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Abstract

Obliterative bronchiolitis (OB) is a major cause of morbidity and mortality in patients undergoing
hematopoietic stem cell transplantation (HSCT). Our objective was to perform a systematic review
and meta-analysis of the impact of azithromycin on change in forced expiratory volume in 1
second (FEV;). We searched MEDLINE, EMBASE, Web of Science, Cochrane CENTRAL and
Scopus databases. We included studies that compared azithromycin to placebo or no intervention
in the treatment of OB or BOS in patients who had undergone allogeneic HSCT. 91 unique
publications were identified. 4 studies met inclusion criteria, with a total of 90 patients. Changes in
FEV were measured between 12 weeks and 24 weeks after initiation of treatment. The meta-
analysis demonstrated a mean increase in FEV4 of 30 ml (95% Confidence Interval: -260 to +330
ml, p = 0.82) following initiation of azithromycin. One patient death was reported, but not
attributed to azithromycin therapy. In conclusion, current evidence can neither support nor refute
the use of azithromycin in the treatment of patients who develop OB/BOS following HSCT.
Further studies are needed to determine whether azithromycin is beneficial for the treatment of
OB/BOS in this setting.
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Introduction

Obliterative bronchiolitis (OB) is a disorder characterized by small airway injury and
progressive airflow obstruction 1. OB is seen most commonly in patients who have
undergone lung transplantation or allogeneic hematopoietic stem cell transplantation
(HSCT) 24, In the latter group, OB is particularly common in those with chronic graft
versus host disease in other organs. OB has also been reported in patients with rheumatoid
arthritis ® and following certain inhalational exposures 6-10. Pathologically, patients with OB
have inflammatory and fibrotic narrowing of bronchioles 11. When patients who have
undergone lung transplantation or allogeneic HSCT demonstrate clinical, physiologic and
imaging findings consistent with OB, without histologic diagnosis, the term bronchiolitis
obliterans syndrome (BOS) is used 12 13,

The optimal treatment for OB in patients with HSCT remains unknown 1. Several potential
therapies have been investigated including systemic steroids, inhaled steroids 14, long-acting
beta agonists (LABA) 14 15 leukotriene receptor antagonists (LTRA) 16:27  extracorporeal
photophoresis (ECP) 17: 18 and macrolides 27- 16.19. 20 Macrolides, and azithromycin in
particular, have been studied for the treatment of OB in patients who have undergone HSCT
and lung transplantation. While the precise mechanism of action of macrolides is not known,
it is believed their beneficial effects relate primarily to anti-inflammatory and
immunomodulatory effects 11,

In a systematic review of azithromycin for the treatment of OB or BOS following lung
transplantation, azithromycin was associated with a small (8.8%) but statistically significant
improvement in forced expiratory time in one second (FEV1) at an average of seven

months 21, However, the role of azithromycin in the treatment of OB and BOS in patients
who have undergone allogeneic HSCT remains unknown. To better characterize the
effectiveness of azithromycin in this clinical setting, we performed a systematic review and
meta-analysis of azithromycin for the treatment of obliterative bronchiolitis following
allogeneic HSCT.

Materials and Methods

This systematic review and meta-analysis was conducted and reported according to
Preferred Reporting Items for Systematic review and Meta-Analysis standards of quality 22,

Study eligibility

We included randomized or observational studies that compared azithromycin to placebo or
no intervention in the treatment of OB or BOS in patients who had undergone allogeneic
HSCT. Observational studies were included if the cohort represented a complete or
consecutive center experience. BOS was defined as decline in FEV; with obstructive lung
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disease in a patient who had undergone allogeneic HSCT with compatible clinical and/or
imaging findings. Eligibility was not restricted by language, publication status, year of
publication, outcome or azithromycin dose. For articles that described overlapping cohorts
the most recent report was included.

Study selection and data extraction

A professional librarian (PJE) designed our search strategy using Ovid MEDLINE, Ovid
EMBASE, Web of Science, Ovid Cochrane CENTRAL and Scopus databases (the full
search is available as an online supplement). Reference lists of included studies and recent
comprehensive narrative reviews were reviewed 11 23, The search was conducted from
database inception and last updated on June 28, 2016. Study selection was completed
independently and in duplicate by two trained reviewers (HY and CCK). Disagreement was
resolved by consensus. Study selection is outlined in Figure 1.

We abstracted information on author, year of publication, azithromycin dose, azithromycin
duration, patient survival, number of patients included and change in lung function measured
by FEV1. To facilitate statistical comparisons between studies that reported FEV as
percentage predicted instead of absolute change in liters, FEV, percentage predicted was
converted to liters using previously published predicted values corresponding to the age and
gender distribution of the cohort 24, The methodological quality of the included studies was
assessed using the Cochrane risk of bias tool for randomized control trials and the
Newecastle-Ottawa scale for observational studies. Authors were contacted by email for
clarification or additional data when necessary.

Statistical analysis

We performed quantitative synthesis of data on absolute change in FEV at the endpoint of
the study (between 12 and 24 weeks depending on the study) compared to baseline FEV1.
Pre-specified subgroup analyses were planned to compare studies with low risk of bias
versus high risk of bias, and on studies that compared FAM versus azithromycin therapy
alone. We used the generic inverse variance method with random effects models to pool the
mean difference using RevMan 5.1 (Copenhagen, Denmark, 2011). We used the 12 statistic
to quantify heterogeneity. Statistical significance was set at p < 0.05.

Results

Overview of included studies

Our search yielded 91 citations that were independently reviewed by two abstractors. Twelve
studies were retrieved for full text review (HY and CCK, inter-observer agreement x = 0.95,
95% CI: 0.86 — 1.00). Of these, 4 were excluded for not evaluating azithromycin for
treatment of OB/BOS, one was excluded since it evaluated the role of azithromycin in
OB/BOS prevention and one was a letter to the editor. One citation was retrieved in abstract
form but had insufficient data for abstraction into the systematic review or meta-analysis 2°.
Attempts at contacting the authors for further data were unsuccessful. Ultimately, four
studies were included in the final analysis (Figure 1).
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Characteristics and quality of included studies

Four studies were included in the final analysis — one randomized controlled trial 26 and
three observational cohort studies 16: 1927 The characteristics of the included studies are
summarized in Table 1. Enrollment size ranged from 8 to 36. Publication dates ranged from
2005 to 2015. Study quality was assessed independently by two reviewers (HY and CCK)
and is presented in Table 2 for the observational studies and in Table 3 for the randomized
controlled trial.

Data synthesis

A total of 64 patients received azithromycin for the treatment of OB/BOS, and 26 received
either placebo or no-treatment depending on the study design. Two studies treated patients
with fluticasone, azithromycin and montelukast (FAM) 16: 27 whereas two studies treated
with azithromycin alone 1926, The primary outcome was change in FEV; measured at
between 12 and 24 weeks, depending on study design (Figure 2, Table 1). Mean and median
FEV data for individual studies are reported in an online data supplement (Electronic Table
1).

Two studies reported FEV4 data for individual patients, and these data were used to derive
means and estimates of variance for the meta-analysis 19 26, One study specified medians
and interquartile ranges for change in FEV; rather than means and standard deviation 27, For
the purpose of the meta-analysis, the median was used as the point estimate for the mean,
and the estimate of variation of that mean was derived from the interquartile range, in line
with methods previously described 28, One study did not provide numeric values for change
in FEV1, but represented them in graphical format instead 16. Estimates for the mean and
variability were derived from analysis of this graph.

Change in FEV1 with azithromycin

The pooled mean difference in FEV for patients receiving azithromycin for the treatment of
OB/BOS following allogeneic HSCT was +30 ml (95% CI: -260 ml to +330 ml, p = 0.82, 12
= 0%; Figure 2). Subgroup analyses were performed on studies with low risk of bias versus
high risk of bias, and on studies that compared FAM versus azithromycin therapy alone.
These subgroup analyses did not show any significant changes in FEV, compared to placebo
or no therapy.

Safety and tolerability of azithromycin

All studies commented on safety and side effects of azithromycin. In total, there was one
patient death during the study period across all studies. This death was not attributed to an
adverse effect from the treatment. Side effects reported included dyspepsia (n = 1), fever (n
= 1), pain (n = 1), pulmonary infection (n = 6, events = 8), cough (n = 1), dyspnea (n = 1),
pneumonitis (n = 1), pneumothorax (n = 1), and other respiratory disorders (n = 2). The
majority of side effect reporting was from a single study that investigated FAM therapy
rather than azithromycin alone 16, Therefore, it is unclear whether the side effects reported
are from azithromycin or one of the other components of FAM therapy.
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Discussion

Our study is the first meta-analysis evaluating the role of azithromycin for the treatment of
patients with OB/BOS following allogeneic HSCT. In this population, pooled data did not
show a statistically significant effect of azithromycin on lung function as measured by
change in FEV1. Overall mortality across the studies was low, and the studies did not report
any survival difference with azithromycin. Azithromycin was potentially associated with
some side effects, most notably respiratory infection. However, the majority of side effects
were only reported once. Additionally, it is difficult to clearly attribute the side effects to
azithromycin since the majority of side effects were reported in a study that used
combination fluticasone, azithromycin and montelukast (FAM) for the treatment of OB/
BOS.

The risk factors, initial evaluation and therapeutic options for patients who develop OB/BOS
following HSCT have been recently reviewed elsewhere 1123, Unfortunately, no therapeutic
options have been shown to consistently improve symptoms, lung function or survival in
patients with OB/BOS. Currently the mainstay of therapy is with inhaled and systemic
corticosteroids, oral leukotriene antagonists and macrolide therapy, with an emerging role
for extracorporeal photophoresis.

Preclinical studies have suggested potential mechanisms of action for macrolides in OB/
BOS. These mechanisms include the reduced secretion of interleukin-8 from alveolar
macrophages 2°, reduced fibroblast matrix metalloprotease activity 39, reduced pulmonary
microbial burden 31 and reduced neutrophil survival 32. Several studies have evaluated the
role of azithromycin in the role of OB/BOS. In a recent meta-analysis analyzing the role of
azithromycin for the treatment of OB/BOS in lung allograft recipients, pooled estimates
suggested a small but statistically significant increase in FEVy in patients receiving
azithromycin at an average of 7 months of therapy (8.8% increase in FEVq, 95% CI: 5.1% -
12.5%).

In contrast to the findings of the meta-analysis in the lung allograft population, our study in
the post-HSCT population does not find evidence to either support or refute the use of
azithromycin in the treatment of OB/BOS. There are several possible reasons for this.
Firstly, our search only found four studies with a total of 90 patients. It may be that
azithromycin can improve lung function in patients with OB/BOS, but a larger number of
patients are needed to see this effect. However, if this is the case, and larger studies are able
to determine a statistically significant benefit of azithromycin in OB/BOS, it will be
important to also consider whether such a difference is clinically meaningful 33. As the
timing of the initiation of azithromycin in the course of OB naturally varied in these studies,
it is also unknown whether earlier therapy might prevent progression. Secondly, it may be
the studies included in our analysis did not follow patients for sufficiently long to see the full
benefits of azithromycin. All studies in our analysis followed patients for between 12 and 24
weeks. In the lung allograft meta-analysis, follow up for included studies was between 12
and 52 weeks with an average of 30 weeks. Limited long-term data exists regarding the use
of azithromycin for OB/BOS, and further investigation is needed. Thirdly, it may be that the
pathophysiology of OB/BOS is distinct between the lung allograft population and the post-
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HSCT population. In that setting, what is potentially beneficial in the post-lung allograft
population may not be beneficial in the post-HSCT OB/BOS population. The clinical
contexts, although related, are clearly different. Lung allograft OB/BOS is hypothesized to
be an alloimmune reaction by the host immune system against the graft, whereas post-HSCT
OB/BOS is hypothesized to be an alloimmune reaction by the donor-derived immune system
against the recipient lung. Allograft HSCT is almost always fully HLA-matched, whereas
lung allograft recipients may not have full HLA matching. Conversely, little preclinical or
clinical data suggests that OB/BOS have distinct pathophysiological mechanisms in lung
allograft and bone marrow transplant recipients, and histologically OB/BOS appears similar
between lung allograft and HSCT recipients.

If there truly is no beneficial role for the use of azithromycin in OB/BOS following
allogeneic HSCT, then our study has some important implications. Currently many experts
routinely recommend the initiation of macrolide therapy as part of combination therapy in
patients with persistent moderate or severe airflow obstruction. However, as our analysis
shows, there is limited evidence to support the use of azithromycin in this setting. Use of
azithromycin in the absence of demonstrated efficacy unnecessarily exposes patients to
potential side effects, drug-drug interactions and the possibility of colonization with
multidrug resistant organisms.

Importantly, while our analysis does not provide evidence of benefit with azithromycin, it
also does not refute the possibility that azithromycin may be beneficial. In general,
treatments for OB/BOS may be considered effective even if they stabilize rather than
improve pulmonary function. Above all, our study highlights the need for further research in
this field. OB/BOS is a devastating condition with limited therapeutic options. Further
experimental studies, and in particular randomized control trials evaluating the role of
azithromycin and other therapies are urgently needed. The majority of existing studies in the
field are observational cohort series, with substantial risk of bias. Future studies should also
focus on longer-term follow-up and outcomes, and additionally evaluate quality-of-life and
functional outcome measures rather than pulmonary function alone.

Our study has some important limitations. The studies included are all small, and only one is
a randomized controlled trial. Consequently, there is a substantial risk of bias in the
underlying data. While our test for heterogeneity in results was negative (12=0), our studies
had heterogeneity in trial design, subject selection, duration of follow-up, and whether
azithromycin was studied alone or as part of combination therapy. Specifically, two of the
four studies evaluated co-interventions (FAM) that could potentially influence the results,
and none of the studies explicitly controlled systemic corticosteroid exposure. There was
also a lack of a standardized definition of OB used across studies, and one study included
some patients who did not have obstructive physiology on PFTs 19, The studies also
included patients at different stages in the natural history of OB. The included studies also
provided limited data on side effects and mortality. Given the paucity of studies available,
publication bias could not be meaningfully assessed in the form of a funnel plot or other
statistical tool 34. However, undoubtedly a risk of publication bias exists. Lastly, one citation
published in abstract form had potentially relevant data but without sufficient information to

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yadav et al. Page 7

include in our systematic review or meta-analysis. We were unsuccessful in our efforts to
contact the authors for the original data.

Conclusion

In our systematic review and meta-analysis on the impact of azithromycin on change in
forced expiratory volume in 1 second (FEV1), we did not find sufficient evidence to support
nor refute the use of azithromycin in the treatment of patients who develop OB/BOS
following HSCT. Further studies are needed to determine whether azithromycin is beneficial
for the treatment of OB/BOS in this setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. There is a paucity of studies studying therapies for the treatment of OB/
BOS.
. Pooled change in FEV1 with azithromycin was not statistically
significant.
. Current evidence cannot support or refute the use of azithromycin in
this setting.
. Further studies are needed to evaluate therapies for OB/BOS following
HSCT.
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Test for overall effect: Z = 0.23 (P = 0.82)

Figure 2.
Forest plot of change in FEV1 in liters wi

1
0.27 [-0.61, 1.16] 2005
-0.01[-0.37, 0.34] 2011 +
0.03 [-0.78, 0.84] 2011 —_—
0.11 [-0.87, 1.09] 2015

0.03 [-0.26, 0.33] -*-

-1 -0.5 0 0.5 1
Favours Placebo Favours Azithromycin

th azithromycin therapy. The meta-analysis was

performed using a generic inverse variance method with a random effects model to pool the
mean difference across studies. Studies are listed in order of year of publication.
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