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BACKGROUND: This study summarized the available randomized controlled trials (RCTs) to assess the efficacy and safety of
macrolides on pathogens, lung function, laboratory parameters, and safety in children with bronchiectasis.

METHODS: PubMed, EMBASE, and the Cochrane Library were searched for available papers published up to June 2021. The
outcomes were the pathogens, adverse events (AEs), and the forced expiratory volume in one second (FEV1%) predicted.

RESULTS: Seven RCTs (633 participants) were included. The long-term use of macrolides reduced the risk of the presence of
Moraxella catarrhalis (RR = 0.67, 95% Cl: 0.30-1.50, P = 0.001; /> = 0.0%, Pheterogeneity = 0.433), but not Haemophilus influenza
(RR=0.19, 95% Cl: 0.08-0.49, P = 0.333; I> = 57.0%, Pheterogeneity = 0.040), Streptococcus pneumonia (RR = 0.91, 95% Cl: 0.61-1.35,
P=0.635; I> = 0.0%, Pheterogeneity = 0.515), Staphylococcus aureus (RR = 1.01, 95% Cl: 0.36-2.84, P = 0.986; P =61.9%,

Pheterogeneity = 0.033), and any pathogens present (RR = 0.61, 95% CI: 0.29-1.29, P = 0.195; I? = 80.3%, Pheterogeneity = 0.006). Long-
term macrolides had no effect on FEV1% predicted (WMD = 2.61, 95% Cl: —1.31, 6.53, P = 0.192; /> = 0.0%, Pheterogeneity = 0.896).
Long-term macrolides did not increase the risk of AEs or serious AEs.

CONCLUSION: Macrolides do not significantly reduce the risk of pathogens present (except for Moraxella catarrhalis) or increase

FEV1% predicted among children with bronchiectasis. Moreover, macrolides were not associated with AEs. Considering the
limitations of the meta-analysis, further larger-scale RCTs are needed to confirm the findings.

Pediatric Research (2023) 94:1600-1608; https://doi.org/10.1038/s41390-023-02591-5

IMPACT:

® Macrolides do not significantly reduce the risk of pathogens present (except for Moraxella catarrhalis) among children with

bronchiectasis.

® Macrolides do not significantly increase FEV1% predicted among children with bronchiectasis.
® This meta-analysis reports on the efficacy and safety of macrolides in the treatment of children with bronchiectasis, providing

evidence for the management of children with bronchiectasis.

® This meta-analysis does not support the use of macrolides in the management of children with bronchiectasis unless the

presence of Moraxella catarrhalis is provenor suspected.

INTRODUCTION

Bronchiectasis is a chronic, often progressive suppurative lung
disease characterized by irreversibly dilated bronchi and chronic
or recurrent bronchial infection and inflammation; it may be focal,
where a single lobe or segment is involved, or diffuse with the
involvement of both lungs.'™ The exact epidemiology of
bronchiectasis is unknown because many cases are misdiagnosed
because of non-specific symptoms.> Among children, the inci-
dence may be higher in indigenous or socioeconomically
disadvantaged groups.”> The incidence of bronchiectasis is
estimated at 3.7 per 100,000 children in New Zealand® but 202
per 100,000 children in an indigenous population in Canada.’
Exacerbations in children require treatments, cause parental
anxiety and stress, and affect the quality of life of the whole
family.® When severe (i.e, requiring hospital admission), the
exacerbations can negatively affect lung function in adolescence

and adulthood.®™ The complications of bronchiectasis include
chronic respiratory failure, thoracic infection, cor pulmonale,
hemoptysis, lung cancer, and vascular diseases.>""

Macrolide antibiotics are antibacterial agents that possess anti-
inflammatory and immunomodulatory properties.'> Macrolide
mechanism of action is not strictly bacteriocidal and likely
includes anti-inflammatory, immunomodulatory, and mucus-
decreasing effects and inhibition of bacterial quorum sensing
and toxin production.”'* Because of these properties, a macrolide
maintenance treatment might effectively prevent exacerbations
inpatients with non-cystic fibrosis (CF) bronchiectasis. Indeed,
macrolide antibiotics have been used to reduce the exacerbations
of non-CF bronchiectasis.'®> Macrolide antibiotics reach a high
plasma concentration, have a long half-life, and display a broad
antimicrobial spectrum.' According to the guidelines, macrolides
can be given to select patients with >3 exacerbations or =2
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hospitalizations within the past year, with stratification based on
Pseudomonas aeruginosa infection."””™"” On the other hand, the
Thoracic Society of Australia and New Zealand does not support
the use of long-term macrolides except in selected cases.'®

A meta-analysis of three randomized controlled trials (RCTs)
suggested that macrolides are effective in adult patients with
bronchiectasis.'”® A meta-analysis of 10 trials (including three in
children) reached a similar conclusion.?® A Cochrane review that
included 11 studies in adults and two studies in children supports
the use of macrolides for bronchiectasis but highlights the low
quality of the available evidence and the lack of data about
adverse events (AEs).?' Still, the efficacy and safety of macrolides
in the treatment of children with bronchiectasis remain incon-
sistent. In addition, much evidence is from observational studies.
Therefore, this meta-analysis aimed to summarize the available
RCTs to assess the efficacy and safety of macrolides on pathogens,
lung function, laboratory parameters, and safety in children with
bronchiectasis.

METHODS

Literature search

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline 2020.*?* The study was elaborated based
on the PICOS principle.?* PubMed, EMBASE, and the Cochrane
Library were searched for available papers published up to June
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2021 using the MeSH terms of “Bronchiectasis”, “Child”, “Macro-
lides”, “Azithromycin”, “Clarithromycin”, “Erythromycin”, “Roxi-
thromycin”, “Spiramycin”, “telithromycin”, “Troleandomycin”,
“Josamycin”, and “Oleandomycin”, as well as relevant keywords,
followed by screening based on inclusion and exclusion criteria.
The literature search process was performed independently by
two investigators. This included the analysis of titles/abstracts
followed by the full texts. Discrepancies were ruled by a third
investigator.

Eligibility criteria

The inclusion criteria were (1) patients: children with bronchiectasis,
(2) interventions: macrolides, (3) comparison: placebo or another
drug, (4) study type: RCTs, and (5) outcome: compared the efficacy
and safety of macrolides. The exclusion criteria were (1) conference
abstract, case report, meta-analysis, review, animal study, or protocol,
(2) full text not available in English, (3) full text cannot be obtained,
(4) no data available, or (5) different reports for the same study (in
which case only the most recent was included).

Data extraction

Data study characteristics (names of the first author, publication
year, and country), characteristics of the patients (number of
patients, age, and sex), treatment regimens, duration, and
outcomes (pathogens, AEs, and FEV1% predicted) were extracted
by two investigators using a standardized form. Discrepancies
were solved by discussion until a consensus was reached.

Identification of studies via databases and registers

Records removed before
c . . X screening:
'g Records |dent|f|£ed from: Duplicate records removed
< Pubmed (n = 81) - (n = 35)
"g. (Eigqcbharzie(n(n_j 1285)) Records marked as ineligible
) Registers (n = 0) by automation tools (n = 133)
2 9 - Records removed for other
reasons (n = 6)
—\ y
Records screened Records excluded
—
(n =50) (n=39)
A
Reports sought for retrieval Reports not retrieved
—>
=l (n=11) (n=2)
=
(]
8
8 4
Reports assessed for eligibility
(n=9) Reports excluded:
Wrong comparison (n = 1)
No data (n =1)
A

Studies included in review
(n=7)

Reports of included studies
(n=7)

Fig. 1 Study selection process. Each rectangle represents a step in the literature screening process. The left column represents the number of
papers screened at each step, and the right side states the number of documents excluded and the reasons for exclusion.
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Table 2. Quality assessment of the included studies.
Domain
Study Bias arising from the Bias due to Bias due to Bias in Bias in selection of Overall bias
randomization deviations from missing outcome measurement of the reported result
process intended data the outcome
interventions
Goyal, 2018 Low Low Low Low Low Low
Goyal, 2019 Low Low Low Low Low Low
Hare, 2015 Low Low Some concerns Low Low Some concerns
Koh, 1997 Low Low Low Low Low Low
Masekela, 2013 Low Low Some concerns Low Low Some concerns
Valery, 2013 Low Low Some concerns Low Low Some concerns
Yalgin, 2006 Some concerns Some concerns Low Low Low High
%
study RR (95% ClI) Weight
Haemophilus influenza
Goyal, 2018 -0~ 4.69 (0.54, 40.68) 9.54
Goyal, 2019 —_——— 0.37 (0.08, 1.75) 14.41
Hare, 2015-Australian —= 0.56 (0.24, 1.27) 23.34
Hare, 2015-New Zealand —_—— 0.59 (0.11, 3.06) 13.41
Valery, 2013 —— 0.19 (0.06, 0.62) 18.75
Yalcin, 2006 ———— 1.75 (0.63, 4.89) 20.55
Subtotal (I-squared = 57.0%, p = 0.040) <> 0.67 (0.30, 1.50) 100.00
Streptococcus pneumoniae
Goyal, 2018 4 0.39 (0.02, 9.37) 1.56
Goyal, 2019 ———— 0.56 (0.15, 2.10) 9.01
Hare, 2015-Australian —— 1.02 (0.54, 1.90) 40.19
Hare, 2015-New Zealand —_— 0.88 (0.21, 3.73) 7.58
Valery, 2013 —— 1.05 (0.56, 1.98) 39.68
Yalcin, 2006 < 0.09 (0.01, 1.53) 1.98
Subtotal (I-squared = 0.0%, p = 0.515) <> 0.91 (0.61, 1.35) 100.00
Moraxella catarrhalis
Goyal, 2018 —— 0.39 (0.04, 3.65) 17.63
Goyal, 2019 == 0.07 (0.01, 0.54) 22.40
Hare, 2015-Australian <& 1.11 (0.11, 10.78) 17.02
Hare, 2015-New Zealand \ 4 0.18 (0.02, 1.35) 21.29
Valery, 2013 = 0.05 (0.00, 0.79) 11.13
Yalcin, 2006 -+ 0.14 (0.01, 2.57) 10.52
Subtotal (I-squared = 0.0%, p = 0.433) L 0.19 (0.08, 0.49) 100.00
Staphylococcus aureus
Goyal, 2018 —_—— 0.78 (0.30, 2.05) 27.17
Goyal, 2019 —— 0.22 (0.07, 0.72) 24.47
Hare, 2015-Australian 7 4.05 (0.23, 71.38) 9.50
Hare, 2015-New Zealand -4~ 1.76 (0.18, 17.56) 12.89
Valery, 2013 T 2.48 (0.86, 7.12) 25.97
Yalcin, 2006 (Excluded) 0.00
Subtotal (I-squared = 61.9%, p = 0.033) <> 1.01 (0.36, 2.84) 100.00
Any of the pathogens present
Goyal, 2018 ——— 0.84 (0.41, 1.73) 30.32
Goyal, 2019 —_—— | 0.28 (0.15, 0.54) 31.93
Valery, 2013 - 0.90 (0.61, 1.33) 37.74
Subtotal (I-squared = 80.3%, p = 0.006) 0.61 (0.29, 1.29) 100.00
NOTE: Weights are from random effects analysis
I |
05 1 15

Fig.2 Forest plot showing the effect of macrolides on pathogens. The gray box indicates the point estimate of the study results. A horizontal
line represents the 95% confidence interval of the study results, and each end represents the boundary of the confidence interval. The
diamond represents the point estimate and confidence interval. The larger the study, the smaller the horizontal line and the larger the gray box.
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Study %
ID WMD (95% Cl) Weight
Goyal, 2019 jv 3.00 (-8.27, 14.27) 12.13
Koh, 1997 ——‘—i_ 1.00 (—4.91, 6.91) 44.04
Masekela, 2013 i = 5.50 (-6.76, 17.76) 10.24
Valery, 2013 % 3.70 (-3.07, 10.47) 33.59
Overall (I-squared = 0.0%, p = 0.896) <<> 2.61 (-1.31, 6.53) 100.00
NOTE: Weights are from random effects analysis ;

T T T T

-10 -5 0

5 10

Fig. 3 Forest plot showing the effect of macrolides on FEV1% predicted. The gray box indicates the point estimate of the study results. A
horizontal line represents the 95% confidence interval of the study results, and each end represents the boundary of the confidence interval.
The diamond represents the point estimate and confidence interval. The larger the study, the smaller the horizontal line and the larger the

gray box.

Quality assessment
The RCTs were evaluated according to the Cochrane risk bias tool
(ROB2).>®

Statistical analysis

The incidences of pathogens and AEs were treated as dichot-
omous variables; they were expressed as risk ratio (RR) with 95%
confidence intervals (Cls) and were presented using forest plots.
The mean different changes in FEV1% predicted were treated as
continuous variables and were expressed as weighted mean
difference (WMD) with 95% Cl for each study. Cochran’s Q statistic
P <0.10 indicated evidence of heterogeneity.”® When significant
heterogeneity (P < 0.10) was observed, the random-effects model
was used to combine the effect sizes of the included studies;
otherwise, the fixed-effects model was adopted.”” In addition,
sensitivity analyses were performed to identify the effects of
individual studies on the pooled results and test the reliability of
the results. Sensitivity analyses for result robustness were
performed by sequentially excluding each study in turn. All
analyses were performed using STATA SE 14.0 (StataCorp). P < 0.05
was considered statistically significant.

RESULTS

Identification of the eligible RCTs

Figure 1 presents the RCT selection process. The initial search
yielded 224 records, but 174 were removed before the screening.
Then, 50 records were screened, and 39 were excluded. Among
the 11 reports sought for retrieval, two could not be retrieved.
Then, nine reports were assessed for eligibility; one was excluded
because of inadequate comparison for the present meta-analysis,
and one was excluded because of the lack of usable data.
Therefore, seven RCTs were included in the present meta-analysis.

Study characteristics and quality assessment

Table 1 presents the characteristics of the studies. The seven
studies enrolled 633 participants. Four were from New Zealand/
Australia,®" one from Korea,*? one from South Africa,>* and one
from Turkey.>* Six were double-blind RCTs.2®7* Three RCTs had a
low risk of bias for all ROB2 items,?2°32 while the remaining four
studies had some risk of bias for at least one item3°3'3334
(Table 2).

SPRINGER NATURE

Efficacy according to the pathogens

As shown in Fig. 2, long-term macrolides reduced the risk of the
sputum presence of Moraxella catarrhalis (RR=0.67, 95% Cl:
0.30-1.50, P=0.001; 1> = 0.0%, Pheterogencity = 0-433), but not for
Haemophilus influenza (RR=0.19, 95% Cl: 0.08-0.49, P=0.333;
I =57.0%, Pheterogeneity = 0.040), Streptococcus pneumonia (RR =
091, 95% Cl: 0.61-1.35, P = 0.635; I* = 0.0%, Pheterogeneity = 0.515),
Staphylococcus aureus (RR=1.01, 95% Cl: 0.36-2.84, P=0.986;
P =61.9%, Pheterogeneity = 0.033), and any pathogens present
(RR=0.61, 95% Cl: 029-129, P=0.195 [>=280.3%,
Pheterogeneity =0.006).

FEV1% predicted

Figure 3 shows that long-term macrolides had no effect on the
FEV1% predicted (WMD =261, 95% Cl: -1.31, 6.53, P=0.192;
P= 0.0%, Pheterogeneity = 0.896).

AEs

Figure 4a showed that long-term macrolides were not associated
with AEs (all 95% Cls include 1). The same can be seen with serious
AEs (Fig. 4b).

Other outcomes

The outcomes presented by only one study and that could not be
summarized are presented in Fig. 5. Long-term macrolides decreased
the sputum purulence score (WMD =-0.78, 95% Cl: —1.32, -0.24)*
and increased the quality of life (WMD = 0.90, 95% CI: 0.29, 1.51).%
Other outcomes like the sputum leukocyte score, AFEV1,,.x o, Bhalla
score, exacerbations, FVC% predicted, and white blood cell count
were not changed by long-term macrolides.

Sensitivity analysis

The sensitivity analysis of the effect of long-term macrolides on
pathogens showed that the results were robust, and the exclusion
of any study did not influence the results (Fig. 6).

DISCUSSION

The reports about the efficacy and safety of macrolides in the
treatment of children with bronchiectasis remain inconsistent. This
study aimed to summarize the available RCTs to assess the efficacy
and safety of macrolides on pathogens, lung function, laboratory

Pediatric Research (2023) 94:1600 - 1608
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a study outcome RR (95% ClI)
Goyal, 2019 Adverse events — 1.43 (0.79, 2.59)
Goyal, 2019 Nausea — 0.89 (0.36, 2.16)
Goyal, 2019  Vomiting —_ 1.25 (0.53, 2.97)
Goyal, 2019 Diarrhoea —_ 2.33(0.63, 8.64)
Goyal, 2019 Rash 2.00 (0.19, 21.53)
Goyal, 2019 Hospital admission whilereceiving medication 2.00 (0.19, 21.53)
Valery, 2013 Bronchiectasis related (episode or investigation) — 0.86 (0.55, 1.34)
Valery, 2013 Non-pulmonary infection -4 1.00 (0.84, 1.20)
Valery, 2013 Surgery ——— 1.87 (0.38, 9.09)
Valery, 2013 Dental procedures - 0.37 (0.02, 7.68)
Valery, 2013 Accident, fracture, foreign body 1.87 (0.27, 13.07)
Valery, 2013 Burn 5.58 (0.23, 135.74)
Valery, 2013  Glomerulonephritis + 0.62 (0.03, 15.08)
Valery, 2013 Investigations unrelated to bronchiectasis 1.87 (0.27, 13.07)
Valery, 2013 Dosage error in administration of trial drug 5.60 (0.59, 53.19)
Valery, 2013 Eye disease - 0.37 (0.02, 7.68)
Valery, 2013 Hyperactive at school after medication > 9.29 (0.45, 191.89)
Valery, 2013 Spat, vomited medication, or had less than full dosage —_—— 0.70 (0.28, 1.74)
NOTE: Weights are from random effects analysis

T T

05 1 15
study outcome RR (95% Cl)
Valery, 2013 Bronchiectasis related (episode orinvestigation) —_ 1.04 (0.72, 1.50)
Valery, 2013 Non-pulmonary infection —_— 1.30 (0.39, 4.37)
Valery, 2013 Surgery 1.63 (0.36, 7.41)
Valery, 2013 Dental procedures 0.32 (0.02, 6.40)
Valery, 2013 Accident, fracture, foreign body 0.53 (0.02, 12.59)
Valery, 2013 Burn > 4.80 (0.20, 113.29)
Valery, 2013 Glomerulonephritis 0.53 (0.02, 12.59)
Valery, 2013 Investigations unrelated to bronchiectasis 0.32 (0.02, 6.40)
NOTE: Weights are from random effects analysis

T T

05 1 15

Fig. 4 Forest plot showing the outcomes of macrolides. (a) adverse events (b) serious adverse events. The black point indicates the point
estimate of the study results, and the horizontal line represents the 95% confidence interval.

parameters, and safety in children with bronchiectasis. The results
suggest that macrolides do not significantly reduce the risk of
pathogens present in sputum (except for Moraxella catarrhalis) or
increase the FEV1% predicted among children with bronchiectasis.
Moreover, macrolides were not associated with AEs.

The available guidelines broadly recommend long-term macro-
lides to any patient with =3 exacerbations or =2 hospitalizations
within the past year, although some guidelines make additional
stratification based on the pathogens.” '@ Still, the level of evidence
in these guidelines is often moderate. Furthermore, studies

Pediatric Research (2023) 94:1600 - 1608 SPRINGER NATURE
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study outcome WMD (95% CI)
Koh, 1997 Sputum purulence score - —-0.78 (-1.32, -0.24)
Koh, 1997 Sputum leucocyte score -~ —-0.52 (-1.06, 0.02)
Koh, 1997 AFEV1,max % 3.70 (-1.83,9.23)
Masekela, 2013  Bhalla score —— 2.50 (-0.16, 5.16)
Masekela, 2013  Exacerbation — —0.04 (-1.07, 0.99)
Masekela, 2013 FVC % predicted 5.00 (-5.61, 15.61)
Goyal, 2019 White blood cell count _— -1.10 (-3.83, 1.63)
Goyal, 2019 PC-QoL - 0.90 (0.29, 1.51)
NOTE: Weights are from random effects analysis

T T

T T
-10 -5 0 5 10

Fig. 5 Forest plot showing the other outcomes. The black point indicates the point estimate of the study results, and the horizontal line
represents the 95% confidence interval.

Fig. 6 Sensitivity analysis of the pathogens. a Haemophilus influenza. b Streptococcus pneumoniae. ¢ Moraxella catarrhalis. d Staphylococcus
aureus. The results in each row represent the overall effect estimate after excluding the studies listed on the left side of this row.

SPRINGER NATURE Pediatric Research (2023) 94:1600 - 1608



specifically on children are rare. Indeed, although previous meta-
analyses suggested that macrolides are effective in patients with
bronchiectasis, only five RCTs in children were identified and
included.’" Furthermore, a Cochrane review highlights the low
quality of the available evidence and the lack of data about AEs.?'
Previous meta-analyses did not examine the pathogens. In the
present meta-analysis of seven RCTs, macrolides did not significantly
reduce the risk of pathogens present (except for Moraxella
catarrhalis). Therefore, long-term macrolides could be of limited
efficacy in children with bronchiectasis. Still, no study presented
data about Pseudomonas aeruginosa, which is associated with
significant morbidity and mortality in patients with lung infections
due to this pathogen.'*™"” Therefore, the results of this meta-analysis
must be taken with caution and highlight the lack of data about the
efficacy of long-term macrolides in children with bronchiectasis.

Decreased pulmonary function in adulthood is a major concern
for children with bronchiectasis and exacerbations.>'" The present
meta-analysis observed no improvement in FEV1% predicted or
FVC, but the results must be taken with caution since the
pulmonary measurements in the various studies were performed
during the treatment period, and no long-term data were
available regarding the changes in pulmonary function from
childhood to adulthood. Still, there are some reports of decreased
FEV1% later in life in children who had bronchiectasis,*>*° but
additional studies will be necessary to quantify the risk and
whether macrolides can slow down the process.

AEs might be a concern with the long-term use of antibiotics.
Still, this study indicated no significant increase in AEs and serious
AEs using long-term macrolides. Still, the examined AEs varied
among the RCTs, and reporting was not uniform. Antibiotic
resistance is another major public health concern with long-term
antibiotics, but no data could be summarized about that. Future
studies should quantify this risk, especially in the global context of
the rational use of antibiotics.

Bronchiectasis significantly affects the quality of life of the
patients and their families.®> Only one of the included studies
examined the quality of life and reported improvements with the
long-term use of macrolides. This outcome should be included in
future studies.

This meta-analysis has limitations. First, there was substantial
heterogeneity among the included studies, especially in the
studies reporting any pathogens present. There were important
differences among the RCTs in terms of antibiotics, dosage, and
comorbidities. Second, some of the included studies had a
relatively small sample size, which would overestimate the
treatment effect compared with larger trials. Third, the duration
of follow-up varied greatly among the included studies, at
3-24 months. Fourth, the data available from the included studies
did not allow analyses on some AEs, such as QT prolongation.

In conclusion, long-term macrolides do not significantly reduce
the risk of pathogens present (except for Moraxella catarrhalis) or
increase the FEV1% predicted among children with bronchiectasis.
Moreover, macrolides were not associated with AEs. Considering
the limitations of the meta-analysis, further larger-scale RCTs are
needed to confirm the findings.
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