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Review article

Efficacy of sublingual immunotherapy in asthma: systematic review
of randomized-clinical trials using the Cochrane Collaboration

method

Background: Sublingual immunotherapy (SLIT) is effective and safe in the
treatment of allergic rhinitis. However, there is no meta-analysis in asthma
treatment.

Methods: The clinical efficacy of SLIT for asthma was evaluated through a
systematic review with meta-analysis. MEDLINE (1966-2005), EMBASE
(1974-2005), LILACS (1982-2005), and the Cochrane Library were searched for
related literature in any language. Randomized-controlled clinical trials (RCT)
on SLIT in asthma treatment for adults and children were selected. From 119
citations, 25 studies with 1706 patients were included in this meta-analysis. For
each report, quality scores were assigned and data were extracted in relation to
the outcomes analyzed: asthmatic symptoms, use of asthma medications, lung
function, and bronchial provocation.

Results: According to the Jadad quality method, 64% of the studies were
assigned scores of 4 or 5. Immunotherapy was seen to significantly reduce
asthma severity when parameter compositions were all analyzed by categor-
ical outcomes. There was a nonsignificant reduction in asthma symptoms
when analyzed using standardized mean differences. No severe reactions were
observed.

Conclusions: This meta-analysis found that SLIT is beneficial for asthma treat-
ment albeit the magnitude of the effect is not very large. Moreover, it is a safe
alternative to the subcutaneous route. More RCT with standardization of
symptom scores and medications are needed in order to contribute further to this
subject.
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The efficacy of subcutaneous-specific immunotherapy
(SCIT) is demonstrated in asthma (1, 2) but concerns
about it were raised (3, 4). In SLIT, two meta-analyses
exist, but one evaluated rhinitis treatment (5, 6) and the
other (7) evaluated allergies in general, but only in
children.

The objective of the present review was therefore to
assess the efficacy and safety of SLIT in asthma using a
meta-analysis following the Cochrane Collaboration
method.

Methods
Types of studies

Only randomized-controlled trials (RCTs) were included. In addi-
tion to double-blind studies, open studies were also reviewed.
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Types of intervention

The intervention investigated was immunotherapy delivered by the
sublingual route, with or without subsequent swallowing. All types
of allergen, all doses, and all lengths of treatment were considered.

Types of outcome measurements
The following parameters were evaluated.

e Asthmatic symptoms, by means of a symptom score entered on
a diary card, with subsequent totaling and averaging. The
following asthmatic symptoms were generally quantified daily:
dyspnea, cough, wheeze, and chest tightness.

e Asthmatic medication requirement, by means of a score en-
tered on a diary card to evaluate the reduction in the need for
medication, with subsequent totaling and averaging. This
generally involved quantification of the use of corticoids and
bronchodilators in particular.



e Respiratory function tests, including: peak expiratory flow rate
(PEFR), forced expiratory volume in 1 s (FEV;), and forced
expiratory flow between 25% and 75% of vital capacity
(FEF25-75%).

e Nonspecific bronchial provocation (to histamine or metha-
choline).

e Adverse effects.

Literature search

MEDLINE (1966-2005), EMBASE (1974-2005), LILACS (1982—
2005), and the Cochrane Controlled Trials Register were searched
using the terms: 1, asthma or wheez*; 2, immunother* or hyposen*
or desen* and sublingual; 3, #1 and #2.

The search was underwent by using the search strategy of highly
sensitive filters for RCTs (8). It was extended to relevant studies
cited in the reference lists of some reviews that were identified as
relevant.

The search was underwent independently by two reviewers (ZC,
ABP), who were both clinical investigators. Final decisions
regarding inclusion of studies in the review were made by consensus,
and the agreement between the two reviewers was analyzed by using
the Kappa test (9). Studies published in languages other than
English were considered if the translated abstract or the title indi-
cated that the study might be an RCT on allergen immunotherapy
for asthma.

Data extraction

All the studies selected were analyzed and further information was
requested from the authors when necessary. Following this, the
methodological quality was assessed.

Each report chosen was read in detail and relevant data were
extracted: study type, methodology, population size, description of
the subjects, type of intervention, duration of treatment, type and
quantity of allergen used, and outcome measurements. The data
were extracted from the reports by one of the authors (ZC) and
checked by another author (ABP). Discrepancies were resolved by
consensus.

Methodological quality

Methodological quality measurements were made using two meth-
ods: the Cochrane Handbook (8) and the Jadad quality score (10).

The quality measurements were made by one of the authors (ZC)
and checked by another author (ABP).

Data analysis

The outcome data extracted from the earlier studies that were
included in this study were entered into the REV MAN 4.2 software
(11) for statistical analysis.

The majority of the studies presented continuous outcomes, and
these were analyzed as standardized mean differences (SMDs), with
calculation of 95% confidence intervals (CI). The SMD was used
because many studies have measured the same outcomes on dif-
ferent scales.

Categorical outcomes were analyzed as risk difference (RD) and
relative risk (RR) both with calculation of the 95% CI. The number
needed to treat (NNT) or the number needed to harm (NNH) were
also estimated. For categorical outcomes, the analysis was per-
formed according to the intention-to-treat method and for con-
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tinuous outcomes, the results were analyzed only in relation to the
participants who completed the trial. Because of significant het-
erogeneity when SMDs were used, the random effects model was
utilized to obtain summary statistics for the overall efficacy of
sublingual immunotherapy (SLIT). The chi-squared test and I” test
(8) were performed to assess the heterogeneity between the studies,
taking P-values of <0.1 to indicate a significant difference between
studies. Sensitivity analysis was performed.

Results
Search findings

In the first screening, only the abstracts and titles were
reviewed. If the information was found to be insufficient,
the analysis was extended to the full text. We identified
119 references among the abstracts and titles, of which 54
were immediately considered unsuitable for inclusion
(review articles, nonrandomized or noncontrolled trials,
studies involving participants with rhinitis and/or con-
junctivitis without asthma, and studies without clinically
relevant outcomes). The Kappa test between the review-
ers showed interobserver agreement of 84%, which was
considered to be an excellent result.

A total of 65 studies were therefore reviewed in detail,
of which 40 were excluded: 10 with insufficient informa-
tion (12-21), 15 not randomized (22-36), eight involving
participants with rhinitis and/or conjunctivitis rather than
asthma (37—44), four using other immunotherapy routes
(45-48), three without clinically relevant outcomes (49—
51). Insufficient information was one of the main causes
of exclusion, and these studies were excluded because no
standard deviations were presented and their outcomes
were shown as columns and other graphs that made it
impossible to use their data in meta-analysis. Although
attempts were made to contact the authors to get the
necessary information, in some cases no responses were
obtained. The flow diagram for the study selection
method is illustrated in Fig. 1.

Characteristics of the studies included

Using the above selection method, 25 studies with 1706
patients were included in this meta-analysis (52—76). The
studies included and their methods, participants, inter-
ventions, and outcomes are listed in Table 1.

In these studies, the asthma manifestation was gener-
ally mild to moderate. Ten trials enrolled only children
(54, 58, 61-63, 65, 66, 72, 73, 76). A wide range of
allergens was administered: mites in eight studies (54, 55,
58, 61, 62, 64, 67, 72), pollen in 14 (52, 53, 56, 57, 60, 63,
65, 606, 68, 70, 71, 73, 75, 76), a mixture of allergens in two
(59, 74), and latex in one (69).

The extracts were generally administered in the form of
drops, with the subject fasting. The drops were kept
under the tongue for 1-3 min and then swallowed.
However, in one study (57), the patients spat out after
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| 119 references identified electronically |

A

‘ 65 electronically screened for detailed evaluation

54 excluded based on title/abstract

A

40 reports excluded

15 not randomized

10 with insufficient information

8 with participants with rhinitis and/or conjunctivitis
rather than asthma

4 with other immunotherapy routes

|25 reports included in meta-analysis

3 with other outcomes

Figure 1. Flow diagram for the study selection method for inclusion in the meta-analysis.

Table 1. Randomized-controlled trials on allergen-specific sublingual immunotherapy for asthma included in this systematic review

Quality
Treatment duration, [Jadad (10)
Study Methods Participants Allergen cumulative dose (pg) Outcomes and Higgins (8)]
Ariano et al. (52) RCDBCT 20 adults and children with A and RC Pollen 1 year Al'S, Al M, NPT, SE 3B
Ariano et al. (53) RCDBCT 30 adults and children with A and RC Pollen 3 months Al'S, AIM 3B
Bahgeciler et al. (54) RCDBCT 15 children with A and R Mite 6 months (560) AS, AM, RFT, BPT, SE 5A
Bousquet et al. (55) RCDBCT 85 adults and children with A Mite 2 years (4200) AS, AM, S&M, RFT, BPT, SE 4B
Drachenberg et al. (56)  RCDBCT 68 adults and children with A and RC Pollen 6 months S&M, SkT 3B
Feliziani et al. (57) RCDBCT 34 adults and children with A and RC Pollen 3 months AS, AI'S, AM, Al M, SE 5A
Hirsch et al. (58) RCDBCT 30 children with A and R Mite 1 year (570) AS, BPT, SeT, SkT, NPT, SE 5A
Marogna et al. (59) RCOCT 511 adults and children with A and R Mite, pollen, 3 years (1170) S&M, RFT, BPT, SE, Ad 3B
mould, and
dander
Marogna et al. (60) RCOCT 79 adults with A and R Pollen 3 years (306) Al'S, NE, AM, RFT, BPT, SE 2B
Niu et al. (61) RCDBCT 110 children with A Mite 6 months (3 mg) AS, AM, SE 4B
Novembre et al. (62) RCDBCT 20 children with A Mite 1 year AS, AM, SE 5A
Novembre et al. (63) RCOCT 113 children with RC Pollen 1 year (130) Al'S, Al M, AS, S&M, SE 3B
Pajno et al. (64) RCDBCT 24 adults and children with A Mite 2 years (250) AS, AM, SE 5A
Pajno et al. (65) RCDBCT 38 children with A and RC Pollen 13 months (20.3) AS, AI'S, Al M, SE 5A
Pajno et al. (66) RCDBCT 30 children with A Pollen 2 years (40) RFT, BPT 5A
Passalacqua et al. (67)  RCDBCT 20 adults with A and RC Mite 2 years Al'S, CPT, SE 5A
Passalacqua et al. (68) ~ RCDBCT 30 adults with A and RC Pollen 5 months (16) Al'S, Al M, S&M, SE 5A
Patriarca et al. (69) RCOCT 24 adults and children allergic to latex  Latex 3 months (5500) SP, SE 3B
Pradalier et al. (70) RCDBCT 126 adults and children with A and R Pollen 5 months (935) AS, Al M, SkT, SeT, SE 4B
Purello D'Ambrosio RCDBCT 30 adults and children with A and RC Pollen 9 months (12.77) AS, AI'S, Al M, S&M, SkT, 5A
et al. (71) SeT, SE
Rodriguez Santos (72) RCOCT 50 children with A Mite 2 years RFT, RRVES, AM 2B
Rolinck-Werninghaus RCDBCT 97 children with A and RC Pollen 32 months (188) all AS, Al M, SeT, SKT, NPT, 5A
et al. (73) allergens RFT, SE, ENQC, Se
Sambugaru et al. (74) RCOCT 53 adults and children with A and RC Mite, pollen 2 years (115.2) S&M, RFT, SE 3B
Voltolini et al. (75) RCDBCT 30 adults and children with A and RC Pollen 5 months (445) Al'S, Al M, NPT, SeT and 4B
SkT, S&M, SE
Yuksel et al. (76) RCDBCT 39 children with A and R Pollen 18 months AS, AM, RFT, UL 5A

A, asthma; Ad, adherence; Al M, medications for allergies in general; Al S, allergic symptoms in general; AM, asthma medications; AS, asthmatic symptoms; BPT, bronchial
provocation test; CPT, conjunctival provocation test; ENOC, exhaled nitric oxide concentration; g, microgram; NE, nasal eosinophils; NPT, nasal provocation test; R, rhinitis; RC,
rhinitis and/or conjunctivitis; RCDBCT, randomized-controlled double-blind clinical trial; RCOCT, randomized-controlled open clinical trial; RFT, respiratory function test; RRVES,
relative risk of visiting emergency service; SE, side effect; Se, severity of eczema; SeT, serologic test; SkT, skin test; SP, symptom provocation; S&M, symptoms plus medications;

UL, urinary leukotriene.

keeping the drops under the tongue. In one trial (70),
administration started via drops and was then replaced by
tablets for the maintenance phase and in another study,
administration was by means of tablets during all the

phases (67).
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In two studies (53, 67), the allergen was used in the
monomer form. This is a form in which the allergen is
modified under laboratory conditions to reduce its
allergenic potential while preserving its immunogenic
capacity and thus decreasing the risk of adverse effects.



Latex allergy was studied in one trial (69). Among the
clinical manifestations included was a more serious
condition of asthma together with rhinitis/conjunctivitis,
urticaria/angioedema, and anaphylactic shock. In this
study, rapid sublingual desensitization was utilized
(4 days), followed by maintenance for 3 months. Evalu-
ation of the treatment was carried out by means of
cutaneous, mucous, sublingual, and conjunctival provo-
cation. For the present meta-analysis, the result from
mucous provocation was utilized as the outcome.

In one study (63), the patients only presented rhinitis
and conjunctivitis, without asthma. This study was
nevertheless utilized in the present meta-analysis because
one of the outcomes was the development of asthma
during treatment.

The duration of treatment varied considerably between
studies, ranging from 3 months to 3 years. In three
studies (57, 58, 64), even though the authors did not
present the standard deviations in relation to the symp-
tom scores, their calculations were based on Cochrane
Handbook (8).

Methodological quality

The concealment of allocation was assessed as clearly
adequate (category A) in 12 studies (54, 57, 58, 62, 64-68,
71, 73, 76), while it was not described in detail (category
B) in 13 studies (52, 53, 55, 56, 59, 60, 61, 63, 69, 70, 72,
74, 75). The score for methodological quality using the
Jadad system was 5 in 12 studies, 4 in four studies, 3 in
seven studies, and 2 in two studies (Table 1). Nineteen
studies were double-blind and six were open-controlled
clinical trials (Table 1).

Categorical outcomes

The categorical outcomes analyzed were asthma improve-
ment in general and adverse effects.

Efficacy of sublingual immunotherapy in asthma

Asthma improvement in general

In seven studies (58, 59, 61-63, 70, 72) with 876 patients,
the change in asthmatic symptoms was simply reported as
worse/same or improved, through combined analysis of
the following outcomes: asthmatic symptoms, need for
symptom relief medication, respiratory function test and
lung hyperreactivity (Fig. 2). Significant improvement
was observed in these studies (RD: —0.27 with 95% CI:
—0.33 to —0.21; RR: 0.48 with 95% CI: 0.40-0.57). The
NNT using immunotherapy was 3.70 patients in order to
avoid leaving one patient with the same symptoms or
worse. There was no heterogeneity between these studies
(=941, P =0.15, I? = 36.3%).

Adverse effects

For 20 studies (52, 54, 55, 57-65, 67-71, 73-75) with
1501 patients, no severe reactions were observed but,
rather, only mild adverse effects (Fig. 3). These were
predominantly local reactions, generally in the mouth,
such as pruritus, erythema, and edema. These usually
occurred within 30 min following the vaccine use and
generally resolved spontaneously. The risks found were
RR: 1.83 with 95% CI: 1.40-2.40; and RD: 0.07 with
95% CI: 0.04-0.10, and the NNH using SLIT was
14.28 patients, in order to cause an adverse effect in
one patient.

Continuous outcomes

Asthma symptoms. In nine studies (54, 55, 58, 64, 65, 70,
71, 73, 76) with 303 patients, the asthmatic symptoms
were analyzed separately from other allergic symptoms,
such as rhinitis and conjunctivitis (Fig. 4). The combined
SMD for the symptom score following SLIT was —0.38
with 95% CI: —0.79 to 0.03. This CI included zero, thus
indicating a nonsignificant reduction in asthmatic symp-

Review: Efficacy of sublingual immunotherapy in asthma

Comparison: 01 Allergen sublingual immunotherapy vs placebo (dichotomous data)

Outcome: 01 worse of asthma (worse of symptoms, respiratory function, broncho-provocation, increase of medication use)

Study Treatment Control RR (fixed) Weight RR (fixed)
or subcategory n/N n/N 95% Cl % 95% ClI
Novembre 1991 2/11 3/9 — - 1.54 0.55 [0.11, 2.59]
Hirsch 1997 5/15 8/15 —a- 3.73 0.63 [0.26, 1.47]
Pradalier 1999 97 23/25 - 8.69 0.58 [0.36, 0.91]
Marogna 2004 63/319 95/192 || 55.36 0.40 [0.31, 0.52]
Niu 2004 23/56 29/54 - 13.78 0.76 [0.51, 1.14]
Novembre 2004 8/54 18/59 —m 8.03 0.49 [0.23, 1.02]
Santos 2004 6/25 19/25 - 8.87 0.32 [0.15, 0.66]
Total (95% Cl) 497 379 ¢ 100.00 0.48 [0.40, 0.57]
Total events 116 (treatment), 195 (control)

Test for heterogeneity: y>= 9.41, d.f. =6 (P = 0.15), 2= 36.3%

Test for overall effect: Z=8.01 (P < 0.00001)

0.001 0.01 01 1 10 100 1000

Favors treatment Favors control

Figure 2. Meta-analysis of overall asthma parameter improvement (asthmatic symptoms, respiratory function test, symptom relief
medication, lung reactivity) from placebo-controlled trials: relative risk (RR) with 95% confidence interval (CI) for each study and all

studies combined (including test for heterogeneity).
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Review: Efficacy of sublingual immunotherapy in asthma

Comparison: 01 Allergen sublingual immunotherapy vs placebo (dichotomous data)

Outcome: 02 Side effect

Study Treatment Control RR (fixed) Weight RR (fixed)

or subcategory n/N n/N 95% ClI % 95% Cl
Novembre 1991 2/11 1/9 —f— 1.76 1.64 [0.18, 15.26]
Felziani 1995 0/18 0/16 Not estimable
Hirsch1997 6/15 115 +—— 1.60 6.00 [0.82, 44.00]
Passalacqua 1998 1/20 2/20 —.— 3.20 0.50 [0.05, 5.08]
Bousquet 1999 15/42 14/43 - 22.11 1.10 [0.61, 1.98]
D’Ambrosio 1999 0/14 0/16 Not estimable
Passalacqua 1999 0/15 0/15 Not estimable
Pradalier 1999 25/63 14/63 Hl- 22.37 1.79 [1.03, 3.11]
Pajno 2000 6/12 112 1—— 1.60 6.00 [0.85, 42.59]
Ariano 2001 0/10 0/10 Not estimable
Bahceciler 2001 0/8 0/7 Not estimable
Voltolini 2001 715 4115 - 6.39 1.75 [0.64, 4.75]
Patriarca 2002 2/12 0/12 — 0.80 5.00 [0.27, 94.34]
Pajno 2003 5/15 2/15 - 3.20 2.50 [0.57, 10.93]
Sambugaru 2003 1/43 0/10 — 1.28 0.75 [0.03, 17.18]
Marogna 2004 9/319 0/192 - 1.00 11.46 [0.67, 195.78]
Niu 2004 6/56 7/54 —m— 11.39 0.83 [0.30, 2.30]
Novembre 2004 3/54 1/59 — 1.53 3.28 [0.35, 30.57]
Werninghaus 2004 24/49 13/48 HE- 20.99 1.81 [1.05, 3.12]
Marogna 2005 4/39 0/40 —— 0.79 9.23 [0.51, 165.84]
Total (95% Cl) 830 671 Q 100.00 1.83 [1.40, 2.40]
Total events: 116 (treatment), 60 (control)

Test for heterogeneity: 2= 13.20, d.f.=14 (P=0.51), 2=0%

Test for overall effect: Z=4.40 (P<0.0001)

0.001 0.01 0.1 1 10 100 1000
Favors treatment Favors control

Figure 3. Meta-analysis of side effects from placebo-controlled trials: relative risk (RR) with 95% confidence interval (CI) for each
study and all studies combined (include test for heterogeneity).

Review: Efficacy of sublingual immunotherapy in asthma

Comparison: 02 Allergen sublingual immunotherapy vs placebo (continuous data)

Outcome: 01 Asthma symptoms only

Study Treatment Control SMD (random) Weight SMD (random)
or subcategory N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Hirsch 1997 12 0.07 (0.27) 10 0.28 (0.27) = 10.01 -0.75 [-1.62, 0.13]
Bousquet 1999 23 0.17 (0.51) 27 0.11 (0.35) + 13.74 0.14 [-0.42, 0.69]
D’Ambrosio 1999 14 10.35 (19.92) 16 90.50 (122.87) = 11.33 -0.86 [-1.61, -0.10]
Pradalier 1999 17 1.10 (3.57) 25 4.20 (8.28) - 12.92 —-0.40 [-1.03, 0.22]
Yuksel 1999 11 13.00 (9.90) 8 9.00 (6.80) T 9.50 0.44 [-0.49, 1.36]
Pajno 2000 12 6.00 (3.34) 9 13.20 (3.34) —— 7.83 —2.07 [-3.18, -0.96]
Bahgeciler 2001 8 0.42 (0.45) 7 0.29 (0.26) - 8.56 0.33 [-0.70, 1.35]
Pajno 2003 14 6.94 (4.43) 13 11.27 (6.96) - 11.00 -0.73 [-1.51, 0.06]
Werninghaus 2004 39 2.54 (5.00) 38 2.50 (5.06) T 15.11 0.01 [-0.44, 0.45]
Total (95% Cl) 150 153 4 100.00 -0.38 [-0.79, 0.03]
Test for heterogeneity: 32 = 22.17, d.f. = 8 (P = 0.005), /2 = 63.9%

Test for overall effect: Z=1.80 (P=0.07)

-10 -5 0 5 10
Favors treatment  Favors control

Figure 4. Meta-analysis of asthmatic symptom scores from placebo-controlled trials of allergen immunotherapy for asthma: stan-
dardized mean difference (SMD) with 95% confidence interval (CI) for each study and for all studies combined (including test for
heterogeneity).

toms. There was a significant heterogeneity between the combined SMD following SLIT was —1.18 with 95%

studies (4* = 22.17, P = 0.005, I> = 63.9%). CI: —1.93 to —0.43, thus indicating a significant reduction
Subgroups analyzed according to age (children), aller- in allergic symptoms (Fig. 5). There was a significant
gen type or duration of immunotherapy failed to identify heterogeneity  between the studies (3> = 84.71,
differences in the benefits from treatment. P < 0.00001, I* = 89.4%).
Allergic symptoms in general. Ten studies (52, 53, 57, 60, Symptoms plus medication. Composite symptom plus
63, 67-69, 71, 75) with 360 patients gave analyses of medication scores were available in seven studies (56,
asthmatic symptoms together with other allergic symp- 59, 63, 68, 71, 74, 75) with 724 patients (Fig. 6). However,
toms (rhinitis, conjunctivitis, and latex allergy). The these two outcomes were for allergies in general (asthma
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Review: Efficacy of sublingual immunotherapy in asthma

Comparison: 02 Allergen sublingual immunotherapy vs placebo (continuous data)

Outcome: 02 Allergic symptoms group (asthma, rhinits, conjunctivits, etc)

Study Treatment Control SMD (random) Weight SMD (random)

or subcategory N Mean (SD) N Mean (SD) 95% ClI % 95% ClI
Feliziani 1995 18 109.70 (103.90) 16 209.40 (103.90) - 10.44 —0.94 [-1.65, —0.22]
Passalacqua 1998 10 59.60 (27.80) 9 109.10 (45.70) —— 9.55 —1.27 [-2.28, —0.26]
D’Ambrosio 1999 14 509.00 (514.22) 16 897.06 (678.19) - 10.38 —0.62 [-1.36, 0.12]
Passalacqua 1999 14 189.20 (93.10) 13 191.00 (88.10) -+ 10.33 -0.02 [-0.77, 0.74]
Ariano 2001 10 1.80 (1.75) 10 5.38 (1.57) — 9.14 —2.06 [-3.19, —0.93]
Voltolini 2001 14 129.64 (153.88) 13 83.23 (78.82) = 10.31 0.36 [-0.40, 1.13]
Patriarca 2002 12 0.25 (0.70) 12 275 (1.05) —— 9.05 —2.71 [-3.36, —1.55]
Novembre 2004 47 89.80 (94.84) 50 125.16 (142.54) b 11.16 —-0.29 [-0.69, 0.11]
Ariano 2005 20 9.30 (3.03) 10 10.40 (1.96) = 10.29 —0.39 [-1.16, 0.37]
Marogna 2005 29 48.51 (11.29) 23 148.65 (29.93) — 9.36 —4.57 [-5.64, —3.51]
Tolal (95% ClI) 188 172 3 100.00 —1.18 [-1.93, —0.43]
Test for heterogeneity x2 = 84.71, d.f. = 9 (P < 0.00001), /2 = 89.4%
Test for overall effect Z= 3.08 (P = 0.002)

-10 -5 0 5 10

Favors treatment ~ Favors control

Figure 5. Meta-analysis of allergic symptom scores from placebo-controlled trials of allergen immunotherapy for asthma: stan-
dardized mean difference (SMD) with 95% confidence interval (CI) for each study and for all studies combined (including test for

heterogeneity).

Review: Efficacy of sublingual immunotherapy in asthma

Comparison: 02 Allergen sublingual immunotherapy vs placebo (continuous data)

Outcome: 10 Reductions of symptoms plus medications score together of allergy in general asthma, rhinits, conjunctivits

Study Treathment Control SMD (random) Weight SMD (random)

or subcategory N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
D’Ambrosio 1999 16 557.08 (526.99) 14 1021.43 (726.07) - 13.38 -0.72 [-1.46, 0.02]
Passalacqua 1999 14 231.50 (82.60) 13 274.30 (94.20) - 1317 —-0.47 [-1.24, 0.30]
Drachenberg 2001 37 0.31 (0.37) 12 0.53 (0.49) -1 14.10 -0.54 [-1.20,-0.12]
Voltolini 2001 14 151.57 (161.51) 13 122.08 (95.74) T 13.26 0.21 [-0.54, 0.97]
Sambugaru 2003 43 2.48 (1.30) 10 5.50 (1.50) - 12.74 —2.22 [-3.04,-1.41]
Marogna 2004 271 54.70 (46.08) 170 121.00 (49.51) = 17.21 —1.40 [-1.61,-1.18]
Novembre 2004 47 106.12 (104.77) 60 153.25 (154.25) “ 16.15 —0.36 [-0.76, 0.04]

Tolal (95% Cl) 442 282 ’ 100.00 —0.79 [-1.34,-0.24]

Test for heterogheneity: 2= 45.33, d.f. = 6 (P < 0.00001), /1 = 86.8% ’

Test for overall effect: Z=2.80 (P =0.005)

-10 -5 0 5 10

Favors treatment ~ Favors control

Figure 6. Meta-analysis of symptoms plus medication score for allergic symptoms (asthma together with rhinitis and conjunctivitis)
from placebo-controlled trials: standardized mean difference (SMD) with 95% confidence interval (CI) for each study and all studies

combined (include test for heterogeneity).

together with rhinitis and conjunctivitis), and the com-
bined SMD following SLIT was —0.79 with 95% CI:
—1.34 to —0.24, thus demonstrated significance. In the
only study that analyzed symptoms plus medication score
for asthma alone (55), SLIT was no better than placebo.
There was a significant heterogeneity between the studies
(x* = 45.33, P < 0.00001, I = 86.8%).

Medication use. In 10 studies (52, 53, 57, 63, 65, 68, 70,
71, 73, 75) with 488 patients (Fig. 7), there was a
significant reduction in the use of medication for
asthma together with rhinitis and conjunctivitis (SMD
—-0.82 with 95% CI: —-1.25 to —0.39). However, in six
studies (54, 55, 60, 61, 64, 76) with 254 patients
(Fig. 8), there was no significant reduction in the need
for medication for asthma alone (SMD —0.91 with 95%
CI: -1.94 to 0.12). There was also a significant
heterogeneity in these two outcomes (respectively
7> =40.53, P < 0.00001, I = 77.8% and y* = 60.74,
P < 0.00001, I* = 91.8%).

Respiratory function and bronchial provocation tests

Among the respiratory function tests evaluated (FEV;,
FEV1%, PEF, and FEF25-75%), FEV1% showed a
significant improvement (SMD 1.48; 95% CI: 0.13-2.82),
among 144 patients in four studies (54, 55, 60, 66) and
FEF25-75% (SMD 1.06; 95% CI: 0.40-1.72) among 42
patients in two studies (54, 66); the values in these studies,
which are greater than zero, indicated that treatment by
SLIT was favored. Other evaluations, including the
bronchial provocation test, did not show any significant
improvement favoring treatment by SLIT.

Sensitivity analysis

The sensitivity analysis was performed to assess the
symptomatic response of asthma when evaluated by
means of the SMD (Fig. 4). It was observed that, except
for two studies (55, 70) that were classified with a score of
4 (according to the Jadad scale), the other seven studies
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Review: Efficacy of sublingual immunotherapy in asthma
Comparison: 02 Allergen sublingual immunotherapy vs placebo (continuous data)
Outcome: 09 Reduction of medication use to allergies general (asthma and rhinoconjunctivits)
Study Treathment Control SMD (random) Weight SMD (random)
or subcategory N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Feliziani 1995 18 24.05 (45.47) 16 76.00 (45.47) - 9.95 —1.12 [-1.85, -0.39]
D’Ambrosio 1999 14 48.16 (46.61) 16 124.37 (121.08) - 9.80 —0.79 [-1.54, -0.04]
Passalacqua 1999 14 42.30 (25.50) 13 83.00 (64.80) = 9.47 —-0.81 [-1.60, —0.02]
Pradalier 1999 60 1.77 (2.27) 59 2.13 (2.74) &+ 12.76 —-0.14 [-0.50, 0.22]
Ariano 2001 10 2.50 (2.10) 10 5.30 (4.90) —H 8.57 -0.71 [-1.62, 0.20]
Voltolini 2001 14 21.93 (29.96) 13 38.85 (33.94) - 9.64 —0.51 [-1.28, 0.26]
Pajno 2003 14 10.27 (7.26) 13 26.27 (16.50) = 9.13 —1.23 [-2.07, -0.40]
Novembre 2004 47 15.32 (20.06) 50 28.09 (28.46) - 12.46 —-0.51 [-0.92, —-0.11]
Werninghaus 2004 39 2.54 (3.58) 38 2.85 (3.87) T 12.16 —0.08 [-0.53, 0.36]
Ariano 2005 20 3.00 (1.03) 10 7.20 (1.06) — 6.05 —3.93 [-5.24, -2.62]
Tolal (95% Cl) 250 238 ‘ 100.00 —0.82 [-1.25, —0.39]
Test for heterogeneity: 32 =40.53, d.f.= 9 (P < 0.00001), /2= 77.8%
Test for overall effect: Z=3.76 (P =0.0002)

-10 -5 0 5 10

Favors treatment ~ Favors control

Figure 7. Meta-analysis of medication use score for allergic symptoms (asthma together with rhinitis and conjunctivitis) from placebo-
controlled trials: standardized mean difference (SMD) with 95% confidence interval (CI) for each study and all studies combined

(include test for heterogeneity).

Review: Efficacy of sublingual immunotherapy in asthma

Comparison: 02 Allergen sublingual immunotherapy vs placebo (continuous data)

Outcome: 08 Reduction of medication use to asthma

Study Treatment Control SMD (random) Weight SMD (random)

or subcategory N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Bousquet 1999 23 122.00 (235.00) 27 79.00 (136.00) 17.74 0.23 [-0.33, 0.78]
Yuksel 1999 11 4.00 (2.10) 8 4.80 (2.40) 16.29 -0.34 [-1.26, 0.58]
Pajno 2000 12 82.68 (56.80) 9 205.20 (56.80) — 15.38 —2.07 [-3.18, —0.96]
Bahgeciler 2001 8 0.11 (0.17) 7 0.11 (0.12) 15.84 0.00 [-1.01, 1.01]
Niu 2004 49 0.02 (0.31) 48 0.05 (0.27) 18.21 —-0.10 [-0.50, 0.30]
Marogna 2005 29 1.73 (0.64) 23 11.68 (4.35) - 16.53 -3.35 [-4.22, -2.49]

Total (95% Cl) 132 122 100.00 -0.91 [-1.94,0.12]

Test for heterogheneity x2 = 60.74, d.f. = 5 (P < 0.00001), /2= 91.8%

Test for overall effect Z=1.73 (P = 0.08)

—10 -5 0 5 10

Favors treatment Favors control

Figure 8. Meta-analysis of medication use score only for asthma symptoms from placebo-controlled trials: standardized mean dif-
ference (SMD) with 95% confidence interval (CI) for each study and all studies combined (include test for heterogeneity).

included in the specific meta-analysis for this outcome
(improvement in the asthma symptoms) were all classified
with a score of 5, thus showing that all the studies were
of good quality. Also, with regard to the concealment
allocation, only two studies (the same ones with score
of 4, above) were classified in category B (allocation
process not described in detail), while all the others were
classified in A. We saw that the result for this outcome
was favorable for SLIT, but without statistical signifi-
cance. When we removed the two studies that were
classified as 4B in the meta-analysis and only analyzed
the studies classified as 5A, we obtained SMD: —0.48
with CI: —-1.03 to 0.07 (> =19.59, P = 0.003 and
I’ = 69.4%), which thus did not modify the statistical
significance of the result and also had no great repercus-
sion on the heterogeneity of the analysis. We, therefore,
were able to believe that the heterogeneity observed in
this was unlikely to be methodological (related to the
quality of the studies analyzed) but, rather, it was
probably related to the differences in the scores utilized
in the different studies.
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Comment

In this systematic review of SLIT for asthma treatment, we
identified 25 RCTs with sufficient information for inclu-
sion in this meta-analysis. Out of the 119 references
identified electronically, 65 reports were initially reviewed
in detail. Among these 65 studies, one of the main causes of
exclusion was insufficient data available from the pub-
lished manuscript. This was generally because of the lack of
standard deviations and also in many cases the results were
presented by the authors in tabular columns and graphs
that could not be transformed into numbers for utilization
in the meta-analysis. Despite attempts to contact the
authors, a small proportion did not reply to our questions.
Regarding the methodological quality of the studies
included, they were all classified in category A or B with
regard to the concealment allocation process, and 64%
were classified via the Jadad quality score as 4 or 5.
Regarding the clinical efficacy of SLIT for asthma
treatment, analysis of the improvement in clinical and
laboratory asthma parameters by categorical outcomes



(seven studies with 876 patients) showed that the trials
were significantly favorable to SLIT, without heterogen-
eity. For this, all the outcomes were analyzed together
(reduction in asthmatic symptoms, lower need for medi-
cation, improvement in respiratory function test, and
decreased bronchial hyperreactivity).

When asthmatic symptoms (nine studies with 303
patients) and reduction in the use of specific asthma
medication (six studies with 254 patients) were analyzed
using SMDs (continuous outcomes), there was a tendency
toward improved asthma outcomes favored by SLIT, but
without statistical significance. However, when all the
allergic symptoms together (asthma plus rhinitis and
conjunctivitis) and the reduction in the use of medication
for allergy combinations (asthma plus rhinitis and con-
junctivitis) were analyzed, as well as the symptom plus
medication scores for all allergies, a significant improve-
ment favored by SLIT was seen.

Among the respiratory function tests, FEV1% and
FEF25-75% showed significant improvement. One
important question addressed by the present review is in
relation to adverse effects. Considering that no severe
reactions were observed in 20 trials with 1501 patients,
this suggests that SLIT is a safe treatment, and this is in
agreement with the literature (26, 49, 57, 77).

With regard to other reviews covering immunotherapy
for asthma treatment, there is one Cochrane review in
which Abramson et al. (1, 2) studied the subcutaneous
route. This showed that SCIT reduced asthmatic symp-
toms and the use of medication for asthma. We saw that
when these outcomes were analyzed from the viewpoint of
SLIT, although they showed a tendency toward a favora-
ble response to treatment, there was no statistical signifi-
cance. This is perhaps attributable to the smaller number of
clinical trials on SLIT in relation to the number of trials on
SCIT. In analyzing these continuous outcomes, Abramson
etal. (1, 2) was able to utilize 28 studies of the reduction in
asthma symptoms and 15 on the need for the use of asthma
medication in his examination. On the other hand, in our
meta-analysis, we only had nine and six studies available,
respectively, for analyzing the same outcomes. Therefore,
if we had had a greater number of studies on SLIT
available, we might have also found significant values.

In analyzing the asthma symptom outcomes within the
categories in which the symptoms were simply reported as
having worsened, remained unchanged or improved,
Abramson et al. (1, 2) observed a significant RR of 0.51
for deterioration of the symptoms, and also an NNT of 4,
i.e. it would be necessary to treat four patients with asthma
to avoid one worsening. We obtained a significant RR of
0.48 for worsening of asthma (which encompassed asthma
symptoms) and also an NNT of 3.7. Thus, these values are
also favorable toward SLIT and they are very close to
those of Abramson et al. (1, 2) when SCIT was analyzed.

With regard to the respiratory function tests, contrary
to Abramson et al. (1, 2), who did not find significant
values favoring SCIT, in the present review, we found a

Efficacy of sublingual immunotherapy in asthma

response that was significantly favorable toward SLIT,
when FEV1% and FEF25-75% were analyzed.

With regard to the sublingual route, there are a few
reviews covering SLIT for asthma treatment alone, let
alone meta-analyses. There is one Cochrane review on
SLIT, albeit for rhinitis (5, 6), which shows that SLIT is a
safe treatment that significantly reduces the symptoms and
use of medication relating to allergic rhinitis. Another
review with meta-analysis, which was published recently,
dealt with the efficacy of SLIT for respiratory allergy in
children alone (7). There are other reviews on SLIT (78—
83), but they covered asthma together with rhinitis and/or
conjunctivitis, and none with meta-analysis. These reviews
have generally showed that SLIT represents a possible safe
alternative to SCIT for the treatment of allergic asthma,
with some positive results and other disappointing results
in relation to effectiveness.

Some caution is required in interpreting the present
meta-analysis, because of the significant heterogeneity
between the studies, in relation to continuous outcomes.
This may, in part, be explained by the wide variety of
scoring systems used in different studies and therefore,
standardization of symptoms and medication scores are
needed.

Another suggestion is that authors should follow the
CONSORT guidelines (84), in order to achieve a better
uniformity in relation to the methodological quality of
future studies.

It would also be useful to standardize the allergen doses
used. Independent of the unit used (reactivity index,
biologic unit, etc.), the quantity of each allergen used
should also be presented in terms of micrograms (ug),
along with the maintenance and cumulative doses used.

The mechanism of the action of SLIT is still unclear,
especially in comparison with specific injection immuno-
therapy, which today is the best-understood method (78,
85, 86). However, some studies have demonstrated
possible decreases in IgE levels, increases in IgG4 levels,
variations in IgG1 levels, increases in CD8 + T cells, and
reductions in the CD4/CDS8 T-cell ratio (51); also, SLIT
therapy might modulate the Th1/Th2 balance, thereby
inhibiting Th2 lymphocytes (13). Nonetheless, this subject
requires further study.

Conclusions

Even though the evidence found in this meta-analysis is
not very strong, the results from analyzing all the
parameters together (asthmatic symptoms, respiratory
function tests, relief medication, and lung hyperreactivity)
suggest that SLIT reduces asthma expression. It reduces
the need for medication for allergy combinations (asthma
together with rhinitis and conjunctivitis), reduces allergic
symptoms (when analyzed together with asthma symp-
toms), reduces the composite symptom plus medication
score for allergies together and improves the FEV1% and
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FEF25-75% respiratory function test result. One import-
ant implication for clinical practice is its safety. As SLIT
did not show any significant adverse effects, it can
therefore be prescribed as an alternative to SCIT.

With regard to the implications for research, as the
effectiveness of SLIT is still subject to discussion, further
high-quality RCTs are needed. Standardization of the
principal end points utilized would also be an important
achievement, i.e. the symptom and medication scores, and
also quantification of the allergens studied (in pg), with
presentation of the maintenance and cumulative doses.

Future research will also be needed in order to
investigate the optimal maintenance doses and the length
of treatment, identify whether there are subsets of patients
capable of responding better to the treatment, and analyze

Therefore, although this meta-analysis does not dem-
onstrate a definitive result regarding the efficacy of SLIT
for asthma treatment, it has increased the weighting of
the balance of evidence, so that it points toward an
official position of validation for the use of SLIT in adults
and children. It does, however, still seem to be necessary
to conduct further studies in this respect.

Acknowledgments

Grateful thanks are extended to the authors of individual studies
who provided additional data to allow meaningful meta-analysis to
be performed. We also thank Ms Helena Maria da Costa Lima, Ms
Josefina Barbosa de Faria, and Ms Engrid Tavares Sampaio for
their literature searches and bibliographic reference assistance.

the cost-effectiveness ratio and adherence to treatment.

References
1. Abramson MJ, Puy RM, Weiner JM. handbook/handbook.pdf, updated 16. Mungan D, Misirligil Z, Demirel YS,
Immunotherapy in asthma: an updated March 2005; accessed on April 20, 2005). Girbiiz L. Efficacy of sublingual immu-
systematic review. Allergy 1999;54:1022— 9. Pereira MG. Aferi¢do dos eventos. In: notherapy (SLIT) in mite sensitive
1041. Pereira MG, editor. Epidemiologia: patients with allergic rhinitis and asthma:
2. Abramson MJ, Puy RM, Weiner JM. teoria e pratica. Rio de Janeiro: a placebo controlled study. Eur Respir
Allergen immunotherapy for asthma Guanabara Koogan, 1995:358-376. J Suppl 1996;9(Suppl. 23):210S.
(Cochrane review). In: Airways Group, 10. Jadad AR, Moore RA, Carroll D, 17. Mungan D, Misirligil Z, Giirbiis L. Com-
eds. The Cochrane Library, Issue 2. Jenkinson C, Reynolds DJ, Gavaghan parison of the efficacy of subcutaneous
2005:1-53. DJ et al. Assessing the quality of reports and sublingual immunotherapy in mite-
3. Bousquet J, Van Cauwenberge P, of randomized clinical trials: is blinding sensitive patients with rhinitis and asthma:
Khaltaev N; Aria Workshop Group, necessary? Control Clin Trials a placebo controlled study. Ann Allergy
World Health Organization. Allergic 1996;17:1-12. Asthma Immunol 1999;82: 485-490.
rhinitis and its impact on asthma. 11. Limi A, Runyau A, Andersen V. 18. Orefice U. Efficacy of allergoid sublin-
J Allergy Clin Immunol 2001; RevMan [computer program on the gual immunotherapy in patients with
108(Suppl. 5):S147-S334. Internet], Version 4.1. Kobeharvn: allergic bronchial asthma to house dust
4. Bousquet J, Lockey RF, Malling H-J. Nordic Cochrane Centre, 2005 mite. J Allergy Clin Immunol
WHO Position Paper Allergen immu- (Available at: http://www.cc-ims.net/ 2004;113(Suppl. 2):S111.
notherapy: therapeutic vaccines for RevMan, accessed on April 20, 2005). 19. Purello-D’Ambrosio F, Ricciardi L,
allergic diseases. Allergy 1998; 12. Bufe A, Ziegler-Kirbach E, Stoeckmann Isola S, Puccinelli P, Musarra A. Rush
53(Suppl.):1-42. P, Heidemann P, Gehlhar K, Holand- sublingual immunotherapy in parietaria
5. Wilson DR, Lima MT, Durham SR. Letz T et al. Efficacy of sublingual allergic patients. Allergol Immunopathol
Sublingual immunotherapy for allergic swallow immunotherapy in children with (Madr) 1996;24:146-151.
rhinitis: systematic review and meta- severe grass pollen allergic symptoms: a  20. Tari MG, Mancino M, Monti G. Effic-
analysis. Allergy 2005;60:4—12. double-blind placebo-controlled study. acy of sublingual immunotherapy in
6. Wilson DR, Torres Lima M, Durham SR. Allergy 2004;59:498-504. patients with rhinitis and asthma due to
Sublingual immunotherapy for allergic 13. Ippoliti F, De Santis W, Volterrani A, house dust mite: a double-blind study.
rhinitis (Cochrane review). In: Ear, Nose Lenti L, Canitano N, Lucarelli S et al. Allergol Immunopathol (Madr)
and Throat Disorders Group, eds. The Immunomodulation during sublingual 1990;18:277-284.
Cochrane Library, Issue 1. 2005:1-19. therapy in allergic children. Pediatr 21. Vourdas D, Syrigou E, Potamianou P,
Oxford, UK: Update software. Allergy Immunol 2003;14:216-221. Carat F, Batard T, André C et al. Dou-
7. Olaguibel JM, Alvarez Puebla MJ. 14. Mauro M, Russelo M, Incorvaia C, ble-blind, placebo-controlled evaluation
Efficacy of sublingual allergen vaccin- D’Ingianna E, Gazzola G. Efficacy and of sublingual immunotherapy with
ation for respiratory allergy in children: safety of subcutaneous and sublingual standardized olive pollen extract in
conclusions from one meta-analysis. immunotherapy in birch pollinosis. pediatric patients with allergic rhino-
J Investig Allergol Clin Immunol J Allergy Clin Immunol 2004; conjunctivitis and mild asthma due to
2005;15:9-16. 113(Suppl. 2):S108. olive pollen sensitization. Allergy
8. Higgins JPT, Green S. editors Cochrane 15. Melaranci C, Matteoli MC. Efficacy of 1998;53:662-672.
handbook for systematic reviews of allergoid sublingual immunotherapy in 22. André C, Vatrinet C, Galvain S, Carat

interventions: 4.2.4. Monography on the
Internet. Oxford, UK: The Cochrane
Collaboration, 2005:265 (Available at:
http://www.cochrane.org/resources/

1170

children with asthma and/or allergic
rhinoconjunctivitis: comparison study
with drugs. J Allergy Clin Immunol
2004;113(Suppl. 2):S111.

F, Sicard H. Safety of sublingual-swal-
low immunotherapy in children and
adults. Int Arch Allergy Immunol
2000;121:229-234.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Arena A, Barbatano E, Gammeri E,
Bruno M, Riva G. Specific immuno-
therapy of allergic diseases: a three years
perspective observational study. Int J
Immunopathol Pharmacol 2003;16:277—
282.

Bahgeciler NN, Arikan C, Taylor A,
Akdis M, Blaser K, Barlan IB et al.
Impact of sublingual immunotherapy on
specific antibody levels in asthmatic
children allergic to house dust mite. Int
Arch Allergy Immunol 2005;136:287—
294.

Di Rienzo V, Marcucci F, Puccinelli P,
Parmiani S, Frati F, Sensi L et al. Long-
lasting effect of sublingual immuno-
therapy in children with asthma due to
house dust mite: a 10-year prospective
study. Clin Exp Allergy 2003;33:206—
210.

Di Rienzo V, Minelli M, Musarra A,
Sambugaro R, Pecora S, Canonica WG
et al. Post-marketing survey on the
safety of sublingual immunotherapy in
children below the age of 5 years. Clin
Exp Allergy 2005;35:560-564.

Feliziani V, Marfisi RM, Parmiani S.
Rush immunotherapy with sublingual
administration of grass allergen extract.
Allergol Immunopathol (Madr)
1993;21:173-178. )

Gozalo F, Martin S, Rico P, Alvarez E,
Cortes C. Clinical efficacy and tolerance
of two year Lolium perenne sublingual
immunotherapy. Allergol Immunopa-
thol (Madr) 1997;25:219-227.
Lombardi C, Gargioni S, Venturini S,
Zoccali P, Canonica GW, Passalacqua
G. Controlled study of preseasonal im-
munotherapy with grass pollen extract in
tablets: effect on bronchial hyperreac-
tivity. J Investig Allergol Clin Immunol
2001;11:41-45.

Marogna M, Massolo A. Sublingual
immunotherapy in the context of a clin-
ical practice improvement program in
the allergological setting: results of a
long-term observational study. Allerg
Immunol (Paris) 2003;35:133-140.
Mitsch A, Drachenberg KJ. Positive
Ergebnisse einer ersten multizentrischen
Untersuchung: spezifische Immunthera-
pie sublingual applizierbar. TW Padiatr
1996;9:628-631.

Pajno GB. Allergen immunotherapy in
early childhood: between Scylla and
Charybdis! Clin Exp Allergy
2005;35:551-553.

Sanchez Palacios A, Schamann F,
Garcia JA. Inmunoterapia sublingual
com extracto de epitélio de gato: exper-
iéncia personal. Allergol Immunopathol
(Madr) 2001;29:60-65.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Efficacy of sublingual immunotherapy in asthma

. Rakoski J, Wessner D. A short assess-

ment of sublingual immunotherapy. Int
Arch Allergy Immunol 2001;126:185—
187.

Silvestri M, Spallarossa D, Battistini E,
Sabatini F, Pecora S, Parmiani S et al.
Changes in inflammatory and clinical
parameters and in bronchial hyperreac-
tivity in asthmatic children sensitized to
house dust mites following sublingual
immunotherapy. J Investig Allergol Clin
Immunol 2002;12:52-59.

Wiithrich B, Bucher Ch, Jorg W, Bircher
A, Schneider Y, Schnyder F et al. Dou-
ble-blind, placebo-controlled study with
sublingual immunotherapy in children
with seasonal allergic rhinitis to grass
pollen. J Investig Allergol Clin Immunol
2003;13:145-148.

André C, Perrin-Fayolle M, Grosclaude
M, Coutuier P, Basset D, Cornillon J
et al. A double-blind placebo-controlled
evaluation of sublingual immunotherapy
with a standardized ragweed extract in
patients with seasonal rhinitis: evidence
for a dose-response relationship. Int
Arch Allergy Immunol 2003;131:111-
118.

Bowen T, Greenbaum J, Charbonneau
Y, Hebert J, Filderman R, Sussman G
et al. Canadian trial of sublingual swal-
low immunotherapy for ragweed rhino-
conjunctivitis. Ann Allergy Asthma
Immunol 2004;93:425-430.

Clavel R, Bousquet J, André C. Clinical
efficacy of sublingual swallow immuno-
therapy: a double blind, placebo-con-
trolled trial of a standardized five-grass-
pollen extract in rhinitis. Allergy
1998;53:493-498.

Scheinmann P, President. Symposium
Satellite Stallergénes — DHS, 11 janvier
2002: Du protocole thérapeutique a la
démonstration clinique: les atouts de la
voie sublinguale. Allerg Immunol (Paris)
2002;34:60-62.

Horak F, Stiibner P, Berger UE, Marks
B, Toth J, Jiager S. Immunotherapy with
sublingual birch pollen extract: a short-
term double-blind placebo study. J In-
vestig Allergol Clin Immunol
1998;8:165-171.

Hordijk GJ, Antvelink JB, Luwema RA.
Sublingual immunotherapy with a stan-
dardized grass pollen extract; a double-
blind placebo-controlled study. Allergol
Immunopathol (Madr) 1998;26:234-240.
Sabbah A, Hassoun S, Le Sellin J, André
C, Sicard H. A double blind, placebo-
controlled trial by the sublingual route of
immunotherapy with a standardized
grass pollen extract. Allergy
1994;49:309-313.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Vervloet D, Bimbaum J, Laurent P,
Hugues B, Fardeau MF, Massabie-
Bouchat YP et al. Safety and clinical
efficacy of rush sublingual cypress im-
munotherapy: preliminary results. Al-
lergy 2002;57(Suppl. 70):70.

Cirla AM, Cirla PE, Parmiani S, Pecora
S. A pre-seasonal birch/hazel sublingual
immunotherapy can improve the out-
come of grass pollen injective treatment
in bisensitized individuals: a case-refer-
ent, two-year controlled study. Allergol
Immunopathol (Madr) 2003;31:31-43.
Crimi E, Voltolini S, Troise C, Gianiorio
P, Crimi P, Brusasco V et al. Local
immunotherapy with Dermatophagoides
extract in asthma. J Allergy Clin
Immunol 1991;87:721-728.

Quirino T, Iemoli E, Siciliani E,
Parmiani S, Milazzo F. Sublingual ver-
sus injective immunotherapy in grass
pollen allergic patients: a double-blind
(double dummy) study. Clin Exp Allergy
1996;26:1253-1261.

TePas EC, Hoyte EG, Mclntere JJ,
Umetsu DT. Clinical efficacy of micro-
encapsulated timothy grass pollen ex-
tract in grass-allergic individuals. Ann
Allergy Asthma Immunol 2004;92:25—
31.

Almagro E, Asensio O, Bartolomé JM,
Bosque M, de la Hoz B, Dolz I et al.
Estadio multicéntrico de farmacovigi-
lancia de inmunoterapia sublingual en
pacientes alérgicos. Allergol Immuno-
pathol (Madr) 1995;23:153-159.
Grosclaude M, Bouillot P, Alt R,
Leynadier F, Scheinmann P, Rufin P

et al. Safety of various dosage regimens
during induction of sublingual immuno-
therapy: a preliminary study. Int Arch
Allergy Immunol 2002;129:248-253.
Tari MG, Mancino M, Madonna F,
Buzzoni L, Parmiani S. Immunologic
evaluation of 24 month course of sub-
lingual immunotherapy. Allergol Immu-
nopathol (Madr) 1994;22:209-216.
Ariano R, Spadolini I, Panzani RC.
Efficacy of sublingual specific immuno-
therapy in Cupressaceae allergy using an
extract of Cupressus arizonica: a double
blind study. Allergol Immunopathol
(Madr) 2001;29:238-244.

Ariano R, Panzani RC, Mistrello G.
Efficacy of sublingual coseasonal immu-
notherapy with a monomeric allergoid in
Cupressaceae pollen allergy: preliminary
data. Allerg Immunol (Paris)
2005;37:103-108.

Bahgeciler NN, Isik U, Barlan IB,
Basaran MM. Efficacy of sublingual
immunotherapy in children with asthma
and rhinitis: a double-blind, placebo-
controlled study. Pediatr Pulmonol
2001;32:49-55.

(VA



Calamita et al.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Bousquet J, Scheinmann P, Guinnepain
MT, Perrin-Fayolle M, Sauvaget J,
Tonnel AB et al. Sublingual-swallow
immunotherapy (SLIT) in patients with
asthma due to house-dust mites: a dou-
ble-blind, placebo-controlled study. Al-
lergy 1999;54:249-260.

Drachenberg KJ, Pfeiffer P, Urban E.
Sublingual immunotherapy: results from
a multi-centre, randomised, double-
blind, placebo-controlled study with a
standardised birch and grass/rye pollen
extract. Allergologie 2001;24:525-534.
Feliziani V, Lattuada G, Parmiani S,
Dall’Aglio PP. Safety and efficacy of
sublingual rush immunotherapy with
grass allergen extracts: a double blind
study. Allergol Immunopathol (Madr)
1995;23:224-230.

Hirsch T, Sihn M, Leupold W. Double-
blind placebo-controlled study of sub-
lingual immunotherapy with house dust
mite extract (D. pt.) in children. Pediatr
Allergy Immunol 1997;8:21-27.
Marogna M, Spadolini I, Massolo A,
Canonica GW, Passalacqua G. Rand-
omized controlled open study of sublin-
gual immunotherapy for respiratory
allergy in real-life: clinical efficacy and
more. Allergy 2004;59:1205-1210.
Marogna M, Spadolini I, Massolo A,
Canonica GW, Passalacqua G. Clinical,
functional, and immunologic effects of
sublingual immunotherapy in birch
pollinosis: a 3-year randomized con-
trolled study. J Allergy Clin Immunol
2005;115:1184-1188.

Niu C, Wang J, Huang J, Lue K, Chen
W. Efficacy and safety of sublingual
immunotherapy with high dose house
dust mite extract in asthmatic children: a
multicenter randomized double-blind,
and placebo-controlled study. J Allergy
Clin Immunol 2004;113(Suppl. 2):S108.
Novembre E, Marano E, Bernardini R.
Sublingual immunotherapy in the treat-
ment of allergic asthma in children: a
controlled study. Riv Ital Pediatr (IJP)
1991;17:75-78.

Novembre E, Galli E, Landi F, Caffarelli
C, Pifferi M, De Marco E et al. Cosea-
sonal sublingual immunotherapy reduces
the development of asthma in children
with allergic rhinoconjunctivitis. J Al-
lergy Clin Immunol 2004;114:851-857.
Pajno GB, Morabito L, Barberio G,
Parmiani S. Clinical and immunologic
effects of long-term sublingual immuno-
therapy in asthmatic children sensitized
to mites: a double-blind, placebo-con-
trolled study. Allergy 2000;55:842-849.

1172

65.

66.

67.

68.

69.

70.

71.

72.

73.

Pajno GB, Vita D, Parmiani S, Caminiti
L, La Gruta S, Barberio G. Impact of
sublingual immunotherapy on seasonal
asthma and skin reactivity in children
allergic to parietaria pollen treated with
inhaled fluticasone propionate. Clin Exp
Allergy 2003;33:1641-1647.

Pajno GB, Passalacqua G, Vita D,
Caminiti L, Parmiani S, Barberio G.
Sublingual immunotherapy abrogates
seasonal bronchial hyperresponsiveness
in children with parietaria-induced res-
piratory allergy: a randomized con-
trolled trial. Allergy 2004;59:883—-887.
Passalacqua G, Albano M, Fregonese L,
Riccio A, Pronzato C, Mela GS et al.
Randomised controlled trial of local al-
lergoid immunotherapy on allergic
inflammation in mite-induced rhinocon-
junctivitis. Lancet 1998;351:629-632.
Passalacqua G, Albano M, Riccio A,
Fregonese L, Puccinelli P, Parmiani S
et al. Clinical and immunologic effects of
a rush sublingual immunotherapy to
parietaria species: a double blind, pla-
cebo-controlled trial. J Allergy Clin
Immunol 1999;104:964-968.

Patriarca G, Nucera E, Pollastrini E,
Roncallo C, Buonomo A, Bartolozzi F
et al. Sublingual desensitization: a new
approach to latex allergy problem. An-
esth Analg 2002;95:956-960.

Pradalier A, Basset D, Claudel A,
Couturier P, Wessel F, Galvain S et al.
Sublingual swallow immunotherapy
(SLIT) with a standardized five-grass-
pollen extract (drops and sublingual
tablets) versus placebo in seasonal rhi-
nitis. Allergy 1999;54:819-828.
Purello-D’Ambrosio F, Gangemi S,
Isola S, La Motta N, Puccinelli P,
Parmiani S et al. Sublingual immuno-
therapy: a double-blind, placebo-con-
trolled trial with Parietaria judaica
extract standardized in mass units in
patients with rhinoconjunctivitis, asth-
ma, or both. Allergy 1999;54:968-973.
Rodriguez Santos O. Inmunoterapia
sublingual con extracto alergenico de
Dermatophagoides pteronissinus en ninos
com asma. Rev Alerg Mex 2004;51:177—
180.

Rolinck-Werninghaus C, Wolf H,
Liebke C, Baars JC, Lane J, Kopp MV
et al. A prospective, randomized, dou-
ble-blind, placebo-controlled multi-cen-
tre study on the efficacy and safety of
sublingual immunotherapy (SLIT) in
children with seasonal allergic rhino-
conjunctivitis to grass pollen. Allergy
2004;59:1285-1293.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Sambugaro R, Puccinelli P, Burastero
SE, Di Rienzo V. The efficacy of sub-
lingual immunotherapy for respiratory
allergy is not affected by different dosage
regimens in the induction phase. Allergol
Immunopathol (Madr) 2003;31:329-337.
Voltolini S, Modena P, Minale P,
Bignardi D, Troise C, Puccinelli P et al.
Sublingual immunotherapy in tree pollen
allergy: double-blind, placebo-controlled
study with a biologically standardised
extract of three pollens (alder, birch and
hazel) administered by a rush schedule.
Allergol Immunopathol (Madr)
2001;29:103-110.

Yuksel H, Tanac R, Gousseinov A,
Demir E. Sublingual immunotherapy
and influence on urinary leukotrienes in
seasonal pediatric allergy. J Investig Al-
lergol Clin Immunol 1999;9:305-313.

Di Rienzo V, Pagani A, Parmiani S,
Passalacqua G, Canonica GW. Post-
marketing surveillance study on the safety
of sublingual immunotherapy in pediatric
patients. Allergy 1999;54:1110-1113.
Malling H-J. Allergen immunotherapy
efficacy in rhinitis and asthma. Allergy
Clin Immunol Int J World Allergy Org
2004;16:92-95.

Passalacqua G, Guerra L, Pasquali M,
Lombardi C, Canonica GW. Efficacy
and safety of sublingual immunotherapy.
Ann Allergy Asthma Immunol
2004;93:3-12.

Passalacqua G, Lombardi C, Canonica
GW. Sublingual immunotherapy: an
update. Curr Opin Allergy Clin Immu-
nol 2004;4:31-36.

Passalacqua G, Guerra L, Fummagali F,
Compalati E, Candnica GW. An update
on sublingual immunotherapy. Allergy
Clin Immunol Int J World Allergy Org
2005;17:181-185.

Sopo SM, Macchiaiolo M, Zorzi G,
Tripodi S. Sublingual immunotherapy in
asthma and rhinoconjunctivitis; system-
atic review of paediatric literature. Arch
Dis Child 2004;89:620-624.

Wessner D, Rakoski G, Ring J. Efficacy
of sublingual immunotherapy in grass
pollen allergy. Chem Immunol Allergy
2003;82:53-61.

Begg C, Cho M, Eastwood S, Horton R,
Moher D, Alkin I et al. Improving the
quality of reporting of randomised con-
trolled trials: the CONSORT statement.
JAMA 1996;276:637-639.

Akdis CA, Blaser K. Mechanisms of
allergen-specific immunotherapy.
Allergy 2000;55:522-530.

Bellinghausen I, Knop J, Saloga J. Role
of interleukin 10-producing T cells in
specific (allergen) immunotherapy.
Allergy Clin Immunol Int J World
Allergy Org 2000;12:20-25.



