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Methods

Indirect comparison meta-analysis
Four continuous outcomes were included in the review (SSs, MSs, SMSs and QoL scores). Each score yjk can 
be assumed to have a normal likelihood with standard deviation sdjk, sample size Njk and, therefore, 

standard error sejk =
sdjk

Njk

 for study j and arm k (Equation 2). Scores have been measured on different 

scales across studies. Therefore, these needed to be standardised before the inclusion in the meta-analysis 
by means of the pooled SD (SDj)

263,264 (Equation 3). Standardised mean scores are represented by mjk in 
Equation 3, whereas SMDs djks are estimated via a linear regression model (Equations 4a and 4b), where 
a random-effects parameter s2 can be estimated as an alternative to the fixed-effects model, where 
djk = dk   – dbj would replace Equation 4b, where dk is the pooled SMD score between treatment k (2 = SCIT; 
3 = SLIT) and placebo (i.e. bj = 1 for every study j, the reference baseline intervention arm for every study 
included in the ICMA). Finally, the indirect comparison of SLIT vs SCIT can be estimated by subtracting the 
pooled SMD slope between SLIT and placebo and the pooled SMD slope between SCIT and placebo as 
in Equation 5. A positive value for d32 would indicate that the SLIT pooled score is higher than the SCIT 
pooled score (i.e. SCIT is a better treatment); similarly, a negative value for d32 would indicate that SLIT is a 
better treatment.

y jk  dnorm mean_ scorejk , sejk =
sdjk

Njk

⎛

⎝⎜
⎞

⎠⎟
 (2)

mean_ scorejk = µ jk ∗ SDj  (3)

µ jk =
basej       Interventionbj

basej +δ jk Interventionk

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
 (4a)

δ jk  Normal dk – dbj( ),σ 2( )  (4b)

d32 = d3 – d2  (5)

Indirect comparison meta-regression
Random-effects modelling is a first step to account for unexplained between-study variability or 
heterogeneity.265 Heterogeneity can be further explored by means of meta-regression when covariates are 
available from the review. In this review a number of covariates were available. The linear regression model 
described in Equations 4a and 4b would instead become as in Equation 6a, where each comparison dk is 
substituted by a regression equation where ak is the intercept, bk is the slope and Xj is the covariate for 
study j (i.e. dk = ak + bk ∗ Xj). The indirect comparison of SCIT compared with SLIT for a given level of the 
covariate Xj = x is then described in Equation 6b.

δ jk  Normal ak – bbj( )+ βk – βbj( )Χ j ,σ
2( )  (6a)

d32,x = a3 – a2( )+ β3 – β2( )χ  (6b)
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In meta-regressions, ak corresponds to dk,x = 0 (i.e. when the covariate value is zero). For example, the 
dichotomous covariate Age has been coded as 1 = Adult and 0 = Child; therefore, a2 represents the 
SMD between treatment 2 and placebo for those studies that only recruited adults. Similarly, variables 
considered as continuous such as Year of Publication and Number of Symptoms have been centred to 
AD2005 and six symptoms, respectively. For example, a2 when Year of publication is included in the model 
represents the SMD between SCIT and placebo as regressed for AD2005 by the model. Therefore, aks have 
not been explicitly reported in the tables to avoid duplication of reporting of results. For every score, the 
data sets were composed of a number of studies. The meta-regression models may require the cancellation 
of the entire record of the study where the covariate value is missing (e.g. it is not reported or it is unclear). 
In this case, the DIC and pD (the estimate of the effective number of parameters in the model) for the null 
model with the same number of studies is included in the meta-analysis.

Implementation
Parameter estimates were obtained via Bayesian modelling and Markov chain Monte Carlo (MCMC) 
modelling. The software for Bayesian modelling WinBUGS 1.4139 was used to implement the models. There 
was no preconceived prior opinion on the values of the intervention and baseline parameters and therefore 
these were given non-informative prior distributions. Heterogeneity parameter was given a priori uniform 
distribution between 0 and 300 (on the between-study SD) and, for sensitivity analysis, a gamma prior 
with parameters both equal to 0.001 (on the between-study variance).266

Multiple chains were run by initialising every chain in different points of the space of parameters; 
convergence and the length of the burn-in period267 were assessed by setting the burn-in period to zero 
and by looking at history plots (available by default in WinBUGS) for those chains simultaneously. The 
length of the chain after the burn-in period was determined so that the MC error was lower than 10–4, 
where the MC error measures the proportion of variability that is consequent to sampling algorithm, i.e. 
the higher the number of iterations the lower the MC error.268 Longer chains were also useful to adjust 
parameter estimates in case of autocorrelation in the MCMC chains.

The choice between random- and fixed-effects models and the significance of regression parameters 
when heterogeneity was explored by means of covariates was assessed by means of the DIC.269 The DIC 
statistic is a compound measure of the model fit (the deviance) and the complexity of the model (pD). The 
lower the DIC, the better the fit; for choosing between two models, a minimum difference of 5 in the DIC 
is recommended.139

Results

Model checking
Convergence was achieved in the first 50 iterations for every model; model results did not appear 
to be sensitive to initial values. Autocorrelation in the MCMC chains was found, especially on the 
between-studies variance parameter (i.e. the maximum lag was > 40 iterations). Therefore, long chains 
were run, with a burn-in period of 10,000 iterations, and a further 100,000 iterations were used to 
build posterior distributions. Model results were not sensitive to the choice of prior distribution for the 
heterogeneity parameter.

The following interpretation of SSs is given as an example.

Symptom scores
For every meta-analysis and meta-regression model, Table 57 presents estimates of parameters and of 
the model fit statistic DIC for symptoms scores. Probabilistic analysis is given in Table 58, where for every 
model, and eventually for all (where possible) or some significant levels of the covariate, the probability of 
each treatment being the best treatment is given.
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The fixed- and random-effects model for symptoms score included 59 studies. The DIC for the random-
effects model (508) is meaningfully lower than the DIC for the fixed-effects model (542), although the 
difference in pD (+34) indicates that it is far more complex. The indirect comparison of SLIT with SCIT is 
in favour of SCIT, whereas the difference between scores is significantly positive {i.e. SCIT corresponds to 
lower SS [d32 0.351 (0.127 to 0.586)]}. The probabilistic analysis also indicates SCIT as the best treatment 
when symptoms scores are considered, with a probability associated with SCIT being the best treatment 
nearly equal to 100%. For every meta-analysis and meta-regression model, probabilistic analyses indicate 
the probability of zero that placebo is the best treatment. The data present a substantial amount of 
unexplained heterogeneity [s2 0.089 (CrI 0.027 to 0.187)]. Meta-regression results are presented below 
separately for each covariate. For simplicity, as the fixed-effects model corresponds to a much worse fit to 
the data than the random-effects model, meta-regression will be fit on the random-effects model, and 
therefore the null model will refer to the random-effects model without covariate effects.

Age of participants (59 records)
Age of participants did not improve model fit significantly, with a difference of –2 points in DIC (506) 
when compared with the null model. In fact, CrIs for regression coefficients included the no-effect value 
of zero [b2 0.455 (CrI –0.434 to 1.358); b3 0.186 (CrI –0.083 to 0.466)] and the between-study variance 
remained unchanged compared with the random-effect null model [s2 0.091 (CrI 0.028 to 0.192)]. The 
probabilistic analysis indicates that there is a high probability a posteriori that SCIT is the best treatment 
for adults (around 96%), reflecting a significantly positive estimates of the indirect comparison of SLIT vs 
SCIT via the estimated SMD score [d32,adult 0.328 (CrI 0.088 to 0.579)]. However, for studies that included 
only children this probability is almost even and the SMD indirectly estimated from the model was not 
significantly different from zero [d32,child 0.059 (CrI –0.837 to 0.966)]. This uncertainty can be explained 
by the fact that there is only one study comparing SCIT with placebo in children and indicates that more 
studies may be needed.

Year of publication (59 records)
Year of publication (time) can be considered a source of differences between studies that depend on time, 
for example a proxy for technological advancements that are not explicitly considered. For symptoms 
scores, year of publication improves the fit of the model to the data compared with the null model (i.e. 
six-point improvement in DIC: 502 compared with 508). In fact, the between-study variance seems to be 
slightly lower than for the null model [s2 0.067 (CrI 0.017 to 0.147)]. The effect of time affects mainly the 
comparison SCIT vs placebo [s2 0.056 (CrI 0.027 to 0.086], whereas there is a 50% posterior probability 
that time has a positive effect (or negative effect) for the comparison of SLIT with placebo [b3 0.001 
(CrI –0.024 to 0.025)], the posterior CrI is nearly symmetrical around the posterior mean. The indirect 
comparison of SLIT vs SCIT favours SCIT until 2005, then from 2006 seems to be more favourable to SLIT.
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Figure 27 shows a plot of the results (based on SSs) when year of publication is included in the model. 
Dashed vertical lines highlight the period 2007–8 when, in theory, SLIT is more likely to be beneficial 
than SCIT.

Figure 28 shows a plot of the results (based on SSs) when number of symptoms is included in the model.

Figure 29 shows a plot of the results (based on MSs) when year of publication is included in the model.

TABLE 58 Probabilistic analysis for SSs [probability (%) that treatment k is the best under different 
modelling assumptions]

Model (covariate included in the model) Placebo SCIT SLIT

Fixed effect (59) 00.0 > 99 00.0

Random effect (59) 00.0 99.9 00.1

Age group of participants (59)

Childa 00.9 54.9 44.2

Adult 00.0 99.6 00.4

Year of publication (59)

2000 00.0 99.9 00.1

2005 00.0 86.1 13.9

2010 00.0 20.3 79.7

No. of symptoms (48)

3 symptoms 00.0 41.5 58.5

6 symptoms 00.0 96.5 03.5

12 symptoms 00.0 99.7 00.3

Duration

Low 00.0 > 99 00.0

Medium 00.0 80.1 19.9

High 00.0 83.4 16.6

MAC

< 5 mg 00.0 47.4 52.6

5–20 mg 00.0 92.0 08.0

> 20 mg 00.0 99.7 00.3

Allergen type

Grass 00.0 99.4 00.6

Parietaria 00.0 99.1 00.9

Tree 00.0 64.3 35.7

Alternaria 00.1 04.6 95.3

Ragweed 01.2 50.0 48.8

a Few studies on children compared SCIT vs placebo and SLIT vs placebo.
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FIGURE 27 (a) Theoretical and observed SMDs (and credible boundaries) vs year of publication for the direct 
comparisons SCIT vs placebo and SLIT vs placebo, respectively. (b) Given the data included in the meta-regression, 
probability of SCIT and SLIT, respectively, being the best treatment vs year of publication.
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FIGURE 28 (a) Theoretical and observed SMDs (and credible boundaries) vs number of symptoms for the direct 
comparisons SCIT vs placebo and SLIT vs placebo, respectively. (b) Given the data included in the meta-regression, 
probability of SCIT and SLIT, respectively, being the best treatment vs number of symptoms.
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FIGURE 29 (a) Theoretical and observed SMDs (and credible boundaries) vs year of publication for the direct 
comparisons SCIT vs placebo and SLIT vs placebo, respectively. (b) Given the data included in the meta-regression, 
probability of SCIT and SLIT, respectively, being the best treatment vs year of publication.
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TABLE 60 Probabilistic analysis for MSs [probability (%) that treatment k is the best under different 
modelling assumptions]

Placebo SCIT SLIT

Fixed effect (51) 00.0 > 99 00.0

Random effect (51) 00.0 98.4 01.6

Age group of participants (51)

Child 00.0 68.1 31.9

Adult 01.8 43.1 55.1

Year of publication (51)

2000 00.0 96.9 03.1

2005 00.0 90.6 09.4

2010 00.1 64.6 35.3

Duration (48)

Low 00.0 50.9 49.1

Medium 00.0 75.6 24.3

High 00.0 99.1 00.9

MAC (37)

< 5 mg 00.0 15.1 84.9

5–20 mg 00.0 95.3 04.7

> 20 mg 00.0 90.4 09.6

Allergen type (52)

Grass 00.0 99.8 00.2

Parietaria 00.1 42.1 57.9

Tree 00.0 43.0 57.0

Alternaria 00.0 18.0 82.0

Ragweed 00.8 67.8 31.4
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TABLE 62 Probabilistic analysis for SMSs [probability (%) that treatment k is the best under different 
modelling assumptions]

Model (covariate included in the model) Placebo SCIT SLIT

Fixed effect (15) 00.0 50.2 49.8

Random effect (15) 00.0 50.2 49.8

Age group of participants (15)

Child 02.9 47.1 50.0

Adult 00.0 50.2 49.8

Year of publication (15)

2000 00.0 49.8 50.2

2005 00.0 50.4 49.7

2010 00.0 50.3 49.7

Duration (12)

Low 00.1 50.2 49.7

Medium 00.5 49.8 49.8

High 00.0 50.4 49.6

MAC (10)

< 5 mg 00.2 50.0 49.9

5–20 mg 00.7 49.2 50.0

> 20 mg 00.2 49.8 50.0

Allergen type (15)

Grass 00.0 50.3 49.7

Parietaria 00.0 50.4 49.6

Tree 00.7 49.5 49.8

Alternaria 00.1 50.3 49.7

Ragweed 01.0 49.5 49.5
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TABLE 64 Probabilistic analysis for QoL scores [probability (%) that treatment k is the best under different 
modelling assumptions]

Model (covariate included in the model) Placebo SCIT SLIT

Fixed effect (15) 00.0 > 99 00.0

Random effect (15) 00.0 96.4 03.6

Age group of participants (15)

Child 10.5 50.0 39.5

Adult 00.0 95.9 04.1

Year of publication (15)

2000 05.0 45.0 49.9

2005 00.0 64.5 35.5

2010 01.2 81.0 17.8

Duration (15)  

Low 01.3 92.6 06.1

Medium 02.6 76.1 21.3

High 00.2 66.8 33.0

MAC (10)

< 5 mg 10.9 68.3 20.9

5–20 mg 00.6 83.3 16.2

> 20 mg 01.2 91.3 07.5

Allergen type (15)

Grass 00.5 90.2 09.3

Parietaria 01.2 49.1 49.8

Tree 01.5 49.7 48.8

Alternaria 25.0 37.4 37.6

Ragweed 01.5 48.9 49.6

Salsola kali 02.5 47.8 49.7
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TABLE 66 Probabilistic analysis for RQLQ scores [probability (%) that treatment k is the best under different 
modelling assumptions]

Model (covariate included in the model) Placebo SCIT SLIT

Fixed effects (12) 00.0 > 99 00.0

Random effects (12) 00.0 96.2 03.8

Age group of participants (12)

Child 24.7 37.8 37.5

Adult 00.0 96.0 04.0

Year of publication (12)

2000 02.8 26.9 70.3

2005 00.0 46.3 53.7

2010 01.5 86.8 11.8

Duration (12)

Low 01.5 88.9 09.6

Medium 01.9 48.3 49.8

High 00.1 85.8 14.0

MAC (10)

< 5 mg 24.9 37.7 37.4

5–20 mg 00.0 97.0 03.0

> 20 mg 24.8 37.7 37.5

Allergen type (12)

Grass 00.3 94.7 04.9

Parietaria 00.9 49.6 49.5

Tree 01.0 49.7 49.3

Alternaria 24.8 37.9 37.3

Ragweed 01.9 48.4 49.7

Salsola kali 03.0 47.3 49.8


