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Background: Although randomized controlled trials (RCT) are
the reference standard of evidence in allergen immunotherapy
(AIT), nonrandomized studies (NRS) are needed to confirm
their results in more representative populations, particularly for
treatment duration and persistence. However, when
discrepancies are observed between RCT and NRS, NRS
reliability decreases because these discrepant results are
generally attributed to the methodologic flaws of NRS.
Objective: We compared the benefit of sublingual AIT (SLIT)
for allergic rhinoconjunctivitis in NRS versus RCT focusing on
a single product/allergen to reduce heterogeneity.
Methods: For meta-analysis, house dust mite (HDM) SLIT
liquid formulation studies were sourced from computerized
(Medline, Web of Science, and LILACS databases, to January
2023) and manual literature searches. Populations, treatments,
and outcome data were combined (DerSimonian-Laird method).
Noncomparative NRS were compared to RCT’ SLIT arm before
and after treatment. Efficacy was determined as the
standardized mean difference (SMD) in symptom score (SS) and
medication score (MS).
Results: Data from 12 NRS (682 patients) and 8 RCT (176
patients) were analyzed. The benefit with index of reactivity
(IR)-HDM SLIT liquid formulation was found significant for,
first, SS in both NRS (SMD 5 21.27; 95% confidence interval
[CI], 21.64, 20.90) and RCT (SMD 5 20.56; 95% CI, 20.90,
20.21), and second, MS with SMD equal to 21.35 (95% CI,
21.77, 20.93) and 20.46 (95% CI, 20.67, 20.25), respectively.
Metaregression showed that symptom improvement was
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correlated with treatment duration with consistent results in
NRS and RCT with 12-month SS data: 20.87 (interquartile
range, 21.02, 20.77) and 20.75 (interquartile range, 20.93,
20.41), respectively.
Conclusion: This meta-analysis showed comparable clinical
benefit of IR-HDM SLIT liquid formulation increasing over
time in both NRS and RCT, suggesting that NRS may
reliably integrate RCT results and be considered for
guidelines. (J Allergy Clin Immunol Global 2024;3:100208.)

Key words: Guidelines, nonrandomized studies, randomized
controlled trials, real-life, rhinoconjunctivitis, study quality, sublin-
gual immunotherapy

Randomized controlled trials (RCT) have proven the efficacy
of allergen immunotherapy (AIT) in reducing symptoms and
medication use in allergic patients.1-5 However, a variety of fac-
tors, which are tightly controlled in RCT, can play an important
role in modulating AIT effectiveness in real life, such as adher-
ence or treatment persistence. Furthermore, despite the recom-
mendation of treating patients for at least 3 years to achieve
disease modification and long-term tolerance with AIT, very
few RCT have this duration.6

Hence, even though RCT with low risk of bias are the most
trustworthy in estimating the effect of an intervention, nonrandom-
ized studies (NRS) of representative populations in real life can
provide evidence that better reflects the treatment effects achiev-
able at the population level—that is, the environment in which the
intervention is used. This explains the advisability of incorporating
evidence from NRS in systematic reviews when they
provide complementary, sequential, or replacement evidence to
RCT.7

A recent Grades of Recommendation Assessment, Develop-
ment, and Evaluation (GRADE) article, based on previous
published works7,8 and surveys of experts and members of Co-
chrane and the Guidelines International Network, provides guid-
ance for optimizing the integration of randomized and NRS of
intervention in evidence syntheses.9 According to the guidance,
including NRS in a health synthesis may be recommended
when RCT findings do not provide high-certainty evidence.

There are few comparative NRS in AIT, and their quality is
insufficient to be considered in guidelines.10,11 In contrast, a consid-
erable number of single-arm cohort studies and case series are avail-
able. Despite the lack of control groups, these studies are a valuable
source of information, particularly studies with a long treatment
1
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Abbreviations used

AE: Adverse event

AIT: Allergen immunotherapy

ARC: Allergic rhinoconjunctivitis

CI: Confidence interval

GRADE: Grades of Recommendation Assessment, Development,

and Evaluation

HDM: House dust mite

IR: Index of reactivity

MS: Medication score

NRS: Nonrandomized studies

PRISMA: Preferred Reporting Items for Systematic Reviews and

Meta-Analysis

RCT: Randomized controlled trials

SD: Standard deviation

SE: Standard error

SLIT: Sublingual immunotherapy

SMD: Standardized mean difference

SS: Symptom score

VAS: Visual analog score
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duration (eg, 3 years) and follow-up after treatment cessation, which
is usually not feasible in RCT for practical reasons.

Focusing on a single manufacturer product and a single
allergen extract (house dust mite [HDM]) to reduce the possible
heterogeneity associated with different products, we undertook
a systematic review of the literature and meta-analysis to
compare single-arm cohort studies or case series to RCT using
a specific sublingual immunotherapy (SLIT) liquid formulation
in order to assess possible difference in direction or magnitude
of effect between relevant NRS and RCT; to explain possible
differences in the results of the 2 types of studies; and to assess
study quality and possible integration of RCT findings with
findings from NRS.
METHODS

Search strategy and selection criteria
We undertook and reported this systematic review and meta-

analysis in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA);12,13

GRADE;14,15 and Cochrane guidelines.16

This study was registered at International Prospective Register
of Systematic Reviews (PROSPERO; no. CRD42023376265).

We searched the Medline, LILACS, and Web of Science
databases from inception to January 30, 2023, for published and
unpublished observational studies and RCT assessing the effec-
tiveness of index of reactivity (IR)-HDM SLIT liquid formulation
in patients with allergic rhinoconjunctivitis (ARC). Tomake RCT
results comparable to observational study (single-arm cohort
studies, case series, and before-and-after studies) results, only the
treatment arm of RCT was analyzed, and data before and after
AIT treatment were extracted.

A full list of the search terms is available in the protocol and in
this article’s Methods section in the Online Repository at www.
jaci-global.org. Studies were included in the meta-analysis if
they (1) included patients with ARC to HDM with or without
mild to moderate asthma, (2) included patients who were pre-
scribed HDM SLIT liquid formulation from a single manufac-
turer (Staloral, Stallergenes Greer, Antony, France) for ARC,
and (3) assessed the relevant outcome measures of the treatment
effect, regardless of whether these were the primary end points.
Studies were excluded if they did not report the required
information.

We did not use any language restrictions. We checked all
reference lists and articles citing included studies and recent
reviews or meta-analyses for any additional relevant studies. We
also asked Stallergenes Greer to help provide a complete list of
observational studies on IR-HDM SLIT liquid (Staloral) for ARC
for additional data.
Data collection
We screened titles and abstracts, reviewed full texts, extracted

data, and assessed risk of bias/study quality independently in
duplicate (P.C. and F.S.) using a standardized prepiloted form
(www.rayyan.ai). We resolved disagreements by consensus adju-
dication or discussion with a third reviewer (D.D.B.). We
collected characteristics of studies, setting, eligibility criteria,
population studied, intervention, and outcomes.
Outcomes
We prioritized outcomes that were patient-important events of

ARC, consistent with the established approach for AIT as
informative of treatment efficacy/effectiveness and safety.17

The critical/important outcomes were as follows: symptom
severity, assessed as SS or visual analog score (VAS); decrease in
receipt of antisymptomatic drugs, assessed as MS or VAS; and
adverse events (AEs).
Data analysis
The effect of IR-HDM SLIT liquid was assessed by comparing

outcomes before treatment (a 12-month observation period before
starting treatment) and after treatment (during a 6-month to 36-
month observation period after starting treatment).

We pooled summary measures using DerSimonian-Laird
random effects, estimating heterogeneity using the Mantel-
Haenszel model.18 We combined continuous outcomes across
studies (SS, MS, VAS) using standardized mean difference
(SMD) because the outcomes were measured with different
scales.

Therewere studies not reporting standard deviations (SDs). For
these, we estimated SDs using methods based on summary
statistics (minimum, maximum, lower quartile, upper quartile,
median, P values).16,19 When standard error (SE) was reported,
SD was obtained using the following formula: SD 5 SEOn. In
some studies, means and SE were obtained from the graphs.

We used the Quality Appraisal of Case Series Studies Checklist
developed by the Institute of Health Economics (IHE; www.ihe.
ca/research-programs/rmd/cssqac/cssqac-about) for longitudinal
studies with responses as ‘‘yes,’’ ‘‘unclear/partial,’’ or ‘‘no.’’ We
classified studies as being of acceptable quality (low to moderate
risk of bias) if >_70% were ‘‘yes’’ responses.20,21 We also assessed
RCT with this tool because we used only the treatment arm of
these studies. We also evaluated the risk of bias of RCT using a
specific tool, RoB2.22

We evaluated the certainty (quality) of evidence using the
GRADE approach (see the Methods section in the Online
Repository).14

http://www.jaci-global.org
http://www.jaci-global.org
http://www.rayyan.ai
http://www.ihe.ca/research-programs/rmd/cssqac/cssqac-about
http://www.ihe.ca/research-programs/rmd/cssqac/cssqac-about


Records identified by
database search (n = 572)

Duplicate records removed (n = 6)

Records screened
(n = 566)

Records excluded (n = 171)
Background article (n = 111)
Publication type not of interest: (n 
= 54)
Laboratory findings (n = 6)

Full-text records assessed for eligibility
(n = 395)

Reports excluded:
Drug not of interest (n = 233)
Outcome not of interest (n = 100)
Population not of interest (n = 42)

Studies included 
(n = 20)

FIG 1. Study selection.
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Prespecified descriptive subgroup analysis was performed for
the study outcomes. Metaregression was also used to predict the
size of the outcome variable according to the values of 1 or more
explanatory variables. The selection of characteristics defining
subgroups/explanatory variables was motivated by clinical and
methodologic hypotheses (see the Methods section in the Online
Repository).

Sensitivity analyses were performed to test the robustness of
the findings (see the Methods section in the Online Repository).
We then excluded each study in turn to ensure that no single study
would be solely responsible for the significance of any result
(influential analysis).

We tested between-study heterogeneity by the chi-square test
(threshold P 5 .10) and quantified it using the I2 statistic, which
describes the percentage of variability due to heterogeneity rather
than sampling error.23

We assessed publication bias by inspecting funnel plots, Egger
linear regression test,24 fail-safe calculation, and trim-and-fill
analysis.16 We also assessed it qualitatively by applying GRADE
guidance.14

We used GRADEpro GDT software (gradepro.org) to create
the summary of finding tables. All meta-analyses and statistical
analyses were performed by ProMeta 3.0 software.25
RESULTS
Our bibliographic searches yielded 572 records. After initial

screening, we reviewed 395 studies and included 20 studies, 12
NRS and 8 RCT. Data on the SS were available in all 20 studies
including a total of 858 patients.26-45 Data on MS were available
in 6 NRS (252 patients) and 7 RCT (160 patients) (Fig 1).
The characteristics of the 20 qualifying studies are summarized
in Table I. Thirteen studies were conducted in Europe, 5 in Asia
(3 in South Korea, 1 in Singapore, 1 in Taiwan), 1 in Australia,
and 1 in South Africa. The study completion rate ranged from
26%37 to 100%;26,28,31,32,34,35,38,40,44 and was higher in RCT
(88% on average) than NRS (77.2% on average).

All the NRS were prospective except 3, which were retrospec-
tive.29,31,36 There were 3 multicenter studies.28,32,41

The sample size of the studies varied greatly, ranging from 8
patients40,43 to 186 patients (NRS fromCingi et al32). Themean of
the mean age of patients from the individual studies was 21 6
13.9 years and was greater in RCT (mean age 27.36 18.7 years)
thanNRS (16.56 7.1 years). Nine studies included patients sensi-
tized only to HDM (monosensitized),26,27,30,35,36,40,41,43,44 4
studies included both HDM-monosensitized patients and patients
sensitized to allergens other than HDM (polysensitized),28,39,42,45

and 7 studies did not report whether the patients were mono- or
polysensitized.29,31-34,37,38 All the studies included patients with
ARC (in the Tosca et al31 study, the proportion of patients with
ARC was 84.6%). In the study of Ciprandi et al,28 the proportion
of patients with ARCwas not reported. The proportion of patients
with asthma varied greatly (range, 0-100%) and was not reported
in 7 studies. The treatment duration varied from 6 months40,41 to
36 months.31,34,35,44 The cumulative annualized AIT dose ranged
from 11,316 IR38 to 140,400 IR (Table I).44

The effect of IR-HDM SLIT liquid on SS is illustrated in Fig 2.
All the NRS and 4 of the 8 RCT showed a statistically significant
reduction of SS at the end of treatment compared to baseline. The
pooled SMD for the treatment effect was21.27 (95% confidence
interval [CI],21.64,20.90; P <.0001) for NRS and20.56 (95%
CI, 20.90, 20.21; P 5 .002) for RCT, indicating a statistically

http://gradepro.org


TABLE I. Patients and study characteristics of NRS and RCT included in meta-analyses

Study, year

(country)

Study

type

No. of

patients

(enrollment/

observation)

No.

male

(%)

Age

(years),

mean 6

SD (range)

Mono- or

polysensitization

Asthma

(%)

Rhinitis

(%) Measure*

Treatment

duration

(months)

Evaluation

time

point

(months)

Cumulative

dose (IR)

NRS

Bahceciler,

2005

(Turkey)26

O, P, U, SC 14/14 8 (57.1) 7.6 6 2.5 Mono 100 100 SS; MS 12 12 7,000

(14,000/y)

Cadario,

2008

(Italy)27

O, P, U, SC 20/17 NR 5-50 Mono 0 100 SMS 12 12 40,320

Ciprandi,

2010

(Italy)28

O, P, U, MC 16/16 NR 11.8 (5.2-17.7) Mono/poly NR NR VAS-SS[,

VAS-MS[

12 12 NR

Ferr�es,

2011

(Spain)29

O, R, U, SC 78/73 34 (43.6) 10.96 6 3.0 NR NR 100 VAS-SSY,

MS

24 12 36,000

Park,

2012 (South

Korea)30

O, P, U, SC 112/88 49 (55.7) 9.6 (5-15) Mono NR 100 SS, MS 12 12 43,200

Tosca,

2014

(Italy)31

O, R, U, SC 39/39 22 (56.4) 13 NR 71.8 84.6 VAS-SS[ 36 36 46,800

Cingi,

2015

(Turkey)32

O, P, U, MC 186/186 51 (27.4) 27.04 (19-51) NR 0 100 SS 12 12 NR

Soh,

2016

(Singapore)33

O, P, U, SC 39/33 31 (82.1) 24� (7-18),

15� (19-72)

NR 0 100 SS 24 12 43,200

Novakova,

2017

(Bulgaria)34

O, P, U, SC 76/76 42 (55.3) 26.10 6 5.85 (18-48) NR 36.84 100 SS� 36 36 NR

Novakova,

2018

(Bulgaria)35

O, P, U, SC 86/86 46 (53.5) 26.1 6 5.78 (18-48) Mono NR 100 VAS-SS[ 36 36 NR

Kim,

2020

(South

Korea)36

O, R, U, SC 26/15 20 (76.9) 13.0 6 9.0 Mono NR 100 SS 12-36

(mean

24)

EOT 37,440

Jung,

2021

(South

Korea)37

O, P, U, SC 147/39 (68.02) 16.5 6 12.3 NR 8.3 100 SS, MS 12 12 NR

Total 839/682

RCT

Mungan,

1999

(Turkey)38

PC, SB, SC 15/15 2 (13.3) 31.67 6 7.28 (18-41) NR 86 100 SS; MS 12 12 11,316

Guez,

2000

(France)39

PC, DB, SC 36/26 14 (38.8) 29.6 6 12.4 (12-51) Mono/poly NR 100 SS; MS 24 12 90,000 (45,000/y)

(Continued)
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TABLE I. (Continued)

Study, year

(country)

Study

type

No. of

patients

(enrollment/

observation)

No.

male

(%)

Age

(years),

mean 6

SD (range)

Mono- or

polysensitization

Asthma

(%)

Rhinitis

(%) Measure*

Treatment

duration

(months)

Evaluation

time

point

(months)

Cumulative

dose (IR)

Bahceciler,

2001

(Turkey)40

PC, DB, SC 8/8 4 (50) 12.4 (7.8-18) Mono 100 100 SS; MS 6 6 7,000 (14,000/y)

Tseng,

2008

(Taiwan)41

PC, DB, MC 30/28 22 (73) 9.7 6 3.3 Mono 0 100 SS; MS 6 6 37,312 (74,424)

O’Hehir,

2009

(Australia)42

PC, DB/

O (exten),

SC

13/9 3 (33.3) 27.3 (9.3) Mono/poly 77.7 100 SS; MS 12 (DB) 1
12 O

24 85,621 (42,810/y)

Aydogan,

2013

(Turkey)43

PC, DB, SC 8/7 6 (85) 8.1 6 2.2 Mono 0 100 SS; MS 12 12 44,500

Bozek,

2013

(Poland)44

PC, DB, SC 51/51 23 (45) 65.78 6 4.89 Mono 11.7 100 SS; MS 36 36 421,200 (140,400)

Potter,

2015

(South

Africa)45

PC, DB, SC 39/32 14 (35.9) 33.7 Mono/poly NR 100 SS 24 24 96,600 (48,300)

Total 200/176

DB, Double blind; EOT, end of treatment; exten, extension; MC, multicenter; NR, not reported; O, open; P, prospective; PC, placebo controlled; R, retrospective; SB, single blind; SC, single center; U, uncontrolled (vs standard treatment

or no treatment).

*SS, symptom score; MS, medication score; SMS, symptom-medication score; VAS scores are as follows: VAS-SS[, symptom assessed by VAS ascending (0 5 better; 10 5 worse); VAS-SSY, symptom assessed by VAS descending (0

5 worse; 10 5 better); VAS-MS[, medication receipt assessed by VAS ascending (0 5 lower; 10 5 higher).

�Only nasal symptoms.
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FIG 2. Meta-analysis of 12 NRS and 8 RCT of IR-HDM SLIT liquid baseline versus end of treatment for ARC

using random effects model (REM). SMD and 95% CI for effect of SLIT on SS are plotted on graph. Studies of

each group are arranged in alphabetic order. ES, Estimate; W, weights.
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significant benefit in both NRS and RCT. A remarkable degree of
heterogeneity between the results of individual studies was re-
ported, both for NRS (Q 5 128.5; df 5 11; P < .0001; I2 5
91.4%) and RCT (Q 5 27.4; df 5 7; P < .001; I2 5 74.4%) (Fig
2). Visual inspection of funnel plots and Egger testing did not
reveal substantial evidence of bias toward positive results, sug-
gesting no selective reporting (see Fig E1 in the Online Reposi-
tory at www.jaci-global.org). The fail-safe number was high
enough (1439 for NRS and 71 for RCT) to confirm the robustness
of these results against publication bias.

Metaregression did not show a different benefit according to
the cumulative dose administered during the entire treatment
course (P5 .29) (Fig 3, A) but showed a positive and statistically
significant correlation between treatment benefit and treatment
length (P 5 .005) (Fig 3, B). This was confirmed by a subgroup
analysis showing no substantial difference in the effect between
NRS and RCT in evaluating the treatment effect at the same
time point (12 months) (Fig 3, C).

Subgroup analyses by age and sensitization status did not show
any age effect; nor was a significant difference observed between
mono- and polysensitized patients (Fig 3, C).

Fig 4 shows data onMS. All studies but 3 showed a statistically
significant difference between end of treatment and baseline. The
pooled SMD was 21.35 (95% CI, 21.77, 20.93; P < .0001) for
NRS and20.46 (95%CI,20.67,20.25;P5.0001) for RCT. The
between-study heterogeneity was remarkable only for NRS (Q5
24.9; df5 5; P < .0001; I2 5 79.9%) (Fig 4), with no evidence of
publication bias (see Fig E2 in the Online Repository at www.jaci-
global.org).

Metaregression did not show statistically significant associa-
tion between MS and cumulative dose per year or treatment
length. Subgroup analyses did not show significant differences
between the subgroups (Fig 5).

All the sensitivity analyses (fixed effects model; estimated vs
observed data; exclusion studies with small sample size [equal to
or below the median: 39 patients]; exclusion of retrospective
NRS; exclusion of NRS with consecutive enrollment; exclusion
of non-European studies; metaregression by asthma prevalence;
metaregression by completion rate) and influential analyses
supported the overall findings (see Table E1, Fig E3, and
Fig E4 in the Online Repository at www.jaci-global.org).

The quality for all outcomes across the studies was acceptable
(low risk of bias) in all but 2 NRS, as in 18 of 20 studies, we
reported >70% of ‘‘yes’’ responses (see Table E2 in the Online Re-
pository at www.jaci-global.org). Therefore, the overall certainty
of the evidence for the main outcomes (SS, MS) was judged as
moderate for both RCT and NRS (see Table E3 in the Online Re-
pository). We also assessed the quality of RCT using a specific
tool, RoB2, which showed a low risk in 4 studies and some con-
cerns in the remaining 4 studies (see Table E4 in the Online
Repository).

A total of 99 (11.8%) of 839 patients included in NRS and
35 (17.5%) of 200 patients included in RCT reported AEs (see
Table E5 in the Online Repository at www.jaci-global.org).

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org


Age SensiƟzaƟon
status

12-month
duraƟon

Children

Adults

Mono

Poly

NRS

RCT

Meta-regression analyses for SS

P=.294

P=.005

A

B

SM
D

SM
D

Children

Adults

Mono

Poly

NRS

RCT

C

SM
D

-0.5

-1.5

-2.5

-3.5

P=.005

Treatment length (months)

Subgroup analysis for SS

P=.005

FIG 3. Metaregression analyses of SS for efficacy of IR-HDM SLIT liquid depending on cumulative dose

administered per year (A) or treatment length (B). (C) Subgroup analysis box plots include middle 50% of

data.Horizontal bars inside boxes represent SMD; lines to whiskers extendmost extreme data points, which

are no more than 1.5 times interquartile range from box.
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Most AEs were local (57.3% of AEs for NRS; 81.3% for RCT).
Most of the treatment interruptions were due to reasons other
than AE. Discontinuation for AE was reported in 4.2% of the
patients included in NRS and in 0.5% of those included in
RCT. Discontinuation for any reason was 19.9% in NRS and
12% in RCT.

AEs were not reported in 3 of the NRS. Notably, the overall
assessment was strongly influenced by the data of the study of
Jung et al,37 which reported several AEs and a rate of discontin-
uations, including those related to AE, greater than all the other
studies (patients with AE: 49 vs 50; discontinuations for any
reason: 108 vs 59; discontinuations for AE: 22 vs 13 in the
Jung study vs all the remaining NRS, respectively).
DISCUSSION
This systematic review and meta-analysis of over 850 patients

with ARC to HDM included in 12 observational studies and 8
RCT provides evidence that IR-HDM SLIT liquid in a real-life
setting significantly reduces symptoms and the need of anti-
symptomatic medications, with an effect size comparable to RCT
in studies with the same treatment duration. The findings were
irrespective of patients’ age, annualized SLIT dose, asthma
comorbidity, and sensitization status, and they were not influ-
enced by study quality, study sample size, or publication bias. For
NRS, the evidence of benefit (both SS andMS)was apparent in all
the individual studies, whereas for RCT only after meta-analyses
of all studies, as some single studies yielded inconclusive results
when analyzed in isolation.

RCT provide higher-quality evidence than NRS, but their
results may be affected by indirectness—for example, inadequate
study length, lack of long-term outcome data, and lack of all
relevant populations. This is the reason why not-for-profit
academic organizations, such as the Respiratory Effectiveness
Group (REG), the Cochrane Collaboration, and the GRADE
Working Group are interested in understanding how this gap may
be filled by using evidence fromNRS, and how this evidence may
be used to inform guideline developers.9,46 Thus, NRS, despite
their inherent lower quality, cannot be discarded tout court,
without any justification, especially when these studies provide
information that cannot be addressed in RCT.

A comprehensive review on this issue showed that on average
there is little evidence for significant effect estimate differences
between observational studies and RCT, regardless of specific
observational study design, heterogeneity, or inclusion of studies
of pharmacologic interventions.47 Approximately 80% of the re-
views analyzed (including 1583 meta-analyses covering 228
unique outcomes) found no significant difference between obser-
vational studies and RCT, while the remaining studies suggested
that observational studies had larger (in most cases) or smaller ef-
fects of interest. This review showed that factors other than study
design per se need to be considered when exploring reasons for a
lack of agreement between results of RCT and observational
studies.



FIG 4. Meta-analysis of 6 NRS and 7 RCT of IR-HDM SLIT liquid baseline versus end of treatment for ARC

using random effects model (REM). SMD and 95% CI for effect of SLIT on MS are plotted on graph. Studies

of each group are arranged in alphabetic order. ES, Estimate; W, weights.
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We showed here that treatment benefit (SS) was positively
associated with study length, with studies lasting 36 months
showing the greatest effect and studies lasting 6 months
showing lower effect (Fig 3, B). The subgroup analysis
including only RCT and NRS with a treatment length of 12
months showed that their results were comparable (median
SMD in NRS,20.87 vs20.75 in RCT) (Fig 3, C). This median
effect size (difference from baseline to end of treatment) was
large in both NRS and RCT according to the Cohen criteria
(threshold of large effect, around 0.8 SMD).48 These data sug-
gest that the differences reported in the magnitude of effect in
the pooled analysis between NRS and RCT (Fig 2) are unlikely
to be due to study quality or design but are likely due to different
features of the studies, namely study length. This comparability
we showed in the effect sizes for SS between the 2 types of
studies at 12 months in a way validates the NRS, which can
be considered reliable despite their inherent methodologic de-
fects, as their results did not differ substantially from RCT
that are conducted with a rigorous methodology that minimizes
the risk of bias. In this light, these findings showing no substan-
tial difference in the estimates between RCT and NRS seem
particularly important because they suggest that the lack of a
blinded assessment of the treatment effect in NRS, which is
considered very important especially when subjective out-
comes are evaluated, did not provide different results compared
to the results obtained with blinded assessment in RCT.

On the basis of GRADE guidance, inclusion of these NRS
results in the evidence synthesis can be considered appropriate
because evidence from RCT was of moderate certainty. In this
situation, looking at NRS may be informative.9
As for MS, we did not find a correlation between MS
reduction and treatment duration like we did for SS, but data
on MS were not available in 3 of the 4 studies with a 36-month
treatment duration, which precluded us from making this
correlation (Fig 5).

Discontinuation rate was low in both NRS (19.9%) and RCT
(12%). If for RCT this finding was expected, the discontinu-
ation rate reported in NRS appears to be much lower than that
reported in the literature. A study using data from a Dutch
community pharmacy database showed that in real life, the rate
of SLIT (any marketed SLIT product) discontinuation 2 years
after the start of treatment is about 80%, and it increases to
about 90% at 3 years.49 This finding was confirmed by other
studies.50,51 The low discontinuation rate reported in the
studies included in this meta-analysis may suggest a bias re-
sulting from participant selection in the studies or selective re-
porting. However, all but 3 studies were prospective, and no
predictor of response or adherence is available so far, making
these types of bias unlikely. Alternatively, we can assume
that inclusion of patients in the studies could have altered the
normal physician–patient relation in most NRS, increasing
treatment persistence or adherence, as in the case of pragmatic
trials.52

In any case, the large effect associated with low rate of
discontinuation and with long-term treatment confirms that AIT
must be continued for a sufficiently long time to achieve greater
clinical benefit.

We showed a lack of correlation between annualized cumula-
tive dose of IR-HDM SLIT liquid and the effect on SS and MS
(Figs 3 and 5). This may suggest that dose modifications of liquid
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formulation may be safely done by the patient—for example, to
better control AEs, as is commonly done with subcutaneous
immunotherapy—without affecting the final effect on the out-
comes. This may be an advantage of this formulation over AIT
fixed-dose SLIT formulations, as recently shown.53

Furthermore, an analysis by the presence of asthma as comor-
bidity did not show differences in the AIT effect or in discontin-
uation due to AEs, suggesting that the treatment is not only
effective but alsowell tolerated in patients with asthma (Fig E3,A).
Limitations and strengths
There are limitations of this meta-analysis owing to imperfec-

tions in all single studies: some NRS did not report whether
patients were recruited consecutively or not; lack or incomplete
reporting of missing data or loss to follow-up (in many NRS); the
small sample size of some NRS and RCT; missing MS data in
some studies; andmissing means and/or SDs in someNRS, which
led us to use estimated data for the missing values (although
sensitivity analyses showed that these results were consistent with
available data). Another limitation may come from the fact that
we did not find studies from North and South America where IR-
HDM SLIT liquid is not distributed. Nevertheless, the results
seem to be generalizable: evidence was obtained from studies on
other continents with similar medical practices and clinical trial
conduct.
However, our study also has several strengths. The total
number of patients is large enough for assessment of treatment
effect. The pooled effect is large for NRS, with all the studies
lying in the same side of the reference line, making questionable
the importance of inconsistency observed in the estimates of
individual studies. All studies were conducted with a single
product from a single manufacturer and a single specific
allergen, thereby limiting heterogeneity due to different product
characteristics, such as allergen amount and quality. Finally, the
risk of publication bias is low and unlikely to influence the final
results.

Therefore, we believe that these results showing a significant
clinical benefit of IR-HDM SLIT liquid in NRS, comparable to
or even better than RCT, depending on treatment duration,
represent a valid finding and increase the generalizability of the
results. Furthermore, these results expand the findings of RCT,
showing that this product is more effective in patients who
continue the treatment for at least 36 months, as recommended.
Finally, meta-analyses of available RCT, which show no sub-
stantial differences in the effect among different pollens2-5 and
between pollens and HDM,2,54 could suggest that the results pro-
vided here are generalizable to other allergens, such as pollens,
molds, cat, and dog. Nonetheless, it is important to evaluate al-
lergens extracts specifically; therefore, we are planning a study
including all allergens to answer this question by providing
empirical evidence.
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Conclusion
The present meta-analysis of NRS and RCTenables us to draw

conclusions on 2 aspects. First, from a methodologic point of
view, our findings underscore the importance of NRS in AIT as
source of information to complete and integrate data from RCT
and may be used to inform guideline developers. Second, given
the substantial evidence available from NRS and RCT, we chose
as a model the IR-HDM SLIT liquid. The results of this meta-
analysis contribute to reinforce this evidence through the
following points: (1) NRS showed that IR-HDM SLIT liquid
significantly improves rhinoconjunctivitis symptoms and reduces
the use of antiallergic medications compared to baseline; (2) the
overall effect in NRS is comparable to RCT with the same
treatment duration; (3) prolonging treatment up to 36 months
significantly increases the clinical response; and (4) a dose
modulation can be performed with SLIT liquid, and this
represents a relevant strategy to achieve treatment outcomes at
an individual level. Further studies should explore and substan-
tiate this individual-level effect.
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