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Background: Chronic obstructive pulmonary disease (COPD) is currently the fourth largest
fatal disease in the world, and is expected to rise to third place by 2020. Frequent acute
exacerbations lead to increased mortality. Some suggestions for prophylactic use of macro-
lides in preventing COPD exacerbations have been raised, but there are still several issues
that need to be addressed, such as target population, the course of treatment, therapeutic
dose, and so on.

Objective: To evaluate, via exploratory meta-analysis, the efficacy of long-term macrolide
therapy at low doses in stable COPD.

Methods: A systematic literature search was performed in PubMed, Embase, and Cochrane
database from inception to March 28, 2019. Randomized controlled trials (RCT) which
reported long-term use of macrolides in prevention of COPD were eligible.

Results: A total of 10 articles were included in this study. It was found that there was a 23%
relative risk reduction in COPD exacerbations among patients taking macrolides compared to
placebo (P<0.01). The median time to first exacerbation was effectively prolonged among
patients taking macrolides vs placebo (P<0.01). Sub-group analysis showed erythromycin
was advantageous and older patients were less responsive to macrolides.

Conclusions: Long-term low dose usage of macrolides could significantly reduce the
frequency of the acute exacerbation of COPD. The treatment was well tolerated, with few
adverse reactions, but it was not suitable for the elderly. It is recommended that this treatment
regimen could be used in patients with GOLD grading C or D, because they have a higher
risk of acute exacerbation and mortality. It needs to be further discussed whether this
treatment should last for 12 months or longer.

Keywords: chronic obstructive pulmonary disease, low dose, long-term, exacerbation,
macrolide, meta-analysis

Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and
treatable disease. Frequent acute exacerbations lead to a sharp decline in lung
function, resulting in high disability, mortality, and mental problems, such as
anxiety and depression, which seriously affects patients’ quality-of-life.' In the
meantime, acute exacerbations of chronic obstructive pulmonary disease
(AECOPD) also consume a large amount of medical and health resources.
According to statistics, the medical cost of AECOPD accounts for more than
50% of COPD treatment.”

To date, there are two main methods to prevent AECOPD. One is non-drug

therapy, including smoking cessation, flu vaccination, pulmonary function training,
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and lung volume reduction surgery. The other is drug ther-
apy, such as long-acting bronchodilators, glucocorticoids,
phosphodiesterse-4  inhibitors, and N-acetylcysteine.’
However, these measures reduce the AECOPD by up to
25-30%.*° How to effectively reduce the acute exacerbation
of COPD is a very meaningful proposition.

It is known to us that over 50% of acute exacerbations
are caused by bacterial infections, accompanied by
increased airway inflammation.®” As macrolides have
anti-inflammatory, anti-viral, and immunomodulatory
effects,8 scholars have carried out clinical trials to use it
to prevent exacerbations of COPD. However, this method
is not generally accepted. We, therefore, try to explore the
efficacy of macrolides in preventing the acute exacerbation
of COPD by statistical methods.

Methods

Search strategies

We systematically searched PubMed, Embase, and the
Cochrane Library from their inception until March 28, 2019
using the following search term: chronic obstructive pulmon-
ary disease AND macrolides or azithromycin or erythromycin

or clarithromycin AND randomized controlled trials or con-
trolled clinical trials. There was no language restriction.

Selection criteria

Studies were considered eligible for inclusion if they were
RCTs that enrolled patients with a diagnosis of stable COPD.’
The initial search strategy yielded 609 studies. Two investi-
gators (Cao and Wu) independently performed the literature
search and the study selection. Dr Yao mediated disagreement
regarding any specific study. Ten studies were ultimately

selected for inclusion in the meta-analysis (Figure 1).”'®

Data extraction and quality assessment

Of the studies selected, relevant data were directly derived
from the paper including study design, the demographic
data, macrolides dosing, duration of treatment, and out-
comes assessment. COPD exacerbations are defined as an
acute worsening of respiratory symptoms (dyspnea,
increased quantity of sputum, or purulent sputum) that
result in additional therapy. The primary endpoint was
the total number of COPD exacerbations, median time to
first exacerbation, and the rate of exacerbations per patient

Studies identified
through database
searching
(n=603)

Additional studies
identified through
other sources
(n=6)

(n=441)

Studies after duplicates removed

l

Studies screened
(n=441)

Studies excluded:
irrelevant topics
> (n=329)

|

Full-text articles excluded,

Full-text articles
assessed for eligibility
(n=112)

with reasons(n=102):

Reviews and meta-analysis:n=14
— | Reports on stable COPD:n=64
No RCT:n=7

No report on exacerbation:n=17

|

Studies included in
meta analysis
(n=10)

Figure | Flow diagram depicting the number of studies included at each stage of the selection process.

Abbreviation: RCT, randomized controlled trials.

1290 submit your manuscript

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Cao et al

per year. Secondary endpoints included mortality, hospita-
lization rates, St George Respiratory Questionnaire

(SGRQ) score, adverse events, and drug resistance.

Statistical analysis

Results from the intention-to-treat data were extracted, respec-
tively, and summarized as risk ratio (RR) and corresponding
95% confidence interval (95% CI) by meta-analysis. The
between-study heterogeneity was assessed by the F statistic
and Q-test. The fixed effect model was used for combining of
results if P for heterogeneity test >0.1, or random-effects
model was adopted otherwise. Sensitivity analyses were per-
formed on age, sex, smoking history, type, dose, and duration
of macrolides administered. Funnel plot was used to evaluate
publication bias, and P<0.05 was considered statistically sig-
nificant. Data were analyzed with R software Version3.4 (The
R Foundation for Statistical Computing).

Results

Ten articles were retained in this study after manual curation.
All the patients were in stable phase and had a history of
acute exacerbations before enrollment. A total of 1,521
patients were randomly allocated to the macrolides treatment
group, and 1,418 were randomly allocated to the control

group. The study duration lasted from 3 months to 12
months. Three of the 10 RCTs were not blinded (Table 1).

Statistically significant heterogeneity was observed
among the recruited 10 studies (°=65.9%, P=0.0018).
A random effects model was used, which resulted in
a 23% decrement in exacerbations among patients taking
macrolides treatment vs placebo group (Figure 2). Further,
by adding the studies sequentially following the chronologi-
cal order, the meta-analysis showed stable estimates of RR,
with steadily shrunk confidence intervals due to cumulated
evidence (Figure 3). Furthermore, to evaluate the impact of
individual studies on the primary result, we repeated meta-
analyses by knocking one study out each time, which
showed a consistently significant result (Figure 4). There
was no significant publication bias observed among these 10
studies (Figure 5). In addition, to evaluate whether the
patients demographical or clinical characteristics affect the
efficacy of treatment, meta regression was performed. There
was a negative correlation between the treatment effective-
ness and the age of patients ((Figure 6). Sub-group analysis
by drug was also performed, and erythromycin showed
a certain superiority (P<0.01; Figure 7). However, no sig-
nificant benefit was observed in other agents.

Seven studies involving 2,939 patients showed that there
was a 23% relative risk reduction in exacerbations among

Table | Major study characteristics from the ten RCTs included in the meta-analysis

Literature Year | Treated Patients | Placebo | Therapy strategy Duration of therapy | Jadad Scale

Suzuki et al’ 2001 55 54 Erythromycin 12 months 2
200—400 mg once daily

Banerjee et al'® 2004 31 36 Clarithromycin 3 months 3
500 mg once daily

Seemungal et al'' | 2008 53 56 Erythromycin 12 months 5
250 mg twice daily

He et al'? 2010 18 18 Erythromycin 6 months 4
125 mg three times daily

Albert et al'3 2011 558 559 Azithromycin 12 months 3
250 mg once daily

Berkhof et al'* 2013 | 42 4 Azithromycin 3 months 5
250 mg three times a week

Uzun et al'® 2014 47 45 Azithromycin 12 months 5
500 mg three days a week

Simpson et al'® 2014 15 15 Azithromycin 12 months 5
250 mg once daily

Shafuddin etal'” | 2015 | 97 94 Roxithromycin 3 months 5
300 mg once daily

Ra et al'® 2017 | 504 499 Azithromycin 12 months 4
250 mg once daily

Abbreviation: RCTs, randomized controlled trials.
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Experimental Control Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (fixed) (random)
Suzuki 2001 6 55 30 54 020 [0.09; 0.43] 4.1% 5.2%
Banerjee 2004 5 31 2 36 290 [0.61;13.93] 0.3% 1.6%
Seemungal 2008 19 53 19 56 Y 1.06 [063; 1.77] 25% 9.2%
Zhi-Yi He 2010 9 18 14 18 i 064 [0.38; 1.09] 1.9% 9.0%
Albert 2011 434 558 483 559 B 0.90 [0.85; 0.95] 65.4% 20.8%
Berkhof 2013 10 42 17 42 . 0.59 [0.31; 1.13] 23% 6.8%
Uzun 2014 28 47 27 45 = 099 [0.71; 1.39] 3.7% 13.6%
Simpson 2014 4 15 9 15 044 [017; 1.13] 1.2% 4.0%
Shafuddin 2015 76 198 48 94 - 0.75 [0.58; 0.98] 8.8% 15.7%
Seung Won Ra 2017 62 504 72 499 - 085 [062; 1.17] 98%  142%
Fixed effect model 1521 1418 ; 0.85 [0.80; 0.90] 100.0% -
Random effects model > 0.77 [0.63; 0.95] - 100.0%
Heterogeneity: /2 = 66%, 72 = 0.0530, p < 0.01

0.1 05 4. 2 10

Figure 2 Forest plot, examining the effectiveness of the long-term macrolide therapy for preventing acute exacerbation among COPD patients vs placebo.

Author(s) and year Latitude Risk ratio [95% CI]
Suzuki, 2001 —— 0.20[0.09, 0.43]
+ Banerjee, 2004 0.69[0.05, 9.63]
+ Seemungal, 2008 —. 0.77[0.17,3.38]
+Zhi-Yi He,2010 —a— 0.71[0.27,1.86]
+Albert, 2011 i 0.74[0.37, 1.46]
+ Berkhof,2013 —— 0.70[0.42,1.19]
+Uzun,2014 —a— 0.75[0.49, 1.14]
+ Simpson,2014 —— 0.72[0.49, 1.05]
+ Shafuddin, 2015 i 0.73[0.54, 0.98]
+Seung Won Ra, 2017 [ 0.77[0.62, 0.95]
r T T T T T 1
0018 0050 0135 0368 1000 2718 7.389 20.086

Risk ratio (log scale)

Figure 3 Forest plot, showing the results from a cumulative meta-analysis of 10
studies examining the effectiveness of the macrolide therapy to prevent exacerba-
tion for COPD.

Study Risk ratio RR 95%-Cl
Omitting Suzuki 2001 i 0.86 [0.76;0.97]
Omitting Banerjee 2004 — - 0.76 [0.61;0.93]
Omitting Seemungal 2008 — 0.74 [0.59;0.93]
Omitting Zhi-Yi He 2010 —E— 0.78 [0.63;0.98]
Omitting Albert 2011 e 0.73 [0.55;0.95]
Omitting Berkhof 2013 — 0.79 [0.64;0.97]
Omitting Uzun 2014 — 0.73 [0.57;0.93]
Omitting Simpson 2014 — 0.79 [0.64;0.97]
Omitting Shafuddin 2015 — 0.76 [0.60; 0.98]
Omitting Seung WonRa 2017 ———— 0.75 [0.59; 0.96]
Random effects model — 0.77 [0.63; 0.95]
1
0.75 1 15

Figure 4 Forest plot, showing the results from knock-one-out meta-analysis of 10
studies.

patients taking macrolide antibiotics compared to those
taking placebo (RR=0.7708; 95% CI=0.6265-0.9484;
P<0.01, I’=65.9%; Figure 2). A sensitivity analysis was
conducted because Albert et al’s'’ study accounted for
a large percentage of the overall effect, showing a 27%

relative risk reduction of exacerbations among patients

04 02
!

Standard error
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L

08
L

2 -1 0 1 2

Log risk ratio

Figure 5 Funnel plot, showing no significant publication bias among the included
trials regarding overall results.
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Figure 6 Bubble diagram, showing that there was a highly statistically significant negative
correlation between the age of patients and response to macrolides (OR,,=0.817).

taking macrolide antibiotics 95%
CI=0.55-0.95, P=0.02, ’=61.8%).

Seven studies involving 1,415 participants reported the

(RR=0.73,

median time to first exacerbation, and showed the

submit your manuscript

1292

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Cao et al

Experimental Control
Study Events Total Events Total
Albert 2011 434 558 483 559
Berkhof 2013 10 42 17 42
Uzun 2014 28 47 27 45
Simpson 2014 4 15 9 15
Seung Won Ra 2017 62 504 72 499
Suzuki 2001 6 55 30 54
Seemungal 2008 19 53 19 56
Zhi-Yi He 2010 9 18 14 18
Banerjee 2004 5 3 2 36
Shafuddin 2015 76 198 48 94
Fixed effect model 1521 1418

Random effects model
Heterogeneity: /° = 66%, 7> = 0.0530, p < 0.01

Risk ratio RR 95%-Cl
' 0.90 [0.85; 0.95]
: 059 [0.31; 1.13]
i 0.99 [0.71; 1.39]
: 0.44 [0.17; 1.13]
T— 0.85 [0.62; 1.17]
*
——e i 0.20 [0.09; 0.43]
- 1.06 [0.63; 1.77]
: 064 [0.38; 1.09]
<
el
: 290 [0.61; 13.93]
& 0.75 [0.58; 0.98]
<4
——::*—-
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| - | 0.7 [0.63; 0.95]
0.1 05 1 2 10

Figure 7 Forest plot, showing different genera of macrolides in prevention exacerbation for COPD.

prolongation of remission after prophylactic use of macro-
lide antibiotics (MD=67.49, 95% CI=32.54-102.44,
P<0.01, ’=99%; Figure 8).

Nine studies involving 1,508 participants reported the
rate of exacerbations per patient per year, showing
a reduction in the rate of exacerbations in the macrolides
group (SMD=-2.55, 95% CI=-3.54—1.57, P<0.01,
P=97%; Figure 9).

Six studies reported changes of SGRQ score before and
Three studies
showed an improvement in the SGRQ score after macro-

after macrolide antibiotics treatment.
lides treatment, but the difference was not statistically
significant. The number of hospitalizations were decreased
in the macrolides group compared to the control group in
four studies.'>!416 However, there was also no difference
in the two groups.

Experimental Control
Study Total Mean SD Total Mean SD
Seemungal 2008 34 271.00 517890 37 89.00 46.3130
Zhi-Yi He 2010 9 155.00 51.7890 4 86.00 463130
Albert 2011 124 266.00 239790 76 17400 15.8160
Berkhof 2013 32 105.00 30.0000 25 66.00 21.0000
Uzun 2014 19 130.00 52.0410 18 59.00 14.5080
Shafuddin 2015 122 130.00 115.0000 46 147.00 115.0000
Seung Won Ra 2017 442 11220 320810 427 8220 14.8100
Fixed effect model 782 633

Random effects model
Heterogeneity: /° = 99%, 7° = 2030.2080, p < 0.01

-200

Figure 8 Forest plot of the median time to the first exacerbation.

Four studies explored the pathogen isolated from the
the first
pathogens of COPD were H. influenzae, S. pneumoniae,

respiratory tract, indicating three major
Mycobacterium, and catarrhalis.">'>'>'  Pseudomonas
aeruginosa was reported in two studies.'>'® The bacteria
numbers were reduced after macrolides treatment, but no
difference was found. On the contrary, Uzun et al'®
observed that macrolide-resistant bacteria was 6%(3/50)
in the treatment group, while it was 24%(11/46) in the
placebo group (P=0.036).

Nine papers studied the adverse effects, showing that
the incidence of gastrointestinal reaction was 5.68% (52/
916) in the treatment group and 4.90% (45/919) in the
control group. The difference was not statistically signifi-
cant (P>0.25). Cardiovascular events were found in five

studies, the incidence was 8.27% (63/762) in the treatment

Weight Weight

MD 95%-Cl (fixed) (random)

Mean difference

—— 182.00 [159.07;204.93]
69.00 [12.39;125.61]
9200 [86.48; 97.52]
39.00 [25.74; 52.26]
71.00 , 95.34]
-17.00 [+ , 22.00]
30.00 ; 33.30] 68.0%

1.4%
0.2%
24.4%
4.2%

14.7%
11.1%
15.6%
15.3%
14.6%
13.1%
15.6%

48.02 [45.29; 50.74] 100.0%
67.49 [32.54;102.44] - 100.0%

200
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Experimental Control
Study Total Mean SD Total Mean SD
Suzuki 2001 49 02501960 24 1.19 0.2710
Banerjee 2004 26 0.650.1960 34 0.22 0.2710
Seemungal 2008 34 153 01960 37 223 0.2710
Zhi-Yi He 2010 9 1.22 0.0969 4
Albert 2011 124 148 0.1960 76 1.83 0.2710
Uzun 2014 19 194 02240 18 3.22 0.3060
Simpson 2014 11 061 0.1960 6 1.72 02710
Shafuddin 2015 122 169 0.1960 46 2.250.2710
Seung Won Ra 2017 442 147 0.1960 427 1.70 0.2710

Fixed effect model 836 672
Random effects model

Heterogeneity: /% = 97%, 7> = 1.8948, p < 0.01

222 01430 ———

Standardised mean
difference

Weight Weight

SMD 95%-Cl (fixed) (random)
1.9%
3.8%
3.0%
0.1%
13.1%
0.8%
0.3%
7.2%
69.8%

12.1%
12.7%
12.5%

41%
131%
10.8%

8.4%
13.0%
13.3%

i 417 [502;
i~ 176 [ 1.15;
- 291 [-359;

! 835 [12.37;
d 153 [-186;
—-i! 469 [-599;-339]
470 [-676;-264]
: 255 [-298,-2.11]
| 095 [-1.09;-0.81]

332)

2.36)
223)
433
121)

——i

i 421 [1.33;
-2.55 [-3.54;

-1.09] 100.0% -
A1.57] - 100.0%

Figure 9 Forest plot of risk ratios for exacerbations per patient per year treated with macrolides compared with the control.

group and 7.78% (59/758) in the control group, with no
significant difference (P>0.5). Albert et al.'"* had found
another side-effect that azithromycin could cause hearing
impairment, and the incidence was significantly higher
than the placebo group (27% vs 21%, P=0.04). In general,
the adverse effects in the macrolide antibiotics group were
approximately two-times higher than in the control group.

Sub-group analysis
Sub-group analyses by the types of macrolides are shown
in Figure 7. Five studies involving 1,166 participants trea-
ted with azithromycin showed no statistical difference in
the numbers of excerbations between the treated and con-
trol groups (P=0.34). Three studies involving 126 partici-
pants treated with erythromycin significantly reduced the
exacerbations in comparison with the control group
(P<0.01). The other two studies treated with clarithromy-
cin or roxithromycin showed no difference (P=0.09).
Several additional study variables, including age, pack-
years of smoking, dose, and duration of therapy were
prospectively explored further via meta regression.
Through meta-regression, there was a highly statistically
significant negative correlation between the age of patients
and response to macrolides (OR,,.=0.817).

Discussion

At present, the treatment of COPD can only control and
improve the current symptoms of patients, but cannot
improve the long-term prognosis. Increased airway inflam-
mation is the core of COPD, and is closely related to the
severity of clinical symptoms and the frequency of
AECOPD."? Various inflammatory cells and inflammatory
mediators are involved in the inflammatory reaction.?’
Therefore, the key to the prevention and treatment of
AECOPD is to treat and control the patient’s chronic air-
way inflammation reaction. There have been two impor-
tant guidelines on prevention of COPD exacerbations, one

is the ERS/ATS guideline, which advises that antibiotics
should be used in ambulatory patients with exacerbations,
the other is the 2019 Global Initiative for Obstructive
Lung Disease (GOLD), which indicated that prophylactic
use of azithromycin (250 mg/day or 500 mg three times
per week) or erythromycin (500 mg two times per day) for
1 year can reduce the risk of exacerbations. However,
there have been several unresolved problems.

According to the GOLD 2019 report, FEV1 is a very
important indicator that predicts mortality and hospitaliza-
tion rates in COPD. Approximately 20% of patients with
GOLD stage 2 often have acute exacerbations, while
patients with GOLD stage >3 have a higher risk of acute
exacerbation and mortality. From this perspective, we
believe that the use of antibiotics as prophylaxis may be
more meaningful for patients with GOLD stage >3.

Macrolides is powerful because of its antiviral, anti-
bacterial, and immunomodulatory effects. Macrolide anti-
biotics have a broad spectrum of antibacterial activity and
can cover Gram-positive bacteria, penicillin-resistant
Staphylococcus, some Gram-negative bacteria, anaerobic
bacteria, and intracellular pathogens such as Mycoplasma,
Chlamydia, Legionella, spirulina, and rickettsia. They also
have excellent anti-inflammatory effects, can inhibit the
adhesion, aggregation, chemotaxis, and oxidative burst of

neutrophils,?'

and can also promote neutrophil apoptosis,
inhibit inflammatory cells (bronchial epithelial cells,
macrophages, neutrophils) to release inflammatory media-
tors such as IL-8, IL-6, IL-12, TNF-a, and intercellular
adhesion molecule (ICAM-1), and inhibit the transcription
factor NF-KB.?? The recruitment of eosinophil can be
prevented by inhibiting RANTES and eosinophil chemo-
kines and the release of IL-5, regulating the function of
Th2 and reconstructing the balance of Thl/Th2. Further, it
can regulate the immune function through dendritic cells
and can directly inhibit the expression of vascular cell
adhesion molecule —1mRNA

and neutrophil lung
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infiltration. Macrolide antibiotics may have other potential
pharmacological effects as well, such as antiviral and
restoration of glucocorticoid sensitivity. In animal experi-
ments, macrolides have been observed to have
a therapeutic effect on rhinoviruses and influenza viruses.
Furthermore, macrolide antibiotics can reduce allergic
inflammation or lipopolysaccharide-induced airway goblet
cell hypertrophy and hyperplasia, promotes mucociliary
transporting, and inhibits the inflammation and remodeling
of airway and pulmonary vessels.”®> Since macrolides in
the airway mucosa and lung tissue can be 20-30 times the
plasma concentration and have good tissue penetration,
they occupy an important position in clinical anti-
infective drugs.

Based on pharmacology, macrolides could be effective
anti-inflammatory agents.”* Many clinical studies have
confirmed the role of macrolides in the prevention and
treatment of COPD.? Of the papers we selected, one
study reported that clarithromycin did not reduce COPD
exacerbations, but improved symptom score in St George’s
respiratory questionnaire, body function score in SF-3
questionnaire, neutrophils in sputum, and the chemotaxis
of neutrophils.'® We consider this negative result was
limited by the length of the study and the small number
of patients enrolled. In Suzuki et al’s” study, the main
outcome was cough, not exacerbations. We still enrolled
it because it was the first study that confirmed the positive
effect in preventing exacerbations after the application of
macrolides in a stable period, and, what is more, cough
The

COLUMBUS trial showed that, in patients experiencing

was one of the indicators of exacerbation.
acute exacerbations more than three times annually, oral
administration of 500 mg azithromycin three times a week
significantly reduced the frequency of the acute exacerba-
tion of COPD."> Our meta-analysis also confirmed that
prophylactic macrolides were statistically significant in
reducing the COPD exacerbations.

To data, no studies have confirmed which macrolides
are most effective. Pharmacological studies showed that
anti-inflammatory and immunomodulatory effects were
mainly found in 14-membered ring macrolides, such as
erythromyecin, clarithromycin, and roxithromycin, and 15-
membered ring macrolides, such as azithromycin, while
the 16-membered josamycin and midecamycin had no
immunomodulatory effect.”® Azithromycin is considered
to be an effective option, because it has stronger antibac-
terial activity, better gastrointestinal tolerance, less hepa-

totoxicity, and will not lead to a prolonged QT interval

with better safety in long-term medication.”” This may be
because its metabolism will not interfere with cytochrome
P450, thus avoiding metabolic interference with other
medication for COPD, such as glucocorticoids and theo-
phylline. Our sub-group analysis showed erythromycin
had several advantages over other macrolides, which was
consistent with He et al’s'? study. The reason was unclear.
We may not have a large number of RCTs collected or the
lung function was still in early stage of COPD. Which
macrolide has better efficacy, and whether there is a racial
difference in the effect of macrolides still needs further
discussion.

There has been no detailed description about “low
dose”. By carefully analyzing the literature we have
included, the so-called low dose is a dose lower than the
effective antibacterial concentration of macrolides, gener-
ally 40-60% of the dose. As
H. influenzae, S. pneumoniae, and Pseudomonas aerugi-

normal reported,
nosa were the usual pathogens in COPD, and they can
form a bacteria biofilm (BBF), and bacteria in biofilm can
be released as a potential source result in recurrent infec-
tion and exacerbation. Gillis and Iglewski*® showed that
azithromycin delayed initial biofilm formation of
Pseudomonas aeruginosa at subMIC (2 ug/mL), but did
not affect mature biofilms at subMIC (8 pg/mL). Starner
12° observed that azithromycin at subMIC (0.125 pg/

mL) could not only disrupt the formation of biofilms, but

et a

also damage the extracellular matrix of mature biofilms of
H. influenzae. This may be why it is “low dose”. It is
expected that more research will be carried out in the
future to set a dose ranging and a cut-off value for MICs
of the macrolide antibiotic to reduce the long-term oral
risk-benefit ratio.

Previous meta-analyses showed that only long-term
oral administration could reduce the frequency of acute
exacerbations, while the short-term therapy could not ben-
efit from it.>° According to the 2019 GOLD Report, the
12-month course had better tolerability. However, in our
study, there was no difference in the effects between 3 and
12 months. Recently, a study conducted by Spanish scho-
lar enrolled 505 patients in GOLD grading D group, the
results of which showed that, after long-term continuous
cycles of azithromycin treatment for more than 24 months
to 36 months, the rate of exacerbations and hospitaliza-
tions continuously reduced by more than 50% with very
few adverse events. The findings will recently be pub-
lished in CHEST. Herath et al®' reported that continuous
and intermittent (three times per week) prophylactic usage
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of macrolides resulted in significant reduction of exacer-
bations, but not pulsed treatment (eg, 5 days every 8
weeks). The best course of prophylactic antibiotic therapy
remains to be determined.

Han et al*? reported that azithromycin was more effec-
tive in elderly patients and patients with low GOLD grade,
but less effective in smoking patients. In our study, the
average age of patients was over 65, and the result showed
that the treatment effect was less effective in older
patients. We consider that the elderly were more likely to
have multiple underlying diseases, and the BMI index is
low. They might had more comorbidities, such as pneu-
monia, respiratory failure, heart failure, etc. These factors
could affect curative effect.

The most common side-effect of macrolide antibiotics
is gastrointestinal dysfunction. Liver function damage and
allergic reactions are rare. Arrhythmia and ototoxicity are
even rarer. Fourteen-membered macrolide antibiotics can
enhance drug interactions and cause adverse events.
Erythromycin, spiramycin, and clarithromycin can cause
QT interval prolongation and torsades de pointes ventricu-
lar tachycardia. As Moj et al** reported, clarithromycin is
a cytochrome P450 (CYP) 3A4 substrate, as well as
a P-glycoprotein (P-gp) substrate and organic anion-
transporting polypeptides (OATP) 1B1 and 1B3. Of all
the macrolides, clarithromycin has the highest risk of
digoxin toxicity by inhibiting the action against P-gp—
mediated effluxthe, while erythromycin and azithromycin
have much lower risk.>**> Albert et al'* observed another
important side-effect, which was hearing impairment.
Herath et al®'
QTc or tinnitus were not significantly more frequent in

also reported that development of long

the treatment group than the placebo. Ray et al*® found the
death from cardiovascular. But it was not clear whether the
macrolides were the direct cause of death or the cardio-
vascular disease. In our study, the adverse reaction ratio of
long-term use of macrolides was not high, and the main
side-effect was gastrointestinal reaction. The incidence
rate of hearing impairment was higher in the treatment
group than in the control group (P<0.05), and the rate of
cardiovascular events did not differ significantly between
the two groups.

Another non-negligible problem is antibiotic resistance

in the long-term use of macrolides. Albert et al'? collected
nasopharyngeal swabs for bacterial culture to detect the
resistance of respiratory pathogens to macrolides.
Although the respiratory colonized bacteria were signifi-

cantly reduced after the treatment of azithromycin, the

resistant strains isolated from the azithromycin group
were significantly increased (P<0.05). But, in another
study about CF, chronic azithromycin usage did not alter
community resistance patterns.’ We speculate that the
combination with other drugs, or different courses and
doses may reduce the bacterial resistance to macrolides.
CSY0073, a new type of macrocyclolactone with no anti-
bacterial activity, but anti-inflammatory activity,”” has
been clinically proven to be useful in the treatment of
inflammatory bowel disease and arthritis. The application
of this new drug may reduce bacterial resistance.

Conclusion

Our meta-analysis has analyzed and confirmed that long-
term low dose usage of macrolides could significantly
reduce the frequency of the acute exacerbation of COPD.
The treatment was well tolerated with few adverse reac-
tions, but it was not suitable for the elderly. We recom-
mend that this treatment regimen could be used in patients
with GOLD grading C or D because they have a higher
risk of acute exacerbation and mortality. There is a need to
further discuss whether this treatment must last for 12
months or longer. Clinically, it should combine with indi-
vidual factors in COPD patients and we need to weigh the
pros and cons before giving preventive use of macrolides.
In the literature included, the sample size of some is small,
which reduces the efficiency of statistical analysis. In
order to obtain more comprehensive and objective
conclusions on the efficacy of macrolide antibiotics in
the treatment of stable COPD, more randomized, double-
blind controlled trials with a dedicated design, reliable
methods, and high quality are needed.

Abbreviation list

COPD, chronic obstructive pulmonary disease; AECOPD,
acute exacerbations of chronic obstructive pulmonary dis-
ease; RCT, randomized controlled trial; FEV1, forced
expiratory volume in 1 second; FVC, forced vital capacity;
CI, confidence interval; IL-8, interleukin-8; TNF-o, tumor
necrosis factor-a.
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