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Rationale: Despite the importance of bronchiolitis obliterans syn-
drome (BOS) in lung transplantation, little is known regarding the
factors that influence survival after the onset of this condition,
particularly among bilateral transplant recipients.
Objectives: To identify factors that influence survival after the onset
of BOS among bilateral lung transplant recipients.
Methods: The effect of demographic or clinical factors, occurring
before BOS, upon survival after the onset of BOS was studied in 95
bilateral lung transplant recipient using Cox proportional hazards
models.
Measurements and Main Results: Although many factors, including
prior acute rejection or rejection treatments, were not associated
with survival after BOS, BOS onset within 2 years of transplantation
(early-onset BOS), or BOS onset grade of 2 or 3 (high-grade onset)
were predictive of significantly worse survival (early onset P 5 0.04;
hazard ratio, 1.84; 95% confidence interval, 1.03–3.29; high-grade
onset P 5 0.003; hazard ratio, 2.40; 95% confidence interval, 1.34–
4.32). The effects of both early onset and high-grade onset on
survival persisted in multivariable analysis and after adjustment for
concurrent treatments. Results suggested an interaction might exist
between early onset and high-grade onset. In particular, high-grade
onset of BOS, regardless of its timing after transplant, is associated
with a very poor prognosis.
Conclusions: The course of BOS after bilateral lung transplantation is
variable. Distinct patterns of survival after BOS are evident and
related to timing or severity of onset. Further characterization of
these subgroups should provide a more rational basis from which to
design, stratify, and assess response in future BOS treatment trials.
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syndrome

Shortly after the first human lung transplants were performed,
a condition of progressive airflow obstruction was recognized
and found to correlate histologically with the development of
small airway fibrosis known as obliterative bronchiolitis (OB)
(1). Because of poor sensitivity of chest radiography or trans-
bronchial biopsies for OB, bronchiolitis obliterans syndrome
(BOS) was developed as a means to identify patients with pre-
sumed OB based on a sustained decline from a patient’s best
post-transplant lung function (2). Within 5 years of transplant,
almost half of all lung recipients meet criteria for BOS (3, 4).
Once BOS ensues, quality of life is diminished and the risk for

death is substantially increased (5). In fact, BOS represents the
leading cause of death among patients who survive longer than
1 year after lung transplantation (6).

Although BOS uniformly has a significant impact on sur-
vival, studies have suggested heterogeneity exists in its clinical
course. In particular, the time to onset, rate of lung function
decline, type of transplant operation, native disease, or prior
acute rejection have been postulated to influence the clinical
course of BOS (4, 7–12). Unfortunately, previous studies in this
area have generally included small numbers of patients with
BOS composed predominately of single-lung or heart–lung
recipients transplanted in a much earlier era. The relevance of
these studies to lung recipients transplanted in the recent era is
uncertain, particularly because bilateral transplant now ac-
counts for a majority of all lung transplant operations.

The purpose of this study was therefore (1) to validate the
adverse impact of BOS on survival in a cohort of 222 bilateral
lung recipients transplanted in the recent era, (2) to define
overall survival after the development of BOS, and (3) to
identify demographic or clinical factors that influence survival
after the onset of BOS. In particular, we sought to assess the
importance of factors implicated in the development of BOS,
such as acute rejection or cytomegalovirus (CMV) pneumonitis;
factors related to the onset of BOS, such as its timing or se-
verity; or concurrent treatments administered before or after
the onset of BOS. Some of the results of this study have been
previously reported in the form of an abstract (13).

METHODS

Patient Population

The BOS study cohort consisted of 95 bilateral lung transplant
recipients with established BOS grade 1 or greater who received a first
transplant at Duke University Medical Center between January 1, 2000
and December 31, 2004. During this time, a total of 284 transplants
were performed and our program preferentially offered bilateral
transplant to all recipients regardless of native disease. Excluded from
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Scientific Knowledge on the Subject

Despite the adverse impact of bronchiolitis obliterans
syndrome (BOS) in lung transplantation, little is known
regarding factors that influence survival after the onset of
this condition, particularly among bilateral transplant re-
cipients.

What This Study Adds to the Field

BOS within 2 years of transplant or with onset grades of 2
or 3 predict worse survival after this condition develops,
providing prognostic information in the care of these
patients.
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analysis were retransplants (n 5 8), pediatric patients (n 5 6), single-
lung recipients (n 5 9), heart–lung recipients (n 5 6), subjects who died
within 90 days of transplant (n 5 17), and subjects who died within 180
days either without any pulmonary function tests (n 5 9) or with
inadequate number of pulmonary function tests for BOS evaluation
(n 5 7). The remaining 222 BOS eligible bilateral transplant recipients
were followed through October 2008 (mean follow up of 5.8 yr), at
which time 43% (95/222) met criteria for BOS.

Clinical Management Protocols

Immunosuppression, assessment of rejection by biopsy, and assessment
of allograft dysfunction by pulmonary function tests were consistently
applied to all subjects as previously described elsewhere (14). Briefly,
all recipients received a CD25 antagonist induction agent followed by
triple immunosuppression with cyclosporine (before May 2002) or
tacrolimus (after May 2002), azathioprine, and corticosteroids. Ganci-
clovir prophylaxis was given based on CMV antibody serology status
of donor and recipient. Patients were prospectively screened before
transplantation for gastric reflux using 24-hour pH probes and, if
present, underwent Nissen fundoplication after transplant. Bronchos-
copies were performed at defined intervals, 1, 3, 6, 9, and 12 months
after transplant, annually thereafter, and as clinically indicated. All
recipients underwent serial pulmonary function testing at least quar-
terly from transplant onward. Acute rejection (minimal or greater) was
first treated with methylprednisone followed by a prednisone taper.
Recurrent or refractory acute rejection was treated with antithymocyte
globulin (ATG) or alemtuzumab. Patients with BOS were treated
similar to those with recurrent or refractory rejection. In addition,
azithromycin was used at the discretion of the treating physician.

Clinical Outcomes

Acute cellular rejection was defined according to the International
Society for Heart and Lung Transplantation criteria as perivascular or
peribronchial mononuclear inflammation (15). Acute rejection score
was calculated by summing the acute rejection grades before BOS.
Cytomegalovirus pneumonitis (CMV-P) was determined by immuno-
histochemistry staining of all biopsies obtained before BOS, regardless
of clinical status. BOS was defined according to International Society
for Heart and Lung Transplantation guidelines as a persistent drop in
the current FEV1 relative to the average of the two highest FEV1

values measured at least 3 weeks apart, and after other causes of lung
function deterioration were excluded (2, 16). High-grade onset BOS
was defined by a BOS grade of 2 or 3 (current FEV1 < 66% of
baseline) at the initial time of BOS diagnosis. Survival analysis con-
sidered death or retransplant as the primary endpoint. Cause of death
determination was made by study authors, blinded to BOS status, after
review of clinical history before death and autopsy information, if
available.

Statistical Analysis

Descriptive statistics were used for cohort demographics with standard
deviation or interquartile range (IQR) given to describe the variance
around the mean or median, respectively. Continuous variables were
analyzed with independent two-tailed Student t tests or Wilcoxon rank
sum tests according to distribution. Fisher exact tests or chi-square tests
were used to analyze binary variables as appropriate. Estimation of the
impact of BOS (considered as a time-dependent covariate) on survival
among all 222 BOS-eligible subjects was performed with a Cox pro-
portional hazards model. To assess the relationship between clinical
predictors (occurring before the onset of BOS) and survival after BOS
(time to death), Cox proportional hazards and Kaplan-Meier survival
analysis models were used. Proportional hazard assumptions were
assessed and satisfied. Effect sizes were estimated with Cox regression
models and presented as hazard ratios (HRs) and corresponding 95%
confidence interval (CI). Because survival time was first measured at
the onset of BOS, demographic and clinical predictors occurring before
BOS onset were time independent. Treatments occurring after the
onset of BOS were considered as time-dependent predictors in the
analysis (see online supplement) (17). Statistical significance was
defined as a two-tailed P value less than or equal to 0.05. All analyses
were conducted with SAS statistical software version 9.1.3 (Cary, NC).

RESULTS

Characteristics of Patients with BOS

The demographic and clinical characteristics of the 95 patients
with BOS are shown in Table 1. The majority of subjects with
BOS were white and male, with a median age at transplant of
53 years. Obstructive lung disease was the most common in-
dication for transplant. A majority of patients (76%) experi-
enced at least one acute rejection episode, with a median acute
rejection score of 2 before the onset of BOS (range 0–15).
Treatments before BOS included Nissen fundoplication (41%,
39/95), alemtuzumab (7%, 7/95), and ATG (35%, 33/95). Me-
dian time to the onset of BOS was 3.0 years (IQR, 1.6–4.1 yr),
with 34% (32/95) of patients experiencing early-onset BOS
(occurring within 2 yr of transplant). On entering BOS, 74%
(70/95) were grade 1 and 26% (25/95) were grades 2 or 3 (high-
grade BOS).

Impact of BOS on Post-Transplant Survival

To demonstrate the deleterious effect of BOS (considered as
a time-dependent covariate), we compared survival outcomes
among the 222 BOS-eligible, bilateral lung transplant recipients.
A shorter time to the onset of BOS in years was significantly
associated with an increased hazard for death (P , 0.0001;
unadjusted HR, 10.15 per yr; 95% CI, 6.15–16.75). The adverse
impact of earlier time to BOS remained significant when the
model was adjusted for age, native disease, race, sex, and trans-
plant era (P , 0.0001; adjusted HR, 10.07 per yr; 95% CI, 6.06–
16.73). At a mean follow-up of 5.8 years, 51% (48/95) of the
patients with BOS had died, in contrast with 22% (28/127) of
patients without BOS.

TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
OF 95 BILATERAL LUNG TRANSPLANT RECIPIENTS WITH BOS

Female sex 40% (40)

Mean age at transplant (range), yr 49 (18–66)

Race

White 91% (86)

African American 9% (9)

Native disease

Obstructive 47% (45)

Pulmonary hypertension 2% (2)

Cystic 21% (20)

Restrictive 30% (28)

Transplant era* 49% (47)

Acute rejection history†

Any acute rejection 73% (69)

Acute rejection score‡,x 3 (2–5)

Acute rejection score rangex 1–15

CMV mismatch (D1/R2) 23% (22)

CMV-pneumonia† 26% (25)

Treatments before BOS

Nissen fundoplication 41% (39)

Antithymocyte globulin 35% (33)

Alemtuzumab 7% (7)

Time to BOS, yr‡ 3.0 (1.6–4.1)

Early-onset BOSk 34% (32)

High-grade onset** 26% (25)

Definition of abbreviations: BOS 5 bronchiolitis obliterans syndrome; CMV 5

cytomegalovirus; D 5 donor; R 5 recipient.

Data are presented as % (n) unless otherwise noted.

* Transplanted after March 2002.
† Before the onset of BOS.
‡ Median (IQR)
x Among patients with acute rejection.
k BOS onset within 2 years of lung transplant.

** Initial BOS grade of 2 or 3.
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Natural History of BOS

Given the heterogeneity of BOS, we wished to characterize its
progression, as well as describe patient survival and cause of
death after its onset. None of the patients meeting criteria for
BOS improved to BOS grade 0. Sixty-one percent (43/70) of
those who first entered BOS in grade 1 progressed to grades 2/3
in a median time of 208 days (IQR, 42–451). The remaining
39% (27/70) of patients stabilized in BOS grade 1. Among the
25 patients with high-grade BOS, 8% (2/25) experienced im-
provement in lung function and stabilized in BOS grade 1. The
rest of the patients with high-grade BOS evidenced no improve-
ment in lung function. Median survival after the onset of BOS
was limited to 2.5 years (IQR, 0.8–5.5 yr; Figure 1). Kaplan-
Meier post-BOS survival estimates at 1, 3, and 5 years were
74%, 46%, and 26%, respectively. Respiratory failure accounted
for the majority of deaths among all patients with BOS (58%,
28/48), followed by infection (23%, 11/48), malignancy (8%,
4/48), and cardiac causes (4%, 2/48).

Effect of Pre-BOS Demographic and Clinical

Factors on Survival after BOS

We next sought to determine whether patient factors occurring
before the onset of BOS, including demographic characteristics,
prior rejection, rejection treatments, or CMV-P, affect survival
after BOS. Recipient sex, race, native disease, transplant era,
incidence of or severity of prior acute rejection, CMV mismatch
status, CMV-P, or rejection treatments before BOS were not
associated with survival after its onset (Table 2). In contrast, as
shown in Table 2 and described in detail in the following sec-
tions, an earlier time to BOS and initial severity of BOS (onset
grade) were significantly associated with worse survival after
BOS.

Effect of Timing of BOS on Survival after BOS

Early onset of BOS (within 2 yr of transplant), occurring in 34%
(32/95) of patients, was associated with significantly increased
mortality as compared with late onset (P 5 0.04; HR, 1.84; 95%
CI, 1.03–3.29), as shown in Figure 2. One-, 3-, and 5-year
Kaplan-Meier survival estimates after BOS for the early-onset
group were 59%, 37%, and 19% in contrast with 80%, 49%, and
32% in the late-onset group (P 5 0.04). Median survival from

the onset of BOS for patients with early versus late onset was
1.47 years and. 2.51 years, respectively. Similar results were also
obtained when time to BOS onset was considered as continu-
ous, rather than dichotomous, variable (see online supplement).

Effect of BOS Severity on Survival after BOS

High-grade onset BOS (grades 2 or 3), occurring in 26% (25/95)
of patients, was associated with significantly increased mortality
as compared with grade 1 onset (P 5 0.0034; HR, 2.40; 95% CI,
1.34–4.32). One-, 3-, and 5-year Kaplan-Meier post-BOS sur-
vival estimates for the high-grade onset group were 48%, 22%,
and 11% in contrast with 81%, 55%, and 32% for the grade 1
onset group, P 5 0.003 (Figure 3). Median survival from the
onset of BOS for the high-grade onset and grade 1 onset groups
was 1.03 and 3.79 years, respectively.

Potential Confounding Effects of Variation in Pulmonary

Function Test Measurements on BOS Phenotypes

To evaluate whether sampling bias, related to variation in the
pulmonary function test (PFT) measurements over time, could
have affected the apparent onset timing or onset grade of BOS,
we examined the median number of PFTs per patient by post-
transplant year. Among the early- versus late-onset groups and
the high-grade versus grade 1 onset groups, there were no sig-
nificant differences in the median number of PFTs obtained in
year 1, years 2 and 3, or years 4 and 5 post transplant (see Table
E1 in online supplement). These results demonstrate that all
patients underwent similar serial PFT measurements over time
after lung transplantation providing equal opportunity for every
patient to develop early-onset or high onset grade BOS.

To further examine this point, we considered the median
time interval between BOS onset and the preceding PFT mea-
surement among patients with either of these BOS phenotypes.
No significant difference was observed in the time interval
between BOS onset and the preceding PFT among the patients

Figure 1. Survival after the onset of bronchiolitis obliterans syndrome

(BOS) among 95 bilateral lung transplant recipients. Kaplan-Meier

survival estimates at 1, 3, and 5 years after the onset of BOS were 74%,

46%, and 26%, respectively. Median survival was limited to 2.5 years
(IQR, 0.8–5.5 yr).

TABLE 2. IMPACT OF CLINICAL AND DEMOGRAPHIC
FACTORS, OCCURRING BEFORE BRONCHIOLITIS OBLITERANS
SYNDROME, ON MORTALITY AFTER BRONCHIOLITIS
OBLITERANS SYNDROME

Covariates HR 95% CI P Value

Female sex 1.28 0.72–2.27 0.41

Age per yr 0.99 0.97–1.01 0.32

Age > 65 yr 0.75 0.18–3.11 0.69

White race 0.98 0.41–2.31 0.96

Native disease

Obstructive 0.72 0.40–1.30 0.27

Pulmonary hypertension 2.09 0.50–8.76 0.31

Cystic 0.96 0.47–2.07 0.97

Restrictive 1.34 0.72–2.47 0.35

Transplant era* 1.15 0.62–2.11 0.71

Acute rejection

Any acute rejection 0.86 0.47–1.56 0.61

Acute rejection score 0.98 0.88–1.09 0.77

CMV mismatch (D1/R2) 1.63 0.87–3.06 0.13

CMV pneumonitis 1.30 0.66–2.53 0.44

Treatments

Nissen fundoplication 0.98 0.55–1.77 0.96

Antithymocyte globulin 1.09 0.56–1.85 0.96

Alemtuzumab 2.28 0.89–5.82 0.09

Early-onset BOS† 1.84 1.03–3.29 0.04

High-grade onset‡ 2.40 1.34–4.32 0.003

Definition of abbreviations: BOS 5 bronchiolitis obliterans syndrome; CI 5

confidence interval; CMV 5 cytomegalovirus; D 5 donor; HR 5 hazard ratio; R 5

recipient.

* Transplanted after March 2002.
† BOS onset within 2 years of lung transplant.
‡ Initial BOS grade of 2 or 3.
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with high-grade and grade 1 onset (high grade: 81 median days
[IQR, 41–112] vs grade 1: 70 median days [IQR, 41–99]; P 5

0.79). These results reinforce the idea that the assignment of
high–onset grade BOS was not influenced by variation in the
timing of PFT measurements.

In contrast, there was a statistically significant difference in
the median time interval between BOS onset and the preceding
PFT among the early- and late-onset groups (47 d [IQR, 33–98]
vs 91 d [IQR, 56–112], respectively; P 5 0.03), consistent with
the increased overall frequency of PFT measurements that were
performed in Year 1 as compared with subsequent years (Table
E1). Because sampling over time was similar across all patients
with BOS, however, each patient had an equal opportunity to
develop early onset of BOS. Thus, those patients who de-
veloped late-onset BOS were sampled just as frequently at early
time points as those who actually did develop early-onset BOS.

Finally, to further ensure this difference in PFT intervals
among early- versus late-onset patients did not affect our sur-
vival results, we performed a sensitivity analysis, in which we
reassigned every late-onset patient an onset time 44 days before
the actual BOS onset time (the median interval difference
between the groups). This analysis resulted in the reclassifica-
tion of three patients into the early-onset group, but did not
alter the significantly adverse impact of early-onset BOS on
survival (HR, 1.93; 95% CI, 1.07–3.48; P 5 0.03).

Relationship of Early Onset to High-Grade Onset

We then considered the effects of BOS onset timing, high-grade
onset, and their interaction in a multivariable model. The
effects of early onset and high-grade onset on survival persisted
independent of each other (P 5 0.05 and P 5 0.007, respec-
tively), whereas the interaction term was not significant (P 5

0.21). To more fully explore the relationship between BOS
onset timing and onset grade on survival after BOS we per-
formed additional analyses examining survival by each subgroup.

Among all patients, 13% (12/95) presented in early onset
and high-grade onset, 21% (20/95) presented in early onset and

grade 1 onset, 14% (13/95) presented in late onset and high-
grade onset, and 52% (50/95) presented in late onset and grade
1 onset. Overall survival was significantly different among these
four groups (Figure 4; P 5 0.007). Interestingly, although
survival appeared equally poor among patients with high-grade
onset regardless of early versus late time to onset, survival
among patients with grade 1 onset appeared to differ depending
on early versus late onset, suggesting an interaction might exist
between timing of onset and onset grade.

Potential Confounding Effects of Treatments

on Survival after BOS

After the onset of BOS, 11% (10/95) of patients underwent
Nissen fundoplication, 13% (12/95) received alemtuzumab,
37% (33/95) received ATG, and 58% (55/95) received azithro-
mycin. To ensure that differences in survival were not related to
effects of treatment, we first considered the impact of Nissen
fundoplication, ATG, alemtuzumab, or azithromycin as time-
dependent variables occurring after the onset of BOS on sur-
vival after BOS. None was associated with survival after BOS
(Table 3). We additionally examined the distribution of treat-
ments by onset grade or timing of BOS groups. The use of
Nissen fundoplication, azithromycin, alemtuzumab, or ATG
was similar among the groups and did not vary by early versus
late onset or high-grade onset versus grade 1 onset groups
(Table E2). Finally, we performed an analysis that considered
either early onset or high-grade onset in conjunction with each
of these potential confounding treatments (entered into the
model as time-dependent predictors) and found the HRs asso-
ciated with early onset or high-grade onset remained essentially
unchanged (Table E3).

DISCUSSION

We demonstrate the deleterious effect of BOS on survival in
a large cohort of bilateral lung transplant recipients. Patients

Figure 2. The impact of time to bronchiolitis obliterans syndrome

(BOS) onset on survival after the onset of BOS among 95 bilateral lung
transplant recipients. Early-onset BOS (onset within 2 yr of lung

transplant), occurring in 34% (32/95) of patients, was associated with

significantly increased mortality as compared with late onset (P 5 0.04;

hazard ratio, 1.84; 95% CI, 1.03–3.29). Four-year Kaplan-Meier survival
estimates after BOS for the early-onset group were 24% in contrast

with 32% in the late-onset group; P 5 0.04.

Figure 3. The impact of bronchiolitis obliterans syndrome (BOS) onset

grade on survival after the onset of BOS among 95 bilateral lung

transplant recipients. High-grade onset BOS (initial BOS grades 2 or 3),
occurring in 26% (25/95) of patients, was associated with significantly

increased mortality as compared with grade 1 onset (P 5 0.0034; HR,

2.40; 95% CI, 1.34–4.32). Four-year Kaplan-Meier survival estimates

after BOS for high-grade onset versus grade 1 onset were 11% and
45% respectively; P 5 0.003.
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with BOS experienced an annual hazard for death that was
10 times that of their BOS-free counterparts, and once BOS
ensued, 5-year survival was estimated at only 26%. Despite the
profound adverse consequences of BOS, very little is known
regarding the factors influencing survival after its onset, partic-
ularly among bilateral lung transplant recipients. We therefore
sought to identify factors, occurring before or at the onset of
BOS, which predict survival after BOS. Our analysis demon-
strated that an early onset of BOS (occurring within 2 years of
transplant) or an initial high grade at BOS onset (2 or 3) were
associated with significantly worse survival. In contrast, many
other clinical or demographic factors, including those impli-
cated as BOS risk factors, such as acute rejection or CMV-P,
were not predictive of survival after the development of BOS.
These results might imply that the mechanisms that contribute
to the progression of BOS differ from those that contribute to
its onset.

Our results are consistent with several previous studies that
suggested heterogeneity in the clinical course after BOS was
related to the rapidity of lung function decline before the onset
of BOS. Nathan and colleagues first described several patterns
of BOS progression in a case series of 15 single-lung transplant
recipients, including a rapidly progressive variant (12). More
recently, Jackson and colleagues performed an analysis in which
changes in lung function over time after transplant were as-
sumed to follow one of two patterns: an acute onset, defined by
a drop into BOS greater than or equal to 15% from FEV1

baseline, or a linear decline from baseline (8). Median survival
after the onset of BOS was 29 months in the acute-onset group
versus 58 months in the chronic-onset group. Our results vali-
date the idea that the rapidity of progression into BOS in-
fluences survival. Our work further extends this concept to
bilateral transplant recipients and is the first study to demon-
strate that high initial BOS grade best identifies those at great-
est risk for death after BOS onset. Our analysis thus provides

a useful approach to assess prognosis at the time of BOS onset,
because clinicians can rely on the established grading system to
identify patients with onset grades of 2 or 3 who are at higher
risk for death after BOS.

Other studies have examined the impact of the timing of
BOS onset on the clinical course of BOS, although results in this
area have been inconsistent. Brugière and colleagues reported
that an early onset of BOS (occurring within 3 yr of transplant)
was associated with significantly worse survival in 29 single-lung
transplant recipients (11). In contrast, the poor prognosis of
early-onset BOS (when dichotomized at 18 mo) was not con-
firmed in a study by Burton and colleagues (10). The analysis,
however, only included patients who survived at least 3 years
post transplant, potentially excluding early BOS-related deaths
leading to an underestimation of the effect of early-onset BOS
on survival. Our analysis dichotomized early onset of BOS at
2 years (based on the first quartile of the distribution of BOS
onset in our sample) and found an increased risk for death with
earlier onset of BOS, consistent with the finding of Brugière and
colleagues. When time to BOS onset was analyzed as a contin-
uous variable in years, it also was associated with an increased
risk of death for each year of earlier BOS onset.

More recently, Lama and colleagues identified factors that
influence the trajectory of lung function decline after the onset
of BOS in a cohort of 111 predominately single-lung transplant
recipients (7). Rapid-onset BOS (defined by Lama as a . 20%
change from baseline within 6 mo of BOS onset) or early-onset
BOS (defined as occurring within 2 years of transplant) were
both associated with a more rapid loss of pulmonary function.
Although this analysis used an elegant mixed model to estimate
FEV1 trajectories, the study did not evaluate the relationship of
BOS onset grade to lung function decline, nor did it consider
the impact of any of these factors on survival after BOS. None-
theless, our results complement this previous study and dem-
onstrate that many of the factors that were associated with a
steeper decline in lung function after BOS also predict worse
survival after BOS. In contrast with our results, Lama and
colleagues found that female sex and interstitial lung disease
were associated with a worse lung function trajectory, factors
not significant in our survival analysis. These differences might
relate to the large proportion of single-lung recipients in the
Lama study or, alternatively, are simply variables that correlate
with lung function trajectory but not survival.

Another important feature of our analysis was the applica-
tion of modern management protocols, including immunosup-
pression, azithromycin, and fundoplication, to this cohort of
patients. Somewhat disappointingly, our results would suggest
that median survival after the onset of BOS remains unchanged
as compared with the previous era. Similar to our results, Val-
entine and colleagues reported median survival was just under 3
years after the onset of BOS in heart–lung patients transplanted
from 1981 to 1995, and Heng and colleagues reported a median
survival of just over 3 years in a cohort of primarily heart–lung
and single-lung recipients transplanted from 1984 to 1995 (4, 9).
Consistent with this idea, we did not observe a benefit to mod-

Figure 4. Distinct patterns of survival after bronchiolitis obliterans

syndrome (BOS) among 95 bilateral lung transplant recipients: survival

by high-grade BOS onset, survival by grade 1 and early onset, and
survival by grade 1 and late onset. Among the patients with BOS, 13%

(12/95) presented in high-grade and early onset, 14% (13/95)

presented in high-grade and late onset, 21% (20/95) presented in

grade 1 and early onset, and 52% (50/95) presented in grade 1 and
late onset. Overall survival was significantly different among these four

groups (P 5 0.007).

TABLE 3. MORTALITY AFTER BRONCHIOLITIS OBLITERANS
SYNDROME IS UNAFFECTED BY POST–BRONCHIOLITIS
OBLITERANS SYNDROME TREATMENTS

Treatment % N HR 95% CI P Value

Nissen fundoplication 11 (10) 1.52 0.63–3.67 0.35

Alemtuzumab 13 (12) 1.37 0.58–3.24 0.47

Antithymocyte globulin 37 (35) 1.25 0.69–2.29 0.46

Azithromycin 58 (55) 1.44 0.78–2.65 0.24

Definition of abbreviations: CI 5 confidence interval; HR 5 hazard ratio.
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ern treatments, including azithromycin, lympholytic therapy, or
fundoplication, on survival after BOS. We would caution, how-
ever, against using these results to conclude that treatments are
not useful in the setting of BOS; instead, only appropriately
designed and powered prospective randomized trials can de-
termine the impact of any of these interventions on the natural
history of BOS.

Finally, our results have several important implications re-
garding the design of future studies of patients with BOS. We
demonstrate that the course of BOS is variable, with different
patterns of survival related to the timing or initial severity of
BOS onset. Our analysis considered potential differences in
PFT sampling and demonstrated that assignment of these phe-
notypes and our survival results are not biased by variation in
the frequency of PFT sampling. Collectively our results imply
that several distinct phenotypes of BOS exist. In particular,
high-grade onset of BOS, regardless of its timing after trans-
plant, is associated with a very poor prognosis, whereas patients
who enter BOS late with grade 1 at onset have the best prog-
nosis. Further characterization and validation of these pheno-
types may offer new insights into the mechanisms that lead to
BOS. In addition, enhanced understanding of BOS subgroups
should provide a more rational basis from which to design, strat-
ify, and assess response in clinical treatment trials of bilateral
lung transplant recipients with BOS.
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