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Histopathology of Interstitial Lung Abnormalities in the
Context of Lung Nodule Resections

To the Editor:

Differentiating among the various interstitial lung diseases (ILDs)
involves a summation of clinical, physiologic, radiologic, and,
when available, histopathologic information (1). Although
studies have demonstrated that subclinical stages of ILD (termed
interstitial lung abnormalities [ILAs]) can be detected by chest
computed tomography (CT) in research participants with no
diagnosis of ILD (2-8), little is known about the histopathologic
correlates of ILAs. We hypothesized that ILAs could represent
an early and/or mild stage of idiopathic pulmonary fibrosis
(IPF), and would therefore yield similar histopathologic
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findings. To test this hypothesis, we evaluated paired chest CT
scans and histopathologic samples obtained during lung nodule
resections.

Methods

We retrospectively identified a cohort of 424 patients who had
undergone lung nodule resection, had a chest CT scan within

3 months before surgery, and had no history of ILD, at Brigham
and Women’s Hospital (BWH) between January 2001 and

July 2015. ILA and ILA subtype characterizations were performed
as previously described (2, 3, 6-8). In all cases, at least one
section of grossly uninvolved, nonneoplastic lung was submitted
for histopathologic evaluation. The slides were scored by two
pulmonary pathologists blind to radiologic and clinical data.

A diagnosis of usual interstitial pneumonia (UIP) or other ILDs
(e.g., smoking-related ILD) was made based on published criteria
(1, 9), and the slides were scored for additional histopathologic
findings as noted. This study was approved by the institutional
review board at BWH.

Bivariate analyses were conducted using Fisher’s exact tests (for
categorical variables) and two-tailed ¢ tests or Wilcoxon rank-sum
tests (for continuous variables) when appropriate. A multivariable
logistic regression analysis was performed to identify associations
between ILA and histopathologic patterns, adjusting for age, sex,
and pack-years smoked based on prior work (3, 7). Analyses were
conducted using SAS software (version 9.4). The reported P values
are two-sided, and values less than 0.05 were considered statistically
significant.

Results
Of the 424 patients, 26 (6%) had ILA, 257 (61%) did not have
ILA, and 141 (33%) had indeterminate ILA status (baseline
characteristics and histopathologic patterns stratified by ILA
status are presented in Table 1). There was evidence that
compared with patients without ILA (or those judged to be
indeterminate for ILA), patients with ILA had increased rates
of pulmonary fibrosis in general and subpleural interstitial
fibrosis (Figure 1A1-A3), fibroblastic foci (Figure 1C1-C4),
honeycombing/UIP (Figure 1C1-C4), and atypical adenomatous
hyperplasia (AAH) (Figure 1B1-B3) in particular. After adjustment
for covariates, patients with ILA were more likely to have
subpleural fibrosis (odds ratio [OR], 2.1; 95% confidence interval
[95% CIJ, 1.3-3.1; P =0.0009), fibroblastic foci (OR, 4.2; 95% CI,
2.2-8.1; P < 0.0001), and AAH (OR, 1.7; 95% CI, 1.1-2.6; P = 0.03)
compared with those without ILA. Similar results were obtained
after an additional adjustment for a history of congestive heart
failure.

Of the 26 cases of ILA, 3 (12%) were centrilobular, 17 (65%) were
subpleural, and 6 (23%) were mixed. There was some evidence
that associations between ILA and histopathologic findings were
influenced by the imaging subtype. For example, no case of fibrosis,
fibroblastic foci, or honeycombing was identified in patients with
centrilobular predominant ILA. In contrast, the association between
AAH and ILA appeared to be limited to centrilobular predominant
ILA (OR, 3.2; 95% CI, 1.5-6.4; P =0.002). There was no evidence
that the distance between the lung nodule and the nearest
imaging findings, or the malignant status of the nodule, affected
our findings of association. Of note, three patients had subpleural
ILA with no pathologic evidence of fibrosis, and all of these
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Table 1. Characteristics and Analysis of the Lung Nodule Cohort Stratified by Interstitial Lung Abnormality Status

P Value*

No ILA Indeterminate ILA All ILA vs.
(n=257; 61%) ILA (n=141; 33%) (n =26; 6%) Groups No ILA

Demographic parameters

Age at resection, yr, median (IQR) 64 (57-70) 71 (64-75) 73 (63-80) <0.001 0.002
Sex, female, n (%) 148 (58%) 88 (62%) 18 (69%) 0.42 0.30
Race, white, n (%) 238 (93%) 126 (89%) 22 (85%) 0.23 0.25
BMI, kg/m?2, median (IQR) 28 (24-31) 27 (24-30) 27 (23-31) 0.54 0.94
Never smoker, n (%) 50 (20%) 19 (13%) 3 (12%) 0.08 0.09
Former smoker, n (%) 148 (59%) 98 (70%) 21 (81%) 0.08 0.09
Current smoker, n (%) 55 (22%) 24 (17%) 2 (8%) 0.08 0.09
Pack-years of smoking, median (IQR) 30 (7-50) 30 (10-50) 28 (19-56) 0.75 0.57
Asbestos exposure, n (%) 10 5%) 15 (13%) 1 (5%) 0.06 1.0
Spirometric parameters
FEV4, % of predicted, median (IQR) 89 (68-102) 86 (73-98) 92 (78-104) 0.39 0.32
FVC, % of predicted, median (IQR) 93 (76-106) 88 (77-101) 98 (89-106) 0.13 0.21
FEV4/FVC, median (IQR) 0.77 (0.69-0.82) 0.76 (0.65-0.83) 0.77 (0.71-0.80) 0.75 0.95
Selected comorbidities
GERD, n (%) 93 (37%) 45 (33%) 13 (650%) 0.24 0.21
History of congestive heart failure, n (%) 7 (3%) 10 (7%) 3 (12%) 0.02 0.05
History of connective tissue disease, n (%) 15 (6%) 9 (6%) 2 (8%) 0.79 0.67
History of radiation to thorax, n (%) 16 (6%) 18 (13%) 0 (0%) 0.03 0.37
History of cancer®, n (%) 103 (41%) 69 (49%) 15 (58%) 0.10 0.10
Cancer data
Malignant biopsy, n (%) 202 (79%) 112 (79%) 23 (88%) 0.53 0.31
Stage 2 or greater NSCLC, n (%) 51 (20%) 33 (23%) 10 (38%) 0.23 0.08
Histopathologic features
Fibrosis
Any fibrosis present®, n (%) 133 (52%) 74 (52%) 19 (73%) 0.11 0.04
Subpleural fibrosis, n (%) 43 (17%) 24 (17%) 12 (46%) 0.003  0.001
Peribronchiolar fibrosis, n (%) 62 (24%) 32 (23%) 9 (35%) 0.41 0.24
Interstitial fibrosis, n (%) 53 21%) 30 21%) 9 (35%) 0.27 0.13
Emphysematous fibrosis$, n (%) 39 (15%) 24 (17%) 4 (15%) 0.88 1.0
Additional histopathologic features
Fibroblastic foci, n (%) 9 (4%) 4 (3%) 7 (28%) 0.0001 0.0001
Honeycombing, n (%) 0 (0%) 0 (0%) 2 (8%) 0.004 0.008
UIP, n (%) 0 (0%) 0 (0%) 2 (8%) 0.004 0.008
Respiratory bronchiolitis, n (%) 156 (67 %) 89 (71%) 17 (71%) 0.70 0.82
Airways disease!, n (%) 126 (51%) 62 (47%) 11 (48%) 073  0.83
Smoking-related interstitial fibrosis™, n (%) 21 (8%) 8 (6%) 1 (4%) 0.66 0.70
Pulmonary arterial hypertensive changes*, n (%) 213 (83%) 115 (82%) 23 (92%) 0.47 0.39
Atypical adenomatous hyperplasia, n (%) 43 (17%) 36 (26%) 9 (35%) 0.02 0.03
Pigment-laden macrophages, n (%) 188 (73%) 105 (75%) 20 (80%) 0.82 0.63
Pleural disease'™, n (%) 18 (7%) 8 (6%) 3 (13%) 043 041

Definition of abbreviations: BMI = body mass index; GERD = gastroesophageal reflux disease; ILA = interstitial lung abnormality; IQR = interquartile range;
NSCLC = non-small cell lung cancer; UIP = usual interstitial pneumonia.
Baseline demographic information and results of pathologic examinations were stratified by interstitial lung abnormality status (in some cases, not all
percentages will add to 100 due to rounding). Total missing data: BMI (n = 24), smoking status (n = 4), pack-years of smoking (n = 11), asbestos exposure
(n=111), spirometry (n =55), GERD (n = 11), history of congestive heart failure (n = 11), history of connective tissue disease (n = 2), history of radiation to
thorax (n = 2), history of cancer (n = 3), subpleural fibrosis (n = 3), peribronchiolar fibrosis (n = 4), interstitial fibrosis (n = 1), emphysematous fibrosis (0 = 1),
fibroblastic foci (n = 7), respiratory bronchiolitis (n = 25), airways disease (n = 12), smoking-related interstitial fibrosis (n = 5), pulmonary arterial hypertensive
changes (n = 1), atypical adenomatous hyperplasia (n = 1), pigment-laden macrophages (n = 5), and pleural disease (n = 8).
*Comparisons were performed using Fisher’s exact test for categorical variables, and the Wilcoxon rank-sum test for continuous variables.
THistory of cancer other than the nodule that was resected.
*«Any fibrosis” is defined as having one or more of the following features: subpleural fibrosis, peribronchiolar fibrosis, interstitial fibrosis, emphysematous
fibrosis, honeycombing, and UIP.

“Emphysematous fibrosis” is defined as hyalinizing interstitial fibrosis present predominantly in association with airspace destruction and enlargement.
ll“Ajrways disease” includes chronic bronchitis and asthma.
T“Smoking-related interstitial fibrosis” is defined as a combination of emphysema, bland hyalinizing interstitial fibrosis, and respiratory bronchiolitis.
*“Pulmonary arterial hypertensive changes” are vessel changes characterized by concentric smooth muscle hyperplasia.
TPleural disease” includes pleural adhesions, fibroelastic changes, and inflammation.
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Figure 1. Individual participant examples of histopathologic patterns and associated interstitial lung abnormalities (ILAs) on computed tomography (CT).
(A7-C4) Each lettered panel represents a different participant. A7 shows an axial CT image with a pulmonary nodule (pink arrow). A2 shows an axial
CT image superior to the nodule demonstrating subpleural predominant ILA (green arrows). A3 is a histologic sample demonstrating subpleural fibrosis
(black arrow), hematoxylin and eosin (H&E) stain (scale bar, 2,500 wm). B7 shows an axial CT image with a pulmonary nodule (pink arrow). B2 is an
axial CT image superior to the nodule demonstrating centrilobular predominant ILA (green arrows). B3 is a histologic sample demonstrating atypical
adenomatous hyperplasia (asterisk), H&E stain (scale bar, 500 uwm). C7 shows an axial CT image with a pulmonary nodule (pink arrow). C2 is an axial CT
image superior to the nodule demonstrating subpleural predominant ILA (green arrows). C3 is a histologic sample demonstrating an isolated fibroblast
focus (black arrow), H&E stain (scale bar, 50 um). C4 is a histologic view demonstrating usual interstitial pneumonia with honeycomb space (asterisks) and

fibroblastic foci (black arrows), H&E stain (scale bar, 500 pwm).

patients had respiratory bronchiolitis and pulmonary arterial
hypertensive changes.

Finally, for five (15%) of these 26 patients (without a known
clinical diagnosis of ILD), radiologic reports noted the presence
of ILD and/or pulmonary fibrosis. Imaging features suggestive
of ILA (e.g., subpleural fibrosis or ground-glass opacity) were
noted for 20 patients (77%), whereas no interstitial features were
mentioned in the reports for six (23%) patients. Twelve of the
26 patients with ILA had subpleural fibrosis and this was noted
in the histopathologic reports for three patients (25%); nine had AAH
and this was noted for three patients (33%); and in the reports
for seven patients with fibroblastic foci and two patients with
UIP/honeycombing, there was no mention of these histopathologic
features.

Discussion

This study presents the first blinded, systematic comparison of chest
CT imaging and histopathology for the purpose of determining
pathologic features associated with ILA. These findings demonstrate
that, in this BWH lung nodule cohort, subpleural fibrosis,
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fibroblastic foci, honeycombing/UIP, and AAH were the
histopathologic features most strongly associated with ILA. In
agreement with a growing body of work (2-8), this study provides
evidence that ILA, in some cases, represents an early stage and/or
mild form of pulmonary fibrosis.

Although histopathologic findings such as fibroblastic foci
and subpleural fibrosis (which has been suggested to be a precursor
to IPF) (10) are part of the criteria that help to define a UIP
pattern (the histopathologic correlate of IPF), it is important to
note that these features can be present in other forms of idiopathic
interstitial pneumonia (1, 9). Future studies will be needed to
determine whether adverse clinical outcomes are associated with
these undiagnosed histopathologic findings, and whether these
features commonly progress over time to more clinically apparent
forms of pulmonary fibrosis.

This study has a number of limitations. First, the sample size
may have limited some of our analyses, particularly those performed
on subgroups. Second, because the surgical procedures were not
designed to provide information about ILA, it is possible that
the most informative tissue samples with respect to ILA were not
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available. Third, although the pathology was examined by two
experienced thoracic pathologists, the slides were reviewed by both
pathologists concurrently; therefore, we cannot provide data on
interobserver variability. Finally, as only limited follow-up is
available, we cannot comment on the clinical outcomes associated
with ILA or specific histopathologic findings within this

cohort.

In conclusion, this study provides evidence that ILA—in
particular, ILA with subpleural radiologic features—is most strongly
associated with histopathologic findings of subpleural fibrosis as well
as other histopathologic findings that are present in UIP.
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Household Air Pollution Is Associated with Altered
Cardiac Function among Women in Kenya

To the Editor:

Exposure to household air pollution from burning biomass fuels is a
major environmental risk factor contributing to the global disease
burden (1). The greatest number of deaths attributable to air pollution
are related to cardiovascular disease (2, 3). Household air pollution
exposure is particularly dire in sub-Saharan Africa, where the majority
of homes burn solid fuel indoors for both cooking and heating
purposes (4). We describe the cross-sectional association between
household air pollution measures of carbon monoxide (CO) and fine
particulate matter (particulate matter less than or equal to 2.5 pm in
aerodynamic diameter, PM, 5) and echocardiographic characteristics of
cardiac structure and function among women in western Kenya; an
earlier version was presented as an oral abstract (5).

Methods
We present a cross-sectional analysis of baseline data collected
between December 2013 and November 2014 from 44 women
enrolled in a prospective cook stove replacement study in Turbo
subdivision, a rural agricultural community in western Kenya.
Houses are constructed with mud, and the kitchen is generally
a poorly ventilated, separate structure. Women cook indoors
using a traditional open fire cook stove using locally acquired
wood as fuel. Women at least 18 years of age spending a minimum
of 4 hours per day in the kitchen, residing in the community for
at least 6 months, and willing to allow household air pollution
assessment in their home were included in the study. Active smokers
and women with chest deformities prohibiting performance of
an echocardiogram were excluded. The Institutional Review
Boards of Duke, Stanford, and Moi universities approved the
study, and all participants provided written informed consent.
Trained study staff collected baseline demographic, medical,
and physical exam data on all participants. A research
echocardiographer performed transthoracic echocardiograms using
a Philips CX-50 ultrasound machine (Philips Healthcare) on
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