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Background: The presence of interstitial pneumonitis (IP) on surveillance lung biopsy specimens
in lung transplant recipients is poorly described, and its impact on posttransplant outcomes is not
established. The following study assessed the association of posttransplant IP with the develop-
ment of bronchiolitis obliterans syndrome (BOS).
Methods: We examined all recipients of primary cadaveric lung transplants at our institution
between January 1, 2000, and December 31, 2007 (N = 145). Patients had bronchoscopies with
BAL, and transbronchial biopsies performed for surveillance during posttransplant months 1, 3, 6,
and 12 as well as when clinically indicated. Patients were given a diagnosis of IP if, in the absence
of active infection and organizing pneumonia, they showed evidence of interstitial inflammation
and fibrosis on two or more biopsy specimens.
Results: IP was a significant predictor of BOS (OR, 7.84; 95% CI, 2.84-21.67; P <.0001) and was
significantly associated with time to development of BOS (hazard ratio, 3.8; 95% CI, 1.93-7.39;
P =.0001) within the first 6 years posttransplant. The presence of IP did not correlate with a sig-
nificantly higher risk of mortality or time to death. There was no association between the pres-
ence of IP and the development of or time to acute rejection.
Conclusions: The presence of IP on lung transplant biopsy specimens suggests an increased risk
for BOS, which is independent of the presence of acute cellular rejection.
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Abbreviations: BOS = bronchiolitis obliterans syndrome; CMV = cytomegalovirus; GERD = gastroesophageal reflux
disease; HR = hazard ratio; IP = interstitial pneumonitis; IQR = interquartile range; TBB = transbronchial biopsy

Lung transplantation remains the only curative
option for end-stage lung diseases, such as cystic
fibrosis and pulmonary fibrosis.! Despite a growing
understanding of lung transplantation, the 5-year mor-
tality for transplant recipients remains about 50%.2
The majority of posttransplant complications occur-
ring after the first posttransplant year are attributable
to chronic allograft rejection.

Bronchiolitis obliterans syndrome (BOS) is the clin-

association of posttransplant IP with the develop-
ment of BOS.

MATERIALS AND METHODS

Study Population

We examined all recipients of primary cadaveric lung trans-
plants at our institution between January 1, 2000, and December 31,

ical manifestation of chronic allograft rejection. BOS
is associated with numerous risk factors, including
medication noncompliance,® cytomegalovirus (CMV)
infection,*> gastroesophageal reflex disease (GERD),510
acute cellular rejection,'1? and air pollution.'® The
incidence of interstitial pneumonitis (IP) on lung
biopsy specimen is poorly described, and its impact on
outcomes is not established. This study assessed the
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2007 (N = 145), for evidence of IP on lung biopsy specimen. Clin-
ical data were collected through December 31, 2010. Approval
from our institutional review board (Partners Human Research
Committee; protocol # 2007-P000334/3) was obtained prior to
study initiation.

Care of Patients

Patients had scheduled bronchoscopies with BAL and transbron-
chial biopsies (TBBs) performed during posttransplant months 1,
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3,6, and 12. All attempts were made to adhere to current profes-
sional guidelines, which recommend that five or more specimens
be obtained during bronchoscopy.™* All biopsy specimens obtained
during the study period were included in the data set. Pulmonary
function tests (Morgan Scientific, Inc) were obtained at every
follow-up clinic visit using standards published by the American
Thoracic Society.s Additional pulmonary function tests and bron-
choscopies were performed based on symptoms or clinical dete-
rioration (as evidenced by desaturation and decline in FEV, or
forced expiratory flow, midexpiratory phase). The schedule of
outpatient visits and surveillance bronchoscopies did not change
over the study period.

Patients were given a diagnosis of BOS according to consensus
criteria (Table 1).3 Patients were considered to have bacterial
infection if bacterial cultures from either BAL or TBB lead to
initiation of antibiotic therapy. Positive results from BAL or TBB
viral cultures were considered clinically significant in all cases.
Methods of assessment for CMV viremia changed at our institu-
tion over the study period. From 2000 to 2007 blood buffy coat
was evaluated for CMV with the Digene Hybrid Capture System
(Qiagen) DNA test. From 2008 to 2010, viremia was assessed
through an in-house quantitative polymerase chain reaction tech-
nique. A positive test result for CMV viremia at any time point was
considered significant in the analysis.

All patients received a standardized immunosuppressant reg-
imen in accordance with our institutional protocols. Antithymocyte
globulin induction therapy (ATGAM; Pfizer, Inc) and triple-agent
maintenance immunosuppression were initiated in the imme-
diate posttransplant period. All patients received empiric broad-
spectrum peritransplant antibiotics tailored to respiratory tract
cultures obtained in donors and recipients. A majority of patients
received Pneumocystis jiroveci prophylaxis with trimethoprim-
sulfamethoxazole. Prophylaxis for herpes virus was instituted
according to donor and recipient CMV serostatus. CMV prophylaxis
was changed from IV ganciclovir therapy to oral valganciclovir
in 2001. No other changes were made to the immunosuppression
or prophylactic antimicrobial protocols over the study period.
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Specimen Processing

Biopsy specimens were fixed in formalin and embedded in par-
affin. Six microscopic slides were produced; three were stained
with hematoxylin and eosin for morphologic evaluation, and one
(with intervening levels) was stained with Gram stain, methena-
mine silver stain, and acid-fast stain to identify microorganisms.
The histologic slides were examined by local pathologists with
expertise in lung transplant histology. All specimens were graded
according to guidelines set forth by the International Society of
Heart & Lung Transplantation.'*

Definition of IP

IP was diagnosed in patients if, in the absence of active infec-
tion and organizing pneumonia on biopsy, the patient had evi-
dence of diffuse interstitial chronic inflammation and fibrosis on
two or more biopsy specimens (Fig 1). The mild, diffuse pattern
of inflammation characterized as IP is distinct from that of cellular
rejection in that it is a sparse (rather than dense) infiltrate not
centered on parenchymal vessels or in bronchiolar walls. In addi-
tion to standard review of all samples by staff pathologists, includ-
ing assessment of the presence or absence of IP, 10% of specimens
were audited by a second, independent pathologist for diagnostic
confirmation. The auditing pathologist was blinded to prior histo-
logic evaluations. No inconsistencies with prior diagnoses were
discovered during the course of the audit.

Statistical Analysis

Categorical variables were analyzed using x? analysis or Fisher
exact test. Continuous variables were evaluated using nonpara-
metric assessment with the Wilcoxon rank sum test. Time to the
development of BOS, death, and acute rejection was assessed using
Kaplan-Meier survival curves. The proportional hazards assump-
tion was tested by the application of the proportional hazards
models. The assumption was violated in the survival analysis of
time to BOS because there was an overlap of the survival curves
in posttransplant year 6. Cox proportional hazard models were
used to compare the risk for BOS in the first 6 years posttransplant,
time to acute rejection, and time to death between study groups.
IP was incorporated as a time-varying covariate in Cox models.
The associations between IP and BOS, death, and acute rejection
were analyzed with logistic regression models using generalized
estimating equations. Correlations among outcome measurements
within individual patients were evaluated. All statistical analyses
were conducted using SAS versions 9.1 and 9.2 (SAS Institute Inc)
software.

RESULTS

Baseline clinical characteristics and demographic
data appear in Table 2. Overall, 145 patients under-
went 591 bronchoscopies over 8 years. Forty-four
(30.3%) transplant recipients met criteria for inclu-
sion into the IP group. The median time to the devel-
opment of IP was 165 days from the date of transplant
(interquartile range [IQR], 105-195 days). Of patients
with evidence of IP, 26 (59%) were men compared
with 50 (49%) without IP (P = .29). An equal distri-
bution of patients with and without IP (60%) under-
went single lung transplantation. Median patient age
at the time of transplantation was similar in both groups.
Pretransplant diagnoses among patients with and
without IP showed similar distributions.

CHEST/143/5/MAY 2013 1431


mailto:hjgoldberg@partners.org
http://journal.publications.chestnet.org

Table 1—Classification and Grading Criteria for
BO and BOS

Classification of BO Classification of BOS

CO: Biopsy sample absent of BO ~ BOS 0: FEV, >90% of baseline
and FEF 5, .., > 75% of
baseline

BOS 0-p: FEV, 81%-90%
of baseline and
FEF,s,, -5 = 75% of baseline

BOS 1: FEV, 66%-80% of
baseline

BOS 2: FEV, 51%-65%
of baseline

BOS 3: FEV, =50% of baseline

Parameters for BOS diagnosis

Spirometry measurements
made per ATS criteria

C1: Biopsy sample showing BO

Parameters for BO diagnosis

Presence defined by dense
eosinophilic hyaline fibrosis
in submucosa or bronchioles,
resulting in partial or
complete occlusion of lumina

Diagnosis requires at least
five pieces of well-aerated
lung parenchyma retrieved
from biopsy

Baseline value defined as
the average of the two
highest posttransplant
measurements obtained
at least 3 wk apart without
bronchodilators

BOS is the preferred method Changes present >3 wk

for diagnosing chronic

airway rejection

Adapted from the guidelines of the International Society of Heart &
Lung Transplantation.'* ATS = American Thoracic Society; BO = bron-
chiolitis obliterans; BOS = bronchiolitis obliterans syndrome;
FEF,y,, -5, = forced expiratory flow, midexpiratory phase.

Table 3 shows the frequency of histopathologic,
bacterial, and virologic results of the bronchoscopies
performed. A median of five (IQR, 4-5) bronchoscopies
were performed in the IP group vs four (IQR, 2-5) in
the non-IP group (P <.0001). This discrepancy was

FIGURE 1. Posttransplant transbronchial biopsy specimen dem-
onstrating interstitial thickening and inflammation consistent with
interstitial pneumonitis (hematoxylin and eosin stain, original mag-
nification X 100).
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related to a higher number of clinically indicated
bronchoscopies performed in the IP group (median,
3 [IQR, 2-4] vs 2 [IQR, 1-2] procedures; P <.0001).
Patients meeting criteria for inclusion in the IP group
had evidence of TP on a median of two (IQR, 2-3)
samples, whereas patients in the non-IP group were
noted to have evidence of IP on a median of one
(IQR, 0-1) sample (P = .40).

A total of 71 bronchoscopy specimens with posi-
tive culture results led to the initiation of antibacterial
treatment in the study cohort. The median frequency
of treated bacterial infections was comparable between
groups (0; IQR, 0-1; P=.58). The frequency of positive
viral culture results on bronchoscopy was also com-
parable between groups (0; IQR, 0; P = .40), whereas
posttransplant CMV viremia showed a trend toward
higher frequency in the IP group (patients without IP,
n =233 [32%]; patients with IP, n=24 [49%]; P=.07).
No differences were observed in the frequency of acute
rejection, severe acute rejection (defined as grade 3
or higher), or lymphocytic bronchiolitis between groups
(Table 3).

Thirty-four (87%) patients without IP and 32 (91%)
with IP met criteria for stage 1 BOS at the time of
BOS diagnosis. Three (8%) patients without IP and
two (6%) with IP met criteria for stage 2 BOS, whereas
two (5%) patients without IP and one (3%) with IP
met criteria for stage 3 (P =.82). Of the patients with-
out IP who progressed in stage of BOS over the course
of the study, 37% advanced to stage 2 and 63% to
stage 3. In comparison, five (38%) and eight (61%)
patients with IP progressed to stages 2 and 3, respec-
tively (P =1.0).

The median time from the diagnosis of IP to the
development of BOS was 633.5 (IQR, 262.5-908) days.
In a multivariate logistic regression model incorpo-
rating all baseline variables as well as transplant era,
CMV viremia status, history of acute rejection, severe
acute rejection, and lymphocytic bronchiolitis, IP was
associated with a 7.8-fold increase in the odds of
BOS development (OR, 7.84; 95% CI, 2.84-21.67;
P <.0001). IP was significantly associated with time
to BOS (hazard ratio [HR], 3.8; 95% CI, 1.93-7.39;
P =.0001) within the first 6 years posttransplant. How-
ever, because of violations of the proportional hazards
assumption (an intersection of the curves at post-
transplant year 6), multivariate models for the entire
follow-up period could not be assessed. Figure 2 shows
the time from transplant to BOS for the two study
groups. IP was not predictive of mortality (OR, 0.7;
95% CI, 0.30-1.63; P = .41) or time to death (HR, 0.67;
95% CI, 0.36-1.27; P =.22) in multivariate models.
Moreover, IP was not predictive of acute rejection
(OR, 0.96; 95% CI, 0.36-2.56; P =.93) or time to acute
rejection (HR, 0.13; 95% CI, 0-1.75; P = .08) in mul-
tivariate models.
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Table 2—Baseline Patient Characteristics

Characteristic IP Present (n =44) IP Absent (n = 101) P Value
Male sex 26 (59) 50 (49) .29
Female sex 18 (41) 51 (51)
Age,y 52.6 (41.8-59.9 55.7 (47.5-59.9) 53
Single lung transplant 27 (61) 61 (60) 1.00
Double lung transplant 17 (39) 40 (40)
Pretransplant pathology

Obstructive lung disease 17 (39) 38 (37) 71

Idiopathic pulmonary fibrosis 11 (25) 33 (33)

Cystic fibrosis 11 (25) 23 (23)

Other 5(11) 7(7)
Donor/recipient CMV status

D—/R— 9 (21) 23 (23) .34

D—/R+ 6 (14) 19 (19)

D+/R+ 8 (19) 27 (27)

D+/R— 20 (46) 31 (31)

Data are presented as No. (%) or median (interquartile range). CMV = cytomegalovirus; D = donor; IP = interstitial pneumonitis; R = recipient.

DiscussioN

Our results suggest that the presence of IP on lung
transplant biopsy specimen is a marker for increased
risk of BOS development. This risk appears to be
independent of the presence of acute cellular rejec-
tion. To the best of our knowledge, this study is the
first to demonstrate a longitudinal association between
IP and BOS.

Previously published studies examined the cross-
sectional importance of pneumonitis in transplant
recipients. McDonald et al'é noted that mixed IP
accompanied 4.7% of allograft biopsy specimens across
a 50-month sampling period. The authors of that study
demonstrated that IP did not correlate with evidence
of acute allograft rejection. While McDonald et al'6
did not show an association with BOS, an association
of IP with decreased survival was implied. In a cross-
sectional retrospective study of parenchymal inflam-

matory changes in 2,697 posttransplant TBB specimens,
Burton et al'” found evidence of IP in 288 samples
(15%). IP was associated with an increased risk of
bronchiolitis obliterans (OR, 2.2; P =.007). The pre-
sent study further strengthens the existing evidence
of a relationship between IP and the risk of BOS and
time to BOS in the first 6 years posttransplant.

BOS is the primary cause of death after the first year
in lung transplant recipients.2151% The origins of chronic
rejection are believed to be upstream events immedi-
ately following lung transplantation.?’ In an update
to the BOS classification system by the International
Society of Heart & Lung Transplantation, greater cre-
dence is given to identifying patients at risk for BOS
with the goal of establishing earlier interventions.2!
The present findings suggest that awareness of IP has
the potential to identify early BOS-prone patients at
a stage where intervention may be beneficial. Identi-
fication of IP could allow for the early assessment and

Table 3—Pathologic, Bacterial, and Virologic Data From Bronchoscopic Evaluation of Transplant Recipients

Variable Recipients With IP (n = 44) Recipients Without IP (n = 101) P Value
No. biopsy specimens 5 (4-5) 4(2-5) <.0001
Surveillance biopsies® 2(1-3) 2(1-3) 91
Clinically indicated biopsies® 3 (2-4) 2 (1-2) <.0001
Pathologic results

Presence of 1P 2(2-3) 1(0-1) 40

Acute rejection 0(0-1) 0(0-1) .84

Severe acute rejection® 0(0) 0(0) 50

Lymphocytic bronchiolitis 0(0-1) 0(0-1) 18
Microbiologic results

Bacterial infectiond 0(0-1) 0(0-1) 58

Viral infection® 0(0) 0(0) 40

Data are presented as median (interquartile range). See Table 2 legend for expansion of abbreviation.

“Routine transbronchial biopsy specimens obtained at 1, 3, 6, 12 wk per institutional protocols.

YTransbronchial biopsy specimens obtained as a result of physician decisions regarding changes in clinical status, symptoms, or radiographic findings.
Defined as stage 3 or higher by the International Society of Heart & Lung Transplantation. '

dAny positive bacterial culture result in the context of clinical or radiographic findings warranting treatment decisions by primary physicians.

¢Any recovery of viral agents from BAL or biopsy specimens.
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FIGURE 2. Kaplan-Meier curves demonstrating time to the development of bronchiolitis obliterans
syndrome in patients with and without IP. IP = interstitial pneumonitis.

modification of potential risk factors for BOS while
also providing a rationale for adjusting immunosup-
pressive medications.

There are several limitations to this study. The inter-
pretive nature of biopsy specimen review has the
potential to introduce bias into the results. To address
this, an independent pathologist performed an audit
of 10% of the biopsy samples and found no interpre-
tive discrepancies. Patients with the finding of IP on
only a single biopsy were included in the non-IP group,
which could have introduced a bias. Additionally, the
observation that an increased risk of BOS exists in
patients with IP could have been confounded by
ascertainment bias (ie, patients with IP had increased
frequency of biopsy sampling and, therefore, more
opportunities to show IP). An alternative interpretation
may be that the presence of IP on lung biopsy spec-
imen correlates with a higher rate of allograft injury,
leading to a higher rate of lung biopsies performed.

Although we demonstrated that IP is associated
with an increase risk of BOS in the first 6 years post-
transplant, a proportional hazards model could not
be used to assess the risk of IP with BOS overall. We
postulate that the predictive value of IP is attenuated
after posttransplant year 6 because BOS becomes
more commonplace later in the posttransplant course.
IP was, however, also strongly predictive of BOS
development in a multivariate logistic regression model,
supporting its predictive value in assessing the risk
of BOS.
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The data also demonstrate a trend toward increased
CMV viremia in the IP group, raising the concern
that the finding of IP in biopsy specimens reflects
active CMV infection in the lung. However, no dif-
ferences in viral infection rates on BAL were noted
between the two groups, and pathologic changes sug-
gestive of CMV infection were not identified in any
of the samples ultimately classified as IP. In addition,
IP remained a significant predictor of chronic allograft
rejection after incorporation of all microbiologic data,
including CMV viremia, into the multivariable model.

The study results do not incorporate radiographic
findings of the patient population. High-resolution
CT scanning and other chest radiography is not rou-
tinely obtained in transplant recipients at our institu-
tion and is not reported in other studies of IP. The
changes seen in biopsy specimens were subtle and
early, and we would not expect significant changes on
standard CT images.

Finally, recognition of GERD and antibody-mediated
rejection as risk factors for rejection and the methods
used to assess these variables evolved significantly
during the study period. As such, IP may represent a
surrogate marker of the impact of these conditions on
the development of BOS. We were unable to fully
address this possibility through the study design. We
suggest that recognition of the presence of IP, even if
only as a surrogate for other conditions, should prompt
an aggressive evaluation for modifiable risk factors for
allograft dysfunction.

Original Research



In summary, IP is a poorly understood and rarely
discussed entity in the lung transplant population. To
our knowledge, this study is the first to longitudi-
nally assess patients with IP and correlate this finding
with chronic allograft rejection. Early identification
of patients at risk for chronic allograft rejection is cri-
tical to the preservation of allograft function, and
we propose that posttransplant biopsy samples be
assessed for the presence of IP. We also suggest fur-
ther prospective studies to validate the finding of TP
as either a marker of allograft injury or a risk factor
for chronic rejection. Additional studies, preferably
prospective, are needed to investigate the influence
of GERD, infection, antibody-mediated rejection, and
other potential confounding factors on the develop-
ment of IP and rejection.
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