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Abstract

To investigate the clinical features, risk factors and outcomes of patients with interstitial pneumonia with autoimmune features
(IPAF). A total of 1429 patients with idiopathic interstitial pneumonia (IIP) and undifferentiated connective tissue disease-
associated interstitial lung disease (UCTD-ILD) were screened to identify patients who met IPAF criteria. Clinical, serological,
and morphological features of patients with IPAF were characterized. Outcomes between patients with IPAF, UCTD-ILD, and IIP
who were divided into idiopathic pulmonary fibrosis (IPF) and non-IPF groups were compared using survival as an endpoint.
Patients with IPAF were much common in young female and had lower percentage of ever smoking and a significantly shorter
survival than those with non-IPAF (P < 0.001). Subgroup analysis revealed that IPAF cohort survival was worse than that in non-
IPF (P <0.001), but better than that in IPF (P <0.001). In IPAF cohort, the most common systemic symptom and serological
abnormality were Raynaud’s phenomenon (12.9%) and ANA >1:320 (49.2%); the most frequent high-resolution computed
tomography (HRCT) pattern was nonspecific interstitial pneumonia (NSIP) (61.6%). Multivariate analysis indicated that several
factors including age, smoking history, organizing pneumonia (OP) pattern in HRCT, and anti-RNP positivity were indepen-
dently associated with significantly worse survival. IPAF had the distinct clinical features and outcomes compared with other
groups of ILD. Additional studies should be needed to explore the underlying autoimmune mechanism and to determine risk
stratification in future clinical research.

Keywords Idiopathic interstitial pneumonia - Interstitial pneumonia with autoimmune features - Outcome - Risk factor -
Undifferentiated connective tissue disease

Background

Summary at a glance This is the first and large-scale population-based
study to comprehensively investigate the clinical features and outcomes
in Chinese patients with interstitial pneumonia with autoimmune features Interstitial pneumonia with autoimmune features (IPAF) is

(IPAF). The current eviden?e suggested that IPAF had a distinct clinical a new term that was proposed by the joint of European
characteristics compared with IPF and worse survival than non-IPF, but . . . . .
better than IPF. Respiratory Society and American Thoracic Society
(ERS/ATS) research statement. It is based on a combina-
tion of clinical, serological, and morphological domains
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at least one sign or symptom suggestive of a CTD and at
least one serologic test reflective of an autoimmune pro-
cess [2]. UCTD-ILD was defined as having one of the spe-
cific autoantibodies (SSA, SSB, anti-Scl-70, anti-centromere,
anti-RNP, or Jo-1) or a positive ENA or ANA titer, as well as
symptoms or signs of CTD [3]. LD-CTD was diagnosed when
any one of defined serologic autoantibodies (ANA>1:320,
nucleolar-ANA, rheumatoid factor>60I1U/ml, CCP, anti-Scl-
70, SSA, SSB, dsDNA, anti-Smith, anti-RNP, Jo-1 and anti-
centromere antibodies) at the initial evaluation was present
and a specific CTD was absent [4].

As for IPAF, a consensus on the terminology and diagnos-
tic criteria provided a solid basis for the development of uni-
form clinical research. Although a previous study reported the
characterization of patients with IPAF [5-8], several contro-
versies still remain. For example, whether the presence of
usual interstitial pneumonia (UIP) should be included in the
morphological domain [9]? Among the distinct clinical, sero-
logical, and morphological parameters, which are indepen-
dently associated with the survival? Furthermore, there is no
study to report the prevalence, clinical features, and outcomes
in Chinese patients with IPAF. Hence, there is an urgent need
to present data from Chinese populations regarding the new
IPAF classification.

In the current study, we applied the diagnostic criteria of
IPAF [1] to patients who were referred to the Department of
Respiratory Medicine experienced in ILD in our center from
September 2010 to December 2016 and who had been initially
diagnosed as ILD including idiopathic ILD that was also
called idiopathic interstitial pneumonia (IIP), and UCTD-
ILD. We described the clinical, serological, and morphologi-
cal features of IPAF and compared outcomes among patients
with IPAF, UCTD-ILD, and IIP who were classified as IPF
and non-IPF group based on the presence of honeycombing in
chest high-resolution computed tomography (HRCT). We al-
so evaluated the prognostic value of features in each domain
of the current diagnostic criteria of IPAF.

Methods
Patient cohort

Electronic medical records of patients enrolled at the
Department of Respiratory Medicine, the Affiliated Drum
Tower Hospital of Nanjing University Medical School, from
September 2010 to December 2016 were retrospectively
reviewed. All patients receiving a diagnosis of [ILD—includ-
ing biopsy-proven ILD, clinical diagnosis of IIP, and UCTD-
ILD—were screened. This was a retrospective study and the
ethics approval was acquired in accordance with the policy of
the Ethics Committee of the Affiliated Drum Tower Hospital
of Nanjing University Medical School.
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Diagnostic criteria

The diagnosis of ILD was confirmed through a combination
of clinical, physiological, HRCT findings, and lung biopsies
examinations (if available) in accordance with the criteria of
ATS/ERS guidelines [10, 11]. All diagnoses were made by the
multidisciplinary approach in conjunction with experienced
pulmonologists, chest radiologists, and pathologists, when
lung biopsies were performed. The diagnostic criteria for
IPAF were based on the criteria proposed by ERS/ATS re-
search statement [1].

All patients with CTD-ILD or UCTD-ILD were con-
firmed by a rheumatologist. ILD with known causes such
as drug or occupational exposure, and CTD were excluded.
The diagnostic criteria for CTD were based on the recom-
mendations by ACR [12-16]. The diagnostic criteria of
UCTD were defined as patients with features of a systemic
autoimmune disease who do not meet ACR classification
criteria for specific CTD [3, 17-19].

Data collection

Clinical information included demographics, general med-
ical history, smoking history, clinical symptoms, and sero-
logic autoantibodies. Treatment was recorded including
systemic corticosteroids and suppressive agents using.
Vital status was determined using medical record reviews
and telephone communications. All patients were followed
up to October 2017. Survival time was recorded from the
first hospital admission.

Chest HRCT evaluation

Chest HRCTs of all patients were performed in supine posi-
tion at end inspiration at the time of initial diagnosis. Two
dedicated chest radiologists (K.Z. and J.H.) blindly reviewed
and interpreted HRCT patterns. Based on the proposed criteria
of the guidelines [11], nonspecific interstitial pneumonia
(NSIP) pattern was defined as basal predominant reticular
abnormalities with traction bronchiectasis, frequently associ-
ated with ground-glass attenuation; organizing pneumonia
(OP) pattern was defined as bilateral patchy areas of consoli-
dation and/or ground-glass opacities with a subpleural and
lower lung zone predominance or peri-bronchovascular distri-
butions; NSIP with OP overlapping was defined as basal pre-
dominant consolidation, associated with traction bronchiecta-
sis and reticular abnormality; and UIP pattern was defined as
basal honeycombing opacities associated with reticular abnor-
malities and traction bronchiectasis. No lymphoid interstitial
pneumonia (LIP) HRCT pattern was found in this cohort. Any
disagreements between the two chest radiologists were re-
solved by consensus after discussion.
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Histological assessment

Among patients with IIP and UCTD, those undergoing
transbronchial lung biopsies (TBLB) were analyzed and the
biopsy specimen slides were reviewed by a pulmonary pathol-
ogist (F.M.) with expertise in ILD. The pathologic pattern was
defined according to the guideline statement [11].

Statistical analysis

Continuous variables were compared using a two-tailed
Student’s ¢ test. Categorical variables were compared using a
chi-squared test, or Fisher’s exact test when needed. The
Kaplan-Meier curve and two-sided log-rank test were used
for univariate survival analysis. The Cox proportional hazards
model was used for univariate and multivariate survival anal-
ysis to calculate the hazard ratios (HR) and corresponding
95% confidence intervals (CI). Survival time was calculated
from the date of initial diagnosis to death from any cause and
transplant. For a patient who lost to follow-up, survival time
was censored at the last follow-up date. P values were two-
sided and considered significant if less than 0.05. All statisti-
cal analyses were performed using the SPSS statistical soft-
ware, version 20.0 (SPSS Inc., Chicago, IL, USA).

Results
Patients inclusion

In total, 2644 patients with ILD in the database were screened.
After exclusions, 1429 patients were identified. Among the
1429 patients, there were 177 who met the IPAF criteria and
1252 patients who did not fulfilled the IPAF criteria were
defined as non-IPAF cohort. Of the 177 patients, there were
41 with UCTD-ILD, and 136 with IIP including 17 with
biopsy-proven cryptogenic OP, 1 biopsy-proven NSIP, 8 with
IPF, and 110 clinical diagnosis of TIP (Fig. 1).

The non-IPAF cohort was classified into IIP (n = 1231) and
UCTD-ILD groups (n=21), and the IIP cohort was divided
into IPF (n =235) and non-IPF groups (n =996).

Clinical features

The demographics, smoking history, and clinical and treat-
ment information of the IPAF, IPF, and non-IPF cohorts are
summarized in Table 1. In IPAF cohort, there were 78 males
(44.0%) and 99 females (56.0%) with the mean age of 60.2 +
12.8 years and 34 (19.2%) patients reported a smoking history.
IPF cohort included 202 males (86.0%) and 33 females
(14.0%) with the mean age of 67.6 = 8.6 years. One hundred
forty-one (60.0%) patients with IPF had a smoking history.
Thus, patients with IPAF were younger, more often female

and had lower percentage of ever smoker than IPF (P
< 0.001). Patients with UCTD had similar age (58.6 +
11.2 years) and sex ratio (9 males/12 females) compared to
patients with IPAF (Table 2).

The characteristics of each domain for patients with IPAF
are presented in Table 3. The most prevalent systemic symp-
toms were Raynaud’s phenomenon (12.9%), followed by in-
flammatory arthritis and polyarticular morning joint stiffness
> 60 min (4.5%). ANA > 1:320 (49.2%) was the most frequent
serological abnormality, followed by anti-Ro/SSA (36.1%). In
the morphological domain, NSIP (61.6%) was the most fre-
quent HRCT pattern, followed by an OP pattern (22.0%) and
an overlap of NSIP and OP (11.9%), and eight patients (4.5%)
demonstrated the UIP pattern.

In the TPAF cohort, there were 18 patients that underwent
TBLB histological assessment. Among them, 17 (9.6%) pa-
tients presented with OP showing the presence of connective
tissue in airspaces extending into alveolar ducts and 1 (0.6%)
patient presented with NSIP showing diffuse alveolar wall
thickening with inflammation infiltration, no honeycombing
or fibroblastic foci seen. In the 17 biopsy-proven COP patients,
HRCT demonstrated patchy consolidations in basal predomi-
nance in 8 patients, HRCT demonstrated patchy consolidations
and ground-glass opacities in peri-bronchovascular distribu-
tions in 7 patients, and in 2 patients, HRCT demonstrated basal
predominant consolidations, associated with reticular abnor-
malities. In the 1 biopsy-proven NSIP patient, the HRCT dem-
onstrated reticular abnormalities and ground-glass opacities in
basal predominance distributions.

Survival analysis

In total, 35 patients with IPAF died during the study period,;
the mean survival time was 295.0 weeks. In the non-IPAF
cohort, 125 patients died and the mean survival time was not
reached. Patients with IPAF had significantly worse survival
compared to non-IPAF patients (P < 0.001, Fig. 2a). Then, we
conducted the subgroup analysis of non-IPAF cohort. In the
UCTD-ILD cohort, 3 patients died and the mean survival time
was not reached. Patients with IPAF had similar survival to
those with UCTD-ILD (P =0.257, Fig. 2b). In the IPF cohort,
75 patients died; the mean survival time was 128.0 weeks. In
non-IPF group, 50 patients died; the mean survival time was
not reached. Patients with IPAF had markedly worse survival
compared to non-IPF patients, but had dramatically better sur-
vival than the IPF group (P <0.001, Fig. 2c).

Risk factors
Univariate analysis revealed that age (HR=1.041, 95% CI
1.014-1.068, P=0.002), smoking history (HR =2.435, 95%

CI 1.185-5.002, P=0.015), ANA >1:320 (HR =2.079, 95%
CI1.033-4.186, P =0.040), anti-RNP positivity (HR =4.140,
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Fig. 1 Flowchart of the patients’

. ILD registry
selection (n=2644)
Excluded:
CCTD-ILD(n=927)
Other ILD(n=141)
Missing documentation(n=147)
IIP or UCTD-ILD
(n=1429)
Biopsy-proven Biopsy-proven IPF UCTD-ILD 1P
COP (n=142) NSIP (n=6) (n=243) (n=62) (n=976)
n=17 n=1 n=38 n=41 n=110
IPAF

95% CI 1.446-11.855, P=0.008), OP pattern in HRCT
(HR=3.712,95% C1 1.130-12.196, P = 0.031), and the pres-
ence of pleural effusion or thickening (HR =2.315, 95% CI
1.105-4.852, P=0.026) were significantly associated with
worse survival. After multivariable adjustment, only age
(HR =1.036, 95% CI 1.009-1.063, P=0.007), smoking his-
tory (HR =2.108, 95% CI 1.018-4.361, P =0.045), anti-RNP
positivity (HR =4.737, 95% CI 1.489-12.844, P=0.007),
and OP pattern in HRCT (HR =3.385, 95% CI 1.017-
11.261, P=0.047) remained the significant predictors for
poor survival (Table 4).

Discussion
In this study, we characterized Chinese patients with IPAF

from a large group that included 1429 patients diagnosed with
[P and UCTD-ILD. Approximately 12% (177/1429) of the

(n=177)

patients fulfilled the diagnostic criteria for IPAF. Although the
proportion varied among different studies [5-7], this study
suggested that the features of CTD were not uncommon
among patients with ITP and UCTD-ILD.

The current evidence indicated that patients with IPAF
tended to be young and have higher female percentage and
lower percentage of ever smoking than IPF. There were no
significant differences of age and sex distributions between
IPAF and UCTD groups. Of note, Oldham et al. showed that
patients who met the IPAF criteria were older and had a higher
percentage of ever smokers compared to the UCTD cohort.
The inconsistent findings were mainly due to the high percent-
age of patients (about 30%) with IPF in their patient cohort
[5]. IPF patients were common in the study by Oldham et al.,
mostly because their study population was drawn from a sin-
gle tertiary referral center with expertise in IPF, leading IPF
patients overrepresented [5]. However, in the current study,
the majority of patients with IPAF were identified from

Table 1 Comparisons of

demographic, clinical IPF (n=235) IPAF (n=177) Non-IPF (n=996) P value

characteristics, and outcome

between IPAF, IPF, and non-IPF Age (years) 67.55+8.64 60.23 +12.88 62.13+13.14 <0.001

cohorts Sex (male/female) 202/33 78/99 610/386 <0.001
Ever smoker 141 34 333 <0.001
Therapy 94 132 661 <0.001
Corticosteroids 93 128 654 <0.001
Immunosuppressant 13 44 59 <0.001
Combined 12 40 52 0.001
Nonsurvivors 75 35 50 0.001
Mean survival time (weeks) 128.0 295.0 Not reach <0.001

IPF idiopathic pulmonary fibrosis, /PAF interstitial pneumonia with autoimmune features; combined, corticoste-
roids combined immunosuppressant
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Table 2 Comparisons of demographic, clinical characteristics, and
outcome between IPAF and UCTD-ILD cohorts

IPAF UCTD-ILD P value

(n=177) (n=21)
Age (years) 60.23+£12.88 58.61+11.20 1.000
Sex (male/female) 78/99 9/12 1.000
Ever smoker 34 5 0.572
Therapy 132 17 1.000
Corticosteroids 128 15 1.000
Immunosuppressant 44 14 <0.001
Combined 40 12 0.003
Nonsurvivors 35 1 0.085
Mean survival 295.0 Not reach 0.085

time (weeks)

IPF idiopathic pulmonary fibrosis, UCTD-ILD undifferentiated connec-
tive tissue disease-associated interstitial lung disease; combined, cortico-
steroids combined immunosuppressant

patients with UCTD-ILD (41/62, 66.1%) and IIP (110/976,
11.3%), and only 8 (8/243, 3.3%) patients with I[PF met the
IPAF criteria.

In the current study, patients who met the IPAF criteria had
a significantly worse survival than those with non-IPAF.
When we did subgroup analysis, patients with IPAF had a
similar survival to UCTD-ILD, a significantly better survival
than IPF, but worse than non-IPF group. Our study showed
that patients with IPF had the poorest survival compared with
IPAF and non-IPF. Consistently, two previous studies reported
that although UIP was associated with poor survival rates
among patients with CTD, the prognosis in patients with the
UIP pattern in CTD was still better than that of patients with
IPF, suggesting that patients with IPF had the worst survival
[20, 21]. Nevertheless, several recent studies reported that
overall survival did not significantly differ between IPAF
and IPF groups [2, 5, 7]. The possible reason for this discrep-
ancy was that NSIP was the most frequent pattern of HRCT
finding in our IPAF cohort; however, the UIP pattern had a
relative high proportion in the previous study [5]. Our study
supported previous findings that most patients diagnosed with
“idiopathic” NSIP met the criteria of UCTD [3, 17]. Similar
studies also reported that NSIP was the most frequent HRCT
pattern in their IPAF cohort [6—8]. As the majority of the
patients with IPAF in our study were NSIP (UIP only
accounted 4.5%, 8/177) in HRCT, our study indicated that
the underlying autoimmune process had a negative effect on
the survival especially for the patients presented with non-UIP
on HRCT.

In the IPAF cohort, Raynaud’s phenomenon and ANA
>1:320 were the most common systemic symptom and
serological abnormality, which was consistent with previ-
ous studies [5, 7]. However, they were not associated with

2129
Table 3  Findings of interstitial pneumonia with autoimmune features
by domain
Factors
Clinical domain 36 (20.3%)
Mechanics hands 3 (1.7%)
Distal digital tip ulceration 0
Inflammatory arthritis/polyarticular 8 (4.5%)
morning joint stiffness = 60 min
Palmar telangiectasia 0
Raynaud’s phenomenon 23 (12.9%)
Unexplained digital oedema 1 (0.6%)
Gottron’s sign 1 (0.6%)
Serological domain 163 (92.1%)
ANA > 1:320 titer, diffuse, speckled, 87 (49.2%)
homogeneous patterns or
a. ANA nucleolar pattern (any titer) or
b. ANA centromere pattern (any titer)
Rheumatoid factor = x2 upper limit of normal 22 (12.4%)
Anti-cyclic citrullinated peptide 10 (5.6%)
Anti-double stranded DNA 1 (0.6%)
Anti-Ro Anti (SSA) 64 (36.1%)
Anti-La Anti (SSB) 7 (3.9%)
Anti-ribonucleoprotein (RNP) 11 (6.2%)
Anti-Smith 1 (0.6%)
Anti-topoisomerase (Scl-70) 4 (2.3%)
Anti-tRNA synthetase 7 (3.9%)
Anti-PM-Scl 6 (3.4%)
Anti-MDA-5 0
Morphological domain 169 (95.5%)

High-resolution computed tomography

Nonspecific interstitial pneumonia 109 (61.6%)

Organizing pneumonia 39 (22.0%)
Nonspecific interstitial pneumonia 21 (11.9%)
with organizing pneumonia overlap
Lymphoid interstitial pneumonia 0
Histopathologic pattern
Nonspecific interstitial pneumonia 1 (0.6%)
Organizing pneumonia 17 (9.6%)

Multicompartment involvement
Unexplained pleural effusion or thickening 101 (57.1%)

Unexplained pericardial effusion or thickening 6 (3.4%)

ANA antinuclear antibody, RNP ribonucleoprotein

mortality of IPAF. After multivariable adjustment, age, ev-
er smoker, anti-RNP positivity, and OP pattern in HRCT
remained significantly independent predictors for survival
in the IPAF cohort. It was noteworthy that a subset of
patients who presented with “idiopathic” OP pattern with
or without overlapping NSIP in HRCT, who was negative
of anti-JO-1 antibody, was ultimately diagnosed as poly-
myositis or antisynthetase syndrome [22]. Therefore, it is
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Fig. 2 Kaplan-Meier curves in different patients’ cohort. a Patients with
IPAF had significantly worse survival than those with non-IPAF (P <
0.001). b Patients with IPAF had similar survival to patents with UCTD-

necessary to measure comprehensive serologic autoanti-
bodies serially and carefully evaluate for extrapulmonary
symptoms to reach a final accurate diagnosis during

Time weeks

o

L) L) 1
200 300 400

Time weeks

T T 1 T
200 300 400 0 100

ILD (P =0.257). ¢ Patients with IPAF had a significantly better survival
than those with IPF, but worse than non-IPF group (P <0.001)

follow-up examinations. We hypothesized that consolida-
tions and ground-glass opacities in OP HRCT pattern path-
ologically represented an active inflammatory reaction or

Table 4 Variables predicting

survival in patients with Characteristic Univariate analysis Multivariate analysis
interstitial pneumonia with
autoimmune features HR (95% CI) P value HR (95% CI) P value
Age 1.041 (1.014-1.068) 0.002 1.036 (1.009-1.063) 0.007
Sex 1.889 (0.939-3.801) 0.075
Ever smoker 2.435 (1.185-5.002) 0.015 2.108 (1.018-4.361) 0.045
UIP pattern 1.554 (0.472-5.114) 0.468
Therapy
Corticosteroids 0.655 (0.329-1.304) 0.229
Immunosuppressant 0.786 (0.325-1.902) 0.593
Both 0.670 (0.259-1.734) 0.410
Refusing therapy 0.709 (0.352-1.427) 0.335
Clinical domain 0.418 (0.128-1.369) 0.150
Raynaud’s phenomenon 0.605 (0.185-1.977) 0.405
Serological domain
ANA positivity 2.079 (1.033-4.186) 0.040
Anti-RNP positivity 4.140 (1.446-11.855) 0.008 4.737 (1.489-12.844) 0.007
Morphological domain
HRCT features 0.645 (0.152-2.710) 0.549
NSIP 1.395 (0.687-2.830) 0.357
OP 3.712 (1.130-12.196) 0.031 3.385(1.017-11.261) 0.047
NSIP with OP overlap 1.733 (0.752-3.991) 0.197
TBLB features 0.198 (0.027-1.454) 0.111
Multicompartment features
Pleural eftusion or thickening 2.315 (1.105-4.852) 0.026
Pericardial effusion or thickening 2.058 (0.490-8.635) 0.324
Clinical and serological 0.720 (0.219-2.371) 0.589
Clinical and morphological 0.173 (0.024-1.268) 0.084
Serological and morphological 1.946 (0.467-8.113) 0.361
All three domains 0.351 (0.048-2.571) 0.303

HR hazard ratio, UIP usual interstitial pneumonia, NSIP nonspecific interstitial pneumonia, COP cryptogenic
organizing pneumonia, HRCT high-resolution computed tomography, ANA antinuclear antibody, SLB surgical

lung biopsy
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diffuse alveolar damage caused by an underlying autoim-
mune process. Further radiographic-pathologic studies
should be carried out to investigate the underlying autoim-
mune mechanism contributing to the disease pathogenesis.

The current study had several limitations. First, this was a
retrospective, population-based observational study from a
single center. Although clinical data was prospectively collect-
ed from the included patients, the center-specific and selection
bias was inevitable (for example, interpretation of the HRCT
finding and detection technology of serologic autoantibody).
Future study that applies the IPAF criteria should be prospec-
tively performed in a larger cohort from multiple institutions
with diverse populations. Second, only a few subtle of pa-
tients underwent TBLB, which provided modest value in
assessing the histopathological morphology. Surgery lung
biopsy was not performed because of patients’ refusal or
advanced age. However, all diagnoses were made in a rig-
orous, multidisciplinary approach including experienced
clinicians and dedicated thoracic radiologists. For patients
with ILD who received corticosteroid treatment, a careful
follow-up was programmed to observe the response of
treatment to validate the diagnosis.

In conclusion, our study suggested that IPAF had dis-
tinct clinical features and outcome compared with other
groups of ILD. Patients with IPAF tended to be younger
and have higher percentage of females and lower percent-
age of ever smoker than those with IPF. Patients with IPAF
had worse survival than patients with non-IPF, but better
than those with IPF. Age, smoking history, OP patterns in
HRCT, and anti-RNP positivity were the independently
significant prognostic factors for IPAF. Additional studies
will be needed to reveal the precise mechanism of the un-
derlying autoimmune processes, to determine prognostic
model in future clinical research.
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