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Abstract

Background: Idiopathic non-specific interstitial pneumonia (iNSIP), idiopathic pleuroparenchymal fibroelastosis
(iPPFE), and unclassifiable idiopathic interstitial pneumonia (IIP) are IIPs with chronic fibrotic phenotypes, and unlike
idiopathic pulmonary fibrosis, they have often been treated with anti-inflammatory drugs, including corticosteroids
and immunosuppressants. However, the impact of bronchoalveolar lavage (BAL) lymphocytosis on the effects of anti-
inflammatory therapy has never been evaluated. This study aimed to elucidate whether BAL lymphocytosis can be
used to predict the efficacy of anti-inflammatory drugs for iNSIP, iPPFE, and unclassifiable IIP.

Methods: Japanese patients diagnosed with iNSIP, iPPFE, and unclassifiable IIP by multidisciplinary discussion were
identified using the nationwide registry. Eligible patients were stratified into four groups with and without BAL
lymphocytosis and anti-inflammatory therapy to compare overall survival (OS) and changes in lung function. BAL
lymphocytosis was defined as a lymphocyte differential count > 15%, and the cut-off was corroborated by survival
classification and regression tree analysis.

Results: Overall, 186 patients (37 iNSIP, 16 iPPFE, and 133 unclassifiable IP) were analyzed. Limited to patients treated
with anti-inflammatory drugs (n = 123), patients with BAL lymphocytosis had a better prognosis [hazard ratio (HR),
0.26; 95% confidence interval (Cl), 0.11-0.63; P=0.003], higher slope of forced vital capacity (FVC) % predicted for

2 years, and longer OS (log-rank test, P=0.012) than those without BAL lymphocytosis. On multivariate analysis, BAL
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lymphocytosis had no prognostic value.

tory drugs.

lymphocytosis (HR 0.31;95% CI 0.13-0.75; P=0.009) was a prognostic factor for OS, along with age and FVC % pre-
dicted. Conversely, for patients managed without anti-inflammatory therapy (n =63), the presence or absence of BAL

Conclusions: BAL lymphocytosis is associated with good outcomes in patients treated with anti-inflammatory drugs,
but has no prognostic value when anti-inflammatory drugs are not used. BAL lymphocytosis may provide a predictive
biomarker for identifying patients with iNSIP, iPPFE and unclassifiable IIP who are likely to benefit from anti-inflamma-

Keywords: Bronchoalveolar lavage, Idiopathic interstitial pneumonia, Differential cell count

Background

Idiopathic interstitial pneumonias (IIPs) are a group of
interstitial lung diseases (ILDs) of unknown cause, and
they are currently divided into nine types according to an
international classification [1]. Of these, idiopathic pul-
monary fibrosis (IPF) is the most common and shows a
poor prognosis, with a median survival of about 3 years
[2]. Corticosteroids and other immunosuppressants were
widely used to treat IPF in the past, but these drugs have
now been shown to offer no efficacy for IPF [3]. Anti-
fibrotic drugs such as pirfenidone and nintedanib are
now regarded as “conditionally” recommended drugs for
IPF [4-6)].

On the other hand, IIPs other than IPF are a heteroge-
neous group. Histological findings of cryptogenic organ-
izing pneumonia (COP) and smoking-related idiopathic
interstitial pneumonia, such as desquamative interstitial
pneumonia (DIP) and respiratory bronchiolitis-associ-
ated ILD (RB-ILD), include cellular infiltration into the
alveolar space or interstitium without overt evidence
of fibrosis. The mainstay of pharmacotherapy for these
diseases is corticosteroids [7, 8]. However, idiopathic
non-specific interstitial pneumonia (iNSIP), idiopathic
pleuroparenchymal fibroelastosis (iPPFE), and unclassifi-
able IIP are chronic fibrotic ILDs for which no definitive
treatment regimens have yet been established. Although
anti-inflammatory drugs such as corticosteroids and
immunosuppressants are used depending on the case,
responses to these therapies are highly variable. Nint-
edanib was recently shown to reduce decreases in forced
vital capacity (FVC) in patients with progressive fibros-
ing ILD [9]. An ongoing phase II trial (RELIEF in LUNG
FIBROSIS) is also investigating the efficacy and safety of
pirfenidone for progressive, non-IPF lung fibrosis [10].
However, some cases remain refractory to anti-fibrotic
therapies and are progressive. Which cases should be
treated with anti-fibrotic drugs and which cases should
be treated with anti-inflammatory drugs thus remain
unclear.

According to the American Thoracic Society/European
Respiratory Society (ATS/ERS) guidelines, bronchoal-
veolar lavage (BAL) lymphocytosis (lymphocytes>15%)

represents a lymphocytic cellular pattern such as COP
or iNSIP [11], some cases of which have shown good
recovery with anti-inflammatory drugs [1]. Similarly, a
recent study demonstrated marginal FVC increases after
initiation of corticosteroids in patients showing fibrotic
HP with BAL lymphocytosis [12]. Patients with BAL
lymphocytosis may thus be good candidates to receive
anti-inflammatory drugs. However, the utility of cellular
analysis of BAL in iNSIP, iPPFE, and unclassifiable IIP
has not previously been evaluated in a multicenter clini-
cal study. We hypothesized that evaluation of BAL lym-
phocytes would prove useful for predicting the response
to anti-inflammatory drugs of patients with iNSIP, iPPFE,
and unclassifiable IIP.

Testing this hypothesis, however, requires accurate
diagnosis of iNSIP, iPPFE, and unclassifiable IIP. Since
observers cannot discriminate specific ILD entities on
the basis of clinical, radiological, or pathological data
alone, accurate diagnosis of IIPs is often difficult [13].
Several studies have reported the importance of multidis-
ciplinary discussion (MDD) to address such issues [14—
16]. We recently developed a nationwide cloud-based
integrated database to collect clinical, radiological, and
pathological data from patients with biopsy-confirmed
IIPs and a web-based MDD system to allow accurate
establishment of IIP diagnoses [17].

The aim of this study was to clarify whether BAL lym-
phocytosis was associated with responsiveness to anti-
inflammatory drugs in patients with iNSIP, iPPFE, and
unclassifiable IIP through an analysis of a retrospective
nationwide database by MDD.

Methods

Study design

A secondary analysis of a nationwide cloud-based inte-
grated database along with a web-based MDD was
performed retrospectively [17]. Complete details of
the methods used to develop the database have been
described previously [17]. The database was con-
structed from the records of Japanese patients diag-
nosed with IIPs in 39 institutions. Patients diagnosed at
each institution with other ILDs such as hypersensitivity
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pneumonitis (HP) or connective tissue disease (CTD)
ILD were excluded. All enrolled patients had under-
gone high-resolution computed tomography (HRCT) of
the chest and surgical lung biopsy (SLB) between April
2009 and March 2014. Patients with acute exacerbations
within 1 month after SLB were excluded. This study was
approved by the institutional review boards of Kura-
shiki Central Hospital, Kurashiki, Japan (approval no.
3025) and Hamamatsu University School of Medicine,
Hamamatsu, Japan (approval no. 19-042). The need for
informed consent was waived due to the retrospective
nature of the study.

Inclusion and exclusion criteria

Cases of iNSIP, iPPFE, and unclassifiable IIP were iden-
tified from the online nationwide database, which was
designed to include only patients with IIPs. Patients diag-
nosed with IPF, COP, DIP/RB-ILD, or ILD other than IIPs
by MDD were excluded. Patients with insufficient BAL
data were also excluded. Finally, 186 patients with iNSIP,
iPPFE, and unclassifiable IIP having adequate BAL data
were included in the analysis.

Data collection and definitions

Baseline demographic, clinical, and HRCT data within
3 months before SLB were collected from the medical
records. Results of blood tests, pulmonary function tests,
and 6-min walking tests at 1 year (&3 months) after SLB
were obtained if available. The last pulmonary function
tests during the observation period were also recorded.
Following the ATS/ERS guideline [11], BAL was per-
formed by wedging the tip of a fiberoptic bronchoscope
into the selected bronchopulmonary segment, which
was determined by respiratory physicians at each insti-
tution based on the extent of the interstitial shadows on
HRCT and the expected recovery rate of the fluid. The
total instilled volume of sterile saline (0.9% NaCl) was
100 or 150 ml. BAL lymphocytosis was defined as a lym-
phocyte differential count>15%, in accordance with the
guideline [11]. To corroborate that a cut-off of 15% for
BAL lymphocytosis was appropriate for predicting prog-
nosis, survival classification and regression tree (CART)
analysis was used. The diagnosis at each institution was
reported as the institutional diagnosis. The diagnosis
made by MDD was categorized according to the ATS/
ERS/JRS/Latin American Thoracic Association (ALAT)
IPF statements [18] and the ATS/ERS IIPs classification
[1]. HRCT and pathological features were also obtained
from MDD. The imaging pattern was classified as a defi-
nite usual interstitial pneumonia (UIP) pattern, possible
UIP pattern, or inconsistent with UIP pattern according
to the ATS/ERS/JRS/ALAT IPF statements [18], because
MDD was conducted before the 2018 IPF guideline was
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published [13]. Interstitial pneumonia with autoimmune
features (IPAF) was defined according to the ERS/ATS
research statement [19]. The treatment regimen given
after SLB was determined by the respiratory physicians
at each institution. Systemic corticosteroids or immu-
nosuppressants were administered only after BAL and
SLB were performed. As a 1-year outcome, improvement
was defined as a>10% increase in FVC % predicted or
a>15% increase in diffusion capacity for carbon mon-
oxide (DL.p) % predicted, and worsening was defined as
a>10% decrease in FVC % predicted or a>15% decrease
in DLg % predicted. Overall survival (OS) was estimated
from the date of SLB to death or last follow-up. The vital
status of each patient was ascertained as of October 2017
for survival analysis.

Statistical analysis

Continuous variables are expressed as means and stand-
ard deviations, and categorical variables are expressed as
frequencies and percentages, as appropriate. Continuous
variables were analyzed using Student’s t-test, and cat-
egorical variables were analyzed using the chi-squared
test or Fisher’s exact test. Correlations between BAL lym-
phocytes and interstitial cell infiltration on pathological
examination were assessed using Spearman’s test and the
Jonckheere-Terpstra trend test. Survival probability was
assessed using Kaplan—Meier methods and compared by
log-rank testing. Multivariate analyses using Cox regres-
sion were conducted to identify variables associated with
mortality. Results of Cox proportional hazards analyses
are reported as hazard ratios (HRs) with 95% confidence
intervals (ClIs). Slopes of FVC % predicted were com-
pared between patients with or without BAL lympho-
cytosis using linear mixed-effects models. Significance
was defined at the level of P<0.05. All analyses were per-
formed using R version 3.6.1 software (The R Foundation
for Statistical Computing, Vienna, Austria).

Results

Study population and comparisons between groups

Figure 1 shows the flow diagram for the process of sub-
ject selection in this study. Of the 465 patients ana-
lyzed in the previous study, patients diagnosed with IPF
(n=200), COP (n=>5), DIP/RB-ILD (n=9), or ILD other
than IIPs (n=21) were excluded. Of the 230 patients
with iNSIP, iPPFE, and unclassifiable IIP, 44 cases for
whom BAL was not performed were excluded. Finally,
186 patients (37 iNSIP, 16 iPPFE, and 133 unclassifiable
IIP) were enrolled in the present analysis. The reasons for
patients being unclassified are shown in Additional file 1:
Table S1. Ninety-three patients (69.9%) had overlapping
histological features, 20 patients (15.0%) had major dis-
crepancies among clinical, radiological, and histological
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Analyzed cases with cloud-based MDD in the previous study
n =465

200 cases: MDD diagnosis was IPF
5 cases: MDD diagnosis was COP
9 cases: MDD diagnosis was DIP/RB-ILD
21 cases: MDD diagnosis was not lIPs

Fibrotic 1IPs other than IPF (unclassifiable [IPs/iNSIP/iPPFE)
n =230

44 cases: BAL was not performed

Cases analyzed in this study
n=186

Fig. 1 Study flowchart. BAL bronchoalveolar lavage, COP cryptogenic
organizing pneumonia, CTD-ILD connective tissue disease-associated
interstitial lung disease, DIP desquamative interstitial pneumonia,

HP hypersensitivity pneumonia, /P idiopathic interstitial pneumonia,
iNSIP idiopathic non-specific interstitial pneumonia, /PF idiopathic
pulmonary fibrosis, iPPFE idiopathic pleuroparenchymal
fibroelastosis, MDD muiltidisciplinary discussion, RB-ILD respiratory
bronchiolitis-associated interstitial lung disease. Of the 465 cases
analyzed in the previous study [17], 200 cases diagnosed with IPF, 5
cases diagnosed with COP, and 9 cases diagnosed with DIP/RB-ILD

by MDD were excluded. Twenty-one cases diagnosed with ILD other
than lIPs [HP (n=12), CTD-ILD (n=15), lymphoproliferative disease
(n=3), and invasive mucinous adenocarcinoma (n=1)] were also
excluded. Of the 230 patients with fibrotic IPs other than IPF, 44 cases
for whom BAL was not performed were excluded. Finally, 186 patients

were included for analysis

features, 11 patients (8.3%) had uncertain etiology, and
9 patients (6.8%) had inadequate clinical, radiological, or
pathological data. The study population comprised 116
men (62.4%) and 70 women (37.6%), with a mean age
of 62.54+10.5 years. Of these, 123 (66.1%) were treated
with anti-inflammatory drugs. The baseline characteris-
tics of the enrolled population and comparisons between
patients with and without anti-inflammatory therapy are
shown in Table 1. Fifty-one patients (27.4%) were diag-
nosed with IPF as the institutional diagnosis. Fifty-five
patients (29.6%) fit the definition for a definite or pos-
sible UIP pattern on HRCT, and 105 patients (51.3%) fit
a broader definition of pathological UIP pattern. Female
sex (P=0.047), iNSIP (P=0.006), and IPAF (P<0.001)
were more common among patients treated with anti-
inflammatory drugs than among those managed without
anti-inflammatory drug therapy. In addition, compared
with patients managed without anti-inflammatory drug
therapy, those managed with anti-inflammatory drug
therapy showed more severe impairment of FVC % pre-
dicted (P=0.025), DLy % predicted (P=0.006), and
PaO,/FiO, ratio (P=0.014), and increased serum lev-
els of Krebs von den Lungen-6 (KL-6) (P=0.020) and
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surfactant protein-D (SP-D) (P=0.011). No significant
differences in respiratory symptoms or the 6-min walking
test were apparent between the groups.

Correlation between BAL lymphocytes and interstitial cell
infiltration on histopathological examination

Correlations between BAL lymphocytes and intersti-
tial cell infiltration on histopathological examination
are shown in Fig. 2. A significant positive correlation
was observed between BAL lymphocytes and intersti-
tial cell infiltration in the whole population (r=0.231, P
for trend =0.003). In a subgroup of patients who did not
receive anti-inflammatory drugs, there was no significant
correlation between BAL lymphocytes and interstitial
cell infiltration (r=0.156, P for trend =0.250) (Additional
file 3: Figure S1).

Treatments and outcomes

Treatments and outcomes are shown in Table 2. In
patients treated with anti-inflammatory drugs, 39 (31.7%)
received corticosteroid monotherapy, and 84 (68.3%)
received combination therapy comprising corticosteroids
and other immunosuppressants. No significant differ-
ences in the use of anti-fibrotic drugs were seen between
the groups. Patients treated with anti-inflammatory
drugs showed a greater decrease in SP-D (P=0.004),
a greater increase in FVC % predicted (P=0.016), and
better outcomes (P=0.015) after 1 year than patients
managed without anti-inflammatory therapy. Forty-two
patients (22.6%) died during the observation period.
Of the deceased patients, 31 (73.8%) had received anti-
inflammatory drugs. The most common cause of death
was chronic respiratory failure (40.5%), followed by acute
exacerbation (21.4%) and respiratory infection (16.7%).
No significant differences in causes of death were seen
between the groups. The mean follow-up period was
4.4£2.3 years.

Corroboration of the validity of the 15% cut-off value

for BAL lymphocytosis

Whether BAL lymphocytosis was a prognostic factor
in patients treated with anti-inflammatory drugs was
investigated by varying the cut-off value. Patients with
BAL lymphocytosis tended to consistently have a bet-
ter prognosis at almost any cut-off value, and BAL lym-
phocytosis was found to be a significant factor related
to a good prognosis with a cut-off value of 9-19%
(Additional file 4: Figure S2). Based on CART analysis
for prediction, the optimal cut-off value of BAL lym-
phocytosis was 16.6% in this population (Additional
file 5: Figure S3). Only six patients showed BAL lym-
phocytes between 15% and 16.6% in the present study.
These results support the previous guideline that BAL
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Table 1 Baseline characteristics
Anti-inflammatory drugs P value n
No (n=63) Yes (n=123)
Male sex 46 (73.0) 70 (56.9) 0.047 186
Age (year) 64.0+93 61.7+£11.1 0.135 186
Never-smoker 27 (43.6) 59 (48.8) 0.609 183
Modified MRC
0 25 (47.2) 32(283) 0.117 166
1 21(39.6) 64 (56.6)
2 6(11.3) 14(124)
3 1(1.9) 3(2.7)
4 0(0.0) 0(0.0)
6-min walk test
Distance (m) 5146+£1529 476.14+137.3 0.148 137
Minimum SpO, (%) 90.0+£55 89.2+6.1 0443 135
Respiratory function
FVC % predicted (%) 8394219 76.7£175 0.025 185
DLco % predicted (%) 7894245 643+228 0.006 162
Laboratory examinations
LDH (IU/L) 2254+£818 2422+67.7 0.162 186
KL-6 (U/mL) 133141255 187441873 0.020 186
SP-D (ng/mL) 2195+£1763 316.0£296.6 0.011 162
PaO,/FiO, ratio (mmHg) 410.8+67.5 385.7£50.1 0014 174
BAL
Total volume of retrieved fluid (%) 5034122 4874154 0470 177
Total cell count (x 10°/mL) 2016 27+£20 0.012 178
Neutrophils (%) 50£119 62+10.7 0.510 186
Lymphocytes (%) 180+£194 209+19.7 0.340 186
Eosinophils (%) 3.1+45 38+£55 0.365 186
Macrophages (%) 7364241 6944245 0.266 186
CD4*/CD8™ ratio 20£19 1.7£19 0.388 180
HRCT pattern in MDD
Definite UIP 0(0.0) 4(3.3) 0.004 186
Possible UIP 26 (41.3) 25(20.3)
Inconsistent with UIP 37 (58.7) 91 (76.4)
Pathological pattern
Definite UIP 101.7) 6 (4.0) 0.298 181
Probable UIP 14 (23.3) 30 (24.8)
Possible UIP 23(383) 31 (25.6)
Not UIP 22 (36.7) 54 (44.6)
Pathological features (none/mild/moderate/prominent)
Fibroblastic foci 20/27/13/0 46/41/31/2 0424 180
Honeycombing 44/11/5/0 86/22/9/1 0911 178
Organizing pneumonia 45/10/4/1 65/18/24/11 0.013 178
Bronchiolocentric fibrosis 27/26/6/0 76/35/4/0 0.020 174
Lymphoid follicle 20/31/7/1 24/67/25/3 0.167 178
Alveolar macrophages 11/33/15/0 15/80/25/0 0.346 179
Interstitial cell infiltration 4/44/8/2 9/62/43/6 0.013 178
Bronchiolitis 30/24/4/0 65/43/9/0 0.837 175
Fibroelastosis 45/7/4/3 95/16/4/6 0.762 180
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Table 1 (continued)
Anti-inflammatory drugs P value n
No (n=63) Yes (n=123)
MDD diagnosis
iNSIP 5(7.9) 32(26.0) 0.006 186
iPPFE 8(12.7) 8(6.5)
Unclassifiable IIP 50 (79.4) 83 (67.5)
IPAF 8(12.7) 51 (41.5) <0.001 186

BAL bronchoalveolar lavage, COP cryptogenic organizing pneumonia, DL, diffusion capacity for carbon monoxide, FEV, forced expiratory volume in 1s, FiO,
fractional concentration of oxygen in inspired gas, FVC forced vital capacity, HRCT high-resolution computed tomography, /IP idiopathic interstitial pneumonia, IPAF
interstitial pneumonia with autoimmune features, IPF idiopathic pulmonary fibrosis, KL-6 Krebs von den Lungen-6, LDH lactate dehydrogenase, MDD multidisciplinary
discussion, MRC Medical Research Council, iNSIP idiopathic non-specific interstitial pneumonia, PaO, partial pressure of oxygen in arterial blood, iPPFE idiopathic
pleuroparenchymal fibroelastosis, SLB surgical lung biopsy, SP-D surfactant protein D, SpO, percutaneous oxyhemoglobin saturation, TBE traction bronchiectasis, UIP

usual interstitial pneumonia

P for trend = .003

80
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Interstitial cell infiltration
Fig. 2 Correlation between BAL lymphocytes and interstitial cell infiltration on histopathological examination. BAL bronchoalveolar lavage.
In the whole population, a significant positive correlation is apparent between BAL lymphocytes and interstitial cell infiltration (r=0.231, P for

lymphocytosis (lymphocytes>15%) represents a lym-
phocytic cellular pattern [11]. Thus, BAL lymphocyto-
sis was defined as a lymphocyte differential count > 15%.
In the present study, 79 patients (42.5%) showed BAL
lymphocytosis. There were no significant differences
in environmental exposures, symptoms suggestive of
CTD, or serum autoantibodies associated with CTD
between the two groups, which were divided by the
presence or absence of BAL lymphocytosis (Additional
file 2: Table S2).

Impact of BAL lymphocytosis on response

to anti-inflammatory drugs

Table 3 shows HRs for OS in each group, divided by the
presence or absence of anti-inflammatory drugs and BAL
lymphocytosis. Limited to patients treated with anti-
inflammatory drugs, patients with BAL lymphocytosis
had a better prognosis than patients without BAL lym-
phocytosis (HR 0.26; 95% CI 0.11-0.63; P=0.003). On
the other hand, in patients managed without anti-inflam-
matory therapy, those with BAL lymphocytosis tended
to have a worse prognosis than those without BAL
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Table 2 Treatments and outcomes of patients
Anti-inflammatory drugs P value n
No (n=63) Yes (n=123)
Corticosteroid monotherapy 0(0.0) 39(31.7) <0.001 186
Combined with immunosuppressants 0 (0.0) 84 (68.3) <0.001 186
Cyclosporine A 0(0.0) 56 (45.5)
Tacrolimus 0 (0.0) 5(4.1)
Cyclophosphamide 0(0.0) 13(10.6)
Azathioprine 0(0.0) 10 (8.1)
Anti-fibrotic drugs* 20(31.7) 30 (24.4) 0.370 186
Pirfenidone 14(22.2) 23(18.7)
Nintedanib 5(7.9) 7 (5.7)
One-year changes
ALDH (1U/D) —15.1+847 —168+£1923 0.934 168
AKL-6 (U/mL) —3474+1234 —602£1691 0.270 169
ASP-D (ng/mL) 164£121.1 — 168.54£558.1 0.004 131
AFVC % predicted (%) —29+109 31+£19.7 0.016 156
ADL % predicted (%) — 194256 55+208 0.113 132
One-year outcomes
Improvement** 7(14.9) 41(37.6) 0.015 156
Stable 26 (55.3) 44 (40.4)
Worsening*** 14 (29.8) 24 (22.0)
Death during observation period 11(17.5) 31(25.2) 0.270 186

*One patient with missing data on which of the anti-fibrotic drugs was used

**Improvement was defined as a > 10% increase in %FVC or a> 15% increase in %Dl

***Worsening was defined as a>10% decrease in %FVC or a>15% decrease in %DL.q

DL, diffusion capacity for carbon monoxide, FVC forced vital capacity, KL-6 Krebs von den Lungen-6, LDH lactate dehydrogenase, SP-D surfactant protein D

Table 3 Hazard ratios for overall survival

BAL lymphocytes

<15% (n=107) >15% (n=79)

Anti-inflammatory drugs
Yes (n=123) 1.00
No (n=63) 043 (0.17-1.08)

0.26 (0.11-0.63)
0.80(0.29-2.18)

BAL bronchoalveolar lavage

lymphocytosis, though the difference was not significant
(HR 1.88; 95% CI 0.54-6.56; P=0.322). Figure 3 shows
the slope of FVC % predicted for 2 years after SLB. For
patients treated with anti-inflammatory drugs, patients
with BAL lymphocytosis had a higher slope of FVC %
predicted than patients without BAL lymphocytosis
(Fig. 3a). On the other hand, when limited to patients
managed without anti-inflammatory drugs, no difference
between groups was evident (Fig. 3b). On Kaplan—Meier
analysis of patients managed with anti-inflammatory
drugs, patients with BAL lymphocytosis had longer OS
than those without BAL lymphocytosis (log-rank test,

P=0.012) (Fig. 4a). Conversely, limited to patients man-
aged without anti-inflammatory therapy, no significant
difference in OS was noted between patients with and
without BAL lymphocytosis (log-rank test, P=0.209)
(Fig. 4b). Multivariate analysis of patients managed with
anti-inflammatory drugs showed that BAL lymphocyto-
sis (HR 0.31; 95% CI 0.13-0.75; P=0.009), age (HR 1.04;
95% CI 1.01-1.08; P=0.022), and FVC % predicted (HR,
0.95; 95% CI 0.93-0.98; P<0.001) were significant prog-
nostic factors for OS (Table 4).

Discussion

This is the first multicenter, clinical study involving a cel-
lular analysis of BAL in patients with iNSIP, iPPFE, and
unclassifiable IIP. The results showed that BAL lym-
phocytosis was associated with improvement of FVC
% predicted and was a prognostic factor for good OS in
patients with anti-inflammatory drugs, whereas BAL
lymphocytosis proved to be unrelated to prognosis when
anti-inflammatory drugs were not used. These results
suggest that BAL lymphocytosis is not a prognostic factor
in itself, but instead represents a predictive biomarker for
response to anti-inflammatory drugs. BAL lymphocytosis
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Fig. 3 Slope of FVC % predicted for 2 years after SLB. BAL bronchoalveolar lavage, FVC forced vital capacity, SLB surgical lung biopsy. For patients
treated with anti-inflammatory drugs, patients with BAL lymphocytosis show a higher slope of FVC % predicted than patients without BAL
lymphocytosis (a). On the other hand, limited to patients without anti-inflammatory drugs, no difference is evident between the groups (b)
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Fig. 4 Kaplan-Meier plot of survival probability. BAL bronchoalveolar lavage, IPF idiopathic pulmonary fibrosis, OS overall survival. For patients
treated with anti-inflammatory drugs, patients with BAL lymphocytosis have longer OS than those without BAL lymphocytosis (log-rank test,
P=.012) (a). On the other hand, limited to patients without anti-inflammatory drugs, no significant difference in OS is seen between patients with

Table 4 Multivariate Cox regression analysis of overall survival in
patients treated with anti-inflammatory drugs

Multivariate analysis

HR (95% ClI) Pvalue
Age (year) 04 (1.0 08) 0.022
Male (O 94-4. 79) 0.068
FVC % predicted (%) 0.95 (0.93-0.98) <0.001
BAL lymphocytosis 0.31(0.13-0.75) 0.009
Anti-fibrotic drugs 94 (0.90-4.19) 0.090

BAL bronchoalveolar lavage, Cl confidence interval, FVC forced vital capacity, HR
hazard ratio

may thus help identify patients for whom anti-inflamma-
tory therapy is likely to prove beneficial. On the assump-
tion that inflammation causes progressive fibrosis and

that anti-inflammatory drugs ameliorate these effects by
reducing the numbers of inflammatory cells in the lungs,
measurement of inflammatory cells in BAL has become
common practice for identifying patients with IIPs who
warrant anti-inflammatory drugs. Indeed, BAL lympho-
cytosis is reportedly associated with a better prognosis
in fibrotic IIPs and iNSIP [20, 21]. In the present study,
BAL lymphocytes were positively correlated with inter-
stitial cell infiltration on histopathological examination in
the whole population, indicating that BAL lymphocytosis
may reflect increased numbers of inflammatory cells in
alveolar tissue. In many cases, SLB cannot be performed
due to its high invasiveness. BAL is a minimally invasive
procedure and represents a potential alternative for pre-
dicting response to anti-inflammatory drugs in patients
who cannot undergo SLB.
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There are conditional recommendations for the use of
anti-fibrotic drugs in IPF [4—6]. The main benefit of these
drugs is that they slow the rate of decline in pulmonary
function. The INBUILD trial recently showed that nint-
edanib reduced FVC decreases in patients with progres-
sive fibrosing ILD [9]. Subgroup analyses in the INBUILD
trial also demonstrated the efficacy of nintedanib for
iNSIP and unclassifiable ITIP [22]. Furthermore, a recent
retrospective study showed the efficacy and safety of
anti-fibrotic drugs for progressive fibrosing non-IPF
ILDs [23]. The proven effects of an anti-fibrotic drug for
reducing FVC decreases in progressive fibrosing ILD in
the INBUILD trial are important, showing another treat-
ment option. However, the protocol in that trial did not
allow for use of anti-inflammatory drugs for 6 months
after randomization. A subgroup of patients may exist
in whom efficacy of anti-inflammatory drugs can also
be expected. Patients with BAL lymphocytosis had good
outcomes for iNSIP, iPPFE, and unclassifiable IIP treated
with anti-inflammatory drugs in the present study, sug-
gesting that some patients with progressive fibrosing ILD
respond to anti-inflammatory drugs. As shown in a clini-
cal trial for systemic sclerosis-associated ILD [24], appro-
priate use of anti-fibrotic and anti-inflammatory drugs in
selected patients with iNSIP, iPPFE, and unclassifiable IIP
is expected to improve prognosis.

In the present study, the most prevalent MDD diagno-
sis was unclassifiable IIP (71.5%). The main reasons for
IIPs being unclassifiable after SLB are considered to be
as follows: (1) overlapping histological features; (2) major
discrepancies among clinical, radiological, and histologi-
cal features; and (3) uncertain etiology. In the present
study population, the majority of patients with unclas-
sifiable IIP had overlapping histological features, most
of which represented UIP and NSIP. Although a recent
phase II trial suggested the efficacy of pirfenidone for
progressive fibrosing unclassifiable IIP [25], identifying
the most appropriate therapy is particularly challeng-
ing given the diverging treatment approaches for IIPs. In
the present study, BAL lymphocytosis appeared to be a
useful biomarker for predicting response to anti-inflam-
matory therapy, instead of radiological or histological
features. Benefits of anti-inflammatory approaches may
thus be expected in some patients with unclassifiable IIP,
especially with BAL lymphocytosis.

Most of the patients who participated in the pre-
sent study were screened for a history of environmen-
tal exposures, symptoms suggestive of CTD, and serum
autoantibodies associated with CTD, although data on
precipitating antibodies for HP were not collected. More-
over, all patients had undergone SLB and BAL and were
diagnosed through MDD, contributing to the reliabil-
ity of the diagnosis. However, low levels of inter-MDD
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agreement for ILDs were observed even among expert
centers due to diagnostic heterogeneity, and, in particu-
lar, the absence of consensus guidelines for the diagnosis
of fibrotic HP has resulted in substantial variability and
lack of reproducibility in the assignment of an HP diag-
nosis [26, 27]. To overcome the lack of consistency in
diagnostic approach, an international working group pro-
posed an ontological framework, in which patients with
fibrotic ILD were categorized as confident diagnosis,
“provisional” diagnosis, or “unclassifiable ILD” according
to their diagnostic likelihood [28]. Since strict adherence
to diagnostic criteria may have resulted in a high propor-
tion of unclassifiable IIP in our original database, this
standardized diagnostic ontology could have made our
study more generalizable. However, this document was
published after our database was constructed and could
not be applied to our MDD, which is a major limitation of
the present study.

There are other limitations in this study that should
be noted. First, the study was conducted retrospectively,
and some data, especially in terms of disease behav-
ior until SLB, were lacking. Thus, pulmonary function
trends before and after anti-inflammatory therapy could
not be assessed in the same population. Second, given
that the enrolled population included multiple disease
entities, the present study might have included some
degree of selection bias for anti-inflammatory therapy.
A patient population that could be more likely to benefit
from anti-inflammatory drugs might have been selected
for the treatment group. Indeed, patients treated with
anti-inflammatory drugs showed a higher proportion
of female patients, and higher rates of iNSIP and IPAF,
which are often treated with anti-inflammatory drugs
[29]. Third, this study was conducted only with patients
who had undergone SLB, so the present results are not
necessarily applicable to patients who have not under-
gone SLB. However, as mentioned above, a significant
positive correlation was observed between BAL lympho-
cytes and interstitial cell infiltration in the present study.
BAL lymphocytes, which could reflect pathological find-
ings, might offer a useful biomarker even for patients who
have not undergone SLB. Finally, treatment regimens
such as the dose and period of corticosteroid administra-
tion and types of immunosuppressants varied from case
to case. Further prospective multicenter examinations
should be conducted to evaluate the impact of BAL lym-
phocytosis on response to anti-inflammatory drugs in
patients with iNSIP, iPPFE, and unclassifiable IIP.

Conclusions

The present data suggest that BAL lymphocytosis is
associated with good outcomes in patients treated with
anti-inflammatory drugs, whereas BAL lymphocytosis
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showed no association with prognosis in patients man-
aged without anti-inflammatory therapy. BAL lympho-
cytosis appears to be a predictive biomarker identifying
patients with iNSIP, iPPFE, and unclassifiable IIP who
are likely to benefit from anti-inflammatory drugs.
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