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Abstract

Bronchiolitis obliterans syndrome (BOS) is a form of chronic graft vs. host disease (cGVHD) and 

a highly morbid pulmonary complication after allogeneic hematopoietic stem cell transplantation 

(HSCT). We assessed the prevalence and risk factors for BOS and cGVHD in a cohort of HSCT 

recipients, including those who received reduced intensity conditioning (RIC) HSCT. Between 

January 1, 2000 and June 30, 2010, all patients who underwent allogeneic HSCT at our institution 

(n = 1854) were retrospectively screened for the development of BOS by PFT criteria. We 

matched the BOS cases with two groups of control patients: (1) patients who had concurrent 

cGVHD without BOS and (2) those who developed neither cGVHD nor BOS. Comparisons 

between BOS patients and controls were conducted using t-test or Fisher’s exact tests. 

Multivariate regression analysis was performed to examine factors associated with BOS diagnosis. 

All statistical analyses were performed using SAS 9.2. We identified 89 patients (4.8%) meeting 

diagnostic criteria for BOS at a median time of 491 days (range: 48–2067) after HSCT. Eighty-six 

(97%) of our BOS cohort had extra-pulmonary cGVHD. In multivariate analysis compared to 

patients without cGVHD, patients who received busulfan-based conditioning, had unrelated 

donors, and had female donors were significantly more likely to develop BOS, while ATG 
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administration was associated with a lower risk of BOS. Our novel results suggest that busulfan 

conditioning, even in RIC transplantation, could be an important risk factor for BOS and cGVHD.

Introduction

Bronchiolitis obliterans syndrome (BOS) is a form of irreversible airflow obstruction and is 

a late, non-infectious pulmonary complication of allogeneic hematopoietic stem cell 

transplantation (HSCT) [1]. Depending on the disease definition, the prevalence of BOS 

ranges from approximately 2–30% [1–8], and is associated with a significant increase in 

morbidity and mortality within the HSCT population [3,4].

The clinical presentation of BOS is usually insidious and may include a dry cough, shortness 

of breath, or dyspnea on exertion, but up to 30% of patients are asymptomatic [5,7]. In the 

absence of routine spirometric screening, reports of disease prevalence likely underestimate 

the true burden of BOS, since symptomatic patients are typically already suffering from 

moderate to severe airflow obstruction [5].

The clinical factor most closely associated with the development of BOS is the presence of 

cGVHD at another site [1,3–5,9–11]. The NIH consensus criteria now consider BOS to be a 

form of cGVHD of the lungs [12]. Other risk factors reported to be associated with BOS 

include: acute GVHD, myeloablative busulfan-based conditioning regimens, use of 

methotrexate for GVHD prophylaxis, respiratory viral infections within the first 100 days 

after transplant, peripheral blood stem cell source, history of pneumonitis, low 

immunoglobulin levels, and reduced pretransplant pulmonary function tests [1,2,4–6,9–

11,13].

Lower doses of busulfan are increasingly used in combination with fludarabine or melphalan 

as conditioning in reduced intensity conditioning (RIC) HSCT. The impact of busulfan on 

the development of BOS and cGVHD after RIC HSCT remains unknown and has important 

implications for clinical care. We assessed the prevalence and risk factors for BOS and 

cGVHD in a recent cohort of HSCT recipients, many of whom had undergone RIC HSCT 

[14].

Methods

Patients

All patients who received an allogeneic HSCT (HSCT) at the Dana Farber Cancer Institute/

Brigham and Women’s Hospital (DFCI/BWH) between January 1, 2000 and June 30, 2010 

were retrospectively screened for the development of BOS. All pulmonary function tests 

(PFTs) conducted between January 1, 2000 and June 30, 2010 at the DFCI were screened for 

the presence of expiratory airflow obstruction (FEV1/FVC ratio ≤ 0.7). PFTs were 

performed as part of the pretransplant evaluation for all patients. Post-transplant PFTs were 

performed for respiratory symptoms, re-transplant, enrollment in clinical trials, and at the 

discretion of the treating physician. Patients indentified as having an FEV1/FVC ratio ≤0.7 

after HSCT then underwent a detailed chart review and were excluded if they demonstrated 

reversible airflow obstruction or had an alternative explanation for their obstructive 
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ventilatory defect such as respiratory infection, or an exacerbation of underlying obstructive 

lung disease. In addition, the electronic medical record of all patients coded in a central 

DFCI BMT repository as having cGVHD with lung involvement and/or cGVHD without 

lung involvement were reviewed for post-transplant PFTs or lung pathology demonstrating 

BOS. From this cohort, BOS was defined, using modified NIH criteria [12], as (1) new onset 

airflow obstruction, FEV1/FVC ratio ≤ 0.7 and FEV1 < 80% predicted; (2) irreversible 

airflow obstruction defined as <12% change and <200 cc absolute change in FEV1 and/or 

FVC in response to bronchodilator challenge per American Thoracic Society (ATS) criteria 

[12,15]; (3) if airflow obstruction was noted prior to HSCT, a ≥15% decline in FEV1 from 

baseline; or (4) BO confirmed by pathology irrespective of meeting the spirometric 

definition of BOS. Patients with a pretransplant history of pulmonary disease were excluded 

unless they had post transplant PFTs documenting no response to bronchodilator challenge. 

Our modifications to the NIH criteria included a more liberal inclusion of an FEV1 < 80% 

vs. 75%, and we did not include RV/TCL, high resolution CT or bronchoscopy as part of the 

inclusion criteria.

After identifying BOS cases, each case was matched with two sets of controls based on date 

of HSCT (±90 days). Control Group 1 included patient who developed cGVHD without 

BOS (“cGVHD”), and Control Group 2 included those who developed neither cGVHD nor 

BOS (“No cGVHD”). cGVHD was defined clinically by treating physicians. Grading of the 

severity of cGVHD was not included in this analysis because of the changes in classification 

schemes during the period that these patients were treated [12]. Patients were not included as 

controls if: (1) survival was ≤1 year after transplant, (2) there was insufficient clinical 

follow-up between year 1 and year 2 after transplant, unless autopsy demonstrated no BOS, 

or (3) there was a decline in FEV1 to less than <80% predicted. If FEV1 was reduced prior 

to transplantation, patients were excluded from the control groups if they had >10% decline 

in FEV1 % predicted from baseline. Patients were also excluded from the control groups 

upon detailed medical record review if they developed chronic cough, shortness of breath, 

wheeze or unexplained dyspnea on exertion defined as symptoms lasting >30 days, unless 

PFTs documented no change from baseline. All PFTs were performed according to the ATS 

guidelines, as part of routine clinical care [15]. Lung function data collected included FEV1, 

FVC, TLC, RV, DLCO, and RV/TLC, all expressed as a percentage of predicted values. 

FEV1/FVC was expressed as a ratio [15]. Lung volumes were assessed using helium dilution 

or plethysmography. All clinical data was collected through the DFCI central database 

repository. Clinical variables not recorded in the central database were collected from the 

electronic medical records.

Allogeneic HSCTs were performed under a number of treatment plans and clinical protocols 

using both myeloablative and reduced intensity conditioning regimens. Myeloablative 

conditioning (MAC) regimens consisted mostly of cyclophosphamide (3600 mg/m2 or 120 

mg/kg) plus total body irradiation (1400 cGy in 7 fractions with lung shielding), or high 

dose busulfan (12.8 mg/kg intravenously) plus cyclophosphamide (3600 mg/m2). 

Pharmacokinetic monitoring of busulfan was not performed. Reduced intensity conditioning 

(RIC) regimens consisted of fludarabine (120 mg/m2) plus intravenous busulfan (3.2–6.4 

mg/kg) or fludarabine (125 mg/m2) plus melphalan (140 mg/m2). Selection of MAC vs. RIC 

regimen for transplantation was based on physician discretion in consultation with the 
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patient. In general, older patients or patients with increased co-morbidities are more likely to 

get RIC than MAC regimens. Patients received bone marrow, umbilical cord or peripheral 

blood stem cells from HLA-matched or mismatched, related or unrelated donors. GVHD 

prophylaxis consisted primarily of a calcineurin inhibitor (cyclosporine or tacrolimus) 

combined with methotrexate, with or without sirolimus.

This study (Protocol 09-316) was approved by the Institutional Review Board at Dana 

Farber/Harvard Cancer Center, Boston, MA.

Statistical analysis

We evaluated clinical predictors for an association with development of BOS (see Table I). 

Each predictor was evaluated for significance between BOS cases and both groups of 

controls (cGVHD and No cGVHD) and between control groups (cGVHD and No cGHVD). 

Two-sided Fisher’s exact test was used to compare categorical variables between groups. 

Two-sided Wilcoxon Rank-Sum test or t-test was used to compare continuous variables as 

appropriate given the normality of the data. We also performed a multivariate regression 

analysis predicting the development of BOS and cGVHD. All variables with a P < 0.1 on 

univariate analysis were eligible for inclusion, using a Forward Selection logistic regression 

model. Cell source and conditioning regimen were dichotomized for multivariate analysis, 

peripheral blood stem cell source versus others, and busulfan-based versus others, 

respectively. All statistical analyses were performed using SAS 9.2.

Results

BOS cohort characteristics

Between January 1, 2000 and June 30, 2010, a total of 1,854 patients underwent 1,967 

allogeneic HSCTs at the Dana Farber Cancer Institute/Brigham and Women’s Hospital. 

BOS patients were identified using three strategies: (1) 84 patients were coded as having 

cGVHD and lung involvement, 43 of those 84 met BOS inclusion criteria; 41 were excluded 

for either, cryptogenic organizing pneumonia (COP), interstitial pneumonitis or restrictive 

lung disease without BOS (n = 30), or for decline in PFTs not meeting inclusion criteria (n = 

11). All patients had post-transplant PFT’s available for review. (2) A total of 702 patients 

were coded as cGVHD without lung involvement, and 194 of them had PFTs that were 

available for analysis. BOS was confirmed in 38 patients, and 78 were excluded for having a 

decline in PFTs not meeting diagnostic criteria of BOS. (3) A total of 1068 patients were 

coded as not having cGVHD. From this list, 18 were identified as having an FEV1/FVC 

ratio ≤0.7, and from this group, eight cases of BOS were identified (see Fig. 1).

A total of 89 patients met the diagnostic criteria for BOS resulting in a prevalence of 4.8%. 

The median time from transplantation to meeting criteria for BOS was 491 days (range: 48–

2067). The median time from transplantation to development of symptoms was 430 days 

(range: 21–2067). Eighty-six (97%) of the BOS patients had evidence of cGVHD affecting 

other organ systems. Eight patients (9%) had no respiratory symptoms at the time of 

diagnosis, and the indication for PFTs included: clinical trial enrollment (n = 5), second 

transplantation (n = 1) follow-up idiopathic Pneumonia Syndrome (n = 1), and 
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bronchiectasis on routine PET scan (n = 1). Ten patients (11%) had biopsy proven disease; 

of these three (3.4%) did not meet our modified spirometric NIH criteria for the diagnosis of 

BOS. One patient did not have post-transplant PFTs performed, and the other two had a 

combined obstructive and restrictive PFT pattern with a normal FEV1/FVC ratio and an 

elevated RV/TLC. In addition, of the 10 patients with biopsy proven BOS, 6 had lung 

volumes measured, and 0/6 (0%) had an RV/TLC >120% of predicted at the time of 

diagnosis. The clinical characteristics of our BOS cohort are summarized in Table I.

The mean FEV1, FVC, TLC, DLCO, and RV/TLC at the time of diagnosis were 52.8% 

(±15.7), 69.4% (±16.0), 80.0% (±14.9), 65.4% (±18.4), and 126.6% (±27.3) predicted, 

respectively (Table II). A total of 35/89 (39%) patients had a TLC <80% predicted. A total 

of 31/35 (89%) had skin manifestations of cGVHD or CT findings that could explain the 

reduced TLC, and 4 (11%) had no alternative diagnosis that could be established. Of the 35 

patients, 18 (51%) demonstrated abnormal CT findings, 11 (31%) had centrilobular nodules, 

6 (17%) had pulmonary infiltrates, and 1 (3%) had a pleural effusion.

Control cohort characteristics

Control populations were identified from the remaining non-BOS patients and categorized 

as cGVHD without lung involvement (“cGVHD”) and those without cGVHD (“no 

cGVHD”). The control patients meeting the pre-defined criteria closest to the index BOS 

case (±90 days) were chosen. There were 586 patients who were coded in the data repository 

as cGVHD without lung involvement. One hundred and seventy three charts were reviewed 

to identify 89 controls, 59 (66%) had post-transplant PFTs available. Eighty four were 

excluded: 77 for not living >1 year after transplantation or insufficient clinical follow-up and 

7 for symptoms of chronic cough, shortness of breath, wheeze, or unexplained dyspnea on 

exertion (Fig. 2).

There were 1045 patients coded in the BMT repository as not having cGVHD. From these 

we screened 459 patients to identify 87 controls, 26 (30%) had post-transplant PFTs 

available. We could not identify patients meeting control criteria that fell within ±90 days 

for HSCT for two of the BOS cases. Three hundred and seventy two patients were excluded: 

317 for not living >1 year after transplantation or insufficient clinical follow-up, 21 for 

symptoms of chronic cough, shortness of breath, wheeze, or unexplained dyspnea on 

exertion, 12 for decline in post-transplant PFTs not meeting BOS criteria, and 22 for 

evidence of cGVHD not recorded in the database at the time the data was extracted (Fig. 2).

Risk factors for BOS

Comparison with “no cGVHD” cohort—As shown in Table I, univariate analysis of 

patients with BOS compared with patients without cGVHD or BOS demonstrated a number 

of factors as being significantly associated with BOS. We observed a strong association with 

BOS and busulfan-based conditioning, even in reduced intensity transplantation where the 

busulfan dose was ≤6.4 mg/kg. We also observed that the use of ATG as part of the 

pretransplant conditioning regimen was associated with a lower risk for the development of 

BOS. We additionally confirmed a number of previously reported risk factors associated 

with the development of BOS including: older patient age, pretransplant history of 
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pulmonary disease, a history of respiratory illness within the first 100 days after transplant, 

lower baseline FEV1 % predicted, lower baseline FVC % predicted, lower baseline FEV1/

FVC, higher baseline RV/TLC% predicted, high-risk underlying disease, peripheral blood 

stem cells, female donor, and unrelated donor. Conversely, cyclophosphamide/TBI 

conditioning, melphalan/fludarabine conditioning and the use of cord cell transplant were 

associated with a lower prevalence of BOS.

Multivariate analysis demonstrated that busulfan-based conditioning, unrelated donor, 

female donor, lower baseline FEV1 % predicted, patient CMV sera-positive at time of 

transplant, acute GVHD, pre-transplant history of pulmonary disease, and high-risk disease 

were independent factors associated with the development of BOS. The use of ATG in the 

conditioning regimen was associated with a reduced risk for the development of BOS (Table 

III).

Comparison with cGVHD patients without BOS—Univariate analysis of patients 

with BOS compared to patients with cGVHD but no pulmonary involvement demonstrated 

that BOS was significantly associated with a history of respiratory illness within the first 

100 days after transplantation, lower baseline FEV1 % predicted, lower baseline FVC % 

predicted, lower baseline FEV1/FVC, higher baseline RV/TLC% predicted, lower donor 

age, female donor, unrelated donor. There was a trend toward busulfan-based conditioning P 

= 0.07. Multivariate analysis revealed that lower baseline FEV1 % predicted, unrelated 

donor, female donor, and a history of respiratory illness within the first 100 days after 

transplantation were independent factors associated with the development of BOS (Table 

IV).

Comparison of cGVHD patients without BOS and No cGVHD—Univariate 

analysis of patients with cGVHD without BOS compared with patients without cGVHD 

demonstrated that the development of cGVHD was significantly associated with high-risk 

disease, PBSC, busulfan-based conditioning, sirolimus GVHD prophylaxis, and unrelated 

donors. Multivariate analysis that revealed that RIC busulfan-based conditioning, and 

unrelated donors were independent factors associated with the development of cGVHD and 

ATG was protective (Table V).

Discussion

With the increasing use of reduced intensity conditioning regimens, and better supportive 

care, early transplant mortality after HSCT is on the decline, and late complications, 

including chronic GVHD and BOS are emerging as major causes of morbidity and mortality 

for transplant survivors. BOS and chronic GVHD after HSCT are intricately linked, and 

based on the current NIH consensus criteria for cGVHD diagnosis, BOS is a diagnostic/

distinct manifestation of cGVHD in the lungs [12]. Risk factors associated with BOS/

cGVHD in the era of RIC transplantation have not been well described. In this large single 

center retrospective study, we have identified that the use of busulfan, even in RIC 

transplantation, appears to be a risk factor associated with the development of cGVHD and 

BOS.
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To date there have been multiple retrospective studies identifying full dose busulfan-based 

regimens as risk factors for the development of BOS and cGVHD [6,11,16,17]. The 

strongest evidence implicating such an association was a randomized clinical trial of 167 

patients with leukemia treated with myeloablative busulfan or total body irradiation (TBI) in 

addition to cyclophosphamide. Patients in this study were observed for a period of 5–9 

years. The authors found that the incidence of cGVHD and BOS were significantly greater 

in the busulfan-treated patients compared with the TBI patients (59% versus 47%) and (26% 

versus 5%), respectively [13]. However, to our knowledge, there have been no studies that 

have examined the association of busulfan with BOS and cGVHD development in RIC 

transplantation, where low-dose busulfan is commonly used in combination with 

fludarabine.

The mechanisms of busulfan-induced lung injury are currently unknown, but may include 

direct toxicity to the epithelial lining cells of the lungs as well as the liver, with the latter 

being associated with the development of veno-occlusive disease [6,13,16,18,19]. The direct 

toxicity to the pulmonary epithelial cells may expose antigens and result in donor allo-

reactivity contributing to the development of BOS [20].

Another notable finding of our analysis is that the use of ATG as part of the conditioning 

regimen appears to confer a protective effect against the development of cGVHD and BOS. 

Our findings confirm previously reported studies demonstrating that ATG conditioning is 

associated with lower incidence of BOS and cGVHD [21–27].

The overall prevalence for BOS in our patient population was 4.8%, which is similar to a 

recent study conducted by Au et al., demonstrating a prevalence of 5.5% using NIH 

consensus criteria [1]. The rate of decline in FEV1 in BOS has also been shown to be 

variable, from rapid progression to reversible airflow obstruction [5], which is similar to 

other forms of cGVHD that have demonstrated variable grades of severity and progression 

of disease [28,29]. One could speculate that a decline in FEV1 after transplantation that does 

not meet the diagnostic criteria for BOS may represent milder forms of the disease. This 

may explain why our study was able to replicate many of the previously reported risk factors 

associated with BOS. Our case–control study was designed specifically to exclude patients 

who may have mild forms of BOS or unrecognized symptomatic disease.

One of the limitations of our retrospective cohort was the lack of a standardized screening 

protocol for BOS. We suspect that this most likely resulted in an underestimation of the true 

prevalence of BOS in our population, given that 9% of our BOS cohort was asymptomatic at 

the time of diagnosis, and only 28% of our patients with identified cGVHD had PFTs 

performed after transplantation. Utilizing a strict screening protocol of PFTs every 3 months 

for 3 years after transplant, Kuzmina et al. found a prevalence of BOS to be 27% at three 

years, suggesting we may be vastly underestimating the true prevalence of BOS [7]. In 

addition, patients who present with a combined obstructive/restrictive pulmonary deficit and 

resulting FEV1/FVC >0.7 may have BOS not meeting the NIH diagnostic criteria, 

suggesting the current criteria may lack sensitivity for the diagnosis of BOS. We identified 

three patients with biopsy proven disease who did not meet NIH spirometric criteria for the 

diagnosis of BOS. One patient did not have PFTs performed and the other two patients 
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demonstrated a combined obstructive/restrictive deficit with a preserved FEV1/FVC ratio. 

Bergeron et al. recently published on a cohort of “atypical” BOS patients with a reduced 

FEV1 and FVC with a preserved ratio and found up to 31% of their cohort met these criteria 

[30]. In addition, within our cohort 35 (39%) of patients had a TLC <80% predicted 

consistent with a combined obstructive/restrictive deficit. These data suggest BOS, when 

combined with a restrictive deficit, may be under recognized, and more work is needed to 

identify and validate more sensitive and specific non-invasive means of diagnosis such as 

Quantitative Computed Tomography [31–33].

The lack of a standard BOS screening protocol should bias toward the null for our cGVHD 

control cohort, as many cGVHD patients did not have post-transplant screening PFTs and 

were included as controls on the basis of not developing pulmonary symptoms. As such, it is 

possible that some patients in our cGVHD control cohort could have had undiagnosed 

asymptomatic BOS. This may explain, at least in part, the weaker univariate association (P = 

0.07) for busulfan when our BOS cohort was compared to the cGVHD control cohort. 

However, unrecognized BOS is unlikely to be as significant an issue for the no-cGVHD 

control cohort since it is uncommon to have BOS without cGVHD affecting other organ 

systems. Within our cohort, 97% of the patients diagnosed with BOS had evidence of 

cGVHD affecting other organ systems. Prior reports suggest the incidence of cGVHD 

affecting other organ systems in patients diagnosed with BOS ranges from 69% to 100% 

with an average of 89% [1,2,5,6,9,10,20,22,30,34]. Our data suggests that busulfan even at 

RIC doses increases the overall risk of cGVHD and BOS.

Our multivariate model revealed that a lower baseline FEV1 % predicted, unrelated donor, 

female donor, and a history of respiratory illness within the first 100 days after 

transplantation were independent factors associated with the development of BOS, 

compared to patients with cGVHD and no BOS. Our results confirm the previously reported 

association between respiratory infections early after transplantation and the development of 

BOS [3,35,36]. Thus, strict adherence to routine post-transplant guidelines for preventing 

respiratory infections early after HSCT would appear to be an essential secondary strategy 

for the prevention of BOS [37].

In summary, our findings provide new information with regard to risk factors associated 

with BOS and cGVHD, demonstrating that busulfan, even when used at lower doses in RIC 

HSCT, confers an increased risk for BOS and cGVHD, while the use of ATG as part of the 

pretransplant conditioning regimen appears to be protective. These observations could have 

important clinical implications for patients being considered for RIC HSCT. There may be 

some utility in the selection of non-busulfan-based RIC regimens, such as those using 

fludarabine-melphalan or fludarabine plus low-dose TBI, in patients who have other risk 

factors for BOS, such has prior underlying pulmonary disease, and/or abnormal 

pretransplant PFTs. Larger registry based analyses and/or prospective clinical trials are 

needed to confirm these results that might impact the selection of conditioning regimens for 

HSCT.
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Figure 1. 
Flow chart detailing BOS inclusion criteria for analysis.
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Figure 2. 
Flow chart detailing control subject inclusion criteria for analysis.
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TABLE I

Clinical Characteristics of the BOS and Non-BOS Control Cohorts

BOS, n = 89 cGVHD, n = 89 No cGVHD, n = 87

Age (y) 46.1 (12.1) 44.9 (13) 42 (12.4)a

Male gender 48 (54%) 57 (64%) 49 (56%)

White race 80 (90%) 85 (96%) 85 (98%)

Active smoking at Tx 4 (5%) 5 (6%) 5 (6%)

Pretransplant history of pulmonary diseasec 20 (22%) 10 (11%) 3 (3%)a

Respiratory Illness prior to day 100d 23 (26%) 11 (13%)a 9 (10%)a

CMV positive 40 (45%) 35 (39%) 28 (33%)

Acute GVHDe 40 (45%) 34 (38%) 27 (31%)

Pretransplant PFTs

 Pretransplant FEV1% 89.3 (17) 101 (14.7)a 100.2 (14.8)a

 Pretransplant FVC% 90.9 (16.8) 97.9 (12.6)a 99.4 (14)a

 Pretransplant FEV1/FVC 76.1 (8.8) 79.8 (6.3)a 79.1 (7)a

 Pretransplant TLC% 90.1 (16.8) 94.0 (11.1) 94.9 (12.6)

 Pretransplant RV% 93.0 (30.8) 85.2 (24.6) 87.3 (26.6)

 Pretransplant RV/TLC% 102.7 (24.9) 91.2 (19.4)a 90.8 (26.0)a

 Pretransplant DLCO% 84.4 (22.1) 90.4 (17.8) 88.4 (20.7)

 High-risk diseasef 64 (72%) 61 (69%) 45 (52%)a,b

Cell source

 PBSC 76 (85%) 73 (82%) 55 (63%)a,b

 Bone marrow 10 (11%) 13 (15%) 17 (20%)

 Cord cells 3 (3%) 3 (3%) 14 (16%)a,b

Conditioning regimen

 Busulfan/cyclophosphamidee 4 (5%) 2 (2%) 1 (1%)

 Cyclophosphamide/TBIg 37 (42%) 48 (54%) 55 (63%)a

 Busulfan/fludarabineh 45 (51%) 34(38%) 13(15%)a,b

 Melphalan/fludarabine 3 (3%) 3 (3%) 13 (15%)a,b

 Other 0 (0%) 2 (2%) 5 (6%)a

GVHD prophylaxis

 ATG in conditioning 6 (7%) 5 (6%) 30 (34%)a,b

 Sirolimus post HSCT 51 (57%) 52 (58%) 37 (43%)b

Donor

 Age (y) 35.3 (11.8) 39.4 (12.7)a 33.9 (18.0)

 Female 46 (52%) 32 (36%)a 28 (31%)a

 Gender mismatch 37 (42%) 38 (43%) 42 (48%)

 Unrelated 65 (73%) 50 (66%)a 37 (41%)a,b
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BOS, n = 89 cGVHD, n = 89 No cGVHD, n = 87

 Mismatched 14 (16%) 9 (10%) 15 (17%)

 CMV positive 30 (34%) 28 (32%) 25 (29%)

a
P <0.05 BOS vs cGVHD and no cGVHD controls

b
P <0.05 cGVHD vs no cGVHD controls.

c
Pretransplant history of pulmonary disease included the following diagnoses: asthma, chronic obstructive pulmonary disease, emphysema, chronic 

bronchitis, and bronchiectasis that were not active at the time of diagnosis.

d
Patients treated for viral or bacterial infection per treating physician prior to day 100.

e
Acute GVHD was graded by consensus grading criteria [38].

f
All diseases other than CML CP1, AML/ALL CR1, MDS RA/RS, or AA are considered high-risk in this analysis.

g
Myeloablative conditioning regimens: cytoxan + total body irradiation 1400 cGY; high dose busulfan cyclophosphamide.

h
Reduced intensity conditioning regimen: fludarabine + low-dose intravenous busulfan (3.2–6.4 mg/kg).
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TABLE II

Baseline PFTs and PFTs at the Time of Diagnosis of BOS

Pre-BOS Post-BOS

FEV1 89.3 (17) 52.8 (15.7)

FVC 90.9 (16.8) 69.4 (16.0)

FEV1/FVC 76.1 (8.8) 57.9 (10.7)

TLC 90.1 (16.8) 80.0 (14.9)

RV 93.0 (30.8) 99.8 (29.2)

RV/TLC 102.7 (24.9) 126.6 (27.3)

DLCO 84.4 (22.1) 65.4 (18.4)

FEV1/FVC is expressed as a ratio and all other values are expressed as % predicted. Pre-BOS PFTs were all performed at baseline prior to 

transplantation. Post-BOS PFTs were the PFTs performed when the subject meet our modified NIH spirometric criteria.
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TABLE III

Multivariate Predictors of BOS vs No cGVHD Without BOS

Risk factor OR 95% CI P value

Busulfan 6.37 [2.37,17.13] <0.001

ATG 0.08 [0.02, 0.27] <0.001

Unrelated donor 4.01 [1.55,10.42] 0.004

Female donor 4.20 [1.63, 10.86] 0.003

Reduced pretransplant FEV1% 1.04 [1.01, 1.07] <0.01

CMV positive 3.44 [1.34, 8.87] 0.01

Acute GVHD 3.34 [1.29, 8.67] 0.01

Pretransplant history of lung disease 9.99 [1.66, 59.80] 0.01

High-risk disease 2.76 [1.02, 7.45] <0.05
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TABLE IV

Multivariate Predictors of BOS vs cGVHD Without BOS

Risk factor OR 95% CI P value

Reduced pretransplant FEV1% 1.05 [1.03, 1.07] <0.001

Unrelated donor 2.67 [1.28, 5.59] <0.01

Female donor 2.22 [1.11, 4.45] 0.03

Respiratory illness Prior to day 100 2.58 [1.05, 6.32] 0.04
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TABLE V

Multivariate Predictors cGVHD Without BOS vs No cGVHD

Risk factor OR 95% CI P value

Busulfan 2.86 [1.32, 6.22] <0.01

ATG 0.09 [0.03, 0.28] <.0001

Unrelated donor 2.24 [1.12, 4.48] 0.02
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