldwide are heterogeneous and 
historically have been guided by expert clinical opinion rather 
than close regulatory oversight (9). The standards for clinical 
evidence for AITs have evolved in recent decades, however; ac-
cordingly, the quality of AIT trials has tended to improve over 
time, with more recent trials generally including higher num-
bers of patients and appropriately addressing more quality-as-
sessment items than older studies. This SLR focused on the 
published data for registered grass AIT. Published evidence is 
of better quality or is more extensive for some of the reviewed 
treatments than others. In particular, numerous trials have been 
published for Grazax and Alutard, which were of good quality 
on the whole. In comparison, evidence was limited for Phostal 
and Purethal. Our results support previous recommendations 
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that future trials in AIT should be robustly designed, in line 
with accepted quality metrics, and should consistently and com-
pletely report findings to aid their appraisal and interpretation 
(17,27). In particular, trials should use appropriate methods for 
randomisation, allocation concealment, blinding, inclusion of 
all randomised patients in the analyses, and accounting for miss-
ing data; should ensure balance between treatment groups in 
baseline characteristics and report on unexpected imbalances in 
dropouts; and should ensure reporting of all outcomes assessed. 
Evidence-based treatment decisions for AITs should rely on not 
only trial outcomes but also the quality of the evidence base.
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