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ABSTRACT OF THE THESIS 

 

Interferon-gamma Inducible Chemokine Alterations During Diffuse 
Alveolar Damage is Associated with Bronchiolitis Obliterans Syndrome 

after Lung Transplant 
 

 

By 
 
 
 

Yusaku Michael Shino 
 

 

Master of Science in Clinical Research 
 

University of California, Los Angeles, 2012 
 

Professor Robert Elashoff, Chair 
 

 

 

Rationale: The development of Bronchiolitis obliterans syndrome (BOS) has been linked to a 

variety of insults to the lung allograft. We hypothesized that any insult severe enough to cause 

diffuse alveolar damage (DAD) after lung transplantation would be associated with a high risk of 

BOS and death. Furthermore, we hypothesized that this association would be mediated by the 

interferon-gamma inducible chemokines.  
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Objectives: To determine whether episodes of DAD are associated with an increased risk of 

BOS and death.  

Methods: Lung transplant recipients received bronchoscopy with broncheoalveolar lavage and 

transbronchial biopsies at regular intervals as well as during episodes of clinical deterioration. 

The association between DAD and subsequent outcomes were evaluated using Cox proportional 

hazards models. In a nested case-control study, the broncheoalveolar lavage fluid (BALF) 

concentrations of IP10, MIG and ITAC were measured. Chemokine concentrations during 

episodes of DAD and the effects on subsequent outcomes were evaluated using principal 

component analysis (PCA).   

Results: There were 1,608 transbronchial biopsies from 441 recipients with 63 episodes of 

DAD. DAD was associated with an increased risk of both BOS (HR 3.9 95% CI 2.3-6.3) and 

death (HR 2.5 95% CI 1.6-3.7). PCA showed increased BALF concentrations of IP10, MIG, and 

ITAC during episodes of DAD. Furthermore, these chemokine elevations were independent 

predictors for the development of BOS in multivariable Cox models.  

Conclusions: Episodes of DAD are associated with a significant increase in the risk of BOS and 

allograft mortality. This association may be mediated by the interferon-gamma inducible 

chemokines: IP10, MIG and ITAC. 

 
 



 iv

 

 
The thesis of Yusaku Michael Shino is approved.  
 

 
John Belperio 

 
David Elashoff 

 
Janet Sinsheimer 

 
Robert Elashoff, Chair 

 
 
 
 

University of California, Los Angeles 
 

2012 
 
 



 v

 
TABLE OF CONTENTS: 

 
 

Chapter 1: Background        1 
 
Chapter 2: Thesis 

Methods          2 
Statistical analysis        4 
Results          6 

 
Chapter 3: Appendix 
 Discussion          11 
 
 
 
List of Tables and Figures 
 
Table 1:  Baseline Patient Characteristics       15 
Table 2:  Cox Proportional Hazards Models for BOS   16 
Table 3:  Cox Proportional Hazards Models for Allograft  

Mortality         16  
Table 4:  Bronchoalveolar Lavage Chemokine Concentrations  

      by Pathologic Findings      17 
Table 5:  Bronchoalveolar Lavage Chemokine Concentrations  
       by Recipient Status       17 
Table 6: Cox Proportional Hazards Models for BOS   18 
Figure 1:  Total Number of Observed Pathologic Findings  19 
Figure 2:  Prevalence of Pathologic Findings by Time   19 
Figure 3:  Kaplan-Meier Curve for Freedom from BOS by the 

Development of DAD       20 
Figure 4:  Kaplan Meier Curve for Allograft Survival by the 

Development of DAD       20 
 



 
 

1

CHAPTER 1:  

BACKGROUND 

Despite recent improvements in operative and perioperative outcomes, lung 

transplantation is associated with one of the highest rates of mortality among solid organ 

transplants: 48% at five years and 71% at ten years.1 Bronchiolitis obliterans syndrome, 

characterized by progressive airflow obstruction on PFTs, is the leading cause of death after the 

first year and the major limiting factor for long-term survival. 49% of lung transplant recipients 

develop BOS by 5 years and 75% by 10 years.1   Unfortunately, the incidence of BOS has 

remained relatively unchanged with no known effective treatment.  

The pathogenesis of BOS is likely heterogeneous and complex. It is thought to represent 

the lung’s response to a variety of immune and non-immune mediated lung injury. Acute 

rejection has consistently been shown to be the primary risk factor for the development of BOS.2-

5 Other mechanisms of lung insult which have been associated with BOS include: primary graft 

dysfunction6-9, lymphocytic bronchiolitis10, organizing pneumonia11, autoimmune reactivity12,13, 

gastroesophageal reflux14,15 and a number of respiratory infections and colonizations.16-22  

Diffuse alveolar damage is a non-specific form of acute lung injury caused by a number 

of possible etiologies including: primary graft dysfunction, infections, severe sepsis, severe acute 

rejection, drugs and toxins. It is commonly observed post-transplant with an estimated 

prevalence of 30% during the first 3-months post-transplant with a decrease to 10% 

thereafter.23,24 Despite the common occurrence of this form of lung injury, little is known about 

its long-term consequences. 

IP10, MIG and ITAC are CXC chemokines induced by interferon-gamma. These 

chemokines are major mediators of the Type I inflammatory response and are potent 
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chemoattractants for T-cells, B-cells and NK cells. Murine and human studies performed by our 

group as well as others have shown an association between elevated IP10, MIG, and ITAC levels 

with both acute and chronic rejection25-28.   

In this retrospective cohort study, we tested the hypothesis that episodes of diffuse 

alveolar damage are associated with an increased risk of BOS and allograft mortality among lung 

transplant recipients. We further hypothesized that this association is mediated by the interferon-

gamma inducible chemokines: IP10, MIG and ITAC.  

 

 

CHAPTER 2:   

METHODS:  

Study Design and Patient Population 

With IRB approval, lung transplant recipients at UCLA between January 1, 2000 and 

December 31, 2010 were enrolled in an observational cohort study. As part of this study, we 

attempted to collect BALF samples at each bronchoscopy post-transplant. Bronchoscopy with 

broncheoalveolar lavage (BAL) and transbronchial biopsies were performed at 1, 3, 6 and 12 

months post-transplant as part of a surveillance protocol, as well as during episodes of clinical 

deterioration. The induction and maintenance immunosuppression and anti-microbial 

prophylaxis were administered in accordance with the UCLA lung transplantation protocol and 

have been described previously.21  
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Determination of Allograft Status  

Approximately 6 to 14 transbronchial biopsy samples were obtained at each 

bronchoscopy and prospectively reviewed by one of three pulmonary pathologists (CL, WW, 

MF). The samples were categorized as diffuse alveolar damage (DAD), acute cellular rejection 

(AR), lymphocytic bronchiolitis (LB) and organizing pneumonia (OP) without knowledge of the 

patient’s clinical data. The histopathologic diagnosis of DAD and OP were made using criteria 

outlined in the International Multidisciplinary Consensus Statement on Idiopathic Interstitial 

Pneumonias.29 The diagnosis of AR was made according to the International Society for Heart 

and Lung Transplantation criteria.30,31 Due to changes in the grading system over time, LB could 

only be scored as present or absent for this study.  

To exclude pathologic findings due to events from the immediate post-operative period 

such as primary graft dysfunction (PGD), the transbronchial biopsies collected less than 15-days 

from transplantation were excluded from the analysis. For all episodes of DAD, the clinical 

charts and prior transbronchial biopsies were reviewed and any episodes deemed to be persistent 

PGD were also excluded from the analysis. All BALF cultures, biopsy stains and cultures, 

radiographic studies and clinical notes were reviewed in order to determine the etiology of DAD. 

 

BALF Collection, Processing and Analysis 

 BALF was collected at the time of each bronchoscopy. Three 60 ml aliquots of isotonic 

saline were instilled into the sub-segmental bronchus in the lingula, right middle lobe or area of 

interest and combined to form a pooled sample. After centrifugation, the supernatant was 

collected for storage at -80° C until used for protein quantification assays. Protein concentrations 
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were determined by Luminex assay (Millipore, Billerica, MA, USA) according to the 

manufacturer’s instructions.  

 

Determination of BOS 

 Pulmonary function testing (PFT) was performed every 1-2 weeks during the first 3 

months after transplant and every 4-12 weeks thereafter. BOS was defined as an irreversible drop 

of at least 20% in the forced expiratory volume in 1 second (FEV1) from the average of the two 

best post-transplant FEV1 measurements taken at least 3 weeks apart.32,33  

Recently, different phenotypes of BOS have been described by several groups.23,34 

Restrictive BOS or restrictive allograft syndrome (RAS) has been recognized as a phenotype of 

chronic rejection with a restrictive physiology. We investigated the association between DAD 

and the restrictive phenotype of chronic rejection in a sub-analysis. Since lung volumes are not 

routinely measured at our center, we defined the restrictive phenotype similar to Verleden et 

al.34: pulmonary function testing showing an irreversible drop of at least 20% in the FEV1 with a 

concurrent 20% or greater decline in FVC and a FEV1/FVC ratio greater than 80%. Due to the 

impact of the native lung on the FEV1/FVC ratio, single lung transplant recipients were excluded 

from this sub-analysis. 

 

  

Statistical analysis 

 Univariable Cox proportional hazards models for BOS and allograft mortality were 

constructed with time-dependant variables for DAD, AR, LB and OP. Hazards ratios (HRs) for 

the pathologic findings were calculated. Only grade A2 or higher acute rejection was included in 
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the analysis. For the models which assessed the outcomes associated with 2 or more episodes of 

a pathologic finding (DAD or AR), the time-dependent variable was constructed based on time 

to the first episode of the observed pathology. Allograft mortality was defined as death or 

retransplantation. Variables which were statistically significant at the p<0.05 level were included 

in the multivariable Cox proportional hazards models for BOS and allograft mortality.  

To assess the impact of DAD on the interferon-gamma inducible chemokines, BALF 

concentrations of IP10, MIG and ITAC were compared between the biopsies with DAD (“DAD 

biopsies”) and those without pathologic findings (“healthy biopsies”). The chemokine 

concentrations were log transformed and a principal component analysis was used to derive a 

summary score given the high correlation between the three chemokines. The first principal 

component (PC) explained 69% of the data variation. A linear mixed effects model was 

constructed where the first principal component was the dependent variable and a binary variable 

for the presence of DAD and time from transplant were included as the independent explanatory 

covariates. The linear mixed effects model was used to account for the clustering of repeated 

measurements taken from the same individuals. The same model using principal component 

analysis was used to compare the chemokine concentrations from recipients who never had any 

pathologic abnormalities on their biopsies (“healthy recipients”) with those who at any time had 

evidence of DAD (“DAD recipients”).  

To assess the impact of the interferon-gamma inducible chemokine alterations on the risk 

of BOS and death, the first principal component of the three chemokines was included as a time 

dependent covariate in univariable and multivariable Cox proportional hazards models predicting 

BOS and allograft mortality. Analyses were performed with SAS statistical software, version 9.2 

(SAS Institute Inc., NC).  
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RESULTS:  

There were 1,608 bronchoscopies with transbronchial biopsies from 441 transplant 

recipients, after excluding the biopsies collected prior to the 15th day post-transplant and the 

cases of persistent PGD. Table 1 lists the baseline characteristics of the study participants by 

whether they developed DAD during the follow-up period.  

 

Pathologic Findings 

There were 63 (4%) biopsies with DAD from 53 (12%) recipients, 470 (29%) biopsies 

with LB from 247 (56%) recipients, and 138 (9%) biopsies with OP from 96 (22%) recipients. 

(Figure 1) There were 328 (20%) biopsies with acute cellular rejection from 126 (29%) 

recipients (grades A1-A4). These were graded as follows: A1 163 (50%), grade A2 103 (31%), 

grade A3 59 (18%) and grade A4 3 (1%). 895 biopsies from 441 (100%) recipients had no 

evidence of histopathology and were classified as “healthy biopsies”. Figure 2 shows the 

percentages of the histopathologic findings observed by time from transplant. The frequency of 

DAD observed increased over time, starting at a low near 1% of all biopsies between days 15-30 

post-transplant and increasing to over 8% of all biopsies after the first year. This increased 

frequency was sustained at two years. 

 

Clinical Outcomes  

 Figure 3 shows the Kaplan-Meier curves for freedom from BOS and allograft survival 

stratified by whether or not the recipient ever had an episode of DAD. Episodes of DAD were 

associated with a significant increase in both the development of BOS and allograft mortality. 
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The 5-year incidence of BOS was 86% in recipients who had at least one episode of DAD vs. 

39% in recipients who never had an episode of DAD (p=0.0001). Similarly, the 5-year incidence 

of allograft mortality was 76% in the recipients with at least one episode of DAD vs. 42% in the 

recipients with no DAD (p=0.0001). Allograft mortality was defined as death (n=236) or 

retransplant (n=8). 

Table 2 lists the various pathologies observed on transbronchial biopsy and the HRs for 

the development of BOS. The univariable models were constructed with time-dependent 

variables for DAD, AR, LB and OP. A single episode of DAD was associated with a HR of 3.7 

(95% CI 2.3-6.1) for BOS. The other significant risk factors for developing BOS included: >=2 

episodes of A2 or greater rejection (HR 2.4 95%CI 1.4-4.1) and LB (HR 1.4 95%CI 1.0-2.0). 

When these variables were entered into the multivariable model, DAD (HR 3.9 95%CI 

2.3-6.3) and >= A2 rejection (HR 2.4 95%CI 1.4-4.2) remained significant. The presence of LB 

was not a significant predictor for BOS in the multivariable model. More frequent episodes of 

AR were associated with a higher risk of BOS. In the multivariable model, the HRs for having at 

least 1 episode, 2 episodes, and 3 episodes of A2 rejection were 1.7 (95% CI 1.2-2.5), 2.4 (95% 

CI 1.4-4.2) and 3.2 (95% CI 1.5-7.1), respectively. 

Of the 82 double-lung transplant recipients who developed chronic allograft rejection, 14 

(17%) had the restrictive phenotype on pulmonary function testing and 68 (83%) had the 

obstructive phenotype. Episodes of DAD were associated with both the obstructive and 

restrictive phenotypes. In univariable models, the HR for DAD was 5.6 (95% CI 3.0-10.6) for the 

development of the obstructive phenotype and 4.2 (95% CI 0.9-18.9) for the restrictive 

phenotype.  
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Table 3 lists the HRs from the univariable Cox proportional hazards models for allograft 

mortality using the pathologic findings as time-dependent variables. A single episode of DAD 

was associated with a HR of 3.9 (95% CI 2.7-5.7) for graft failure. The other significant 

predictors of increased graft failure included: >2 episodes of A2 rejection (HR 1.9 95% CI 1.2-

3.0), LB (HR 1.7 95%CI 1.2-2.3), OP (HR 2.1 95%CI 1.5-2.9), development of BOS (HR 4.4 

95%CI 3.2-6.1) and age greater than 70 at transplant (HR 1.8 95%CI 1.1-3.0). When these 

variables were entered into the multivariable model, DAD (HR 2.5 95%CI 1.6-3.7), BOS (HR 

3.6 95%CI 2.5-5.0) and age >70 (HR 2.6 95%CI 1.6-4.5) remained highly significant. AR, LB 

and OP were not significant predictors of graft failure in the multivariable model  

To assess whether episodes of DAD were associated with delayed effects on mortality, 

recipients who died within 30 days of developing DAD were excluded in a separate subgroup 

analysis. The association between DAD and mortality remained after these recipients with early 

death were excluded from the analysis: the HR for DAD in the univariable model was 3.6 (95% 

CI 2.4-5.3).  

 

Etiology of Diffuse Alveolar Damage 

BALF cultures, transbronchial biopsy stains and cultures, radiographic studies and 

clinical notes were reviewed in order to determine the etiology of the diffuse alveolar damage. In 

the majority of cases (n=38) there was no discernable etiology for the DAD despite extensive 

chart review. When the etiology for DAD could be identified, the most common was viral 

infection (n=9). The observed viruses were as follows: CMV (n=4), parainfluenza (n=3), 

bocavirus (n=1) and one case of mixed human metapneumovirus / coxsackie / echovirus (n=1). 

Of note, the BAL viral PCR panels became routine at our institution in 2009 and it is possible 
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that many of the unknown etiologies prior to 2009 represent viral infections. Other etiologies for 

DAD included recurrent aspiration (n=5), disseminated infection (n=5) and severe acute cellular 

rejection (grade 3 or 4, n=6). The disseminated infections included: coccidioidomycosis (n=3), 

rhizopus zygomycosis (n=1) and aspergillosis (n=1).  

 

BALF Cytokine Levels 

A nested case-control study was performed using BALF collected from a subset of 

recipients at the time of the transbronchial biopsies. There were 653 BALF samples from 224 

recipients available for analysis. The interferon-gamma inducible chemokines were compared 

between the biopsies with no pathologic abnormalities (“healthy biopsies”) and those with DAD 

(“DAD biopsies”) using mixed effects models to account for repeated measures taken from the 

same recipient. There was a statistically significant increase in the concentration of MIG during 

episodes of DAD: 289.3 vs. 4493.1 pg/ml (p=0.004) for the healthy and DAD samples 

respectively (Table 4). IP10 and ITAC concentrations were also increased during DAD, but the 

trend was not statistically significant.  

Given the high correlation among these chemokines, a principal components analysis was 

performed to derive a summary score. The first principal component (PC) was estimated as: PC 

= 0.92628 * logip10 + 0.75354 * logmig + 0.80526 * logitac. It accounted for 69% of the total 

variation in the chemokine concentrations. This approach using the principal component showed 

a significant elevation in the chemokine concentrations during episodes of DAD: 12.1 vs. 14.5 

(p=0.0057) for the healthy and DAD samples, respectively.  

The interferon-gamma inducible chemokines were also compared between the recipients 

who always had healthy biopsies (“healthy recipients”) vs. those recipients who developed DAD 
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during their follow-up (“DAD recipients”). For the “DAD recipients”, only the samples prior to 

the episode of DAD were included in the analysis. There was a significant increase in the 

concentrations of IP10 and ITAC in the “DAD recipients” (Table 5). The concentrations of IP10, 

and ITAC for the “healthy recipients” and “DAD recipients” were as follows: 117.0 vs. 221.9 

pg/ml (p=0.006) and 78.8 vs. 91.7 pg/ml (p=0.012). The concentration of MIG was higher in the 

“DAD recipients” but was not a statistically significant increase: 305.1 vs. 772.4 pg/ml 

(p=0.066) for the “healthy” and “DAD recipients” respectively. The principal component 

analysis confirmed the increased chemokine levels in the “DAD recipients”. The PC was 11.9 vs. 

13.5 (p=0.0002) for the “healthy recipients” and “DAD recipients”.  

 

Association between BALF Cytokine Levels and Subsequent Outcomes 

The interferon-gamma inducible chemokines were also included as time dependent 

covariates in univariable Cox models predicting BOS and allograft mortality. The chemokines 

were entered into the model one at a time given the high collinearlity. IP10, MIG and ITAC were 

all associated with an increased risk of BOS (Table 6). Log increases in IP10, MIG and ITAC 

were associated with HRs of 1.13 (95% CI 1.01-1.27), 1.14 (95% CI 1.03-1.26), and 1.54 (95% 

CI 1.14-2.09), respectively. The principal component was also a significant predictor of BOS 

development in the univariable analysis: HR 1.09 (95% CI 1.02-1.13).  

For the multivariable model predicting BOS, DAD, >2 episodes of grade A2 rejection 

and the principal component were all included as time-dependent covariates. PC, DAD and AR 

were all significant predictors of BOS: The HRs were 1.07 (95% CI 1.01-1.14), 3.64 (95% CI 

2.12-6.24) and 2.77 (95% CI 1.63-4.70), respectively. 
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For the univariable model predicting allograft mortality, MIG was associated with an 

increased risk of allograft mortality (HR for log increase in MIG: 1.12 95% CI 1.02-1.22). 

However, IP10, ITAC and PC were not predictive of allograft mortality. The multivariable 

model included the covariates: DAD, BOS and the PC as time-dependent variables as well as age 

> 70. In this model, the principal component did not predict allograft mortality. 

  

  

CHAPTER 3: 

DISCUSSION:  

We hypothesized that episodes of diffuse alveolar damage would be associated with 

adverse long-term effects on lung transplant recipients. This study evaluated 1,608 

transbronchial biopsies from 441 lung transplant recipients and found 63 (4%) episodes of DAD. 

These episodes of DAD were associated with a significant increase in both BOS (HR 3.9 95% CI 

2.3-6.3) and mortality (HR 2.5 95% CI 1.6-3.7). 

The few studies which have examined the association between DAD and mortality and 

BOS have produced mixed results. Fisher et al. investigated the association between early DAD 

(<7 days post-transplant) due to primary graft dysfunction (PGD) and subsequent outcomes.35 

They found that early DAD was associated with worse 30-day survival: 63% vs. 88% (p<0.0001) 

for the DAD and non-DAD groups, respectively. However, when the 30-day deaths were 

excluded, there was no difference in the overall mortality or incidence of BOS between the two 

groups. Their study included only early DAD due to primary graft dysfunction and did not 

examine the effect of non-PGD related DAD on subsequent outcomes.  
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More recently, Sato et al. examined the association between both early (<3 months) and 

late (>3 months) onset DAD and subsequent outcomes.23 Similar to Fisher et al’s study, this 

study found that early DAD was associated with higher 90-day mortality (HR 1.7 95% CI 1.0-

4.6), but not overall mortality. However, they also found that early DAD was associated with a 

higher incidence of the obstructive phenotype of chronic rejection. A multivariable model 

including acute rejection, age, transplant type, original diagnosis, among other covariates showed 

that early DAD was the most significant risk factor for obstructive BOS (HR 1.3 95% CI 1.1-1.5). 

This group reported a stronger association between late-onset DAD and the development of the 

restrictive phenotype of chronic rejection, which they termed “restrictive allograft syndrome” 

(RAS). The HR for late-onset DAD from the multivariable model predicting RAS was 36.8 (95% 

CI 18.3-74.1). They found no association between late-onset DAD and obstructive BOS or 

mortality.  

Since we did not have sufficient TLCs available, we examined the association between 

DAD and the restrictive subtype of BOS using a definition similar to Verleden et al.34: 

Pulmonary function testing showing BOS in a double lung transplant with a concurrent 20% or 

greater decline in FVC from baseline and a FEV1/FVC ratio greater than 80%. We found that 

episodes of DAD had similar propensity for the development of the restrictive and obstructive 

phenotypes of BOS.  

In order to identify a possible mechanism for the association between DAD and 

subsequent outcomes, we conducted a nested case-control study on a subset of BALF samples. 

Using principal components analysis, we found increased concentrations of IP10, MIG and 

ITAC during episodes of DAD. MIG, IP10 and ITAC are CXC chemokines induced by IFN-

gamma. These chemokines all signal through the G-protein coupled receptor CXCR3 which are 
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expressed primarily on activated lymphocytes and epithelial cells. They are potent mediators of 

the Type I inflammatory response by serving as chemoattractants for T-cells, B-cells and NK 

cells. 

Of note, all of the known major risk factors for the development of BOS: acute rejection2-

5, respiratory infection16-22, primary graft dysfunction6-9 and gastroesophageal reflux14,15 have 

been shown to cause diffuse alveolar damage. Insults to the allograft which are severe enough to 

cause DAD likely trigger a deleterious cycle of cell damage, upregulation of allo-antigen 

presentation, Type I cytokine-chemokine cascade, lymphocyte infiltration and further cell injury. 

Sumpter and Wilkes recently proposed a model of BOS where tissue injury exposes normally 

sequestered self-antigens, such as collagen type V, triggering an auto-immune response as 

well.12,13 

Alternatively, diffuse alveolar damage may simply be a marker for an overactive immune 

system. The recipients who developed DAD in response to insult may have been in a state of 

heightened alloreactivity, putting them at risk for both DAD and subsequent BOS. Our results 

support this possibility. We found elevations of interferon-gamma inducible chemokines not only 

during episodes of DAD, but more generally in recipients who developed DAD prior to their 

episode of DAD. This supports the idea that these recipients had increased alloreactivity prior to 

the development of DAD and that it may be possible to quantify and monitor these alloreactive 

states through cytokine concentrations in the BALF.  

Our results regarding the other pathological findings were mostly as we expected. 

Episodes of acute cellular rejection was associated with increased risk of BOS but not overall 

mortality. Acute cellular rejection has been the strongest and most consistent risk factor for BOS 

reported in the literature.2-5,36,37  Importantly, we observed a significant increase in the risk of 
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BOS with increasing frequency of AR. Glanville et al. reported a positive association between 

lymphocytic bronchiolitis and the development of BOS.10 In our study, the univariable model 

showed a significant association between LB and BOS. However, LB failed to reach statistical 

significance in the multivariable model when DAD and AR were included as covariates.   

The major limitation of this study is that it is a retrospective observational study and is 

subject to confounding. For example, patients who were experiencing clinical deterioration may 

have had more frequent transbronchial biopsies resulting in a higher incidence of the pathologic 

findings. This study was also not able to take into account all of the known risk factors for BOS 

such has primary graft dysfunction and non-DAD associated respiratory infections in the 

multivariable Cox proportional hazards model. Finally, we were unable to accurately 

differentiate between the protocol-driven “surveillance” bronchoscopies from those which were 

“clinically indicated” given the retrospective nature of the study.     

In conclusion, our results suggest that the histopathologic finding of diffuse alveolar 

damage is an ominous harbinger for the development of BOS and allograft mortality. This 

association appears to be mediated in part by the interferon-gamma inducible inflammatory 

chemokines: IP10, MIG and ITAC. However, it is unclear if anti-inflammatory therapy or 

augmented immuno-suppression can alter this deleterious cycle of inflammation and cell damage. 

In order to investigate this association more carefully, we agree with the need for a standardized 

scoring system for DAD taking into account the severity as well as the different stages of this 

intriguing process. 

 

Disclosure statement:  The authors of this study have no financial conflicts of interest to 

disclose.   
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Tables and Figures:  
 
 

Table 1

Baseline Patient Characteristics 

By DAD status (Ever had DAD on Transbronchial Biopsy)

No % No %

No of subjects 388         88.0% 53           12.0%

Median age 61           58           

Male gender 227         58.5% 32           60.4%

Single lung transplant 174         44.8% 14           26.4%

Diagnosis

IPF 179         46.1% 16           30.2%

COPD 110         28.4% 13           24.5%

Scleroderma 19           4.9% 4             7.5%

Other ILD 16           4.1% 5             9.4%

CF 14           3.6% 2             3.8%

Pulmonary HTN 12           3.1% 7             13.2%

Non-CF Bronchiectasis 11           2.8% -          0.0%

A1AT 9             2.3% 1             1.9%

Sarcoidosis 8             2.1% 3             5.7%

BOS 5             1.3% 2             3.8%

LAM 3             0.8% -          0.0%

PLCH 1             0.3% -          0.0%

Other 1             0.3% -          0.0%

Induction

ATG 215 55.4% 32           60.4%

Basiliximab 172 44.3% 20           37.7%

None 1 0.3% 1             1.9%

Never DAD Ever DAD
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Table 2

Cox Proportional Hazards Model for BOS

HR
95% CI  
Lower 

95% CI 
Upper HR

 95% CI  
Lower 

95% CI 
Upper 

DAD

>= 1 episode 3.72        * 2.27      6.11     3.85        * 2.33      6.34     

>= 2 episodes 4.00        1.26      12.63   
AR (>=A2)

>= 1 episode 1.77        * 1.26      2.49     
>= 2 episodes 2.40        * 1.43      4.05     2.43        * 1.42      4.15     

LB >= 1 episode 1.42        * 1.02      1.97     1.25        0.89      1.75     
OP >= 1 episode 1.45        0.96      2.17     
Age > 70 1.08        0.55      2.12     

Single lung transplant 1.24        0.90      1.72     

Male Gender 1.01        0.73      1.40     

Dx: IPF 0.75        0.54      1.05     

Univariable Multivariable

 

   

Table 3
Cox Proportional Hazards Model for Allograft Mortality (Death or Retransplant)

HR
95% CI 
Lower 

95% CI 
Upper HR

 95% CI  
Lower 

95% CI 
Upper 

DAD
>= 1 episode 3.89         * 2.67    5.68     2.46       * 1.63      3.73     
>= 2 episodes 6.19         * 3.02    12.69   

AR (>=A2)
>= 1 episode 1.31         0.96    1.78     
>= 2 episodes 1.87         * 1.18    2.95     1.22       0.76      1.98     

LB >= 1 episode 1.66         * 1.22    2.25     1.37       0.97      1.92     
OP >= 1 episode 2.09         * 1.52    2.88     1.31       0.91      1.88     
BOS 4.41         * 3.19    6.11     3.57       * 2.53      5.04     
Age > 70 1.83         * 1.11    3.01     2.63       * 1.55      4.46     
Single lung transplant 1.17         0.88    1.56     
Male Gender 1.24         0.93    1.66     
Dx: IPF 1.14         0.86    1.51     

Univariable Multivariable
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Table 4

Bronchoalveolar Lavage Chemokine Concentrations by Pathologic Findings

Healthy Biopsy DAD

(Median) pg/ml (Median) pg/ml P-value

Sample size: n = 401 n = 20

# of Recipients: n = 213 n = 18

IP10 114.86                321.27              0.0517   

MIG 289.29                4,493.13           0.0035   **

ITAC 81.01                  93.44                0.0548   

Principal Component [2] 12.06                  14.53                0.0051   **

[1] Mixed effects model with log transformed cytokine levels and time from transplant.

[2] PC = 0.92628 * logip10 + 0.75354 * logmig + 0.80526 * logitac. 

 

 

Table 5

Bronchoalveolar Lavage Chemokine Concentrations By Recipient Status

Recipients Who Always Had Healthy Biopsies vs. Recipients with DAD

Samples from

Samples  DAD Recipients

From Healthy Prior to Episode

Recipients [1] of DAD [2]

(Median) pg/ml (Median) pg/ml P-value

Sample size: n = 120 n=95

# of Recipients: n = 59 n = 37

IP10 117.00                  221.86                   0.0060    **

MIG 305.05                  772.36                   0.0655    

ITAC 78.83                    91.68                     0.0117    *

PC 11.90                    13.87                     0.0064    **

[1] Recipients who always had healthy biopsies.

[2] Recipients with at least one episode of DAD at any point during follow-up.
     Only includes bronchoalveolar lavage samples prior to the episode of DAD.
[3] Mixed effects model with log transformed cytokine levels and time from transplant.
[4] PC = 0.92628 * logip10 + 0.75354 * logmig + 0.80526 * logitac. 
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Table 6
Cox Proportional Hazards Models for BOS
Using Principal Component (PC) Analysis [1]

Chemokine  HR 
 95% CI  
Lower 

95% CI  
Upper P-value

Univariable:
Log (IP10) 1.13    * 1.01     1.27      0.0278
Log (MIG) 1.14    * 1.03     1.26      0.0086
Log (ITAC) 1.54    * 1.14     2.09      0.0048
PC 1.09    * 1.02     1.15      0.0068

Multivariable: [2]
PC 1.07    * 1.01     1.14      0.0211
DAD 3.64    * 2.13     6.24      <0.0001
AR 2.77    * 1.63     4.70      0.0002

[1] PC = 0.92628 * logip10 + 0.75354 * logmig + 0.80526 * logitac. 
[2] Multivariable model: with PC, time to DAD, time to AR.

Progression to CLAD

 

 

 

 

 

Captions for Figures:  
 
Figure 1:  Total Number of Observed Pathologic Findings   
Figure 2:  Prevalence of Pathologic Findings by Time   
Figure 3:  Kaplan-Meier Curve for Freedom from BOS by the Development of DAD   
Figure 4:   Kaplan Meier Curve for Allograft Survival by the Development of DAD  
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Figure 1: 

441 Recipients                         
1921 Transbronchial biopsies        

1/1/2000 – 12/31/2010

1608 Biopsies                      
Included in Study

470 (29%) LB from     
247 (56%) recipients

895 (56%) No pathologic findings      
from 146 (33%) recipients

63 (4%) DAD from      
53 (12%) recipients

328 (20%) AR from     
126 (29%) recipients

138 (9%) OP from        
96 (22%) recipients

163 (50%) A1

103 (31%) A2

59 (18%) A3

3 (1%) A4

LB: lymphocytic bronchiolitis; DAD: diffuse alveolar damage; AR: Acute rejection A1: 
Grade A1, A2: Grade A2, A3: Grade A3, A4: Grade A4; OP: organizing pneumonia.  

313 Biopsies excluded due to 
<15 days or persistent DAD

 

Figure 2: 

 
 
 
 
 
 
 
 
 
 
 
 

Prevalence of Pathologic Findings by Time
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Figure 3: 
Freedom from BOS by Ever had DAD

S
ur

vi
va

l D
is

tr
ib

ut
io

n 
F

un
ct

io
n

0.00

0.25

0.50

0.75

1.00

Years Post-transplant

0 2 4 6 8 10 12

STRATA: everdad=0 Censored everdad=0 everdad=1 Censored everdad=1

 
 
 
Figure 4: 

Allograft Survival by Ever had DAD
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