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Abstract

Aims: To evaluate the clinical significance of bronchiolocentric fibrosis in patients with a
histopathologic pattern of usual interstitial pneumonia.

Methods and results: Two hundred fifty-two patients with pathological usual interstitial
pneumonia pattern were identified. Two hundred fifteen of these patients (215/252) had the
multidisciplinary diagnosis of idiopathic pulmonary fibrosis. Prospectively defined clinical,
radiologic and pathological features (including bronchiolocentric fibrosis) were recorded, and
peripheral blood MUC5B genotype and telomere length were measured. Bronchiolocentric
fibrosis was observed in 38% (96/252) of all patients and 33% (72/215) of idiopathic pulmonary
fibrosis patients; its presence was associated with a non-IPF diagnosis on multivariate analysis
(odds ratio 3.71, [95% confidence interval 1.68-8.19]). Bronchiolocentric fibrosis was not
significantly associated with environmental exposures, gastroesophageal reflux, cigarette smoking,
or radiologic patterns. There was no significant association of bronchiolocentric fibrosis with
MUCS5B genotype or telomere length. Bronchiolocentric fibrosis has no significant impact on
survival time.

Conclusions: Most patients with bronchiolocentric fibrosis and a histopathologic pattern of
usual interstitial pneumonia have idiopathic pulmonary fibrosis. However, this combined fibrotic
pattern is associated with a non-idiopathic pulmonary fibrosis multidisciplinary diagnosis with
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approximately one-quarter of these patients being diagnosed as chronic hypersensitivity
pneumonia or unclassifiable interstitial fibrosis. The presence of bronchiolocentric fibrosis in these
patients is not significantly associated with presumed clinical risk factors for bronchiolocentric
involvement, radiologic findings, MUC5B genotype, telomere length, or survival time.

Introduction

Usual interstitial pneumonia (UIP) is a histopathologic pattern most commonly associated
with the clinical condition idiopathic pulmonary fibrosis (IPF) [1]. Features of
histopathologic UIP pattern include a patchy, subpleural distribution of fibrosis, cystic
spaces lined by bronchiolar epithelial cells (so called microscopic honeycombing), and foci
of loosely formed collagen and fibroblasts (so called fibroblastic foci) [1, 2]. Importantly, a
UIP pattern also requires the absence of atypical features such as extensive
lymphoplasmocytic inflammation (e.g. lymphoid follicles with germinal centers) and
interstitial poorly formed granulomas. Bronchiolocentric fibrosis has also been proposed as a
pertinent negative finding for the diagnosis of usual interstitial pneumonia.

Bronchiolocentric fibrosis is a term used to describe histopathological fibroinflammatory
changes centered on small airways [3]. Its postulated etiologies include inhalational antigen
exposure (causing the clinical condition hypersensitivity pneumonitis (HP)) [4-9],
gastroesophageal reflux and chronic aspiration [9, 10], and cigarette smoking [4]. Some case
series have described bronchiolocentric fibrosis as an occasional histopathological finding in
UIP pattern [9, 11]. However, the frequency and clinical relevance of bronchiolocentric
fibrosis in the setting of UIP pattern is unknown.

Small airways have been recently addressed in the pathogenesis of IPF [12]. A common
genetic variant in the MUC5B gene (rs35705950) is strongly associated with disease
susceptibility to IPF [13], preclinical pulmonary fibrosis [14] and survival in IPF [15], and
overexpression of MUC5B proteins in the bronchiolar and alveolar epithelia [16].
Dysfunction of small airways caused by the MUC5B polymorphism may play a role in IPF
[12] and also be associated with bronchiolocentric fibrosis seen with UIP pattern.

In addition, short telomere length is associated with disease susceptibility to familial
pulmonary fibrosis and sporadic IPF [17], and survival in IPF [18]. Rare variants in the
telomere-related genes are implicated in IPF. In addition, short telomeres and telomere-
related gene mutations are found in patients with pulmonary fibrosis other than IPF, such as
chronic HP, rheumatoid arthritis [19], and unclassifiable lung fibrosis [20, 21]. Given the
wide range of manifestations with short telomeres and telomere-related gene mutations in
pulmonary fibrosis, bronchiolocentric fibrosis may be associated with telomere length.

The objective of this study was to evaluate the epidemiology and clinical relevance of
bronchiolocentric fibrosis in patients with pathological UIP pattern. We hypothesized that
bronchiolocentric fibrosis would be associated with a non-IPF diagnosis, findings
inconsistent with UIP on HRCT, the presence of a MUC5B genetic polymorphism, longer
telomere length, and improved survival.
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Materials and Methods

Study population

Patients with pathological UIP pattern were identified from a prospectively developed
registry of patients evaluated at the University of California, San Francisco (UCSF) between
January 1, 2000 and December 31, 2016. Clinical diagnoses for all patients were established
at the time of evaluation through multidisciplinary consensus. Patients with ILDs associated
with connective-tissue disease were excluded because connective tissue diseases are defined
independently from pathological features of ILDs. The UCSF institutional review board
(IRB) approved the database protocols (IRB no. 10-00198, first approved 5/10/2000), and
patients provided written informed consent prior to enrolment in accordance with the
Declaration of Helsinki.

Pathological evaluation

All surgical lung biopsies were reviewed by a pulmonary pathologist (K.D.J.) using a
standardized case evaluation form (see Table e1): most (212/252, 84%) were reviewed and
scored at the time of initial clinical evaluation and others (40/252, 16%) were reviewed
retrospectively for this study. Pathological UIP pattern was diagnosed based on the
following features: accentuation of fibrosis at the pleural surface, heterogenous distribution
of abnormal areas with/without areas of normal lung, temporal heterogeneity, the presence
of fibroblastic foci, dense collagen fibrosis with/without microscopic honeycombing,
inflammation confined to areas of fibrosis; no features inconsistent with UIP [1].

In addition to the overall pathological pattern, individual pathological features (fibroblastic
foci; organizing pneumonia; lymphocytic interstitial infiltration in areas on non-fibrotic
lung; alveolar macrophages; dense collagen fibrosis; granuloma/giant cells; germinal
centers; inorganic dust deposits; hemosiderin laden macrophages and intra-alveolar blood:;
eosinophilia/eosinophilic abscess; airway-centered inflammation; small airways disease;
emphysema; acute lung injury) were recorded, either as dichotomous variables or using a
four-point grading scale: absent, mild, moderate or marked. To simplify the analysis, the
absent and mild categories and the moderate and marked categories were consolidated.

Cases with bronchiolocentric fibrosis were noted on the case report form with a check box
for “abnormalities airway centered”, “moderate/marked airway-centered inflammation”, or
“moderate/marked small airways disease”. Bronchiolocentric fibrosis was subsequently
graded as none if absent, 1 if there was peribronchiolar metaplasia with minimal to mild
septal thickening, 2 if there was peribronchiolar metaplasia with prominent alveolar septal
thickening, and 3 if there was bronchiolocentric septal thickening and architectural distortion
(Figure 1). Score 2 and 3 bronchiolocentric fibrosis was consolidated as present, and score
0 and 1 as absent. Severe bronchiolocentric fibrosis may be difficult to differentiate from
typical microscopic honeycombing of usual interstitial pneumonia, but differs by its central
location (adjacent to pulmonary artery) and presence of normal non-fibrotic alveolar septa
between the fibrotic region and the pleura. Patients with a pathological pattern showing only
microscopic honeycombing were excluded as it was difficult to differentiate peripheral from
central scarring in these cases.
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Clinical variables

Baseline clinical variables prospectively obtained on all patients included in this analysis
were age, sex, ethnicity/race, smoking status (ever/never smoking, pack-years), selected
comorbidities (asthma; congestive heart failure; gastroesophageal reflux; sleep apnea;
diabetes), exposure history (yes/no for each of bird and feather, environmental organic
antigens, asbestos, other dusts, chemical substances, farm worker, and occupational organic
antigens), baseline (closest to the date of biopsy) pulmonary function test values (forced
vital capacity; forced expiratory volume in one second; total lung capacity; diffusion
capacity for carbon monoxide), and high-resolution computed tomography (HRCT) scan of
the chest (closest to the date of biopsy).

All HRCT scans were reviewed for this study by two expert chest radiologists (B.M.E. and
T.S.H.) and categorized as definite UIP, possible UIP or inconsistent with UIP pattern
according to published criteria [1]. For HRCT scans categorized as inconsistent with UIP
pattern, the inconsistent features were recorded. These included upper/mid-lung
predominance, peribronchovascular predominance, extensive ground glass opacities, profuse
micronodules, discrete cysts, diffuse mosaic attenuation/air trapping in three or more lobes,
and consolidations in bronchopulmonary segment(s)/lobe(s).

MUCS5B genotyping and telomere length measurement

Peripheral blood leukocyte DNA was available in a subgroup of patients (MUC5B
genotyping: 84/215, 39%; telomere length measurement: 72/215, 33%). In this subgroup, the
MUCS5B rs35705950 polymorphism was genotyped using TagMan Predesigned SNP
Genotyping Assays (Applied Biosystems, Carlsbad, CA) according to the manufacturer’s
instructions [21]. Telomere length was measured by quantitative polymerase chain reaction
as described previously [21, 22].

Statistical analysis

Clinical and pathological features are summarized using median (interquartile range) and
number (percentage) as appropriate. Logistic regression was used to evaluate the association
of bronchiolocentric fibrosis with clinical and pathologic features, clinical diagnosis (IPF or
non-IPF) and radiologic pattern (UIP or non-UIP). Candidate co-variates identified a priori
as potential confounders were age, sex, ever-smoking, history of any inhaled exposure,
GERD, and definite UIP on HRCT.

Survival time was calculated from the date of baseline pulmonary function testing (or if not
present, date of initial evaluation) until the patient’s death, with patients right-censored at the
time of lung transplantation or time of last contact. Kaplan-Meier curves and the log-rank
test were used to evaluate overall survival time between the patients with and without
bronchiolocentric fibrosis, both in the full cohort and in the subgroup of patients with a
diagnosis of IPF. Cox proportional hazards regression was performed used to adjust survival
analysis for age, sex, ever-smoking, GERD, baseline forced vital capacity percent predicted
value (%FVC), and baseline diffusion capacity of carbon monoxide percent predicted value
(%DLCO). These variables were identified a priori as potential confounders between
bronchiolocentric fibrosis and survival. All data analyses were performed using STATA
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version 14.2 (Stata Corp., Lakeway, TX, USA). For all analyses, a p-value < 0.05 was
considered as statistically significant.

Patients characteristics

Clinical and

Association

Two hundred and fifty-two patients were identified from the UCSF registry with
histopathologic UIP pattern (Figure 2). Of these, 215 had IPF, with unclassifiable ILD
(n=19) and hypersensitivity pneumonitis (n=13) as the most common alternative diagnoses.
96 of 252 (38%) in the total cohort and 72 of 215 (33%) in the IPF cohort had
bronchiolocentric fibrosis. Baseline clinical characteristics are compared between patients
with and without bronchiolocentric fibrosis in Tables 1 and 2, and pathologic features are
compared in Table e2.

biological predictors of bronchiolocentric fibrosis

The presence of bronchiolocentric fibrosis was significantly associated with a non-IPF
diagnosis (OR 3.71, 95%CI 1.68-8.19) (Table 3). However, none of the clinical features
commonly considered as potential causes of bronchiolocentic fibrosis was significantly
associated with bronchiolocentric fibrosis in the total cohort: exposure history (OR 2.82,
95% CI 0.78-10.2)); GERD (OR 1.22, 95%CI 0.72-2.06); and cigarette smoking (OR 1.35,
95%Cl, 0.78-2.35) [4-6, 9-11, 23]. Bronchiolocentric fibrosis was similarly not associated
with CT pattern in the total cohort, with an unadjusted OR for non-definite UIP HRCT
pattern of 1.59 (95%CI 0.91-2.78).

MUC5B genotype and telomere length measurement were available for 84 of the 215
patients with a diagnosis of IPF (39%) and for 72 of 215 (33%), respectively. Clinical,
radiological, and pathological features were similar in the IPF cohort, regardless of the
presence/absence of MUC5B genotyping and telomere length measurement, except for
higher %DLCO in patients with MUC5B genotyping (median, 51.5% vs. 46%, p=0.029) and
telomere length measurement (median, 51.5% vs. 46%, p=0.029). The MUC5B minor T
allele was present in 58% of patients and was not associated with the presence of
bronchiolocentric fibrosis (unadjusted OR 1.64, 95%CI 0.61-4.40). The median telomere
length was 5,689 base pairs, and telomere length was likewise not associated with the
presence of bronchiolocentric fibrosis (unadjusted OR per kilobase pair increase = 1.93,
95%CI 0.67-5.54; age-adjusted OR 2.04, 95%CI 0.70-5.93).

of bronchiolocentric fibrosis with survival time

The median survival time for the cohort was 2.54 years (interquartile range: 1.11, 4.14) in
the total cohort. Ninety-three patients (37%) died and 37 patients (15%) underwent lung
transplantation. Unadjusted Kaplan-Meier plots and log-rank tests demonstrate significantly
improved survival for patients with bronchiolocentric fibrosis, compared to those without it,
in the full cohort (Figure 3A, p=0.002) and the IPF subgroup (Figure 3B, p=0.047).
However, this association was no longer statistically significant in multivariate models
accounting for potential confounders and known predictors of survival in fibrotic ILDs
(Table 4 and Figure 4). Any small airway abnormality (bronchiolocentric fibrosis score 1-3)
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was not associated with survival in the full cohort (adjusted OR 0.97, 95%CI 0.62-1.52) and
the IPF subgroup (adjusted OR 1.11, 95%CI 0.69-1.78).

Discussion

In a cohort of well-defined patients with UIP pattern on surgical lung biopsy,
bronchiolocentric fibrosis is associated with a non-IPF multidisciplinary diagnosis. This
association is independent of clinical, genetic, and radiologic features that were
hypothesized to be related to bronchiolocentric fibrosis. On the other hand,
bronchiolocentric fibrosis is also commonly seen in the context of IPF diagnosis, suggesting
its limited impact on the diagnostic reasoning process despite statistical significance; the
confidence interval was wide. Although bronchiolocentric fibrosis may be a diagnostically
informative finding, confirmation bias should be also considered when interpreting our
results.

Confirmation bias is the tendency to interpret an independent finding as confirmation of
one’s existing beliefs or theories — in this case the belief that IPF is a peripheral, subpleural
disease that spares the airways from fibrosis. It is possible that a clinician evaluating a
patient with bronchiolocentric fibrosis would be influenced by this belief and arrive at a non-
IPF diagnosis incorrectly. There is no way for us to exclude this possibility from our
analyses, although at least 9 of 24 diagnoses of non-1PF among patients with
bronchiolocentric fibrosis would need to be mistaken for the unadjusted association to
become non-significant. The ultimate confirmation would require a prospective study to
diagnose patients with pathologic UIP absent knowledge of whether bronchiolocentric
fibrosis is present, and then analyze the impact of bronchiolocentric fibrosis on the
diagnostic classification.

After adjustment for potential confounders of outcome, bronchiolocentric fibrosis had no
statistically significant impact on survival in the overall cohort or in the subgroup with IPF;
while the HR estimate was well below 1.0, the confidence interval was wide. It remains
unclear why some patients with IPF demonstrate this pathological finding. MUC5B
rs35705950 polymorphism or telomere length cannot account for bronchiolocentric fibrosis
although the number of patients with these measurements is small.

Bronchiolocentric fibrosis was similarly not associated with non-UIP pattern on HRCT, or
any radiological features inconsistent with UIP. This finding suggests that HRCT images
cannot predict the presence of bronchiolocentric fibrosis correctly, without surgical lung
biopsy. It should be also taken into account that lung biopsy specimens can represent a
limited amount of lesions, compared to HRCT images.

It is important to note that patients with bronchiolocentric fibrosis that were included in this
study demonstrated a predominant pathologic pattern of UIP. Patients with predominantly
airway-centered changes on pathology were given other pathological diagnoses than UIP,
including the recently described “bronchiolocentric fibrosis” pattern, and were not included
[3, 24]. Patients with UIP pattern and subtler airway findings of peribronchiolar metaplasia
(defined as a peribronchiolar proliferation of bronchial epithelium along thickened
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peribronchiolar alveolar walls, that is a bronchiolocentric fibrosis score = 1) were considered
to not have bronchiolocentric fibrosis in order to increase specificity of this finding in this
study. Peribronchiolar metaplasia has been reported in 59% of UIP biopsy samples in a
previous small study [11]. In this study, adding score 1 to bronchiolocentric fibrosis did not
change the results.

The strength of this study is that it utilizes one of the largest cohorts of patients with UIP
pattern on surgical biopsy in the published literature. In a well-documented, relatively large
cohort, bronchiolocentric fibrosis was seen in 38% of patients with pathological UIP and
33% of patients with IPF diagnosis, respectively. Bronchiolocentric fibrosis was not
associated with survival, clinical features suggestive of potential causes, non-UIP features on
HRCT, or genetic traits. On the other hand, confidence intervals were wide and did not
exclude the null, although point estimates were generally in the expected direction. Analyses
in larger multi-center cohorts may be more definitive. Due to the retrospective design,
symptoms at the initial visit, changes in pulmonary physiology over time, treatment after the
initial visit, and cause of mortality could not be evaluated. Re-review of surgical lung
biopsies by another pathologist was also unavailable. Cause of death is particularly relevant,
as respiratory-related death may be a more specific outcome in evaluating the impact of
bronchiolocentric fibrosis than all-cause death.

In conclusion, although most patients with a histologic UIP pattern and bronchiolocentric
fibrosis have idiopathic pulmonary fibrosis, approximately one-quarter have an alternative
multidisciplinary diagnosis including hypersensitivity pneumonia or unclassifiable
interstitial fibrosis. The presence of bronchiolocentric fibrosis was not shown to be
associated with specific clinical, genetic, or radiographic features or survival time. If
prospectively validated in a larger cohort to protect against confirmation bias, these findings
suggest that bronchiolocentric fibrosis should be noted and considered by multidisciplinary
teams in their diagnostic process as a clue to a possible non-1PF diagnosis. However, its
common presence in idiopathic pulmonary fibrosis suggests that it should not be used as an
absolute pertinent negative to rule out a multidisciplinary diagnosis of idiopathic pulmonary
fibrosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Grading of bronchiolocentric fibrosis. A. No bronchiolocentric fibrosis, score = 0. The

peribronchiolar alveolar septa are thin and without significant fibrosis. B. Mild
bronchiolocentric fibrosis, score = 1. There is peribronchiolar metaplasia with slight alveolar
septal fibrosis. C. Moderate bronchiolocentric fibrosis, score = 2. There is peribronchiolar
metaplasia with prominent alveolar septal thickening extending across half of the pulmonary
lobule. D. Severe bronchiolocentric fibrosis, score = 3. There is peribronchiolar metaplasia
and bronchiolocentric fibrosis with loss of normal alveolar architecture. Scale bars = 500

um).
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A

Bronchiolocentri

c fibrosis (n = 96)

No bronchiolocentric fibrosis (n = 156)

4

IPF (n = 72) Non-IPF (n = 24) IPF (n = 143) Non-IPF (n = 13)
HP 13 HP 0
Unclassifiable 10 Unclassifiable 9
Other 1 Other 4
Figure 2.

Cohort inclusion diagram.
Abbreviation: UIP, usual interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; CTD,
connective-tissue disease; HP, hypersensitivity pneumonitis; BCF, bronchiolocentric fibrosis
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Figure 3.
Kaplan-Meier plots demonstrating overall survival in patients with histopathologic usual

interstitial pneumonia with and without bronchiolocentric fibrosis in the (A) total cohort
(n=252) and (B) the cohort with idiopathic pulmonary fibrosis (n=215).
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Figure 4.
Estimated Cox survival curves adjusted for confounding factors in patients with

histopathologic usual interstitial pneumonia with and without bronchiolocentric fibrosis in
the (A) total cohort (n=252) and (B) the cohort with idiopathic pulmonary fibrosis (IPF)
(n=215). Adjusted confounding factors are age, male, ever-smoking, IPF diagnosis,
gastroesophageal reflux disease (GERD), baseline forced vital capacity percent predicted
value (%FVC), and baseline diffusion capacity of carbon monoxide percent predicted value
(%DLCO) for the total cohort, and age, male, ever-smoking, GERD, %FVC, and %DLCO
for the IPF cohort.
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