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Abstract

Background: Observational comparative effectiveness studies in allergen immuno-
therapy (AIT) represent an important evidence source answering research questions
that can be challenging to obtain from randomized controlled trials (RCTs), such as
long-term benefits of AIT, the effects on asthma prevention and the onset of new
allergen sensitizations. However, observational studies are prone to several sources
of bias, which limit their reliability.

The REal Life Evidence AssessmeNt Tool (RELEVANT) was recently developed to assist
in quality appraisal of observational comparative research to enable identification of
useful nonrandomized studies to be considered within guideline development.
Objective: To systematically appraise the quality of published observational
comparative AIT studies using RELEVANT.

Methods: Observational studies comparing AIT to pharmacotherapy for respira-
tory allergies, assessing as outcome measures reduction of symptoms and/or
medication use reduction, were retrieved by computerized bibliographic searches.
According to RELEVANT, a failure to meet any one of primary items (background,
design, measures, analysis, results, discussion/interpretation, and conflict of in-
terest) represents a critical flaw, significantly undermining the validity of the study
results.

Results: The 14 studies identified supported the benefit of AIT in real-life, which
persists after treatment discontinuation. However, none of them met all the 7
primary RELEVANT criteria. The main defects were reported in the design (28.6% of
studies), measures and analysis (64.3% of studies), and results (78.6% of studies)
items, due to selection bias and lack of methods for adjusting controls. Half of the

studies did not report on conflict of interest.
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1 | INTRODUCTION

Allergen immunotherapy (AIT), administered by both the subcu-
taneous (SCIT) and sublingual (SLIT) routes, effectively treats allergic
rhino-conjunctivitis and asthma.’® AIT’s benefit in reducing both the
symptoms and the use of rescue medications lasts beyond the
duration of the treatment and is therefore thought to be disease
modifying.”"1°

Current guidelines recommend at least 3 years of therapy to
obtain a sustained clinical benefit after AIT completion.” This
recommendation is mainly based on evidence from observational
studies, since data from SLIT randomized controlled trials (RCTs) are
limited.®1

However, evidence from observational studies is often ranked
below that from RCTs in traditional evidence hierarchies, as they
are prone to several sources of bias and most studies do not
account for these.!®'® Therefore, it is often difficult to assess
whether AIT observational studies are of sufficient quality to be
considered within the context of clinical guidelines, despite their
importance in providing fundamental complementary information,
such as treatment persistence, adherence, and long-term benefit,
that cannot, or are very challenging, to obtain from traditional
RCT designs.

Recently, the Respiratory Effectiveness Group (REG) and Euro-
pean Academy of Allergy and Clinical Immunology (EAACI) joint Task
Force developed the REal Life EVidence AssessmeNt Tool (RELE-
VANT) precisely in order to assist in quality appraisal of observa-
tional comparative effectiveness research.*'> The tool, like the
Cochrane Collaboration’s Risk Of Bias In Non-randomized Studies -
of Interventions (ROBINS-1),*% is designed to identify evidence which
are robust enough (i.e., low risk of bias) to inform clinical practice and
to warrant consideration by guideline bodies.

Although RELEVANT was developed and has been validated for
studies of asthma, it could, theoretically, also be applicable to general
quality appraisal of observational comparative studies across other
medical specialties.

The principal aim of this study was to systematically review
observational studies on the effectiveness of AIT in treating of
respiratory allergy as compared to standard therapy. This was
done by RELEVANT in order to identify evidence of sufficient
quality that can be integrated with the findings from RCTs, and
thus provide a more complete picture on which to base clinical

recommendations.

Conclusion: There is a need for more robust observational research in AIT.
RELEVANT appears as an easy-to-use and sensitive tool for quality appraisal in

AIT, RELEVANT, respiratory allergy, SCIT, SLIT

2 | METHODS

This study is an EAACI position paper related to ROC, which

commissioned the analysis, and its activities.

2.1 | Data sources and searches

The primary sources of the reviewed studies were Medline, the
Web of Science, and LILACS (inception to April 30, 2020) using a
specific search strategy with the following medical subject head-
ings: rhinitis, rhinosinusitis, rhinoconjunctivitis, conjunctivitis,
asthma, specific immunotherapy, allergen immunotherapy, SIT, AIT,
SLIT, SCIT, effectiveness, allergy, allergoid, new sensitizations, long
term, follow-up, real-life, real-world, retrospective, prospective,
observational (see Supplementary file). The computer search was
supplemented with manual searches of reference lists for review
articles, primary studies, and abstracts from meetings. The search

was limited to the English language literature.

2.2 | Study selection

We required that studies: (i) were prospective or retrospective
observational studies comparing subjects treated with AIT to subjects
treated with standard pharmacotherapy who did not receive AIT; (ii)
included monosensitized or polysensitized patients with allergic
rhinitis/rhino-conjunctivitis/rhino-sinusitis and/or asthma with posi-
tive allergen-specific skin prick tests, and/or elevated serum allergen-
specific IgE; and (iii) reported symptoms and/or medication use
assessed by any measurement tool (e.g., symptom score, medication
score, visual analogue score, etc.) as outcome measure of the treatment
effect. Studies were excluded if they did not meet these criteria for

study design or population, intervention, or outcomes of interest.

2.3 | Data extraction and risk of bias assessment

Two separate reviewers (DDB, GP) independently extracted the
study data. The accuracy of data extraction was confirmed by a
third reviewer (EH). Disagreements were solved by consensus
adjudication. We used the Real Life EVidence AssessmeNt Tool
(RELEVANT) to evaluate the quality standards in the selected
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observational comparative effectiveness studies.'*'> The tool
guides systematic appraisal of the studies across seven quality
domains (items): 1. Background; 2. Design; 3. Measures; 4. Anal-
ysis; 5. Results; 6. Discussion/Interpretation; 7. Conflict of interest
(COl). For each quality domain, sub-items are categorized as pri-
mary and secondary items. The seven items include a total of 11
primary and 10 secondary quality sub-items. RELEVANT quality is
defined as fulfillment of all 11 primary sub-items: 1.1. Clearly
stated research question; 2.1 Population defined; 2.2. Comparison
groups defined and justified; 3.1. Exposure -e.g. treatment-is
clearly defined; 3.2. Primary outcomes defined; 4.1. Potential
confounders are addressed; 4.2. Study groups are compared at
baseline; 5.1. Results are clearly presented for all primary and
secondary endpoints as well as confounders; 6.1. Results consistent
with known information or if not, an explanation is provided; 6.2.
The clinical relevance of the results is discussed; 7.1. Potential
COl, including study funding, are stated.

Failure to meet any one primary item criterion is considered
a potential fatal flaw in a study’s design, which may significantly
undermine the validity of the results. Consequently, a study
should only be eligible to inform guidelines development (or
similar processes) if all primary items are satisfied. Thereafter,
secondary items (not reported here) can be used to appraise non-
essential aspects of published studies to enable further charac-

terization of their relative strengths and weaknesses.

3 | RESULTS

Our search strategy identified 965 unique publications, including over
299 potentially relevant peer-reviewed studies published from
inception to April 30, 2020 (Figure 1). The full text of 21 studies was

965 Records identified
from electronic database
search

189 laboratory studies |€—————————

\

299 potentially relevant articles
identified for data abstraction

N

d,16_36 )'16—29

retrieve of which 14 met the inclusion criteria (Figure 1
We excluded the Jacobsen® Marogna,®? and Vesna®? studies
because the participants were allocated to AIT or pharmacotherapy
groups after randomization, the Wang,®® and Liu®** studies because the

1,25 and Devillier® studies because

papers were not in English, the Jute
they were based on data from longitudinal pharmacy databases iden-
tifying patients through data pertaining to drug prescriptions, and
assessing effectiveness using drug prescription reduction, rather than
a defined medication score tool, as surrogate measure of AlT benefit.

Table 1 shows descriptive data for the 14 systematically reviewed
studies.®2? Four retrospective and 10 prospective cohort studies
were identified (Table 1). In seven out of 14 studies patients were
matched for a variable number of baseline characteristics. 1617222529
The majority of studies included a mixture of mono- and poly-
sensitized patients with rhinitis (Table 1). The five child,**72° and
nine adult studies?*~2? included a total of 3629 patients (164 children,
3465 adults), of which 1973 (54.8%) were included in the only Bozek

study.?® Eight of 14 studies were conducted in Italy,}’~1921-25

one
in Korea,?? and the remaining five in other European countries
(Table 1).16202¢-28 The treatment period ranged from 2 to 5 years and
the post-treatment follow-up was from O to 12 years long. In some
studies patient’s preference, or patient parents’ preference in pediatric
studies, was taken into account for inclusion of participants in each
group. The Dominicus study included as active cases a subgroup of
subjects who underwent AIT, and as controls subjects who were

screened but refused AIT in a previous RCT.2®

3.1 | RELEVANT-based quality assessment

The analysis started from the assessment of study quality based on
the seven primary items (11 sub-items) which are critical for enabling

456 records excluded because they were not
relevant, including reviews, commentaries,
editorials, position papers, guidelines, meta-
analyses, systematic reviews

> 21 duplicates removed

285 excluded
- 5 duplicated articles (same data source)
- 105 different comparators
- 167 no control group
- 6 different outcome (pharmaceutical DB)
- 2 studies not in English

14 comparative effectiveness studies
included in the systematic review

FIGURE 1 Flow diagram of AIT studies
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( ) Items ( ) Sub-Items
7. Conflict of 7.1
interests 6.2
6. Discussion/ 6.1
interpretation
P 5.1
5. Results w 42
5
- 41
4. Analysis _g
m:‘ 3.2
3. Measures 3.1
2.2
2. Design
2.1
1. Background 1.1
0 20 40 60 80 100 0 20 40 60 80 100

% of failure

% of failure

FIGURE 2 The numbers within the horizontal bars represent the number of studies reporting a failure in each specific item/sub-item. Sub-
items: 1.1. Clearly stated research question; 2.1 Population defined; 2.2. Comparison groups defined and justified; 3.1. Exposure -e.g.,
treatment-is clearly defined; 3.2. Primary outcomes defined; 4.1. Potential confounders are addressed; 4.2. Study groups are compared at
baseline; 5.1. Results are clearly presented for all primary and secondary endpoints as well as confounders; 6.1. Results consistent with known
information or if not, an explanation is provided; 6.2. The clinical relevance of the results is discussed; 7.1. Potential Conflict of interest,

including study funding, are stated

a study to be deemed of sufficient quality to be considered for
guideline development. The percentage of specific criteria failure for
the 14 studies is reported in Figure 2.

1. Background. We found that “The research question was clearly
stated” in all the analyzed studies. Generally, the effectiveness of AlT,
assessed as (i) symptom or drug use reduction during or at the end of
the recommended 3-years course, (i) and/or the duration over time
of AIT benefit after the completion of the treatment course, were the
main research questions. Other outcomes, such as the development

17.18.25.26 o1 lung function improvement

of new allergen sensitizations,
were also analyzed in some studies.?®?* One study assessed as
measure of efficacy the AIT the inhaled corticosteroid-sparing effect
in patients with asthma (considered as asthma medication score).?’
There was no failure in the fulfilment of this item (Figure 1).

2. Design. This item was fulfilled in nine studies.%17:22-2426-29 The
“Population was defined” in all studies (sub-item 2.1). Regarding the
comparison groups (sub-item 2.2), Five studies did not clarify the cri-
terion used for patient’s allocation in each respective group.'8-2%2>
The other studies declared that the allocation was related to the pa-
tient’s or the parent’s choice or was based on clinical reason, according
to guidelines (patients with a severe disease, with chronic exposure to
allergens, such as animal dander, who were willing to reduce drug use).
No study used a historical control.

3. Measures. One study failed to clearly define which AIT vaccine
or vaccines was used in the treatment group (exposure: sub-item
3.1).2% In particular, the authors did not report which route of AIT

they used (SCIT or SLIT), the AIT allergen extract (e.g., pollens or

house dust mites), vaccine formulation (e.g., native-conjugated or
allergoid) and the manufacturer.??

Eight studies did not report which was the primary outcome
(sub-item 3.2).17:19-21.232426.28 Thay analyzed different outcomes,
including symptom and medication burden, but the primary outcome
was not indicated in the Method section.

4. Analysis. We considered a list of potential confounders to
assess if they were addressed by the investigators of the included
studies (sub-item 4.1): disease duration; severity of the disease at
baseline; presence and severity of co-morbidities; type of allergen
(seasonal, perennial); mono- or poly-sensitization; exposure to animal
danders or molds; socio-economic status. Nine out of the 14 studies
did not fully address potential confounders.'¢~1820-22.26-29 The main
defect of the studies was the absence of appropriate statistical an-
alyses and interpretation to account for possible confounders,
imbalance of prognostic factors, and/or treatment effect modifiers.

In all studies, except one,?! groups were compared at baseline
(sub-item 4.2). However, the number and importance of character-
istics considered for the comparison varied greatly across the studies.

5. Results. Results for primary and secondary endpoints, as well
as possible confounders are clearly presented only in three out of 14
studies.*?2>2? |n particular, the importance of possible confounders
was not considered.

6. Discussion/interpretation. Generally, the results of all the
observational studies analyzed confirmed findings from previous
RCTs that AIT is effective in the pragmatic settings (“real-life”) (sub-

item 6.1). However, additional information relative to RCTs was
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TABLE 2 Summary table of literature analysis

Similar
evidence

Reference Statement from RCTs Additional data relative to RCTs

Acquistapace A 3-years SLIT course is effective in reducing rhinitis symptoms (RSS) Yes New sensitizations
medications (MS), and occurrence new sensitizations.

Arena A 3-years SLIT/SCIT course effective in reducing rhinitis symptoms Yes Patient’s satisfaction, working and
and drug consumption according to physician’s and patient’s school days lost
opinion, in increasing patient’s satisfaction, and reducing school
and work days lost.

Bozek AIT effectiveness persists after discontinuation (long-term follow-up, No Effect after discontinuation
20 years).

De Castro A 3-years SLIT course is effective in reducing rhinitis and asthma Yes No
symptoms (RSS, ASS) and medications (MS).

Di Rienzo A 3-years SLIT course is effective in reducing asthma development, No Effect after discontinuation,
asthma symptoms (ASS) and new sensitizations (MS). The benefit asthma development, new
persists after discontinuation (long-term follow-up, 4 to 5 years) sensitizations

Djuric-Filipovic A 2-years course of SLIT is effective in reducing rhinitis symptoms Yes FeNO, FEV,

(RSS), asthma symptoms (ASS), medications (MS)

Dominicus AIT effectiveness persists 3 years after discontinuation (in No Effect after discontinuation, new
comparison with AIT untreated controls). sensitization, QoL

Drossaert A 3-years SLIT course is effective in reducing symptoms and Yes No
medication use, as resulted by questionnaires (retrospective
assessment).

Eng AIT effectiveness in reducing symptoms and medication use persists No New sensitization, long-term FU
after discontinuation (12 years after discontinuation). after discontinuation

Giovannini A 3-years SLIT course is effective in reducing rhinitis symptoms (RSS) Yes No
medications (MS)

Marogna ‘07 AIT effectiveness in reducing symptoms and medication use persists No Effect after discontinuation
after discontinuation (up to 8 years after discontinuation).

Marogna ‘08 AIT effectiveness in reducing symptoms and medication after 3-years Yes Lung function
treatment

Milani A 3-years SLIT course is effective in reducing symptoms and Yes New sensitizations
medication use

Rhyou >1 year AIT course reduces ICS in asthmatic patients at 3 years from No Effect after discontinuation

start of AIT

Abbreviations: ASS, asthma symptom score; FeNO, fractional exhaled nitric oxide; FEV4, forced expiratory volume in 1 s; MS, medication score; QoL,

Quality of Life; RSS, rhinitis symptom score.

provided. Five studies reported on the persistence of AIT benefit
over long post-treatment follow-up, providing evidence supporting
a prolonged disease-modifying effect (Table 2). The effect of AIT in
the onset of new allergen sensitizations, asthma development,
patient’s quality of life, work and school performance, lung func-
tion (FEV1) or inflammation (FeNO) were also shown by some
studies (Table 2)'16718,20,21,23.25,26

7. COl. A statement on COIl was present in 7 studies.
1819.21.25.27-29. Eour studies were authored by employees of or fun-

18,21,22,25

ded by pharmaceutical companies, whereas the authors of 4

studies declared no COL7272? |n seven studies (50%) a COl's

disclosure was missing,1¢:17:20:22-24.26

4 | DISCUSSION

We have established RELEVANT as a tool to distinguish high- and low-
quality comparative effectiveness studies by systematic review. Most
observational “Real life” studies confirmed the principal findings of
RCTs evaluating AIT. However, observational studies supported that
AlT’s benefit persists years after AlT discontinuation, a finding which is
challenging for most traditional RCTs to adequately evaluate.

The magnitude of this benefit is difficult to estimate, owing to
different scales and scoring systems used in the studies, hindering the
possibility of a quantitative synthesis. However, a consistent positive
effect was reported (Table 2), and consistency is a useful criterion for
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making causal inferences from observational studies, as long as the
consistency is not produced by a pervasive systematic confounder,
such as a selection bias, or by a set of systematic biases that together
produce a consistent bias in the same direction across studies.

Unfortunately, none of the 14 AIT comparative effectiveness
studies included in this analysis meet all the 11 RELEVANT primary
sub-items, and are therefore deemed of insufficient quality to be
eligible to robustly inform guidelines development.

As expected, selection bias was the most important limitation to
internal validity of the studies, hindering the ability to make valid
causal inferences for AIT effectiveness (Figure 2; domains 2 and 4).
About 80% of the studies insufficiently recognized and controlled
pre-existing characteristics of the groups being compared, which
could potentially lead to distinct prognoses (domains 2, 4 and 5).
Most studies did not report sufficient details on baseline population
characteristics. Only a couple of studies tried to control for this
problem, making groups more comparable based on matching by
other baseline characteristics, such as patients’ sensitization status
(mono- or poly-sensitization), allergy duration, comorbidities, disease
severity at baseline, persistent or seasonal disease. Adjusting con-
trols by these characteristics might have mitigated the role of con-
founders. For example, patients with more severe presenting
symptoms may be more likely to get selected for an intervention (i.e.,
confounding by indication), so it should be important to match pa-
tients and controls for disease severity. Thus, when the choice was
based on patient’s preference, we assume that a patient who refused
AIT was comparable to those who accepted it in terms of disease
severity. However, when the AIT was based on recommendations
from the guidelines (more severe disease, side effects with standard
therapy, chronic allergen exposure, e.g. animal dander, or willingness
to reduce drug use by the patients), it is more likely that there are
greater differences between patients and controls.”3”28

The attention paid to selection bias in RELEVANT is highlighted by
the impact of confounders in three different primary items: Design
(primary item #2), Analysis (primary item #4) and Results (primary item
#5). This caused some uncertainty when we rated the studies, owing to
the fact that neglecting to account for confounders duplicates the
negative rating. For example, if confounders are not taken into account
in the study design (matching treatment and controls) or adjusted for
by statistical analysis (sub-item 4.1), as a consequence they will not be
clearly presented in the result section (item 5) either, and thus leading
to a negative rate for two or three items implying confounders. How-
ever, considering that a failure evenin asingle item is considered a fatal
flaw by RELEVANT, no difference in the final judgment may arise due to
a doubtful interpretation of this part of the tool.

Attrition bias may also have affected the results. This was not
accounted for in most studies. In particular, it was completely ignored
by the authors of the largest study, which did not report the rate or
reasons of patients lost-to-follow up,?® potentially changing the
characteristics of the groups, irrespective of the exposure or inter-
vention. Methods to address missing data were also absent.

Another defect observed in nine studies was the lack of defini-

tion of the exposure (sub-item #3.1),%° or the primary outcome (item

#3.2). Furthermore, some studies used newly created tools to assess
the outcome, or ad hoc modification of an existing measurement
instrument, tool, or scale, without any supporting evidence of its
validity and reliability. This generated unreliable conclusions and
interpretation problems on the extent of the difference in treatment
effectiveness across different outcomes.

Regarding COl, despite a general consensus favoring disclosure,
a disclosure statement was present in only seven studies, four of
which declaring no COIl. This was independent of publication year.

Although disclosure only reveals the possibility of bias,
without any guidance to resolve it,%° disclosure in observational
studies is important to enable clinicians to evaluate research re-
ports in the context of a clear description of COIl and form their
own opinion on the reliability of the results. On the other hand,
the majority of RCTs are completely funded by industry, and as a
result a substantial proportion of primary evidence is being pro-
duced by researchers who hold COIl. However, RCTs registered in
public databases (e.g., ClinicalTrials.gov) and enrolling large num-
ber of patients tend to have a lower risk of bias, relative to
observational studies similarly disclosing COIl or funded by in-
dustry, owing to randomization and blinding.

Nonetheless, RELEVANT considers as a fatal flow only the lack of
COl disclosure, not a disclosed COI, despite the fact that it repre-
sents an important source of bias, which should be accounted for in
the context of systematic revision, like any other confounder which
can be measured and statistically accounted for when synthetizing
the evidence.

The “background” (item #1), and discussion/interpretation (item#
6) items were fulfilled in all the studies, which highlights the strength
of observational studies, potentially being able to provide additional
information complementary to RCTs. These studies, while confirming
the treatment benefit shown by RCTs, provide evidence on effec-
tiveness over a 3- to 5-years treatment, and the persistence of AIT
effect after treatment completion. Unfortunately, important infor-
mation such as adherence to AIT is lacking.

4.1 | Strengths and limitations

This is the first time that a tool specifically designed for the
appraisal of observational asthma research is used in AIT research.
Notably, the proportion of RELEVANT failed items reported in our
analysis is comparable with that observed in asthma studies,®®
which showed no failure in the item #1 (Background) and only 5%
studies with a failure in item #6 (Discussion and Interpretation).
This consistency may suggest that the tool is suitable for the use in
fields other than asthma, being sensitive to the main limitation of
the real-life studies.

This analysis has some limitations. Regarding the specific search
strategy, we encountered some difficulties since the outcome was
not clear in the title and in the abstract of the retrieved articles.
Furthermore, the definition of AIT changed over the years, and we

used different search term to retrieve as many studies as possible.
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Despite the possibility that some studies were overlooked, consid-
ering the general results, we are confident that they are not likely to
have substantially changed the findings of this analysis.

Some uncertainty in interpretation of specific RELEVANT items
emerged during the review process. This was probably due to the
absence of a user guide, as for other tools, such as GRADE or
ROBINS-I, which would have made the tool simpler, reducing po-
tential inter-rater variability.*>**

Finally, it appears that RELEVANT assessments are influenced by
the quality of reporting of research as much as the inherent quality of
the study itself, as acknowledged by the EAACI-REG Task Force
members. This may result in an underestimation of the quality of the
study analyzed. Therefore, a comparison with different established
tools such as ROBINS-I, which separates risk of bias from method-
ological quality and reporting quality, and GRADE, which systemati-
cally evaluates the quality of an entire body of evidence, is necessary
in order to inform how to best determine the strength of recom-
mendations on AIT. 1213

In conclusion, this analysis based on RELEVANT allowed us to
identify the main defects of comparative effectiveness research on
AIT available to date. Based on the results of this analysis, we found a
general lack of high-quality real-life effectiveness observational
research.

As a consequence, we recommend that future studies should pay
close attention to methods for adjusting confounders, clearly define
primary outcomes, population and comparison groups, and state po-
tential COIl. This will help in providing reliable information that can
hardly be obtained from RCTs, such as the duration of benefit after AIT
discontinuation, treatment persistence, and adherence. In light of this,
establishing AIT registries, with the aim of collecting data in a cohesive
way, using standardized protocols will provide an essential source of
RWE to promote evidence-based research and quality improvement in
study design and clinical decision-making.*®
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