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| Abstract

Objective: This meta-analysis aims to systematically review and synthesize the available
data on long-term macrolide treatment for NCFB in children.

Materials and methods: On December 2, 2023, we conducted a comprehensive
search across multiple databases, including PubMed, Cochrane Library, Embase, Web of
Sciences, and SCOPUS. There were no restrictions on language. The search terms used
were "Macrolides," "Azithromycin," "Clarithromycin," "Roxithromycin," "Erythromycin,"
"Bronchiectasis," "Kartagener syndrome," and "Ciliary motility disorders." A total of 4 RCTs
were included.

Results: A total of 92 patients in Macrolid group and 87 patients in control group were
included in this meta analysis. Despite variations in macrolide preparations, long-term
macrolide use significantly reduced the frequency of acute exacerbations in bronchiectasis
(12=0%) (OR: 0.30, 95% CI: 0.10 to 0.87; p=0.03). The findings showed that long-term
macrolide treatment significantly reduced the mean exacerbations per patient (12=84%;
WMD -1.40, 95% Cl: -2.26 to -0.54; p=0.001). The results indicated no significant difference
in the frequency of exacerbation-related admissions between the azithromycin group and
the control group (OR: 0.28, 95% Cl: 0.07 to 1.11; p=0.07). The results showed no significant
difference in FEV1 between the macrolide treatment group and the control group (12=80%;
WMD 2.21, 95% Cl: -2.44 t0 6.87; p=0.35). The results indicated no significant difference in
the changes of FEV1% predicted before and after treatment between the macrolide group
and the control group (12=0%; WMD 2.19, 95% ClI: -2.80 to 7.19; p=0.39).

Conclusions: This meta-analysis reveals that long-term macrolide treatment, spanning
3 to 24 months, significantly reduces the frequency of exacerbations in pediatric NCFB.
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Introduction

Bronchiectasis, a chronic respiratory condition
characterized by irreversible dilation and damage to
the bronchial walls, leads to significant morbidity in
affected individuals (1). While traditionally associated
with cystic fibrosis (CF), non-cystic fibrosis bronchiectasis
(NCFB) is increasingly recognized as a significant health
concern, particularly in pediatric populations. NCFB
in children often results from recurrent respiratory
infections, immune deficiencies, and other underlying
conditions that impair mucociliary clearance and lead
to chronic bacterial colonization and inflammation (1-
3).

The management of NCFB aims to reduce the
frequency of exacerbations, improve quality of life,
and preserve lung function (3,4). Among the various
treatment strategies, long-term macrolide antibiotics
have garnered attention for their dual antibacterial
and anti-inflammatory properties (5-7). Macrolides,
such as azithromycin and clarithromycin, have been
shown to reduce the frequency of exacerbations and
improve clinical outcomes in adults with bronchiectasis
(9,10). However, the efficacy and safety of long-term
macrolide therapy in children with NCFB remain areas
of ongoing investigation (9,11).

Several randomized controlled trials (RCTs) and
observational studies have explored the use of long-
term macrolides in pediatric NCFB patients (12-15).
These studies suggest potential benefits, including
reduced exacerbation rates, improved pulmonary
function, and enhanced quality of life. Nevertheless,
concerns regarding antibiotic resistance, potential side
effects, and the optimal duration of therapy necessitate
a thorough evaluation of the existing evidence.

This meta-analysis aims to systematically review and
synthesize the available data on long-term macrolide
treatment for NCFB in children.

Materials and methods
Search strategy

On December 2, 2023, we conducted a comprehensive
search across multiple databases, including PubMed,
Cochrane Library, Embase, Web of Sciences, and
SCOPUS. There were no restrictions on language. The
search terms used were "Macrolides," "Azithromycin,"
"Clarithromycin,"  "Roxithromycin,"  "Erythromycin,"
"Bronchiectasis," "Kartagener syndrome," and "Ciliary

motility disorders."
Eligibility criteria

This meta-analysis included randomized controlled
trials (RCTs) that examined the effects of macrolide
treatment lasting more than 4 weeks, compared
with placebo or no intervention, for the long-term
management of stable bronchiectasis in infants,
children, and adolescents under 18 years of age.
Studies involving ciliary moatility disorders, including
Kartagener syndrome, were also included. RCTs
involving children with bronchiectasis associated
with cystic fibrosis and adult patients were excluded
from the analysis. Additionally, studies with insufficient
treatment durations were not considered.

Data extraction

Data extraction and analysis were conducted
independently by two reviewers. Initially, the titles
and abstracts of de-duplicated studies were screened
by both reviewers to identify relevant studies. Any
discrepancies were resolved through discussion.
Subsequently, the full texts of the selected articles
were independently reviewed again by the same
two reviewers. Data extraction included information
on participants, inclusion and exclusion criteria,
intervention details, and outcome measurements. Any
disagreements during data extraction were resolved
through discussion, and if necessary, a third reviewer
was consulted to reach a consensus.

Primary and secondary outcomes

The primary outcomes assessed in this meta-analysis
were the frequency of exacerbations of bronchiectasis
(BE) and hospitalizations due to these exacerbations.
Secondary outcomes included changes in pulmonary
function, specifically forced expiratory volume in 1
second (FEV1) and forced vital capacity (FVC). Other
secondary outcomes evaluated were sputum scores,
levels of cytokines in sputum or bronchoalveolar
lavage (BAL) fluid, and the incidence of adverse events,
including bacterial resistance.

Bias assessment

The quality of the included studies was independently
assessed by two reviewers using the criteria outlined
in the Cochrane Handbook for Systematic Reviews
of Interventions. The assessment focused on seven
domains: random sequence generation, allocation




concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other potential biases.
Each domain was rated as having a low, high, or
unclear risk of bias. The level of evidence for each
outcome was evaluated using the GRADE approach.

Statistical analysis

The final selected RCTs were analyzed using Jamovi
2.4.1 software, specifically the MAJOR section for
meta-analysis and Review Manager 5.4 software.
Heterogeneity among the RCTs was assessed
using the Cochrane Q statistic. After evaluating
heterogeneity with the I° statistic, a random effects
model was applied to account for variability across
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Figure 1: PRISMA flow diagram

studies. For dichotomous variables, odds ratios (OR)
with 95% confidence intervals (Cl) were calculated.
For continuous variables, mean differences with 95%
Cls were determined. Statistical significance was set at
p<0.05.

Reporting

The results of this meta-analysis were reported using
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses).

Results

We searched 730 articles, of which 4 were eligibile for
inclusion to our meta analysis (Figure 1).




A total of 92 patients in Macrolid group and 87 patients
in control group were included in this meta analysis.
The summarized characteristics of these studies are
presented in Table 1. The included RCTs investigated
the effects of different macrolides: roxithromycin,
erythromycin, azithromycin, and clarithromycin.

Valery et al. administered azithromycin at a dose of
30 mg/kg once a week for up to 24 months, with a
placebo group receiving the same regimen for the
same duration. Koh et al. evaluated roxithromycin
at 4 mg/kg twice a day for 12 weeks, compared to
a placebo group for the same period. Yalcin et al.
assessed the effects of clarithromycin at 15 mg/kg once
daily for 3 months, alongside supportive therapies
such as mucolytic and expectorant medications and
postural drainage. The control group received only
the supportive therapies for 3 months. Finally, Maskela
et al. studied erythromycin at a dose of 125 mg (for

Table 1: Summary of the included studies

participants < 15 kg) or 250 mg (for participants > 15
kg) once a day for 52 weeks, compared to a placebo
group over the same timeframe (Table 1).

Acute exacerbations in bronchiectasis

A total of three study examined the impact of long-
term macrolide treatment on the frequency of acute
exacerbations in bronchiectasis. Despite variations
in  macrolide preparations, long-term macrolide
use significantly reduced the frequency of acute
exacerbations in bronchiectasis (12=0%) (OR: 0.30,
95% Cl: 0.10 to 0.87; p=0.03) (Figure 2).

The mean exacerbations of bronchiectasis

Two studies analyzed the mean exacerbations of
bronchiectasis per patient. The findings showed that
long-term macrolide treatment significantly reduced

Number of patients Age
Author Year Country Macrolide Control Macrolide Control
Koh 1997 Korea 13 12 13.3(2.5) 13 (2.6)
Yalcin 2006 Turkey 17 17 13 (2.7) 12 (2.9)
Valery 2013 Australia 45 44 4(2.1) 4.2(2.3)
Masekela 2013 Korea 17 14 8.4 (2.4) 9(2.1)
Macrolide Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Figure 2: Acute exacerbations in bronchiectasist
Macrolide Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Masekela etal 2013 214 2128 17 218 1.58 14 397% -0.04[-1.41,1.33]
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Heterageneity, Chi*=6.33, df=1 (P =0.01), F=84% 1_1 0 ES Iﬁ é 1D=

Test for overall effect Z= 319 (P = 0.001)
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Figure 3: The mean exacerbations of bronchiectasis per patient




the mean exacerbations per patient (12=84%; WMD
-1.40, 95% Cl: -2.26 to -0.54; p=0.001) (Figure 3).

Frequency of exacerbation-related admissions

One study examined the effect of long-term
azithromycin  treatment on hospitalization due
to exacerbations of bronchiectasis. The results
indicated no significant difference in the frequency
of exacerbation-related admissions between the
azithromycin group and the control group (OR: 0.28,
95% ClI: 0.07 to 1.11; p=0.07) (Figure 4).

FEV1% predicted at the endpoint

Three studies investigated the effect of long-term
macrolide treatment on FEV1% predicted at the
endpoint in children with bronchiectasis. The results
showed no significant difference in FEV1 between the
macrolide treatment group and the control group
(12=80%; WMD 2.21, 95% Cl: -2.44 to 6.87; p=0.35)

Changes in FEV1% predicted in patients

Two studies investigated the effect of long-term
macrolide treatment on changes in FEV1% predicted
in patients with bronchiectasis. The results indicated
no significant difference in the changes of FEV1%
predicted before and after treatment between the
macrolide group and the control group (12=0%; WMD
2.19, 95% Cl: -2.80 to 7.19; p=0.39) (Figure 6).

Discussion

This meta-analysis demonstrates that long-term
macrolide treatment over 3 to 24 months in
pediatric NFBE significantly reduces the frequency
of exacerbations, decreasing the mean number of
exacerbations per patient during the treatment period.
Our analysis provides a comprehensive assessment of
the benefits and drawbacks of long-term macrolide
treatment specifically for pediatric non-cystic fibrosis
BE.

(Figure 5).
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We analyzed the effects of macrolides on acute
exacerbations in pediatric BE using three randomized
controlled trials (RCTs). These RCTs involved the
administration of roxithromycin  for 12 weeks,
erythromycin  for 52 weeks, and azithromycin
for up to 24 months (12-14). Despite differences
in study durations and populations, including
immunocompromised children due to HIV infection in
one RCT, the results consistently showed a reduction
in the number of exacerbations.

Although previous research has indicated that a
5-day course of azithromycin can increase the risk of
cardiovascular diseases in adults and that long-term
macrolide treatment in adults with NCFB can lead
to gastrointestinal complications such as diarrhea,
nausea, vomiting, and abdominal discomfort, no
adverse events were reported in pediatric cases
of non-cystic fibrosis BE treated with long-term
macrolides compared to the control group (12,16,17).
Furthermore, no severe adverse events were reported
in children undergoing long-term macrolide treatment
for non-cystic fibrosis BE. To mitigate potential risks,
future studies should include regular monitoring for
complications like cardiovascular diseases. Despite
these concerns, long-term macrolide treatment
remains a viable option for reducing exacerbations in
pediatric non-cystic fibrosis BE.

Limitations

This meta-analysis has several limitations. First, the
number of included studies is small, which may limit
the generalizability of the findings. Second, variations
in study design, macrolide preparations, and treatment
durations could introduce heterogeneity. Third, the
inclusion of different pediatric populations, including
immunocompromised  children, may affect the
consistency of the results. Additionally, the potential
for publication bias and the lack of long-term follow-
up data on adverse effects and antibiotic resistance
are concerns. Further large-scale, long-term studies
are needed to confirm the efficacy and safety of
macrolide treatment in pediatric non-cystic fibrosis
bronchiectasis.

Conclusions

This meta-analysis reveals that long-term macrolide
treatment, spanning 3 to 24 months, significantly
reduces the frequency of exacerbations in pediatric

NCFB. Despite variations in study durations and
macrolide preparations, the consistent reduction in
exacerbation frequency highlights the effectiveness
of macrolides in managing NCFB. However, the
treatment did not significantly impact FEV1% predicted
or hospitalization rates due to exacerbations. These
findings underscore the potential benefits of long-
term macrolide therapy in reducing exacerbations,
though further research is needed to fully understand
its impact on pulmonary function and hospitalization
rates in pediatric NCFB.
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