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Abstract:

Chronic graft-versus-host disease (cGVHD) is a significant late 
complication following allogeneic hematopoietic cell transplantation 
(HCT), with bronchiolitis obliterans syndrome (BOS), which is the primary 
lung manifestation associated with this condition. BOS results from a 
complex interplay of immune responses, environmental exposures, and 
transplant-related complications, leading to irreversible damage and 
scarring of the small airways in the lungs. Extracorporeal photopheresis 
(ECP) is one modality that has shown promise in slowing lung function 
decline in patients with progressive BOS, particularly after lung 
transplantation. Moreover, various research has underscored the 
comparison between ECP and FAM therapy for BOS, highlighting the 
necessity of adjusting therapies following immunosuppressive therapy. 
FAM therapy, a combination of inhaled Fluticasone, Azithromycin, and 
Montelukast, is increasingly recognized as a treatment option for BOS, 
especially after HCT. This study seeks to assess the efficacy of ECP 
compared to FAM therapy in the management of BOS in patients 
following HCT. The study used databases like PubMed, Embase, Cochrane 
Library, and ClinicalTrials.gov, as well as reference lists of relevant 
studies. The selection criteria included prospective trials that compared 
ECP with FAM treatment in patients experiencing BOS after HCT.
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Abstract

Chronic graft-versus-host disease (cGVHD) is a significant late complication following 

allogeneic hematopoietic cell transplantation (HCT), with bronchiolitis obliterans 

syndrome (BOS) being the primary lung manifestation associated with this condition. 

BOS results from a complex interplay of immune responses, environmental exposures, 

and transplant-related complications, leading to irreversible damage and scarring of the 

small airways in the lungs. Extracorporeal photopheresis (ECP) is one modality that 

has shown promise in slowing lung function decline in patients with progressive BOS, 

particularly after lung transplantation. Moreover, various research has underscored the 

comparison between ECP and FAM therapy for BOS, highlighting the necessity of 

adjusting therapies following immunosuppressive therapy. FAM therapy, a 

combination of inhaled Fluticasone, Azithromycin, and Montelukast, is increasingly 

recognized as a treatment option for BOS, especially after HCT. This study seeks to 

assess the efficacy of ECP compared to FAM therapy in the management of BOS in 

patients following HCT. The study used databases like PubMed, Embase, Cochrane 

Library, and ClinicalTrials.gov, as well as reference lists of relevant studies. The 

selection criteria included prospective trials that compared ECP with FAM treatment 

in patients experiencing BOS after HCT.
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Understanding Bronchiolitis Obliterans Syndrome

Bronchiolitis Obliterans Syndrome (BOS) is a progressive inflammatory condition 

characterized by fibrosis and scarring of the small airways or bronchioles, ultimately 

leading to partial or complete obstruction. This obstruction results in decreased airflow 

and respiratory function that worsens over time. BOS represents a final common 

pathway of airway injury and repair, regardless of the initial triggering mechanism.

The primary cause of BOS is lung transplantation, where it manifests as chronic 

lung allograft dysfunction (CLAD)1,2. BOS is the primary cause of chronic rejection 

and late mortality in lung transplant recipients, impacting 50-60% of patients who 

survive more than five years after the transplant3. The immune system recognizes the 

transplanted lung tissue as foreign, triggering an inflammatory response that damages 

the bronchioles.

In addition to transplantation, various conditions and exposures can lead to or 

exacerbate BOS: Hematopoietic cell transplantation (HCT) can lead to the development 

of BOS as a result of chronic graft-versus-host disease (cGVHD). Inhaling toxic 

chemicals like diacetyl, found in food flavorings such as artificial butter in microwave 

popcorn, can result in "popcorn lung4." Exposure to industrial pollutants such as 

nitrogen oxides, sulfur dioxide, ammonia, chlorine, and metal oxide fumes5; Severe 

respiratory infections, especially those caused by viruses such as adenovirus, 
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respiratory syncytial virus (RSV)6, influenza, and cytomegalovirus (CMV); 

Autoimmune disorders such as rheumatoid arthritis7, systemic lupus erythematosus, 

and Sjögren's syndrome, along with certain medications, can occur, though this is 

relatively rare.

BOS encompasses a complex interaction of immune-mediated inflammation, 

epithelial injury, abnormal tissue repair processes, and fibroproliferation at the 

molecular level. The ongoing cycle of injury and abnormal repair results in excessive 

collagen deposition, fibrosis, and the typical narrowing or complete blockage of the 

bronchiolar lumen8. 

Extracorporeal photopheresis (ECP)

ECP is a therapy that utilizes leukapheresis to address refractory cutaneous T-cell 

lymphoma in patients diagnosed with Sézary Syndrome9. ECP is an 

immunomodulatory therapy that entails the ex vivo collection of mononuclear cells, 

their exposure to the photoactive compound 8-methoxypsoralen (8-MOP), subsequent 

ultraviolet-A irradiation, and the re-infusion of the processed cellular product. The ex 

vivo nature of ECP allows for targeted therapy, minimizing systemic side effects while 

enhancing the immune response against specific targets10. ECP has been a valid 

treatment method for over 30 years and has over 2 million treatments performed. Its 
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safety and efficacy make it an essential part of treatment methods.

   Over the past 35 years, the therapeutic effect of ECP has remained unclear, but 

researchers are now focusing on an immunomodulatory approach that emphasizes 

dendritic antigen-presenting cells (DCs)11. The focus on DCs as key players in immune 

response modulation underscores their significance in both therapeutic strategies and 

potential immunotherapies12. ECP promotes the production of anti-inflammatory 

cytokines and may decrease pro-inflammatory cytokines, and in patients with cGVHD, 

it alters the cytokine profile to favor a Th2 immune response13. This results in the 

apoptosis of mononuclear cells and differentiation into various cell lineages, including 

regulatory T-cells (Tregs), which are crucial for down-regulating immune responses. 

ECP is now accepted in solid organ transplantation, but its definitive role remains 

unestablished.

Fluticasone, Azithromycin, and Montelukast (FAM) Therapy

FAM therapy, combining inhaled Fluticasone, Azithromycin, and Montelukast, is 

gaining recognition for its potential benefits in treating BOS and other respiratory 

conditions. This therapeutic approach utilizes the anti-inflammatory and anti-fibrotic 

properties of its components to reduce disease progression and enhance patient 

outcomes14.
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 Studies show that FAM therapy is especially effective for patients experiencing 

new-onset BOS after HCT15. Research indicates that this combination can improve 

patient-reported outcomes and functional abilities, including enhancements observed in 

the 6-minute walk test16. FAM therapy may also decrease the need for systemic steroids, 

reducing the potential side effects linked to long-term corticosteroid use.

   FAM therapy has been incorporated into standard treatments for cGVHD in 

pediatric populations, showcasing its versatility across various patient demographics.  

The rationale for using FAM therapy is its capacity to deliver targeted relief and 

potentially prevent complications associated with more aggressive systemic treatments. 

We seek to conduct a systematic review comparing ECF and FAM therapy in the 

management of BOS following HCT.  

Methods

Search Strategy and Selection Criteria

    This review was conducted and reported following the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Two authors (Y.-

L.W. and W.-J.L.) searched relevant studies in PubMed, Embase, the Cochrane Library, 

and ClinicalTrials.gov. The following keywords were used across different databases: 

FAM, ECP, and BOS. Articles published up to March 15, 2025, were included. 

Duplicate records were automatically removed using EndNote version 21.0 software. 
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Two authors (Y.-L.W. and W.-J.L.) independently screened and reviewed the articles. 

Any discrepancies were resolved by consensus or through consultation with three 

independent authors (Y.-C.W., Y.-W.H., and T.-Y.C).

    The inclusion criteria for this review were as follows: (1) Patients diagnosed with 

BOS following HCT; (2) Patients treated with FAM or ECP for BOS management; (3) 

Studies reporting clinical outcomes after the aforementioned interventions. Studies 

were excluded if they met any of the following criteria: (1) Enrolled transplanted 

patients other than HCT recipients; (2) Reported results from different studies using the 

same dataset; (3) Lacked a prospective design or randomized controlled trial (RCT) 

methodology; (4) Lacked full-text availability; (5) Were not published in English; (6) 

Provided an unclear or poorly described intervention strategy. No restrictions were 

applied regarding the year of publication, study location, patient gender, age, or race. 

The final selection of articles for analysis was approved by an independent author (T.-

H.J.).

Outcome Measures

    The primary outcome of this review was to assess the effectiveness of ECP and 

FAM in managing BOS after HCT. This was evaluated by comparing the grading of 

cGVHD, results of pulmonary function tests (PFT), and the dose reduction of 

corticosteroids between ECP-treated and FAM-treated patients. The secondary 
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outcome was the overall survival (OS) following different treatment modalities.

Quality Assessment

    Two authors (Y.-L.W. and W.-J.L.) independently conducted the quality 

assessment. The risk of bias tool was used to evaluate the quality of the selected studies. 

Seven key domains, including confounding bias, participant selection, intervention 

assessment, deviations from intended interventions, missing data, outcome 

measurement, and selection of reported results, were assessed. Each domain was 

categorized as low, moderate, or serious risk. Discrepancies were resolved by 

consensus with another author (T.-H.J.).

Results

Study Selection and Characteristics

    A comprehensive search of PubMed, Embase, the Cochrane Library, and 

ClinicalTrials.gov identified 210 records (Figure 1). After removing 48 duplicates, 162 

records remained for screening. After reviewing titles and abstracts, 9 records were 

selected for full-text assessment. Following a thorough evaluation, one study was 

excluded. An additional five studies were removed due to duplicate study populations 

or irrelevant outcomes. Ultimately, three studies were included in the final analysis. A 
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summary of the enrolled studies is provided in Table 1. Table 2 summarizes the risk of 

bias in the enrolled articles. All included studies were conducted in the United States, 

and none were RCTs. Two studies prospectively examined the efficacy of ECP in BOS 

management17,18. However, both lacked a control group for comparison. One study 

prospectively assessed the effect of FAM in halting BOS progression19. This study used 

a historical control group instead of conducting a direct comparison within the same 

cohort. The lack of direct cohort comparisons limited the feasibility of conducting a 

meta-analysis. This reflects the limited research on optimal BOS treatment strategies 

after HCT and highlights the urgent need for high-quality RCTs in this field.

Primary Outcome

    Lucid et al. reported that ECP was an effective therapy for stabilizing rapidly 

declining PFT in two-thirds of patients with heavily pretreated BOS. The treatment 

response rate was 67%, with a median time of 25 days from treatment initiation to 

response17. Brownback et al. reported similar improvements in PFT and noted a 

significant reduction in corticosteroid dosage after ECP therapy. The average reduction 

in corticosteroids was 44.3% after 3 months of ECP therapy, 51.5% after 6 months of 

ECP therapy, and 71.1% after 6 months of ECP therapy, respectively18. Regarding FAM 

therapy, Williams et al. reported that FAM was well tolerated. At 3 months, 48% of 

patients achieved a 50% reduction in corticosteroid dose. Patient-reported outcomes 
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improved after 3 months of FAM therapy, but 36% of patients experienced treatment 

failure by 6 months19.

Secondary Outcome

    All included studies confirmed the safety and tolerability of both ECP and FAM 

therapy. No treatment-related mortality was reported for either intervention. However, 

a limited number of patients died during both therapies, though their deaths were not 

attributed to the intended interventions. The exact causes of death were not disclosed in 

the included studies.

Discussion

Therapies for BOS associated with cGVHD utilize a variety of agents, including 

corticosteroids, mTOR inhibitors, azithromycin, montelukast, and imatinib20. ECP has 

the potential to improve GVHD scores and stabilize the decline in lung function 

associated with BOS following HCT. ECP possesses a distinctive capability to elicit 

two contrasting effects: it stimulates the immune system for the treatment of cutaneous 

T cell lymphoma, while simultaneously reducing T lymphocyte activity in instances of 

allograft rejection and GVHD. 

cGVHD is a complication of allogeneic HCT, causing immune-mediated damage 

to organs like the lungs, skin, liver, and eyes. Recent research indicates a strong 
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correlation between BOS and cGVHD, suggesting donor T cells may play a crucial 

role21. Important insights can be gained from comparing ECP with FAM in the 

treatment of BOS. ECP may serve as a treatment, as it has shown the ability to stop the 

decline of lung function, especially FEV1, in patients with cGVHD associated with 

BOS. FAM therapy, on the other hand, has shown a statistically significant decrease in 

prednisone exposure among individuals receiving treatment, indicating that it might be 

a less harmful substitute.

The study suggests that both ECP and FAM treatment modalities have their 

advantages, but they target different aspects of BOS management. ECP focuses on 

immunological responses, improving lung function outcomes, while FAM optimizes 

corticosteroid use and minimizes side effects. The choice depends on individual patient 

profiles and clinical scenarios.

ECP demonstrates a commendable outcome when juxtaposed with FAM therapy, 

especially in enhancing FEV1 and minimizing steroid consumption among patients.  

Although ECP proves to be effective, the advantages it offers might not endure over 

time22. Conversely, FAM therapy can be delivered over longer durations, potentially 

positioning it as a more sustainable choice, even though its immediate effectiveness 

may be lower. Furthermore, exploring the potential of additional agents such as 

ruxolitinib as a supplementary therapy may improve treatment results for patients, 

Page 14 of 22

https://mc.manuscriptcentral.com/sageopenmedicine

SAGE Open Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

13

particularly for those facing steroid-refractory conditions. In summary, both ECP and 

FAM present unique strengths and weaknesses, indicating the necessity for tailored 

treatment strategies that align with the specific needs and reactions of patients.

Conclusion

This systematic review sought to assess the comparative effectiveness of ECP and 

FAM therapy in the management of BOS after HCT from a heuristic standpoint. Given 

the insufficient studies providing direct comparisons between ECP and FAM, a meta-

analysis was not feasible. Consequently, we articulated the available evidence in a 

narrative format. The lack of RCTs underscores a significant deficiency in robust 

research within this domain. To enhance supportive care for patients with BOS 

following HCT and to improve long-term post-transplant outcomes, there is an urgent 

need for future large-scale, well-designed RCTs.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) 2020 flow diagram for the analysis.
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Table 1. Summary of Enrolled Studies

Author, Year Country Study Type Treatment Number of 
Patients

Median Age 
(range)

Male (%) Outcome

Williams, 2016 US Prospective FAM 36 57 (23-72) 53% PFT, cGVHD, 
QoL, steroid 
taper

Lucid, 2010 US Prospective ECP 9 38 (21-54) 44% PFT
Brownback, 2015 US Prospective ECP 8 43.5 (27-54) 63% PFT, OS, 

steroid taper
Abbreviations: cGVHD, chronic graft-versus-host disease; ECP, extracorporeal photopheresis; FAM, 
fluticasone/azithromycin/montelukast; OS, overall survival; PFT, pulmonary function tests; QoL, quality of life; US, United States.
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Table 2. Table summarizing the risk of bias
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