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Abstract

Background

Mediastinal lymph node enlargement (LNE) is common in idiopathic pulmonary fibrosis
(IPF) and is known to be associated with the severity of lung fibrosis. However, the relation-
ship between mediastinal LNE and the prognosis of IPF has not been determined to date.

Methods

This study included patients with IPF from the interstitial lung disease registry at Seoul
National University Bundang Hospital, from January 2012 to March 2016. Two thoracic radi-
ologists independently reviewed mediastinal LNE and lung parenchymal fibrosis and ground
glass opacities in chest computed tomography scans of each patient, which were obtained
upon diagnosis. Mortality and admission rates were analyzed.

Results

In total, 132 patients (104 [78.8%] male; median age, 72 years; range, 51-84 years) were
enrolled and 73 (55.3%) patients had mediastinal LNE (short axis > 10 mm in diameter).
Mortality was significantly higher among patients with LNE than among those without LNE
(hazard ratio 2.26 [95% confidence interval 1.20—4.23], p = 0.011). Of the patients with LNE,
24.7% experienced acute exacerbation and 43.8% experienced hospital admission for
respiratory causes, in comparison with 16.9% and 40.0% of patients without LNE respec-
tively. Although patients with LNE had a tendency to have increased rate of acute exacerba-
tion, it was not statistically significant.
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Abbreviations: BMI, body mass index; CT,
computed tomography; DLCO, diffusing capacity of
the lungs for carbon monoxide; DM, diabetes
mellitus; FEV1, forced expiratory volume in 1
second; FVC, forced vital capacity; GAP index,
Gender-Age-Physiology index; GGO, ground glass
opacity; HTN, hypertension; IIP, idiopathic
interstitial pneumonia; ILD, interstitial lung disease;
IPF, idiopathic pulmonary fibrosis; LN, lymph node;
LNE, lymph node enlargement.

Conclusion

Mediastinal LNE in IPF is associated with increased mortality and its occurrence may be
considered a poor prognostic factor in patients with IPF.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a devastating and currently incurable disease with short
median survival of 3-4 years. The currently available therapies for IPF, pirfenidone and ninte-
danib, have limited efficacy [1-3].

IPF has several clinical phenotypes, which are classified as follows in accordance with dis-
ease progression: slowly, rapidly, and mixed progressive IPF [4, 5]. Most patients have slowly
progressive IPF, of which the forced vital capacity (FVC) is reported to decline from 0.13 L to
0.21 L within a year [4]. Rapidly progressive IPF has a shorter survival than the other pheno-
types, with a rapidly progressive course. Some patients with IPF (5-20%) experience acute
exacerbations, which lead to a poor prognosis [6].

As the clinical course of IPF is heterogeneous, it is essential to predict the disease course
and mortality early on in order to establish a therapeutic strategy and provide information to
the patients. Unfortunately, at present, the methods for predicting the prognosis of IPF are
limited. Various factors, including individual factors and clinical prediction models that com-
bine individual factors, have been proposed to be useful for predicting prognosis of patients
with IPF [4, 5, 7-10], but these were found to lack accuracy and have not been fully validated.
Even the Gender-Age-Physiology (GAP) Index [11], which is the most convenient and com-
monly used model for predicting mortality in IPF, has limitations, as it is not able to assess the
underlying pathobiology directly [12]. Difficulty in predicting disease prognosis is a major
obstacle for determining appropriate treatment timing, predicting therapeutic response, and
determining the treatment group, leading to despair among clinicians and patients with IPF.

In contrast, lymph node enlargement (LNE) in IPF is a common finding, and is reported in
40-60% of patients [13-16]. The reason for mediastinal LNE in patients with IPF is unknown.
However, unlike the ambiguous explanation for the development of LNE caused by a hyper-
plastic reaction due to a chronic inflammatory process [13, 17], recent studies have shown
experimental results that can correlate the development of the lymphatics with the incidence
of IPF and the progression of tissue fibrosis [18-22].

Considering this association, we hypothesized that LNE in IPF might be related to the dis-
ease severity; moreover, it could be a factor predicting the prognosis of the disease. In this
study, we therefore evaluated the clinical significance of mediastinal LNE and its impact on the
prognosis of IPF.

Methods
Study subjects and design

This study retrospectively reviewed 205 patients who were enrolled in the interstitial lung dis-
ease (ILD) registry at the Seoul National University Bundang Hospital, from January 2012 to
March 2016. Patients with IPF diagnosed on the basis of the American Thoracic Society/Euro-
pean Respiratory Society guidelines [3], who had undergone chest computed tomography
(CT) within 1 year of diagnosis, were included. Patients with concurrent pulmonary infection,
such as pneumonia or tuberculosis on chest CT were excluded; those with malignancy or
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AIDS or uncontrolled heart disease, and those undergoing chemotherapy were also excluded.
Data regarding baseline lung function, hospitalization, and death were obtained from the reg-
istry data. Information on the additional deaths of patients who were lost to follow-up was sup-
plemented from the Korea National Statistical Office. The GAP stage [11] was calculated, and
treatment with pirfenidone or nintedanib was also investigated. All patients were followed up
until September 2016.

This study was approved by the Institutional Review Board of the Seoul National University
Bundang Hospital (IRB No. B-1606/352-102) and conformed to the tenets of the Declaration
of Helsinki. All data used in this study were fully anonymized before we access and written
informed consent was obtained from all subjects.

Chest CT evaluation

Chest CTs of each patient, obtained within 1 year from diagnosis, were reviewed indepen-
dently by two thoracic radiologists at Seoul National University Bundang Hospital. When
readings about LNE were discrepant between the two radiologists, readings were reconsidered
and decided by a third party at the Seoul National University Bundang Hospital. Mediastinal
lymph nodes were assessed using only the soft tissue windows (level 35 HU, width 450 HY).
Using Mountain-Dresler modification of the ATS map (MD-ATS) [23], 2R, 2L, 3, 4R, 4L, 5, 6,
and 7 nodes were reviewed and LNE was defined as a node with a short-axis diameter of 10
mm or more. Each radiologist described the presence, number, size, and location of the LNE.
Interobserver agreement between the two observers was measured using kappa statistics.

In addition, the ground glass opacity score (GGO score) and fibrosis score were calculated
to assess radiological disease severity, employing methods used in previous reports; both scores
were calculated in accordance with the percentage of each lung lobe invaded, and the scores
for the individual lobes were averaged [14]. The mean of the final scores of the two radiologists
was then determined for each patient.

Statistical analysis

Patients were initially classified into two groups depending on the presence or absence of LNE.
A t-test was used for between-group comparisons of demographics involving continuous vari-
ables and the chi-square test and linear-by-linear association method for comparisons involv-
ing categorical variables. We performed Kaplan-Meier analysis with log-rank testing to
compare all-cause mortality according to the presence of LNE. Cox proportional hazard
regression analysis was used to calculate crude and adjusted hazard ratios and their 95% confi-
dence intervals (CIs). To evaluate the discriminative ability, we calculated the C statistics and
95% Cls of univariate and multivariate Cox models. The proportional hazard assumption was
evaluated by goodness-of-fit statistics (Hosmer-Lemeshow test) for the Cox model. Negative
binomial regression was used to analyze factors affecting hospitalization. STATA 12 (Stata
Corp, College Station, TX, USA) was used for statistical analysis. P-values less than 0.05 were
considered statistically significant.

Result
Baseline characteristics of patients

Of the 205 patients included in the ILD registry, 73 patients were excluded, mainly because
they were diagnosed with ILD other than IPF. Finally, 132 patients with IPF were included in
the analysis (Fig 1). Demographics, GAP stage, and lung function are shown in Table 1. Of the
cohort, 73 patients (55.3%) had at least one LNE in a chest CT scan that was performed within
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Fig 1. Study population from the interstitial lung disease registry. CT = computed tomography; ILD = interstitial lung disease;
IPF = idiopathic pulmonary fibrosis.

https://doi.org/10.1371/journal.pone.0201154.9001

1 year of their diagnosis, while 59 patients (44.7%) had no LNE (Table 1). Interobserver agree-
ment between the two radiologists was substantial (kappa = 0.91). There was no statistically
significant difference in age, body mass index, sex ratio, smoker proportion, or other etiologies
between the groups (Table 1). Overall 14 patients (10.6%) had biopsy-proven IPF (Table 1).
LNE was significantly associated with a higher GAP stage and lower diffusing capacity of the
lungs for carbon monoxide (DLCO) percentage predicted (Table 1). Similarly, patients with
LNE had a tendency to have lower FVC percentage and forced expiratory volume in 1 second
(FEV)) percentage predicted. However, this difference was not statistically significant

(Table 1).

In patients with mediastinal LNE, the total number of lymph nodes showing enlargement
was 123, and 98 lymph nodes were mainly located in 7 and 4R (S1 Table). The patients with
1-2 LNEs accounted for 46.9% of the total cohort, while the patients with 3-5 LNEs accounted
for 8.4% of patients (S1 Table). In a comparison of the GGO score and fibrosis score according
to the presence of LNE, these scores were significantly higher among patients with than
among those without LNE, suggesting that LNE is associated with disease severity (Table 1).
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Table 1. Demographic and clinical characteristics of patients with IPF, according to the presence of LNE.

Overall study cohort LNE No LNE p-value
n=132 n=73 n=>59

Age (y) 72 (66-76) 72 (66-77) 71 (66-76) 0.613
BMI (kg/mz) 24+27 24+25 24+28 0.823
Male 104 (78.8) 55 (75.3) 49 (83.1) 0.281
Smoker 0.725

never smoker 34 (26.2) 20 (27.8) 14 (24.1)

ever smoker 79 (60.8) 44 (61.1) 35 (60.3)

current smoker 17 (13.1) 8 (11.1) 9 (15.5)
DM 40 (30.3) 22 (30.1) 18 (31.5) 0.963
HTN 48 (36.4) 24 (32.9) 24 (40.7) 0.354
Heart disease’ 31 (23.5) 17 (23.3) 14 (23.7) 0.953
GAP stage? 0.013

1 95 (72.5) 47 (65.3) 48 (81.4)

2 29 (22.1) 18 (25.0) 11 (18.6)

3 7 (5.3) 7(9.7) 0(0)
PFT

FVC, % predicted 84.4+17.2 82.3+16.5 86.9 +17.8 0.131

FEV, % predicted 96.0 £19.7 94.4 £19.0 97.9 £20.4 0.319

DLCO,% predicted 76.3 £21.5 70.8 £ 21.7 82.8£19.5 0.002
Biopsy specimen proven 14 (10.6) 9(12.3) 5(8.5) 0.475
Treatment® 31 (23.5) 16 (21.9) 15 (25.4) 0.637
CT findings

Ground glass score 1.7 0.6 1.9+0.8 1.4+0.8 < 0.001

Fibrosis score 1.6+0.5 1.7+ 0.6 1.5+0.6 0.049

Median (IQR) is presented in Age, otherwise, n (%) or mean + SD is presented for each parameter.

"Heart disease includes heart failure, ischemic heart disease, and valvular heart disease.

*By linear-by-linear association method.

SPatients treated with pirfenidone or nintedanib.

BMI, body mass index; DLCO, diffusing capacity of the lungs for carbon monoxide; DM, diabetes mellitus; FVC, forced vital capacity; FEV1, forced expiratory volume

in 1 second; GAP, Gender-Age-Physiology index; HTN, hypertension; IPF, idiopathic pulmonary fibrosis; LNE, lymph node enlargement; PFT, pulmonary function

test.

https://doi.org/10.1371/journal.pone.0201154.t001

Mortality and hospitalization

IPF patients with LNE showed a significantly lower survival rate than those without LNE
(P < 0.001; Fig 2). When the crude hazard ratio was calculated through Cox proportional haz-
ard regression, old age, lower FVC percentage predicted, and high GAP stage were signifi-
cantly associated with increased mortality. The mortality rate was significantly higher
(2.67-folds) in patients with than in those without LNE (p = 0.001); mortality rate increased
with the increase in the number of LNEs (Table 2). The fibrosis score, but not the GGO score,
was associated with mortality (Table 2).

When multivariate analysis was performed, LNE was an independent predictor of mortality
after adjusting for age, sex, FVC (% predicted), DLCO (% predicted) and fibrosis score
(Table 3). Similarly, we also found that as the number of LNEs increases, the mortality rate
tends to increase, after adjusting for the same variables (Table 3).

The C statistic values for the model including the presence of LNE and number of LNE
were 0.741 (95% CI, 0.661-0.821), and 0.737 (95% CI, 0.657-0.818) respectively. These values
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Fig 2. Kaplan-Meier survival curve during the follow-up period according to the presence of lymph node enlargement.
p-value was obtained by log-rank test. HR and 95% CI were obtained by multivariate cox regression with model 2 of Table 3.
CI = confidence interval HR = hazard ratio LNE = lymph node enlargement.

https://doi.org/10.1371/journal.pone.0201154.9002

were higher than that of the model including only age, sex, FVC (% predicted), DLCO (% pre-
dicted) and fibrosis score (C statistic value, 0.708, 95% CI, 0.627-0.789).

Of the patients with LNE, 24.7% experienced acute exacerbation and 43.8% experienced
hospital admission for respiratory causes, in comparison with 16.9% and 40.0% of patients
without LNE respectively. Although patients with LNE tended to have an increased rate of
acute exacerbation, this was not statistically significant (Table 4).

Discussion

Predicting the course and prognosis of patients with IPF is a very important for deciding on
treatment or providing appropriate explanations to patients, this complicated by the marked
heterogeneity in the clinical phenotype of IPF [4]. It has been suggested that individual factors,
such as the level of dyspnea, DLCO, 6-min walking test, the extent of honeycomb on high-res-
olution CT, and pulmonary hypertension increase mortality [24]. In addition, composite scor-
ing systems, such as the composite physiological index, clinical/radiological/physiological
score, or GAP score, which incorporate clinical, physiological, and radiologic variables, have
been proposed for predicting mortality and disease progression [7, 11, 25, 26]. Validation of
these systems have also been attempted [11, 27], but the clinical phenotype and mortality of
individual patients with IPF remain difficult to predict, and further studies and attempts at val-
idations are still underway [28]. In Korea and Japan in particular, the GAP model did not pre-
dict the mortality of IPF patients accurately [29, 30]. Recently, genetic and molecular factors
have been investigated for use in phenotyping and predicting mortality, but these studies are
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Table 2. Predictors of all-cause mortality in IPF patients, according to univariate analysis.

Univariate HR (95% CI) p-value

Age 1.06 (1.02-1.10) 0.009
Female sex 1.06 (0.55-2.05) 0.859
Ever-smoker vs Never smoker 0.79 (0.43-1.43) 0.431
PFT

FVC (% pred.) 0.99 (0.97-0.99) 0.044

FEV1 (% pred.) 1.00 (0.98-1.01) 0.757

DLCO (% pred.) 0.99 (0.98-1.00) 0.272
GAP stage

Stage 2 vs. 1 2.04 (1.13-3.69) 0.018

Stage 3 vs. 1 3.67 (1.11-12.07) 0.032
LNE(+) vs. LNE(-) 2.67 (1.51-4.72) 0.001
Number of LNE (n)

1-2vs. 0 2.46 (1.36-4.46) 0.003

3-5vs.0 3.84 (1.65-8.90) 0.002
Fibrosis score 3.55(2.02-6.24) <0.001
Ground glass score 1.48 (0.98-2.23) 0.063

Univariate Cox proportional hazard regression analyses were performed to evaluate each variable’s prognostic

significance. CI, confidence interval; DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital

capacity; FEV1, forced expiratory volume in 1 second; GAP, Gender-Age-Physiology index; HR, hazard ratio; IPF,

idiopathic pulmonary fibrosis; LNE, lymph node enlargement; PFT, pulmonary function test

https://doi.org/10.1371/journal.pone.0201154.t002

incomplete and require validation before they can be implemented clinically [8, 31-33]. There-
fore, further studies are required to improve prognosis of patients with IPF.

We here first evaluated the clinical significance of mediastinal LNE in patients with IPF.
Previous studies [13, 15] have reported that mediastinal LNE was associated with the fibrosis
score in patients with IPF. However, no previous studies to date have evaluated the effect of

Table 3. Two models for identifying predictors of all-cause mortality in IPF patients by multivariate analysis.

Model 17 Model 2* Model 3°
aHR (95% CI) p-value aHR (95% CI) p-value aHR (95% CI) p-value
Age 1.05 (1.01-1.10) 0.018 1.05 (1.01-1.10) 0.027 1.05 (1.01-1.10) 0.024
Female sex 0.92 (0.44-1.91) 0.826 1.00 (0.47-2.11) 0.996 1.04 (0.49-2.20) 0.924
FVC (% pred.) 0.98 (0.97-1.00) 0.092 0.98 (0.97-1.00) 0.101 0.98 (0.96-1.00) 0.084
DLCO (% pred.) 1.00 (0.98-1.01) 0.709 1.00 (0.99-1.02) 0.658 1.00 (0.99-1.02) 0.582
LNE(+) vs. LNE(-) 2.26 (1.20-4.23) 0.011
Number of LNE
1-2vs. 0 2.14 (1.12-4.08) 0.022
3-5vs.0 3.16 (1.21-8.23) 0.019
Fibrosis score 2.63 (1.49-4.65) 0.001 2.47 (1.41-4.34) 0.002 2.39 (1.36-4.19) 0.003

Multivariate Cox proportional hazard regression analyses were performed for three survival models.

"Model 1 is composed of age, sex, FVC (% predicted), DLCO (% predicted), and fibrosis score.
*Model 2 is composed of age, sex, FVC (% predicted), DLCO (% predicted), presence of LNE, and fibrosis score.
SModel 3 is composed of age, sex, FVC (% predicted), DLCO (% predicted), number of LNE, and fibrosis score.

aHR, adjusted hazard ratio; CI, confidence interval; DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; IPF, idiopathic pulmonary
fibrosis; LNE, lymph node enlargement.

https://doi.org/10.1371/journal.pone.0201154.t003
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Table 4. Effect of LNE on hospital admission rate and acute exacerbation in IPF patients.

Adjusted Incidence Rate Ratio (95% CI)

Hospitalization® Acute exacerbation of IPF
No LNE 1 (reference) 1 (reference)
LNE 1.59 (0.91-2.79) 1.99 (0.89-4.49)
p-value 0.102 0.093

Based on Poisson regression, multivariate analyses, adjusted for GAP stage and fibrosis score, were performed.
THospitalization for respiratory causes
CI, confidence interval; IPF, idiopathic pulmonary fibrosis, LNE, lymph node enlargement

https://doi.org/10.1371/journal.pone.0201154.t1004

LNE on the clinical outcome or prognosis in patients with IPF. Mediastinal LNE was common
(55.3%) in patients with IPF and correlated with disease severity in terms of the fibrosis score.
Furthermore, in this study, mediastinal LNE was an independent predictor of mortality, even
after adjusting for age, sex, FVC (% predicted), DLCO (% predicted) and fibrosis score. The
discriminatory ability of mortality prediction model with LNE was better than that with typi-
cally known factors.

The reason for the poor survival among patients with IPF with enlarged mediastinal LNs is
unclear. LNE may represent increased lymphangiogenesis and lymphatic remodeling in IPF
that may occur early after lung injury and may trigger inflammation, contributing to the pro-
gression of fibrosis [34, 35]. Currently there are several pathophysiological lines of evidence to
explain this association. Several studies have investigated the frequency and location of tho-
racic LNE in IPF, assuming that the lymphatics are implicitly associated with fibrotic lung dis-
ease [13, 15]. In addition, studies on the severity of disease or differential diagnosis in
idiopathic interstitial pneumonia associated with LNE have been performed against the same
background [14, 16]. Moreover the studies about LNE with IPF indicating mediastinal LNE is
a common feature in IPF [13-16], recent studies have provided more information on the role
of the lymphatics in IPF by using a pathophysiological approach. El-Chemaly et al. found that
lymphatic vessel area increases in parallel with disease severity and the molecular and cellular
pathways associated with this abnormal lymphangiogenesis in IPF [18, 21], and a subsequent
study confirmed this finding by comparing the amount of lymphatics in normal lungs and in
lungs with fibrotic lung disease [20]. Moreover, the potential role of lymphatics in lung fibrosis
has been suggested in mouse model [22]. In addition, lymphangiogenesis itself may be consid-
ered a therapeutic target for modulating inflammatory conditions [19]; therefore, lymphatics
may be considered as a factor with a profound effect on inflammation and the accompanying
fibrosis in IPF.

Transient enlargement of mediastinal LNs can also result from infection or malignancy.
Therefore, we excluded patients with concomitant pneumonia, tuberculosis, uncontrolled
heart disease, or active malignancy at the time of initial diagnosis. During the follow-up period,
two patients who were included in analysis developed lung cancer.

Acute exacerbation is unpredictable, fatal, and has a significant impact on hospital admis-
sion in IPF. Therefore, we investigated whether LNE can predict acute exacerbation of, or hos-
pital admission of patients with IPF. Although there was a tendency to increased rate of acute
exacerbation and hospitalization in patients with LNE, the rate of acute exacerbation or hospi-
tal admission did not differ statistically significantly between patients with or without LNE.

This study has several limitations. First, although we used prospective ILD cohort, this
study was analyzed retrospectively. Therefore additional prospectively designed studies are
needed to determine the prognostic factor. Second, patients included in this study have
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relatively milder disease than other IPF cohort study patiens. Because the prospective ILD reg-
istry enrolled patients only from the outpatients clinic, patients with relatively mild disease
were included, and thus the results of this study cannot be generalized to IPF patients as a
whole.

In this study, mediastinal LNE was used for predicting IPF prognosis, which has not been
reported previously. In addition to the known factors, LNE may serve as a new factor for more
accurate prediction of mortality, providing additional information. Additionally, LNE is a very
useful baseline factor that can easily be obtained through chest CT at the time of diagnosis. In
particular, even after correcting for variables that are known to be associated with the progno-
sis of IPF, mediastinal LNE per se was an independent predictor of mortality in IPF.

In conclusion, our study revealed that mediastinal LNE could be used to predict poor prog-
nosis of patients with IPF. We also show that the presence of LNE as well as the number of
LNs showing enlargement can be used for risk stratification. Thus, LNE is likely to be a useful
marker to help clinicians manage patients with IPF.

Supporting information
S1 Table. Distribution of enlarged mediastinal LNs according to location and number.

(DOCX)

S1 File. Raw data.
(XLSX)
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