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ABSTRACT

Objective: Interstitial lung disease (ILD) is a leading cause of mortality in rheumatoid arthritis (RA), particularly in those with the
usual interstitial pneumonia subtype (RA-UIP). Serum antibodies to peptidylarginine deiminase type 4 (anti-PAD4), particularly
a subset that cross-react with PAD3 (PAD3/4XR), have been associated with imaging evidence of ILD. We aimed to determine
the specificity of anti-PAD4 antibodies in RA-ILD and to examine associations with markers of ILD severity.

Methods: 48 RA-ILD and 31 idiopathic pulmonary fibrosis (IPF) patients were identified from the National Jewish Health Bio-
bank. RA-ILD subtype was defined by imaging pattern on high-resolution chest computed tomography (CT), and serum was
tested for anti-PAD4 and anti-PAD3/4XR antibodies. Antibody prevalence, measures of ILD severity (% predicted forced vital
capacity, FVC; % predicted diffusion capacity carbon monoxide, DLCO; quantitative CT fibrosis) and mortality were compared
between groups.

Results: Anti-PAD4 antibodies were present in 9/48 (19%) subjects with RA-ILD and no subjects with IPF. Within RA-ILD,
anti-PAD4 antibodies were found almost exclusively in RA-UIP (89%). Within RA-UIP subjects, % predicted FVC was higher in
anti-PAD4+ subjects, and this finding was most strongly associated with anti-PAD3/4XR antibodies. In addition, quantitative
CT fibrosis score was lower in anti-PAD4+ RA-UIP subjects, including those with mono-reactive anti-PAD4 antibodies and
anti-PAD3/4XR antibodies. Anti-PAD4+ RA-UIP subjects also exhibited decreased mortality.

Conclusions: We demonstrate the presence of serum anti-PAD4 antibodies in a subset of patients with RA-UIP that were
notably associated with better lung function, less fibrosis and decreased mortality.

Key indexing terms: Rheumatoid arthritis; ILD; IPF; PAD4. [Am J Med Sci 2023;365(6):480-487.]

INTRODUCTION interstitial pneumonia (NSIP).° The RA-UIP subtype is

inflammatory arthritis, but extra-articular mani-

festations are frequently observed. Of these, pul-
monary disease is the most common, with RA-
associated interstitial lung disease (RA-ILD) being pres-
ent in 20-30% of patients.’*> When present, RA-ILD is
associated with significant morbidity and contributes to
death in up to 10% of patients.> > The most common
histopathologic pattern observed in RA-ILD is usual
interstitial pneumonia (UIP) followed by nonspecific

R heumatoid arthritis (RA) primarily manifests as
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associated with a worse prognosis and higher mortality
than RA-NSIP.*"® RA-UIP shares similar risk factors
and overall clinical course with idiopathic pulmonary
fibrosis (IPF), another ILD with a UIP pattern, and sug-
gests the potential for overlapping mechanisms of
pathogenesis.®'° Anti-fibrotic agents are now approved
for both IPF and RA-ILD and can modestly slow the
progression of disease yet more effective and better tol-
erated agents are needed. Identifying biomarkers associ-
ated with better or worse lung disease severity and
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mortality in RA-ILD or IPF could highlight important path-
ways involved in disease progression or stabilization
leading to improved clinical care or novel therapeutic tar-
gets.

Peptidylarginine deiminase (PAD) enzymes catalyze
the calcium-dependent post-translational deimination of
arginine residues to citrulline. There are five forms of
PAD enzymes, PAD1 through 4 and 6, with PAD2 and
PAD4 having the strongest link with RA."" In addition to
generating citrullinated autoantigens associated with RA,
PAD2 and PAD4 can also be antigenic targets. Anti-
PAD4 antibodies have been identified in up to 40% of
patients with RA'?~"#, with higher prevalence associated
with longer RA disease duration.'®'® Anti-PAD4 antibod-
ies are associated with more erosive arthritis, but para-
doxically, they may predict better responsivity to
treatment escalation.”

A subset of anti-PAD4 antibodies can also cross
react with PAD3 (anti-PAD3/4 XR) resulting in antibodies
that lower the calcium threshold required for enzyme
activation of PAD4, which leads to enhanced protein cit-
rullination.’® These antibodies are identified in up to 50%
of individuals with anti-PAD4 antibodies and are also
associated with more erosive arthritis.®'® This supports
the prognostic utility of anti-PAD4 and anti-PAD3/4 XR
antibodies for articular disease in RA, but their relevance
to extra-articular manifestations such as RA-ILD is less
clear. While some studies have reported an increased
prevalence of ILD in serum anti-PAD4 or anti-PAD3/4 XR
positive RA patients'®'®, these studies included RA
patients without clinically significant RA-ILD, did not
evaluate differences in RA-ILD subtype, and did not
robustly evaluate associations with lung disease severity.
Additionally, we recently found that anti-PAD4 and anti-
PAD3/4 XR antibodies are present in the sputum of
patients with RA and can alter PAD4 enzyme activity.?®
This would further support the notion that anti-PAD4
antibodies can act directly in the lung, which could influ-
ence the pathogenesis of RA-related lung diseases such
as RA-ILD. In this study, we sought to identify the speci-
ficity and associations with lung disease severity of
serum anti-PAD4 antibodies in RA-ILD.

METHODS

Study population

We selected all subjects with a diagnosis of RA-ILD
from a larger biospecimen database at National Jewish
Health of patients prospectively enrolled into a Special-
ized Center of Research (SCOR) under Institutional
Review Board # HS-1603. All RA-ILD subjects included
had been evaluated clinically by a board-certified rheu-
matologist and a pulmonologist specialized in ILD to
confirm their diagnosis of RA and RA-ILD, respectively.?’
Subgroups of RA-ILD were defined by imaging pattern
on high-resolution computed tomography (HRCT) scan
as either RA-UIP (including “definite” and “probable” UIP
per current guidelines®®) or RA-NSIP as determined by

PAD4 antibodies in RA-ILD

an expert thoracic radiologist. Patients with an HRCT
pattern other than UIP or NSIP were excluded. We ran-
domly selected 35 subjects with IPF from the same data-
base. Upon chart review, four did not meet
2018 American Thoracic Society guidelines for the diag-
nosis of IPF.?* All serum samples were obtained between
2004 and 2012. The study was performed in the accor-
dance with the Declaration of Helsinki. All subjects pro-
vided written informed consent to participate in the
study.

Serum autoantibody testing

Serum from all subjects was tested by ELISA for anti-
citrullinated protein antibodies (ACPA) using anti-cyclic
citrullinated peptide (CCP)3.1 (IgG/IgA, Inova Diagnos-
tics, Inc. San Diego, CA, USA) and for rheumatoid factor
(RF) using RF-IgA and RF-IgM (Inova). Positive cut-off
levels were based on manufacturers recommendations.
Serum anti-PAD4 antibodies were identified by immuno-
precipitation of S**-labeled PAD4 protein as previously
described.® Anti-PAD4 positive sera were then evalu-
ated for reactivity to in vitro transcribed and translated
PAD3, as previously described.'® Immunoprecipitated
proteins were separated by SDS-PAGE, visualized by
radiography, and quantified by densitometry. A densi-
tometry value >0.02 was considered positive. Within
anti-PAD4 positive samples, sera that reacted to PAD4
but not PAD3 were defined as anti-PAD4 mono-reactive,
and sera that reacted to both PAD4 and PAD3 were
defined as anti-PAD3/4XR+.

Lung disease severity

Pulmonary function tests (PFT) were used as one
measure of lung disease severity and included % pre-
dicted forced vital capacity (%FVC) and % predicted dif-
fusion capacity for carbon monoxide (%DLCQO). PFTs
included in this study were obtained during routine clini-
cal care and were only used for analysis if collected
within 3 months of serum collection. In RA-UIP subjects,
another measure of lung disease severity included a
quantitative measurement of lung fibrosis extent on
HRCT. In a subgroup of subjects, fibrosis on HRCT was
quantified using a data-driven texture analysis (DTA)
fibrosis score as previously described.?*"?® This
approach applies machine learning to detect and quan-
tify lung fibrosis (including reticular abnormalities, honey-
combing and traction bronchiectasis) on HRCT images
and expresses an extent score as the percentage of total
lung volume involved. HRCT scans included in this study
were obtained during routine clinical care and had imag-
ing quality that was adequate for DTA analysis based on
the following criteria: (1) axial slice thickness <1.25 mm
and (2) axial slice spacing <10 mm. Adequate HRCT
scans were performed a median (IQR) of 2 (0-39) months
from the time of serum collection.
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Mortality

The date of death for all RA-ILD subjects was
obtained from the Center for Disease Control and Pre-
vention’s National Death Index, which can match
research subjects to US death certificate records. Death
certificates were queried through November 2019. Any
subject without a US death certificate at the time of query
was considered to be alive as of November 2019.

Statistical Analyses

Clinical characteristics, prevalence of serum autoan-
tibodies, measures of lung physiology and DTA fibrosis
scores were compared using Chi-square, t-tests and Wil-
coxon rank sum test, as appropriate. Kaplan Meier
method with log-rank test was used to compare survival
curves of the RA-UIP group based on anti-PAD4 positiv-
ity. Cox proportional hazards regression models were
used to examine the relationship between anti-PAD4
antibodies and mortality adjusted for GAP index, which
is a composite score based on gender, age, and pulmo-
nary physiology that has been shown to be a predictor of
mortality in RA-ILD.2” All statistical analyses were per-
formed using SPSS Statistics version 27. We considered
p < 0.05 to represent statistical significance.

RESULTS

Subject demographics

We identified 48 RA-ILD subjects and 31 IPF subjects
with serum available from the NJH Biobank. Subject
demographics are outlined in Table 1. Of the 48 RA-ILD
subjects, 37 were characterized as RA-UIP and 11 were
characterized as RA-NSIP based on HRCT review. There
were significant differences in age across all groups with
the IPF cohort being the oldest and RA-NSIP being the
youngest. The IPF cohort had significantly less females
(19%) compared to both the RA-UIP (49%) and RA-NSIP
(55%) groups. There were no differences in smoking his-
tory or PFT measurements across all groups.

Serum anti-CCP and RF autoantibodies

Subjects with RA-ILD had a higher frequency of anti-
CCP (71% vs 32%, p < 0.01), RF-IgA (63% vs 19%,
p < 0.01) and RF-IgM (73% vs 0%, p < 0.01) positivity
compared to IPF subjects (Table 1). There were no signif-
icant differences in anti-CCP, RF-IgA and RF-IgM posi-
tivity between RA-UIP and RA-NSIP subjects.

Serum anti-PAD4 autoantibodies

Nine out of 48 RA-ILD subjects were anti-PAD4+
compared to no subjects in the IPF group (19% vs 0%,
p = 0.01). Eight of the 9 (89%) RA-ILD subjects with anti-
PAD4 antibodies had a UIP pattern on imaging. Four of
the 8 anti-PAD4+ RA-UIP subjects were anti-PAD4
mono-reactive while the other 4 anti-PAD4+ subjects
had anti-PAD3/4XR antibodies. There were no significant
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differences in age, sex or ever smoking history based on
anti-PAD4 mono-reactive or anti-PAD3/4XR antibody
positivity (Table 2). Anti-PAD4 mono-reactive RA-UIP
patients had lower pack-years of smoking.

Anti-PAD4 antibodies and lung disease severity in
RA-UIP

In subjects with RA-UIP, anti-PAD4 positive subjects
had a higher %FVC compared to anti-PAD4 negative
subjects (82% vs 65%, p = 0.02) (Table 2). Similar analy-
ses were not performed in RA-NSIP subjects as there
was only one anti-PAD4 positive subject. In addition,
there was a significantly lower degree of lung fibrosis
measured quantitatively in anti-PAD4 positive compared
to anti-PAD4 negative RA-UIP subjects (median DTA
fibrosis score, 14.6 vs 40.3, p < 0.01, Table 2), a differ-
ence that persists when limiting analysis to only scans
within 3 years of serum collection (13.1 vs 40.3,
p =0.02). We compared markers of lung disease severity
in anti-PAD4 positive RA-UIP subjects subgrouped by
anti-PAD4 mono-reactive (n = 4) or anti-PAD3/4XR
(n = 4) antibodies compared to anti-PAD4 negative RA-
UIP subjects (n=29). The mean %FVC was lowest in anti-
PAD4 negative subjects (65%), higher in anti-PAD4
mono-reactive subjects (78%) and highest in anti-PAD3/
4XR+ subjects (87%) (Table 2). The %FVC was signifi-
cantly different between anti-PAD4 negative and anti-
PAD3/4XR positive subjects (p = 0.04) (Fig. 1, panel A). In
a similar trend, mean %DLCO was lowest in anti-PAD4
negative subjects (43%), higher in anti-PAD4 mono-reac-
tive (48%) and highest in anti-PAD3/4XR+ subjects
(54%), although these differences were not statistically
significant (Fig. 1, panel B). Lastly, when using quantita-
tive HRCT, there was a significantly lower degree of lung
fibrosis in both the anti-PAD4 mono-reactive and anti-
PAD3/4XR+ subjects compared to anti-PAD4 negative
subjects (mean DTA fibrosis score, 16 vs. 17 vs. 40,
respectively) (Fig. 1, panel C).

Anti-PAD4 antibodies and mortality in RA-UIP

Survival from the time of serum collection through
November 2019 was obtained for all RA-UIP subjects.
The median survival was significantly longer in anti-
PAD4 positive compared to anti-PAD4 negative RA-UIP
subjects (10.6 years vs 4.8 years, p = 0.02) (Fig. 2). In a
cox proportional hazards regression model adjusting for
GAP index score (accounting for sex, age, and lung func-
tion), anti-PAD4 antibody positivity continued to be asso-
ciated with lower mortality but was not statistically
significant (HR:0.38, 95% CIl 0.12 — 1.18, p=0.09). More-
over, there was a significant association between higher
anti-PAD4 antibody levels and lower mortality (HR: 0.31,
95% CIl 0.10 — 1.01, p=0.05) (Table 3). Of note, the
median date of serum collection was similar between
anti-PAD4 positive and anti-PAD4 negative RA-UIP sub-
jects (June 2008 vs May 2008, respectively).
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Table 1. Characteristics, pulmonary function and serum antibody testing in RA-ILD and IPF.

Age

Female

Ever Smoker**
Smoking pack years*™*
% predicted FVC**

% predicted DLCO**
Anti-CCP+

RF-IgA+

RF-IlgM+

Anti-PAD4+

RA-ILD (n=48)
62+ 12
24 (50)
25 (53)
13+ 18
69 + 20
47 £ 18
34 (71)
30 (63)
35 (73)
9(19)

All values displayed as mean + SD or N (%).
"Based on Chi-square or t-test where appropriate, NS = not significant, p > 0.05.
“ Clinical data was missing for: Ever smoking for 1 RA-UIP; pack years for 1 RA-NSIP, 4 RA-UIP, 3 IPF; FVC for 2 RA-UIP, 5 IPF; DLCO for 4 RA-UIP, 7 IPF.

Table 2. Differences in characteristics and lung disease severity based on serum anti-PAD4 and anti-PAD3/4XR positivity in RA-UIP.

Age

Female

Ever smoker™
Smoking pack years™*
Anti-CCP+

RF-IlgA+

RF-IgM+

% predicted FVC**

% predicted DLCO*™*
DTA fibrosis score

Anti-PAD4-
(n=29)

64+ 12
13 (45)
14 (50)
14 + 20
20 (69)
18 (62)
21(72)
65 + 20
43 £17
40+19

All values displayed as mean & SD or N (%).
"Based on Chi-square or Kruskal-Wallis where appropriate, NS = not significant, p > 0.05.
" Clinical data was missing for: Ever smoking for 1 PAD4-; pack years for 3 PAD4-,1 PAD4+; FVC for 2 PAD4-; DLCO % 4 PAD4-

RA-UIP (n=37)
64 + 11
18 (49)
20 (56)
14 £19
69 + 19
45+ 17
26 (70)
24 (65)
29 (78)
8(22)

Anti-PAD4+

(n=8)

6247
5 (63)
6 (75)
14+ 15
6 (75)
6 (75)
8(100)
82+ 12
51+ 15
17 +8

RA-NSIP (n=11)
56 + 13

6 (55)

5 (45)

10+ 15

68 + 23

53 + 22

8(11)

55)

5)

)

(o))

6
6
1(

©

Anti-PAD4+

IPF (n=31)
69+ 8
6(19)
21 (68)
23 + 27
67 £ 15
44+ 16
10 (32)
6(19)
0(0)
0(0)

mono-reactive (n=4)

64+ 12
50%
2 (50)
3+5
2 (50)
3(75)
4 (100)
78+8
48 £ 12
16 + 11

p-value*
RA-ILD vs IPF RA-UIP vs IPF RA-NSIP vs IPF RA-UIP vs NSIP
<0.01 0.03 <0.01 0.05
<0.01 0.02 0.05 NS
NS NS NS NS
NS NS NS NS
NS NS NS NS
NS NS NS NS
<0.01 <0.01 0.03 NS
<0.01 <0.01 0.05 NS
<0.01 <0.01 <0.01 NS
0.01 <0.01 NS NS
p-value*
Anti-PAD3/4XR+ PAD4+ PAD4+ PAD3/4XR+
(n=4) vs PAD4- mono-reactive vs PAD4-
vs PAD4-
60+ 6 NS NS NS
75% NS NS NS
4 (100) NS NS NS
23+ 14 NS <0.05 NS
4(100) Ns NS NS
3(75) NS NS NS
4 (100) NS NS NS
87 + 16 0.02 NS 0.04
54 +19 NS NS NS
17 +7 <0.01 0.02 0.03
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FIG. 1. Lung disease severity in anti-PAD4+ RA-UIP. Box plots characterizing the % predicted FVC (panel A), % predicted DLCO (panel B), and
DTA fibrosis score (panel C) for subjects with RA-UIP when stratified by anti-PAD antibody positivity (anti-PAD4-, n = 29; anti-PAD4+ mono-
reactive, n = 4; anti-PAD3/4XR+, n = 4). Lower and upper box boundaries designate interquartile range (25th to 75th percentile). Line inside box
designates median. Lower and upper error lines designate 5th and 95th percentile, respectively, and black circles designate points falling outside

of this range. P-value based on Mann-Whitney test.
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FIG. 2. Survival curve in RA-UIP stratified by anti-PAD4 antibody
positivity. Kaplan Meier estimates for % survival of all RA-UIP sub-
jects stratified by anti-PAD4 positivity (red line — positive, blue line —
negative).

DISCUSSION

Our study found that serum anti-PAD4 antibodies
were associated with better lung function, lower quanti-
tative scores of fibrosis and improved survival in subjects
with RA-UIP. To our knowledge, this is the first study

TABLE 3. Cox proportional regression model.

characterizing lung disease severity associated with
anti-PAD4 antibodies in specific subtypes of clinically
apparent RA-ILD. Our findings suggest that anti-PAD4
antibodies in RA patients with ILD may modulate the
pathogenesis of ILD leading to a less fibrotic phenotype
with slower progression. Because RA-UIP is associated
with more lung fibrosis and portends a worse prognosis
compared to other forms of ILD in RA, such as RA-NSIP,
the association between anti-PAD4 and outcomes in
RA-UIP could help clinicians prognosticate for their
patients and inform decisions on the initiation of therapy
or referral for transplant. It could also facilitate cohort
selection in future treatment trials in RA-ILD by enriching
for those at higher risk of progression and death. Testing
for anti-PAD4 opens the door to identify RA-specific
mechanisms involved in the pathogenesis of lung fibro-
sis, including the potential for protective pathways that
could lead to novel treatment approaches.

We also found that anti-PAD4 antibodies were spe-
cific (100%) for RA-ILD compared to IPF and were more
common in RA-UIP compared to RA-NSIP. This finding

Unadjusted Adjusted*
HR 95% CI p-value HR 95% CI p-value
Anti-PAD4 positive 0.31 0.11-0.90 0.02 0.38 0.12-1.18 0.09
Anti-PAD4 antibody levels 0.34 0.11—-1.08 0.07 0.31 0.10—1.01 0.05
Anti-PAD3/4 antibody levels 0.08 0.002 — 3.24 0.18 0.18 0.01 —4.86 0.30

"Model adjusted for GAP index (score based on sex, age, % predicted FVC, and % predicted DLCO
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suggests that despite the clinical overlap and possible
overlapping mechanisms driving fibrosis in IPF and RA-
UIP, anti-PAD4 antibodies may play a unique role in the
pathogenesis of RA-UIP. Importantly, serum anti-PAD4
antibodies are not likely specific for ILD within an RA
cohort. In fact, the prevalence of anti-PAD4 antibodies in
our study was on the lower end of reported prevalence
rates in RA cohorts.'>'° Of note, a recent study by Palterer
and colleagues found that the presence of ILD was associ-
ated with lower anti-PAD4 antibody levels compared to RA
patients without ILD.?® Given that our cohort only included
RA patients with ILD, these findings could explain why we
observed a somewhat lower prevalence of anti-PAD4 anti-
body positivity in our study. Our findings that anti-PAD4
antibodies were associated with less lung fibrosis in RA
patients with ILD in combination with the findings from Pal-
terer et al that anti-PAD4 antibody levels were lower in RA
patients with ILD support future longitudinal studies of large
RA cohorts that can determine whether anti-PAD4 antibod-
ies have a protective role in the development of RA-ILD.

Our group recently published work that anti-PAD4
antibodies can be present and activate PAD4 enzyme
function in the lung of RA patients.?° Future studies are
needed to establish the specific mechanisms by which
anti-PAD4 antibodies may influence the pathogenesis of
ILD, such as increased citrullination of proteins in the
lung or direct effects on lung-specific cells (i.e. airway
epithelial cells or lung fibroblasts) or immunomodulatory
cells recruited to the lungs. It is of interest that prior stud-
ies have consistently found anti-PAD4 antibodies, partic-
ularly the anti-PAD3/4XR subset, associated with more
severe and erosive joint disease in RA'®'""'9 yet we
found these same antibodies associated with less severe
lung disease in RA. These seemingly discrepant findings
are likely highlighting the importance of site of action for
anti-PAD4 antibodies. Different target cells and different
effects of citrullinated proteins and inflammation
between the joints and lungs could drive worsening dis-
ease at one site while driving less disease at another site.

Prior studies have described an association between
the presence of serum anti-PAD4 antibodies and the
presence of subclinical ILD in RA patients.'*' Specifi-
cally, Giles and colleagues previously found that anti-
PAD3/4XR antibodies were more prevalent in RA
patients with radiographic evidence of ILD found on
screening scans compared to those with normal CT
imaging. In that study, antibody positivity was not asso-
ciated with abnormalities of pulmonary physiology, sug-
gesting that anti-PAD3/4XR antibodies were associated
with early, mild ILD. If anti-PAD4 antibodies play a role in
limiting the severity of RA-ILD, as suggested by our cur-
rent study, this could potentially explain the increased
frequency of anti-PAD3/4XR antibodies identified in RA
patients with ILD that is mild and not associated with
alterations in physiology. Longitudinal studies are
needed in RA-ILD, including patients with subclinical dis-
ease, to better understand the association of anti-PAD4
antibodies and ILD progression over time.

PAD4 antibodies in RA-ILD

While there were more ever smokers in RA-UIP anti-
PAD4+ group compared to the RA-UIP anti-PAD4- sub-
jects, this relationship was not significant. The relation-
ship between smoking and anti-PAD4 antibodies
remains poorly understood. Giles et al found that in
patients with anti-PAD3/4XR antibodies, the probability
of having radiographic evidence of ILD was significantly
higher in subjects with prior smoke exposure compared
to never smokers (93% vs 39%, p = 0.03). Conversely,
Cappelli et al found no association between smoking his-
tory and anti-PAD4 positivity in a cohort of 274 RA
patients.?® Future studies are needed to better character-
ize this relationship.

There are several limitations to our study. First, our
findings are based on a cross sectional analysis using a
relatively small sample population from a single cohort.
While we were able to obtain follow-up data on these
subjects for mortality, future prospective longitudinal
studies that include larger sample sizes are still needed
to better understand associations of anti-PAD4 antibod-
ies and disease progression. Second, our mortality out-
come was all cause mortality, and we cannot definitively
determine the contribution of the patent’s ILD on their
mortality. Of note, our study evaluated mortality out-
comes prior to the onset of the COVID-19 pandemic,
which eliminated any confounding factors associated
with mortality and COVID-19. Third, articular disease
severity, such as erosive status or disease activity
scores, were not available for this cohort, thus we were
unable to correlate anti-PAD4 status with joint manifesta-
tions. Lastly, the current study was also limited to serum
and future studies are needed to evaluate the presence
and activity of anti-PAD4 antibodies within the lung in
RA-ILD.

CONCLUSIONS

We demonstrate that serum anti-PAD4 antibodies
were specific for RA-ILD when compared to IPF and in
RA-UIP are associated with better lung function, less
lung fibrosis and improved survival. These results sup-
port future studies that can further characterize the utility
of anti-PAD4 antibodies as prognostic biomarkers in RA-
ILD as well as mechanistic studies focused on enhancing
our understanding of how these antibodies modulate
lung disease progression.
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