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ABSTRACT

Background

The major risk factor for idiopathic pulmonary fibrosis (IPF), MUC5B rs35705950, was found
to be associated with rheumatoid arthritis-associated interstitial lung disease (RA-ILD). Whilst
the MUC5B rs35705950 T risk allele has been associated with better survival in IPF, its impact
on RA-ILD prognosis remains to be determined. Our objective was to explore the influence of
MUC5B rs35705950 on survival and progression in RA-ILD.

Methods

Through an international retrospective observational study, patients with RA-ILD were
genotyped for the MUC5B rs35705950 variant and consecutive pulmonary function tests
(PFTs) findings were collected. Longitudinal data up to a 10-year follow-up were considered
and analyzed using mixed regression models. Proportional hazards and joint proportional
hazards models were used to analyze the association of baseline and longitudinal variables
with lung transplant-free survival. Significant progression of RA-ILD was defined as at least an
absolute or relative 10% decline of forced vital capacity at 2 years from baseline.

Results

Out of 321 registered patients, 261 were included in the study :139 women (53.3%), median
age at RA-ILD diagnosis 65 years (interquartile range [IQR] 57 to 71), 151 ever smokers
(59.2%). Median follow-up was 3.5 years (IQR 1.3 to 6.6). Mortality rate was 32% (95%Cl 19 to
42) at 10 years. The MUC5B rs35705950 variant did not impact lung transplant-free survival
(HR for the T risk allele carriers=1.26; 95%Cl 0.61 to 2.62; P=0.53). Decline in pulmonary
function at 2 years was not influenced by MUC5B rs35705950 (OR=0.95; 95%Cl 0.44 to 2.05;
P=0.89), irrespective of the HRCT pattern.

Conclusion

In this study, the MUC5B rs35705950 promoter variant did not influence transplant- free

survival or decline in pulmonary function in patients with RA-ILD.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic auto-immune disease that can be associated with
extra-articular manifestations in up to 50% of patients (1). Among them, interstitial lung
disease (ILD) can be observed in 10 to 50% of patients with RA depending on ILD definition
and screening tool (2, 3). RA-ILD is a severe condition associated with a 2 to 10 times
increased mortality compared to patients with RA without ILD (3-5). However, RA-ILD is a
heterogeneous disease with variable evolution. Progressive disease is observed in 40 to 50%
of patients with RA-ILD, in limited case series, based on high-resolution computed
tomography (HRCT) of the chest or pulmonary function tests (PFTs) (6-8). To date, few studies
have identified factors associated with progressive disease and/or survival with contradictory
results. Clinical features (e.g. age, sex, tobacco smoking), HRCT pattern (usual interstitial
pneumonia (UIP) pattern) or extent, forced vital capacity (FVC), diffusing lung capacity for
carbon monoxide (DLCO) have been associated with disease progression or worse survival (7,
9-13).

Recently, we found that there is a shared genetic background between RA-ILD and idiopathic
pulmonary fibrosis (IPF) including rs35705950, a MUC5B promoter variant, representing the
major genetic risk factor in both diseases (14, 15). In previous studies, the MUC5B
rs35705950 T risk allele has been controversially associated with better survival among
patients with IPF (16, 17). Our aim was to investigate whether the MUC5B rs35705950 variant

influenced ILD progression or survival in patients with RA-ILD.



METHODS

Patients

This international retrospective observational study included patients with RA-ILD and
available MUC5B rs35705950 genotypic data from France, United States, Mexico,
Netherlands and Greece. All included patients fulfilled the 2010 European League Against
Rheumatism-American College of Rheumatology (EULAR-ACR) and/or 1987 ACR revised
criteria for RA (18, 19). In each participating center, ILD was established by HRCT of the chest
and classified as UIP, probable UIP (combined under the heading “RA-UIP”) or inconsistent
with UIP (RA-nonUIP) according to international criteria by expert radiologists at ILD centers
(20). All available PFT data from RA-ILD onset to the last follow-up were retrospectively
collected through a systematic chart review. In addition, clinical data and information about
death and/or lung transplant were collected. The institutional review boards at each

institution approved the protocol and all patients provided written informed consent.

Genotyping
Genotyping of the MUC5B rs35705950 single nucleotide polymorphism involved the use of

TagMan Genotyping Assays (Applied Biosystems) as previously reported (14).

Statistical analysis

Follow-up was counted from the date of diagnosis of RA-ILD that was considered as the
baseline date. Longitudinal data up to a 10-year follow-up were considered in the analysis.
Longitudinal data were analyzed using mixed regression models, with the time effect flexibly

modelled using splines to allow possibly nonlinear subject-specific evolutions. Confidence



intervals for these models were obtained by bootstrapping. To account for informative
censoring due to death or lung transplantation, only measurements prior to lung
transplantation were analyzed, and joint models for the longitudinal data and survival data
processes were used (21). This approach jointly modelled the longitudinal data with a mixed
model and the survival data (time to transplantation or death) assuming proportional hazards
for the effect of covariates. The baseline hazard was modelled with B-splines. In a sensitivity
analysis, random country effects were added to the flexible mixed model. Average slopes of
decline in FVC and DLCO during the 10-year period after RA-ILD diagnosis were obtained from
the joint models with a linear time effect and expressed as % per year with their 95%
confidence interval (95% Cl). The association of time-fixed variables (e.g. age or sex) with
death or lung transplantation was assessed with Cox proportional hazards models, whereas
for time-varying FVC and DLCO, or their current slope, estimates were obtained from the joint
model described above.

We defined a significant deterioration of pulmonary function as an absolute decline of at least
10% in FVC (expressed in percent of the predicted value) or a relative decline in FVC of at
least 10%, at two years from baseline (7, 20, 22-24). A sensitivity analysis using a definition of
an absolute or a relative decline of 5% in FVC was also performed.

Given the observational nature of the study and irregular measurements of the longitudinal
data, we used individual predictions obtained from the flexible mixed model (best linear
unbiased predictions, BLUP) to impute the baseline and 2-year predicted FVC, as well as
significant deterioration of pulmonary function for each patient of the study. Briefly, the
mixed regression models with smooth time effects were used to derive individual-level
predictions of FVC at relevant timepoints. The same procedure was used for DCO at baseline.

For individuals with available data at baseline (114 individuals for FVC and 101 for DLCO), we



then assessed how well the predictions matched with observed values, visually over the
entire follow-up, and by computing correlation coefficients for baseline values (we obtained
0.982 for FVC and 0.977 for DLCO). We therefore considered that the BLUP imputation were
reliable for further analysis. Individuals who underwent lung transplantation or who died
before 2 years from baseline were considered as experiencing a significant decline of
pulmonary function. Those with shorter follow-up were censored at the date of last contact,
and inverse probability of censoring weighting (IPCW) was used to correct for missing
outcome at two years (25, 26). Briefly, IPCW consists in analyzing patients with outcome
known at two years after weighting by the inverse of the estimated probability of not being
censored at 2 years. This allows for reconstructing a population at 2 years which has the same
structure as the population that we would have observed if there was no censoring. In the
absence of any evidence that baseline variables affected the risk of censoring, IPCW weights
were constructed using Kaplan-Meier estimator. Given the limited number of events (n = 30
in the whole cohort), we did not use multivariable models and only marginal associations are
reported. We did not impute missing data, except for FVC and DLCO (by using BLUPs, as
explained above). Our choice was based on the only very few data missing for chest HRCT
patterns, among the variables and the fact that we did not use multivariable analyses.

Analyses were performed using the R statistical software version 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria). Joint models were fitted with the JM package (version

1.4-8) (27).

Patient and Public Involvement Statement



This research was done without patient involvement. Patients were not invited to comment
on the study design and were not consulted to develop patient relevant outcomes or

interpret the results. We have invited patients to help us develop our dissemination strategy.



RESULTS

Out of 321 patients with RA-ILD and available genetic data, 60 patients could not be analyzed
(22 patients had unknown age at the time of RA-ILD diagnosis and 38 patients had no PFTs
measured during the study period, see figure S1). Baseline characteristics of included and
excluded patients are reported in table S1. In the end, 261 patients were included in this

study.

Characteristics of the patients with RA-ILD included

Baseline characteristics of included patients are presented in table 1. Briefly, 139 (53.3%)
were women with a mean age at RA-ILD diagnosis of 65 years (interquartile range [IQR] 57 to
71). UIP or probable UIP pattern was identified in 128 (51.4%) patients. FVC and DLCO at RA-
ILD diagnosis were 78.2% of the predicted (IQR 64.2 to 100.7) and 56.0% of the predicted
(IQR 46.5 to 72.0), respectively. The median follow-up was 3.5 years (IQR 1.3 to 6.6). Three or
more FVC measurements were collected in 181 (69.3%) patients. During the follow-up, 56
(23.2%) patients died and 4 (3.4%) underwent lung transplant. Mortality rate was 12% (95%

Cl 7to 17) at 5 years and 32% (95% CI 19 to 42) at 10 years.

MUCS5B rs35705950 genotyping
The minor allele frequency of the T risk allele in the overall RA-ILD population was found to be
increased (27.2%) compared to that observed in the general population and in good

agreement with previous reported frequencies in the RA-ILD population (15, 28).

Transplant-free survival according to MUC5B rs35705950 genotypes



Kaplan-Meier curves of all patients with RA-ILD and of the subgroup of patients with RA-UIP
are presented in figures 1 and 2. No difference in transplant-free survival was detected
according to MUC5B rs35705950 genotype among patients with RA-ILD (hazard ratio (HR) for
MUC5B rs35705950 T risk allele carriers 1.26, 95% Cl 0.61 to 2.63, P = 0.53) (Figure 1). When
the analysis was restricted to patients with RA-UIP, no difference was identified according to
MUC5B rs35705950 genotypes (HR for MUC5B rs35705950 T risk allele carriers 0.86, 95% Cl

0.29 to 2.51, P = 0.78) (Figure 2).

Other factors associated with death or lung transplantation at 10 years of RA-ILD duration

A lower FVC and/or DLCO at the time of RA-ILD diagnosis significantly increased the risk of
death or lung transplantation at 10 years of RA-ILD duration; for each one percent reduction
in FVC and DLCO at baseline (expressed in % of the predicted value), the risk of death or
transplantation increased by 4% and 10%, respectively (HR = 1.04, 95% Cl 1.02 to 1.06, P =
0.0004 and HR =1.10 95% Cl 1.06 to 1.15, P = <0.0001, respectively) (Table 2). A higher risk of
death or lung transplantation at 10 years of RA-ILD duration was observed for male sex but it
did not reach statistical significance (HR = 2.00, 95% Cl 0.96 to 4.16, P = 0.064) (Table 2). In
sub-analyses stratified by chest HRCT patterns, there was no difference in transplant-free
survival according to age (Table 2). A higher risk for death or lung transplantation at 10 years
of RA-ILD duration was observed for male sex in patients with non UIP patterns but it did not
reach statistical significance (HR = 3.08, 95% Cl 0.99 to 4.76, P = 0.053) (Table 2). Analyses
modelling age as a continuous variable are available in Table S2. Lung transplant-free survival
analyze including the 38 patients that were excluded because of no PFTs measured during the

study period (n = 299) showed similar results (Table S3).



Changes in Pulmonary Function Over Time

Observed vs predicted (BLUP) FVC and DLCO data are presented in figure S2. Over ten years
following diagnosis, an average of 5 longitudinal measurements per patient were available
(1292 data points in total, 708 (54.8%) after two years, 279 (21.6%) after five years and 76
(5.9%) after eight years). Overall, there was slow decline in FVC over the ten-year follow-up
(Figure 3A), with an average decline of 0.8% per year (95% Cl 0.3 to 1.4). In addition, an
important inter-patient FVC variability was present at baseline (standard deviation of random
subject effect 21.9%), as well as during the study time. Variation due to the country of origin
was smaller (standard deviation of random effect 8.4%). DLCO showed a significant decline of
1.8% per year on average (95% ClI 1.2 to 2.3) (Figure 3B). Analyses stratified by MUC5B

genotype are available in Figure 3, Panel C (FVC) and Panel D (DLCO).

PFTs deterioration at 2 years of RA-ILD duration (decline in FVC) according to MUC5B
rs35705950 genotypes

Among the 256 patients with available FVC data, a 10% or more FVC decline at 2 years was
observed for 33 patients (12.9%), corresponding to 49 (19.1%) after IPCW (86 patients being
censored before 2 years).

No association was detected between the MUC5B rs35705950 variant and FVC decline at 2
years (OR for the T risk allele 0.95, 95% Cl 0.44 to 2.05, P = 0.89) (Table 3). No association was
detected between HRCT patterns (notably UIP and probable UIP), age or male sex and FVC

decline (Table 3).



When the analysis was performed according to the HRCT pattern (i.e. RA-UIP and RA-nonUIP
patterns), the MUC5B rs35705950 variant did not influence FVC decline at 2 years in patients
with RA-UIP nor in patients with RA-nonUIP (OR for the T risk allele 0.70, 95% Cl 0.22 to 2.21,
P=0.54 and 1.48, 95% Cl 0.45 to 4.89, P = 0.52, respectively) (Table 3).

Analyses modelling age as a continuous variable are available in Table S4. Sensitivity analysis
using a definition of an absolute or a relative 5% decline in FVC demonstrated similar findings

(Table S5).

Slope of decline in FVC according to MUC5B rs35705950 genotypes

We observed no significant difference on the slope of decline in FVC at 2 years between the
MUC5B rs35705950 T risk allele carriers and non-carriers (difference in average decline 0.6%
per year, 95% Cl -0.4 to 1.6, P = 0.25) (Table S6). No difference was identified according to age
at RA-ILD > 65 years, sex or HRCT pattern (Table S6).

Sub-analyses in patients with the RA-UIP pattern found that age at RA-ILD diagnosis and male
sex were significantly associated with the slope of decline in predicted FVC: P=0.016 and P =
0.014, respectively whereas no association was detected in patients with RA-nonUIP (P = 0.97
and P = 0.30, respectively) (Table S6). No difference in the slope of decline in predicted FVC
was detected according to MUC5B rs35705950 in patients with RA-UIP (difference in average
decline 0.9% per year, 95% Cl -0.6 to 2.3, P = 0.24) and in patients with RA-nonUIP (difference

in average decline 0.3% per year, 95% Cl-1.5to 2.1, P = 0.78).

Slope of decline in DLCO according to MUC5B rs35705950 genotypes
A trend was observed for a greater decline in DLCO in MUC5B rs35705950 T risk allele carriers

(difference in average decline 0.9% per year, 95% CI -0.05 to 1.8, P = 0.062) (Table S7). Age >



65 years old was associated with a greater decline in DLCO (difference in average decline
1.0% per year, 95% Cl 0.02 to 1.9, P = 0.044) (Table S7). No difference was detected according
to sex or HRCT pattern.

In the sub-analyses performed according to HRCT pattern, a similar trend was detected for a
greater decline in MUC5B rs35705950 T risk allele carriers in RA-UIP (P = 0.082) but not in RA-
nonUIP (P = 0.41) (Table S7). No significant difference was detected according to age and sex

in patients with RA-UIP and RA-nonUIP (Table S7).



DISCUSSION

This is the first study to evaluate whether the presence of MUC5B rs35705950 T risk allele
affects progression of ILD and transplant-free survival in patients with RA. We did not observe
any impact of the MUC5B rs35705950 promoter variant on lung transplant-free survival nor
pulmonary function deterioration, expressed using the decline of FVC, at 2 years in patients
with RA-ILD. A greater decline in DLCO was observed for the T risk allele carriers was observed
but did not reach statistical significance.

Although RA-ILD is associated with increased morbidity and mortality, little is known about its
natural history. Evolution and prognosis of RA-ILD varies among patients (9). Identification of
markers that predict RA-ILD progression would be relevant in the context of the recent
benefit of antifibrotic therapy in systemic sclerosis-related ILD and pooled autoimmune
disease-related ILDs having a progressive fibrosis phenotype (29-31).

To date, several baseline phenotypic characteristics at baseline have been reported to be
associated with poor prognosis in RA-ILD: older age, male sex and tobacco smoking, UIP and
probable UIP HRCT patterns, subpleural distribution, higher baseline ILD extent and PFTs
findings (low FVC at baseline, low DLCO at baseline, FVC rate of decline > 10% within the 6
first months and DLCO rate of decline > 15% within the 6 first months) (7, 9-13). However,
given the heterogeneity of the above cited studies, notably regarding the definition of
progressive RA-ILD, stratification of patients at high risk of RA-ILD progression remains
challenging for clinicians, illustrating the need for identification of new risk factors.

The impact of the MUC5B rs35705950 variant on ILD progression is controversial. In IPF, the
MUC5B rs35705950 T risk allele has been associated with a slower progression and an
improved survival (16, 17, 32) . One explanation for this protective effect would be that non-

carriers of the risk allele have an increased frequency of TERT mutations (32). Indeed, shorter



telomeres were associated with declined survival in patients with IPF (32, 33). Conversely, in a
recent study, Dudbrige et al. found that the paradoxical association of MUC5B rs35705950 T
risk allele with increased survival could indeed be due to index event bias, and that the risk
allele is in fact associated with worse survival of patients with IPF (34).

Outside IPF, in a study that included 248 patients with CTD-ILDs which included 62 patients
with RA-ILD, no association was observed between MUC5B rs35705950 and FVC decline
whereas this allele was associated with an increase in transplant-free survival (28). Lastly, two
studies failed to identify a contribution of the MUC5B rs35705950 T allele and severity and
progression of ILD in systemic sclerosis (35, 36). Given the strong relationship between the
MUC5B rs35705950 T risk allele and the UIP and probable UIP HRCT patterns, the relatively
low prevalence of this fibrotic HRCT phenotype in CTD-ILDs could explain this lack of
association. Moreover, in. patients with idiopathic NSIP, significantly reduced survival was
observed in patients carrying the MUC5B rs35705950 T risk allele (17).

RA-ILD differs from other CTD-ILDs by sharing several similarities with IPF: i) clinical
characteristics (older age, male sex), ii) high prevalence of UIP and probable UIP HRCT
pattern, iii) poor prognosis and iv) common environmental and genetic risk factors (15, 37-
40). These similarities would lead to the hypothesis that IPF and RA-ILD may share common
prognostic factors. Unlike IPF, we did not find any impact of the MUC5B rs35705950 variant
on survival in RA-ILD. While the association between the MUC5B rs35705950 variant and
RAILD is restricted to the UIP HRCT pattern (15), we failed to identify any contribution of the
risk allele even when analysis was restricted to the HRCT RA-UIP pattern. The differences
between the impact of this risk allele on IPF and RA-ILD could be explained by factors related
to the chronic inflammatory rheumatic underlying condition which could impact the putative

influence of MUC5B rs35705950 on RA-ILD progression and could contribute to the strong



heterogeneity in the RA-ILD course. Indeed, the RA disease activity and disease modifying
anti-rheumatic drugs (DMARDs) could influence the course of ILD (39, 41-43). Of interest,
even though statistical significance was not reached, the OR point estimate of 0.70 for FVC
deterioration of the MUC5B rs35705950 T risk allele among patients with RA-UIP, is
concordant with a possible protective effect of the risk allele as reported in IPF. Sensitivity
analyses using a definition of a decline of 5% instead of 10% in FVC found similar results with
a OR point estimate of 0.45 for FVC deterioration of the MUC5B rs35705950 T risk allele
among patients with RA-UIP. In aggregate, these findings indicate that, in order to increase
statistical precision, very large samples may be required to definitely exclude MUC5B
rs35705950 as a prognosis factor of RA-ILD (notably in patients with a HRCT UIP or probable
UIP HRCT pattern).

RA-ILD is an insidious disease with a probable extended preclinical stage. To date, there are
no recommendation about the screening of such preclinical ILD in patients with RA. As RA-ILD
is mostly diagnosed when pulmonary symptoms occur, our study could not assess MUC5B
rs35705950 impact on preclinical RA-ILD progression. However, baseline PFT values were
relatively balances according to MUC5B rs35705950 genotype suggesting that it did not
impact preclinical RA-ILD progression.

The study has some limitations. First, the low occurrence of significant progression may have
decreased the study’s statistical power. The numbers get even smaller when we analyzed the
UIP versus nonUIP subgroups. Sub-analyses regarding the decline of DLCO showed trends
without reaching statistical significance meaning that a weak effect of the MUC5B
rs35705950 variant could be completely ruled out. Second, other factors of interest such as
ILD extent and HRCT fibrotic features were not considered. Third, the retrospective design of

the study did not allow us to assess the variations of RA disease activity during the follow-up



period and individual therapeutic sequences of DMARDs that could both impact the course of
ILD. Similarly, smoking status data was not available across the follow-up and therefore could
not be included in the analysis. Fourth, significant differences between included and excluded
patients (age at RA diagnosis and MUC5B genotype distribution) may have introduced a
selection bias. Another potential selection bias may have been induced by the inclusion of
patients with less aggressive phenotypes as only individuals living long enough to be included
in this study were analyzed. Patients with severe and acute disease may have been
underrepresented. The lower mortality rate observed in this study mays be induced by this
immortal time bias. As death status was collected through medical records review, some non-
hospitalized death may also have not been captured. Fifth, to date, MUC5B rs35705950 is the
only common variant that has been associated with RA-ILD and our aim was to investigate its
role as a prognosis factor. Other potential genetic risk factors such as HLA-DRBI1 shared
epitope (HLA-DRB1*SE) were not investigated in this study. However, the exact contribution
of HLA-DRB1*SE in the risk of ILD occurrence in patients with RA is controversial (44-46).
Nonetheless, according to the association of HLA-DRBI*SE with a severe RA prognosis, a
dedicated study with a relevant power of detection examining the role of this candidate locus
in the RA-ILD prognosis would be of interest. Last, our single genetic variant analysis did not
allow us to perform a regression-based adjustment using GWAS data that was recently
proposed to adjust for index event bias (34).

In conclusion, in this large international multiethnic observational study, the MUC5B
rs35705950 promoter variant, the major risk factor for RA-ILD, was not found to be
associated with transplant-free survival or with progression of RA-ILD. Precision medicine in
RA-ILD, with the goal of an early therapeutic intervention, requires additional studies to

identify predictors of ILD progression in patients with RA.
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FIGURES LEGEND

Figure 1. Transplant-free survival of all patients with RA-ILD (A) and according to MUC5B
rs35705950 genotypes (B). No difference was found between both genotypes (hazard ratio for
GT/TT vs. GG 1.26, 95% Cl 0.61 to 2.63, P = 0.53). RA-ILD: rheumatoid arthritis-associated
interstitial lung disease.

Figure 2. Transplant-free survival of patients with RA-ILD having a UIP or probable UIP chest
HRCT pattern: all patients (A) and stratified by MUC5B rs35705950 genotypes (B). No
difference was found between both genotypes (hazard ratio for GT/TT vs. GG 0.86, 95% Cl
0.29 to 2.51, P = 0.78).RA-ILD: rheumatoid arthritis-associated interstitial lung disease; UIP:
usual interstitial pneumonia.

Figure 3. Evolution of FVC (A and C) and DLCO (B and D) during the 10 years following diagnosis.
The blue lines show the mean trajectory, and blue shaded areas their bootstrap 95%
confidence intervals. On panel A, although the curves seem linear, there was some evidence
of non-linear effect of time (P < 0.0001), and the best-fitting model was a natural spline with
3 degrees of freedoms. On panel B, there was also evidence for non-linearity (P = 0.0002),
with the best-fitting natural spline having 2 degrees of freedom. Analyses stratified by MUC58B
rs35705950 genotype are shown on Panel C for FVC and D for DLCO. FVC: forced vital
capacity; DLCO: diffusing capacity of lung for carbon monoxide. Shaded area around the line
represents the 95%Cl.
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Table 1. Characteristics of patients with RA-ILD at diagnosis.

Whole sample

MUC5B rs35705950 genotypes

Characteristics (n=261) GG (n=129) GT or TT (n=132) P
MUC5B rs35705950 genotypes — —
no. (%)
GG 129 (49.4) 129 (100.0) 0 (0)
GT 122 (46.7) 0(0) 122 (92.4)
T 10 (3.8) 0 (0) 10 (7.6)
Age at diagnosis (years) — Median 65 [57 - 71] 62 [54-69] 66 [61-74] 0.0004
[IQR]
Women — no. (%) 139 (53.3) 77 (59.7 62 (47.0) 0.047
RF-positive — no. (%) 181 (75.4) 89 (74.2 92 (76.7) 0.76
No. missing 21 9 12
ACPA-positive — no. (%) 172 (73.8) 88 (73.9) 84 (73.7) >0.99
No. missing 28 10 18
Erosive status — no. (%) 101 (41.2) 51 (42.9) 50 (39.7) 0.70
No. missing 16 10 6
Ever smoker — no. (%) 151 (59.2) 74 (59.2) 77 (59.2) >0.99
No. missing 6 4 2
Chest HRCT patterns — no. (%) <0.0001
uIp* 128 (51.4) 42 (33.6 86 (69.4)
NonUIP 121 (48.6) 83 (66.4 38(30.6
No. missing 12 4 8
FVC (% predicted)
Observed — Median [IQR] 78.2 [64.2-100.7]  78.8 [63.8-103.3] 77.8 [66.0-98.9] 0.89
No. missing 147 69 78
BLUP* — Median [IQR] 82.2 [65.9-97.2] 83.0 [65.2-96.9] 82.1[69.2-98.2] 0.63
No. missing 5 2 3
DLCO (% predicted)
Observed — Median [IQR] 56.0 [46.5-72.0] 57.3[44.8-71.2] 55.0 [48.9-70.1] >0.99
No. missing 160 75 85
BLUP* — Median [IQR] 57.5 [48.2-70.7] 58.3 [48.4-69.3] 57.2 [48.0-71.7] 0.85
No. missing 24 13 11

IQR: interquartile range; RF: rheumatoid factor; ACPA: anticitrullinated peptides antibodies;
HRCT: high-resolution CT scan; UIP: usual interstitial pneumonia; FVC: forced vital capacity;
BLUP: best linear unbiased predictions; DLCO: diffusing capacity of lung for carbon monoxide.

*includes UIP and probable UIP HRCT patterns.

** Best linear unbiased predictions obtained from joint models were used to infer a baseline
value for all patient who had at least one measurement during the study period (5 patients
had no FVC measurements, and 24 no DLCO measurement).



Table 2. Factors associated with death or lung transplantation at 10 years of RA-ILD duration.

All patients (N = 261)

UIP***(N = 128)

NonUIP (N = 121)

Interactiontt

Characteristics HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P P
Age at diagnosis

< 65 years* 1 1 1

> 65 years 1.29 (0.62 to 2.66) 0.49 1.78 (0.63 t0 5.02) 0.28 0.63 (0.17 to 2.34) 0.49 0.29
Sex

Female 1 1 1

Male 2.00 (0.96 to 4.16) 0.064 1.41 (0.50 to 3.97) 0.51 3.08 (0.99 to0 9.66) 0.053 0.31
Chest HRCT patterns**

UIp*** 0.82 (0.39t0 1.72) 0.60 — — — — —

NonUIP 1 = = = =
MUC5B rs35705950 genotypes

GG 1 1 1

GTorTT 1.26 (0.61 to 2.62) 0.53 0.86 (0.29 to 2.51) 0.78 1.59 (0.53 t0 4.76) 0.41 0.48
Baseline FVCT (per % predicted 1.04 (1.02 to 1.06) 0.0004 1.05 (1.01 to 1.09) 0.017 1.05 (1.02 to 1.09) 0.005 0.60
decline)
Baseline DLCO% (per % predicted 1.10 (1.06 to 1.15) <0.0001 1.09 (1.03to0 1.16) 0.003 1.12 (1.05t0 1.19) 0.0006 0.50
decline)
Longitudinal measurements (joint
models)

Current FVC (per % predicted 1.04 (1.02 to 1.06) <0.0001 1.05 (1.01 to 1.09) 0.0008 1.05 (1.02 to 1.09) 0.001 0.98
decline)

Slope of FVC (per % 1.08 (0.89 to 1.30) 0.44 1.04 (0.84 to 1.28) 0.71 1.07 (0.90 to 1.27) 0.44 0.84
predicted/year)tt

Current DLCO (per % predicted 1.10 (1.06 to 1.15) <0.0001 1.09 (1.04 to 1.15) 0.001 1.10(1.04 to0 1.17) 0.002 0.82
decline)

Slope of DLCO (per % 1.30(0.77 to 2.20) 0.33 1.09 (0.63 to 1.89) 0.76 1.28 (0.49 to 3.35) 0.61 0.77

predicted/year)tt

The table presents hazard ratios and 95% confidence intervals. For longitudinal measurements, joint models were used.
HR: Hazard ratio; 95%Cl: 95% confidence interval; UIP: Usual interstitial pneumonia; HRCT: high-resolution CT scan; FVC: forced vital capacity;

DLCO: diffusing capacity of lung for carbon monoxide.
* 65 years was the median age
** 12 missing chest HRCT patterns

*** includes UIP and probable UIP HRCT patterns



T 5 missing data;
¥ 24 missing data.
ttinteraction P-values assess whether the association with death or lung transplant varies between UIP and NonUIP.



Table 3. Association of baseline characteristic with the probability of significant deterioration of pulmonary function at 2 years, as defined by a
decline of 10% in FVC.

All patients (N = 256) UIP** (N = 126) NonUIP (N =118)
Characteristics Events OR (95% Cl) P Events OR (95% Cl) P Events OR (95% CI) P
(%) (%) (%)

Age at diagnosis

< 65 years* 193 1 13.1 1 27.6 1

> 65 years 18.7 0.96 (0.44 to 2.08) 0.92 21.9 1.85 (0.60 to 5.74) 0.28 13.9 0.42 (0.12 to 1.53) 0.19
Sex

Female 21.8 1 23.5 1 21.4 1

Male 15.8  0.67 (0.31to 1.48) 0.33 123 0.46(0.15to 1.42) 0.18 23.2 1.11 (0.35 t0 3.57) 0.86
Chest HRCT patterns’

UIp** 17.4 0.74 (0.34 to 1.63) 0.45 — — — — — —

NonUIP 22.2 1 = = = = = =
MUC5B rs35705950
genotypes

GG 194 1 22.5 1 19.9 1

GTorTT 18.6 0.95 (0.44 to 2.05) 0.89 15.8 0.70(0.22 t0 2.21) 0.54 26.9 1.48 (0.45 to 4.89) 0.52

The table presents percent of events (significant deterioration), and odds ratios and 95% confidence intervals in the inverse probability of censoring
(IPC)-weighted samples. Five patients could not be evaluated for FVC since they had no measurements (only DLCO data was available for them).-
Interaction test (differential effect according to UIP status): P = 0.19 for age > 65 years, P = 0.27 for sex and P = 0.38 for MUC5B rs35705950
genotypes. OR: Odds ratio; 95%Cl: 95% confidence interval; UIP: usual interstitial pneumonia; HRCT: high-resolution CT scan.

* 65 years was the median age

** includes UIP and probable UIP HRCT patterns

t 12 missing chest HRCT patterns





