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Key messages:

® Quantitative lung fibrosis (QLF) scores might be useful in predicting prognosis in patients

with RA-ILD.

® High QLF scores differentiate a poor prognostic phenotype of RA-ILD similar to IPF.

® Combining with clinical variables improve the performance of QLF score in predicting the

mortality in patients with RA-ILD.

Page 2 of 38

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]


mailto:jwsongasan@gmail.com

Page 3 of 38

oNOYTULT D WN =

Rheumatology

ABSTRACT

Objective: The prognosis of rheumatoid arthritis—associated interstitial lung disease (RA-ILD)
is difficult to predict because of the variable clinical course. This study aimed to determine the
prognostic value of an automated quantification system (AQS) in RA-ILD.

Methods: We retrospectively analysed the clinical data and high-resolution computed
tomography (HRCT) images of 144 patients with RA-ILD. Quantitative lung fibrosis (QLF,
sum of reticulation and traction bronchiectasis) and ILD (QILD; sum of QLF, honeycombing

[QHC], and ground-glass opacity [QGG]) scores were measured using the AQS.

Results: The mean age was 61.2 years, 43.8% of the patients were male, and the 5-year
mortality rate was 30.5% (median follow-up, 52.2 months). Non-survivors showed older age,
higher erythrocyte sedimentation rate (ESR), and greater AQS scores than survivors. In
multivariable Cox analysis, higher QLF, QHC, and QILD scores were independent prognostic
factors along with older age and higher ESR. In receiver-operating characteristic curve analysis,
the QLF score showed better performance in predicting 5-year mortality than the QHC and
QGG scores but was similar to the QILD score. Patients with high QLF scores (>12% of total
lung volume) showed higher 5-year mortality (50% vs. 17.4%, P<0.001) than those with low
QLF scores and similar survival outcome to patients with idiopathic pulmonary fibrosis (IPF).
Combining with clinical variables (age, ESR) further improved the performance of QLF score

in predicting 5-year mortality.

Conclusion: QLF scores might be useful for predicting prognosis in patients with RA-ILD.

High QLF scores differentiate a poor prognostic phenotype similar to IPF.
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Introduction
Rheumatoid arthritis (RA) is an autoimmune disease associated with chronic inflammation,
leading to the progressive destruction of multiple cartilages and bone. Interstitial lung disease
(ILD) is the most common pulmonary complication of RA [1]. Clinically significant ILD
occurs in approximately 10% of patients with RA and is one of the major causes of death [2,
3]. Although RA-associated ILD (RA-ILD) is generally known to have a better prognosis than
idiopathic pulmonary fibrosis (IPF), the clinical course of RA-ILD is highly variable and
difficult to predict [2]. In previous studies, several clinical variables such as older age, male
sex, and a usual interstitial pneumonia (UIP) pattern on high-resolution computed tomography
(HRCT) have been reported as predictors of mortality in patients with RA-ILD [4-8]. Lower
lung function, especially decreased diffusing capacity of the lung for carbon monoxide (DLco)
[9], and higher extent of fibrosis on HRCT were also reported to be useful predictors of
prognosis in patients with RA-ILD [6, 8, 10]; however, the utility of these variables can be
limited by insufficient patient effort or reader variability in interpreting imaging findings.
Recent studies have introduced computer-based analysis of HRCT imaging using
techniques, such as the use of an automated quantification system (AQS), to more objectively
evaluate the extent of fibrosis in patients with ILD [11-14]. Most AQS studies have been
primarily conducted in patients with IPF or scleroderma-related ILD, but the roles of imaging
parameters measured using the AQS in predicting prognosis in patients with RA-ILD are not
well defined. The purpose of this study was to determine the prognostic value of HRCT

parameters measured using an AQS in patients with RA-ILD.

Methods
Study population

A total of 158 patients with RA-ILD, who had baseline HRCT images at the time of ILD
4
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diagnosis at Asan Medical Center, Seoul, Republic of Korea, between November 1999 and
July 2015 were screened for this study. Among them, 14 patients were excluded because of
inadequate HRCT images (absence of volumetric images or thin section images) for AQS and

visual assessments (n = 13) and lack of baseline lung function data (n = 1). Therefore, 144

patients with RA-ILD (biopsy-confirmed cases =40, 27.8%) were finally included in this study.

All patients met the RA diagnostic criteria of the American College of
Rheumatology/European League Against Rheumatism [15], and the presence of ILD was
confirmed on HRCT images. An IPF cohort, consisting of 159 patients diagnosed
consecutively between January 2014 and July 2015 at Asan Medical Center, was included to
compare prognosis with the RA-ILD cohort. All diagnoses of IPF were made through
multidisciplinary discussions according to the American Thoracic Society (ATS) /European
Respiratory Society (ERS)/Japanese Respiratory Society (JRS)/Latin American Thoracic
Society (ALAT) IPF guidelines [16]. This research was conducted according to the guidelines
of the Declaration of Helsinki, and approved by the Institutional Review Board of Asan
Medical Center, Seoul, the Republic of Korea (approval no. 2020-0943). Patient consent was

waived due to retrospective nature of this study.

Data collection

The clinical and survival data of all patients were retrospectively collected from medical
records, telephone interviews, or the records of the National Health Insurance of Korea.
Spirometry parameters [17], DLco [18], and total lung capacity (TLC) determined with
plethysmography [19] were measured according to previous recommendations and expressed
as percentages of predicted values. All available clinical parameters were obtained within 3

months of initial HRCT date.
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Automated quantification of HRCT images

HRCT images were obtained, following standard protocols, at full inspiration without contrast
enhancement. Details of computer-aided quantitative scoring system used in this study were
described in previous reports [12, 20, 21]. Briefly, automated quantitative scoring of each
HRCT image was established through five steps: 1) de-noising the image; 2) sampling each
pixel from a grid; 3) converting the characteristics of grid intensities into texture features; 4)
classifying the texture features of pixels as specific patterns, such as reticular pattern with
architectural distortion, ground-glass opacity (GGO), or honeycombing using a built-in model;
and 5) calculating the percentages of the classified pixels [12]. The quantitative lung fibrosis
(QLF) (sum of reticulation and traction bronchiectasis), GGO (QGG), and honeycombing
(QHC) scores were measured on HRCT using the AQS. The quantitative ILD (QILD) score
(sum of QLF, QHC, and QGG) was also measured. Because of low prevalence in consolidation
by visual, the automated quantification of consolidation was not included in this study. We
applied the adaptive denoise based on the CT Hounsfield values to reduce the variation as

descripted in previous studies [20, 21].

Visual assessment of HRCT images

Visual assessment of HRCT images was performed by two radiologists (G.C. and J.B.) who
were blinded to the patients’ information. The extents of GGO, reticulation, honeycombing and
consolidation were semi-quantitatively scored on a lobar basis estimated to the nearest 5%. All
computed tomography variables were expressed as a percentage of the total lung volume. The
most disparate 5% (two standard deviations) of the values and any disagreement between the
two radiologists were resolved by a third radiologist (J.J.). The ILD extent was defined as the

sum of reticulation, honeycombing, and GGO. The HRCT patterns were classified according
6
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to the 2018 ATS /ERS/JRS/ALAT IPF guidelines [22]. A UIP pattern was defined as basal and
subpleural predominant distribution of honeycombing, reticulation with or without traction
bronchiectasis, and the absence of features such as consolidation, extensive GGOs, and mosaic

attenuations to suggest alternative diagnosis [22]. The presence of emphysema was also

evaluated [23].

Statistical analysis

All values are expressed as means + standard deviations for continuous variables or as
percentages for categorical variables. Continuous variables were compared using the Student’s
t-test or Mann—Whitney U-test, and categorical variables were compared using the chi-square
test or Fisher’s exact test. The correlation between radiologist-determined scores and AQS
scores was represented by the Pearson’s correlation coefficient, and the strength of the
correlation was interpreted as follows: high (r > 0.7), moderate (r = 0.5-0.7), and low (r < 0.5)
[24]. Survival was evaluated using the Kaplan—Meier survival analysis and log-rank test. The
follow-up period was calculated from the date of the initial HRCT to the date of death or time
of censoring (date of vital status ascertainment: 31 Oct 2016) When performing the survival
analysis, we set the criteria for censoring as follows: 1) survival at certain time point (5 years),
2) date of follow-up loss. We used a Cox proportional hazards model to identify risk factors
for the mortality of RA-ILD. Variables with a P-value of < 0.1 in the unadjusted analysis were
included in the multivariable analysis using backward elimination. The receiver-operating
characteristic (ROC) curve analysis was used to evaluate the performance of the AQS scores
in predicting mortality in patients with RA-ILD. Concordance statistics (C-statistics) were
calculated to compare the performance of the prediction models. After selecting the best-
performing model, each variable was assigned a point ranging from 0 to 2 according to

coefficient values; that is, each Cox coefficient value was divided by the smallest Cox
7
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coefficient value, and the score was converted into an integer. Further, on a basis of the result
of Fisher’s exact test or the chi-square test for the survival rate, the patients were classified into

three stages according to the total points from 0 to 5 (stage I =0-2, stage I =3-4, stage Il

=5). Internal validation using bootstrap was performed to control the concordance overestimate.

All P-values were two-tailed, and statistical significance was set at P < 0.05. All statistical
analyses were performed using SPSS software (version 21.0; IBM Corporation, Somers, NY,
USA) and MedCalc Statistical Software (version 12.7.5; MedCalc Software bvba, Ostend,

Belgium).

Results

Baseline characteristics

The mean patient age was 61.2 years, and 43.8% of the patients were male (Table 1). The
median follow-up period was 52.5 months (interquartile range [IQR], 36.2-90.5 months), and
44 (30.5%) patients died within 5 years of the diagnosis of ILD (Figure 1A). Of 144 patients,
121 patients (84.0%) received a diagnosis of ILD at a median of 53.0 months (IQR, 10.7-
121.3 months) after receiving an RA diagnosis. In contrast, 11 (7.6%) had a diagnosis of ILD
before being diagnosed with RA, with a median duration of 19.0 months (IQR, 12.0-48.0
months), and the remaining 12 patients were diagnosed concurrently. Non-survivors showed
older age, more frequent ever-smoker, higher erythrocyte sedimentation rate (ESR), higher
rheumatoid factor titre, and lower lung function (forced vital capacity [FVC], DLco, and
TLC) than survivors (Table 1). Patients with IPF had older age and a higher proportion of
men, but showed similar lung function (FVC and DLco) to patients with RA-ILD

(Supplementary Table S1, available at Rheumatology online).
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Correlation of HRCT findings

Non-survivors showed higher reticulation, honeycombing, and ILD extent scores, and more
frequently had emphysema and a UIP pattern on visual assessment of HRCT images than
survivors (Table S2). The QLF, QHC, QGG, and QILD scores on HRCT measured using the
AQS were also higher in non-survivors than in survivors (Table 2). A significant positive
correlation was found between HRCT scores measured through visual assessment and those
measured using the AQS, except for GGO. The correlation was the highest for the
reticulation score (r = 0.811, P <0.001), followed by the ILD (r = 0.687, P <0.001) and

honeycombing (r = 0.368, P < 0.001) scores (Figure 2).

Prediction of mortality

In the unadjusted Cox regression analysis, age, lung function (FVC, DLco, and TLC), ESR,
presence of emphysema and UIP pattern on HRCT, and AQS scores (QLF, QHC, QGG, and
QILD) were significantly associated with 5-year mortality in patients with RA-ILD
(Supplementary Table S2, available at Rheumatology online). In the multivariable Cox
analysis, higher QLF (hazard ratio [HR] 1.068, 95% confidence interval [CI] 1.026-1.113, P
=0.002), QHC (HR 1.090, 95% CI 1.021-1.164, P = 0.010), and QILD (HR 1.048, 95% CI
1.022-1.075, P <0.001) scores were independent predictors of 5-year mortality along with
older age and higher ESR (Table 3).

In the ROC curve analysis, the QLF and QILD scores were useful in predicting 5-year
mortality and showed better performance (area under the curve 0.721 [QLF] vs. 0.744
[QILD], P = 0.285) than the QHC and QGG scores (Figure 1B). The optimal cut-off value of
QLF was 12% (sensitivity 65.9%, specificity 71.0%). Patients with a high QLF score (= 12%,

n = 57) showed higher 5-year mortality (50% vs. 17.4%, P <0.001) than those with a low
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QLF score (< 12%, n = 87). Moreover, the survival outcome of patients with a high QLF

score was similar to that of patients with IPF (Figure 3A).

Combination with clinical variables
To improve the predictive performance of the QLF score in patients with RA-ILD, various
models combined with clinical variables were compared (Supplementary Table S3, available
at Rheumatology online). Among the prediction models, the model including the QLF score,
age, and ESR showed better performance in predicting 5-year mortality (C-index 0.816 vs.
0.721, P =0.017) than the model including the QLF score alone in patients with RA-ILD.
Based on the results of the ROC curve analysis for the optimal cut-off values (QLF
score = 12%, age = 50 years, and ESR = 55 mL/dL) for 5-year mortality, continuous
variables including age, ESR, and QLF score were converted into categorical variables.
Points ranging from 0 to 2 were assigned to each variable based on the coefficient values
(Supplementary Table S4, available at Rheumatology online), and patients were categorised
into three stages according to the total points (range, 0-5) that demonstrated a similar 5-year
survival rate (Supplementary Figure S1 and Supplementary Table S5, available at
Rheumatology online). To reduce the overfitting bias of our model, bootstrap was performed
1000 times. Consequently, the 10% trimmed mean of the bootstrap-adjusted concordance was
0.749, and the 95% bootstrap confidence interval was found to be in the range of 0.692-
0.806. This staging system including QLF scores and clinical variables demonstrated good

separation for 5-year survival in patients with RA-ILD (P < 0.001) (Figure 3B).

Discussion

This study revealed that HRCT scores measured using the AQS had a significant correlation

with those measured through visual assessment and were effective in predicting 5-year

10
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mortality in patients with RA-ILD. The QLF score showed better performance than the QHC
and QGG scores in predicting 5-year mortality and was helpful in distinguishing the group with
a poor prognosis. Additionally, the results suggested that the combined model including the
QLF score and clinical variables (age and ESR) may improve the performance of the QLF
score in predicting 5-year mortality in patients with RA-ILD.

To overcome reader variability in the visual assessment of HRCT images, objective
assessments using automated quantification methods have been attempted [12, 13, 25-28].
However, most previous AQS studies were conducted in patients with scleroderma-related ILD
or IPF [11-14, 28-30]. Kim et al. analysed 129 patients with scleroderma-related ILD and
observed a significant correlation (r = 0.60, P <0.0001) between the QLF score measured using
the AQS and the lung fibrosis scores (reticular pattern with architectural distortion) determined
by two radiologists [12]. Our study showed similar findings in patients with RA-ILD in that
the AQS scores were correlated with those obtained through visual assessment.

In this study, the QLF and QHC scores were independent prognostic factors for 5-year
mortality in patients with RA-ILD. Some studies have evaluated the role of HRCT images in
predicting survival in patients with RA-ILD [10, 27]. Jacob et al. investigated 157 patients with
RA-ILD and reported that the reticulation and honeycombing extents assessed using the
Computer-Aided Lung Informatics for Pathology Evaluation and Rating (CALIPER) software
were both associated with mortality (HR 1.12, P <0.001 and HR 1.17, P <0.001, respectively,
in the unadjusted Cox analysis) [27]. Nurmi et al. investigated 60 patients with RA-ILD and
also showed that the extents of reticulation (HR 1.144, 95% CI 1.005-1.302, P = 0.041),
traction bronchiectasis (HR 1.184, 95% CI 1.016-1.379, P = 0.030), and architectural
distortion (HR 1.094, 95% CI 1.003—1.194, P = 0.044) on HRCT evaluated through visual
assessment were associated with mortality in the univariate Cox analysis [10]. These findings

were compatible with our results.
11
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However, the QHC score showed a low correlation with the HC score in visual
assessment. This discrepancy may have occurred because imaging findings that require
differential diagnosis in determining HC, such as traction bronchiectasis, subpleural cysts or
bulla and emphysema, cause some confusion in visual assessment and AQS analysis [31, 32].
In a previous study, it was found that there is high inter-observer variability (Cohen weighted
k values: 0.40-0.58) in CT evaluation of HC [32]. In addition, the QGG scores measured using
the AQS were much higher than those measured using visual assessment, and they were not
correlated with each other. These findings have also been identified in another previous study
[33]. Marten et al. analysed 52 patients with connective tissue disease—associated ILD
(including RA-ILD, n = 24) and showed that a high attenuation area (indicating the ILD extent)
on HRCT measured using a computer-aided diagnostic tool (MeVisPULMO 3D software) was
not correlated with the extent of GGO measured through visual assessment (r = 0.199, P =
0.199), in contrast to the results for the extents of ILD (r = 0.716, P < 0.0001) and reticulation
(r=0.690, P <0.0001) [33]. The GGO score measured using the AQS may be overestimated
because of atelectasis in the dependent portion of the lungs or decreased aeration area due to
insufficient inspiration, whereas radiologists tend to underestimate the disease extent by
considering image quality and noise level together when evaluating HRCT images [12].

In our study, older age and higher ESR were associated with poor prognosis in patients
with RA-ILD. In previous studies, older age has been reported to be a poor prognostic factor
for mortality in patients with RA-ILD [9, 27]. However, the association between ESR and
mortality in patients with RA-ILD has been poorly defined. Previous studies suggested that
ESR was associated with the development of ILD in patients with RA [34-36]. Koduri et al.
investigated 1,460 patients with RA and reported that elevated ESR was associated with the
development of ILD in multivariable Cox analysis (HR 1.01, 95% CI 1.00-1.02, P < 0.05)

adjusting for age and health assessment questionnaire index [34]. Furthermore, Yang et al., in
12
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their study including 308 patients with RA, also reported that ESR was significantly higher
(mean 47.9 +25.5 vs. 31.7 £ 21.9 mm/h, P = 0.022) in patients with ILD than in those without
ILD. In addition, among patients with RA-ILD (n = 77), they found that non-survivors had
higher ESR (58.0 £ 25.0 vs. 42.2 + 24.3 mm/h, P = 0.008) than survivors [35]. These results
are compatible with our findings. Moreover, ESR has also been reported to be correlated with
the RA disease activity [37], which is a known risk factor for RA-ILD development [38].

This study had some limitations. First, this study was conducted at a single centre and
had a retrospective design, which may limit the generalizability of our findings. However, the
baseline characteristics of our patients were similar to those of patients in previous studies [5,
27, 39]. Second, the treatment was not considered in our model. Although no specific
treatments have been proven effective for RA-ILD [40], treatment with steroidal and cytotoxic
agents was not associated with survival in our study. Third, UIP pattern and emphysema,
known as significant prognostic factors, were excluded in the multivariable analysis, although
they showed significant values in the unadjusted analysis for predicting 5-year mortality.
However, in our analysis, we intended to show the results with the exclusion of visual
components to confirm the usefulness of the AQS. Finally, we did not include an external
validation cohort to confirm the usefulness of the AQS. Therefore, the results need to be
validated in another cohort. Nevertheless, comparisons with visual assessment showed that the
AQS is a reliable tool for measuring the fibrosis extent, and previous studies based on visual
assessment have shown that the fibrosis score is a significant prognostic factor in patients with
RA-ILD [6, 8, 10]. Moreover, the IPF cohort was included as a control group for survival
comparison in this study. In addition, the bootstrapping analysis for predictive model was
performed for the internal validation. Despite these limitations, our study is valuable in that it
demonstrated the reliability of AQS scores and their usefulness as independent prognostic

factors in patients with RA-ILD even in consideration of clinical variables.
13
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In conclusion, our results suggest that the QLF score might be useful in predicting
prognosis in patients with RA-ILD, and high QLF scores may differentiate a poor prognostic

phenotype.

Acknowledgement: We thank Seo Young Park and Jung Bok Lee (Department of Clinical
Epidemiology and Biostatistics, University of Ulsan College of Medicine, Asan Medical

Center, Seoul, South Korea) for assistance with statistics.

Author contributions: J.W. S. had full access to all of the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data analysis; J.W.S.
participated in the study conception and design; J.H.O., G.H.J.K., G.C., ].B., J.J., S.H., and
J.W.S. were involved in the acquisition, analysis, or interpretation of data for the study; J.H.O.,
G.H.JK., G.C., J.B,, JJ., S.H., and J.W.S. contributed to the collection and analysis of data;
J.H.O. and J.W.S. contributed to the interpretation of data and writing of the manuscript; all
authors participated in the revision of the manuscript for important intellectual content and

gave final approval for the version to be published.

Funding statement:

This work was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science and Technology

(NRF-2019R1A2C2008541), Republic of Korea

Conflicts of interest:
14

Page 14 of 38

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]



Page 15 of 38

oNOYTULT D WN =

Rheumatology

J.H.O. has nothing to disclose; G.H.J.K. reports grants from NIH, Genentech, Boehringer
Ingelheim and AngioDynamics; personal fees for consultancy from MedQIA LLC, outside the
submitted work; G.H.J.K. has supported by KSEA and Boehringer Ingelheim, and has a patent
issued, "Transitional Changes in Quantitative Interstitial Lung Disease [Issued Patent: UC-
2015-0324982-A1]"; G.C. has nothing to disclose; J.B. has nothing to disclose; J.J. reports fees
from Boehringer Ingelheim, Roche, NHSX and GlaxoSmithKline unrelated to the submitted
work. JJ was supported by Wellcome Trust Clinical Research Career Development Fellowship
209553/Z/17/Z and the NIHR UCLH Biomedical Research Centre, UK; S.H. has nothing to

disclose; J.W.S. has nothing to disclose.

References

1 Shaw M, Collins BF, Ho LA, Raghu G. Rheumatoid arthritis-associated lung disease. Eur
Respir Rev 2015;24:1-16.

2 Cavagna L, Monti S, Grosso V et al. The multifaceted aspects of interstitial lung disease in
rheumatoid arthritis. Biomed Res Int 2013;2013:759760.

3 Olson AL, Swigris JJ, Sprunger DB et al. Rheumatoid arthritis-interstitial lung disease-
associated mortality. Am J Respir Crit Care Med 2011;183:372-8.

4 Yamakawa H, Sato S, Nishizawa T et al. Impact of radiological honeycombing in rheumatoid
arthritis-associated interstitial lung disease. BMC Pulm Med 2020;20:25.

5 Solomon JJ, Chung JH, Cosgrove GP et al. Predictors of mortality in rheumatoid arthritis-
associated interstitial lung disease. Eur Respir J 2016;47:588-96.

6 Ito Y, Arita M, Kumagai S ef al. Radiological fibrosis score is strongly associated with worse
survival in rheumatoid arthritis-related interstitial lung disease. Mod Rheumatol 2019;29:98-
104.

7 Assayag D, Lubin M, Lee JS, King TE, Collard HR, Ryerson CJ. Predictors of mortality in

15

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]



oNOYTULT D WN =

10

11

12

13

14

15

16

Rheumatology

rheumatoid arthritis-related interstitial lung disease. Respirology 2014;19:493-500.

Kim HC, Lee JS, Lee EY et al. Risk prediction model in rheumatoid arthritis-associated
interstitial lung disease. Respirology 2020.

Fu Q, Wang L, Li L, Li Y, Liu R, Zheng Y. Risk factors for progression and prognosis of
rheumatoid arthritis-associated interstitial lung disease: single center study with a large sample
of Chinese population. Clin Rheumatol 2019;38:1109-16.

Nurmi HM, Kettunen HP, Suoranta SK et al. Several high-resolution computed tomography
findings associate with survival and clinical features in rheumatoid arthritis-associated
interstitial lung disease. Respir Med 2018;134:24-30.

van Royen FS, Moll SA, van Laar JM, van Montfrans JM, de Jong PA, Mohamed Hoesein FAA.
Automated CT quantification methods for the assessment of interstitial lung disease in collagen
vascular diseases: A systematic review. Eur J Radiol 2019;112:200-6.

Kim HG, Tashkin DP, Clements PJ et al. A computer-aided diagnosis system for quantitative
scoring of extent of lung fibrosis in scleroderma patients. Clin Exp Rheumatol 2010;28:S26-
35.

Salaffi F, Carotti M, Bosello S ef al. Computer-aided quantification of interstitial lung disease
from high resolution computed tomography images in systemic sclerosis: correlation with
visual reader-based score and physiologic tests. Biomed Res Int 2015;2015:834262.

Romei C, Tavanti LM, Taliani A et al. Automated Computed Tomography analysis in the
assessment of Idiopathic Pulmonary Fibrosis severity and progression. Eur J Radiol
2020;124:108852.

Aletaha D, Neogi T, Silman AJ ef al. 2010 Rheumatoid arthritis classification criteria: an
American College of Rheumatology/European League Against Rheumatism collaborative
initiative. Arthritis Rheum 2010;62:2569-81.

Raghu G, Collard HR, Egan JJ ef al. An official ATS/ERS/JRS/ALAT statement: idiopathic
pulmonary fibrosis: evidence-based guidelines for diagnosis and management. American

journal of respiratory and critical care medicine 2011;183:788-824.

16

Page 16 of 38

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]



Page 17 of 38

oNOYTULT D WN =

17

18

19

20

21

22

23

24

25

26

27

Rheumatology

Miller MR, Hankinson J, Brusasco V et al. Standardisation of spirometry. Eur Respir J
2005;26:319-38.

Macintyre N, Crapo RO, Viegi G et al. Standardisation of the single-breath determination of
carbon monoxide uptake in the lung. Eur Respir J 2005;26:720-35.

Wanger J, Clausen JL, Coates A et al. Standardisation of the measurement of lung volumes.
Eur Respir J 2005;26:511-22.

Kim HJ, Li G, Gjertson D et al. Classification of parenchymal abnormality in scleroderma lung
using a novel approach to denoise images collected via a multicenter study. Acad Radiol
2008;15:1004-16.

Kim GHJ, ShiY, Yu W, Wong WK. A study design for statistical learning technique to predict
radiological progression with an application of idiopathic pulmonary fibrosis using chest CT
images. Contemp Clin Trials 2021;104:106333.

Raghu G, Remy-Jardin M, Myers JL et al. Diagnosis of Idiopathic Pulmonary Fibrosis. An
Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med
2018;198:¢44-¢68.

Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL, Remy J. Fleischner Society:
glossary of terms for thoracic imaging. Radiology 2008;246:697-722.

Mukaka MM. Statistics corner: A guide to appropriate use of correlation coefficient in medical
research. Malawi medical journal : the journal of Medical Association of Malawi 2012;24:69-
71.

Jacob J, Bartholmai BJ, Rajagopalan S et al. Evaluation of computer-based computer
tomography stratification against outcome models in connective tissue disease-related
interstitial lung disease: a patient outcome study. BMC Med 2016;14:190.

Rosas IO, Yao J, Avila NA, Chow CK, Gahl WA, Gochuico BR. Automated quantification of
high-resolution CT scan findings in individuals at risk for pulmonary fibrosis. Chest
2011;140:1590-7.

Jacob J, Hirani N, van Moorsel CHM et al. Predicting outcomes in rheumatoid arthritis related

17

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]



oNOYTULT D WN =

28

29

30

31

32

33

34

35

36

37

Rheumatology

interstitial lung disease. Eur Respir J 2019;53.

Jacob J, Bartholmai BJ, Rajagopalan S et al. Predicting Outcomes in Idiopathic Pulmonary
Fibrosis Using Automated Computed Tomographic Analysis. Am J Respir Crit Care Med
2018;198:767-76.

Best AC, Lynch AM, Bozic CM, Miller D, Grunwald GK, Lynch DA. Quantitative CT indexes
in idiopathic pulmonary fibrosis: relationship with physiologic impairment. Radiology
2003;228:407-14.

Khanna D, Nagaraja V, Tseng CH et al. Predictors of lung function decline in scleroderma-
related interstitial lung disease based on high-resolution computed tomography: implications
for cohort enrichment in systemic sclerosis-associated interstitial lung disease trials. Arthritis
Res Ther 2015;17:372.

Arakawa H, Honma K. Honeycomb lung: history and current concepts. American Journal of
Roentgenology 2011;196.

Watadani T, Sakai F, Johkoh T et al. Interobserver Variability in the CT Assessment of
Honeycombing in the Lungs. Radiology 2013;266:936-44.

Marten K, Dicken V, Kneitz C ef al. Interstitial lung disease associated with collagen vascular
disorders: disease quantification using a computer-aided diagnosis tool. Eur Radiol
2009;19:324-32.

Koduri G, Norton S, Young A et al. Interstitial lung disease has a poor prognosis in rheumatoid
arthritis: results from an inception cohort. Rheumatology (Oxford) 2010;49:1483-9.

Yang JA, Lee JS, Park JK, Lee EB, Song YW, Lee EY. Clinical characteristics associated with
occurrence and poor prognosis of interstitial lung disease in rheumatoid arthritis. Korean J
Intern Med 2019;34:434-41.

Wang JX, Du CG. A retrospective study of clinical characteristics of interstitial lung disease
associated with rheumatoid arthritis in Chinese patients. Med Sci Monit 2015;21:708-15.
Silva I, Mateus M, Branco JC. [Assessment of erythrocyte sedimentation rate (ESR) and C-

reactive protein (CRP) on rheumatoid arthritis activity prediction]. Acta reumatologica

18

Page 18 of 38

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]



Page 19 of 38

oNOYTULT D WN =

38

39

40

Rheumatology

portuguesa 2010;35:456-62.

Sparks JA, He X, Huang J ef al. Rheumatoid Arthritis Disease Activity Predicting Incident
Clinically Apparent Rheumatoid Arthritis-Associated Interstitial Lung Disease: A Prospective
Cohort Study. Arthritis Rheumatol 2019;71:1472-82.

Kelly CA, Saravanan V, Nisar M ef al. Rheumatoid arthritis-related interstitial lung disease:
associations, prognostic factors and physiological and radiological characteristics--a large
multicentre UK study. Rheumatology (Oxford) 2014;53:1676-82.

Igbal K, Kelly C. Treatment of rheumatoid arthritis-associated interstitial lung disease: a

perspective review. Therapeutic advances in musculoskeletal disease 2015;7:247-67.

19

220Z YoJe|\ 8| uo Jesn Ateiqi [esIpajy ‘PaN 1o 868]j0D ‘ues|n Jo Alun Aq 66+0559/18 | 0ea)/ABojojewnayl/e60 1 0 /1op/ajonie-aoueApe/ABojojewnay/woo dno-olwapeose//:sdiy Woll papeojumMo(]



oNOYTULT D WN =

Table 1. Comparison of baseline characteristics between non-survivors and survivors among

patients with RA-ILD

Rheumatology

Characteristics Total Non-survivors Survivors P -value
No. of patients 144 44 100
Age, years 61.2+10.1 65.0+9.0 60.0+10.2 0.003
Male sex 63 (43.8) 23 (52.3) 40 (40.0) 0.171
Ever-smokers 63 (43.8) 23 (52.3) 40 (40.0) 0.017
C-reactive protein, mg/dL 235+42 3.1+4.5 20+4.1 0.139
ESR, mL/dL (n=119) 48.6 £31.3 64.6 +33.7 414+274 <0.001
RF positivity, % 109 (77.9) 36 (85.7) 73 (74.5) 0.143
RF titre, IU/mL 461.0 £980.7  820.0+1460.2  303.5+618.7 0.030
Anti-CCP positivity 112 (77.8) 47 (85.5) 65 (84.4) 0.870
Pulmonary function test

FVC, % predicted 75.5+18.8 68.4 +20.2 782+ 174 0.003

DLco, % predicted 60.5 +16.6 52.9+20.2 63.8 +18.6 0.002

TLC, % predicted 76.7+16.6 71.7+17.2 79.0+15.9 0.017
Steroid + IM 115 (79.9) 35(79.5) 80 (80.0) 0.950
DMARDs 105 (72.9) 30 (68.2) 75 (75.0) 0.396
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Biologics 12 (8.3) 3(6.8) 9 (9.0) 0.756

Data are presented as mean =+ standard deviation or number (%), unless otherwise indicated.
RA-ILD, rheumatoid arthritis—associated interstitial lung disease; ESR, erythrocyte
sedimentation rate; RF, rheumatoid factor; CCP, cyclic citrullinated peptide; FVC, forced vital
capacity; DLco, diffusing capacity of the lung for carbon monoxide; TLC, total lung capacity;
IM, immunosuppressant (azathioprine, mycophenolate mofetil, cyclosporine; n = 50),
DMARD:s, disease-modifying antirheumatic drugs (methotrexate, leflunomide, calcineurin
inhibitor, sulfasalazine, hydroxychloroquine); * TNF a-inhibitors, rituximab and IL-6

inhibitors
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O

Table 2. Comparison of HRCT scores between non-survivors and survivors among patients %
with RA-ILD g
5

Total Non-survivors Survivors P - value i

No. of patients 144 44 100 3
Visual assessment scores %
:

Reticulation, % 193 +£12.2 26.7+13.4 16.1 £10.1 <0.001 ;—:
Honeycombing, % 2.7+4.7 55+63 1.5+£32 <0.001 %
GGO, % 26442 3.0+52 24437 0.435 g
Consolidation, % 04+1.1 0.7+1.2 03+1.0 0.147 §

.

ILD extent”, % 24.6 +£16.5 3524172 20.0+13.9 <0.001 g
Emphysema 70 (48.6) 32 (72.7) 38 (38.0) <0.001 %
UIP pattern 53 (36.8) 26 (59.1) 27 (27.0) <0.001 g

E

AQS scores N
c

QLF, % 12,5+ 10.1 17.9+11.8 10.1+ 8.3 <0.001 9
QHC, % 27+3.9 42+45 20+3.4 0.006 =

5

QGG, % 15.0 £ 8.0 17.5+7.5 14.0+ 8.0 0.013 8
QILD, % 30.3+15.9 39.7+15.7 26.2 +14.2 <0.001 é
Data are presented as mean =+ standard deviation or number (%), unless otherwise indicated. %
HRCT, high-resolution computed tomography; RA-ILD, rheumatoid arthritis—associated S
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interstitial lung disease; GGO, ground-glass opacity; ILD, interstitial lung disease; UIP, usual
interstitial pneumonia; AQS, automated quantification system; QLF, quantification of lung
fibrosis; QHC, quantification of honeycombing; QGG, quantification of ground-glass opacity;
QILD, quantification of interstitial lung disease; *ILD extent was defined as the sum of

reticulation, honeycombing, and GGO.
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Table 3. Risk factors for 5-year mortality in patients with RA-ILD assessed using a

Rheumatology

multivariable Cox proportional hazards model

HR (95% CI)
Parameter Model 1 Model 2 Model 3 Model 4
1.059* 1.050* 1.052* 1.047*
Age
(1.013-1.106) (1.008-1.095) (1.009-1.097) (1.003-1.094)
1.015* 1.012* 1.012* 1.015*
ESR
(1.004-1.026) (1.002-1.022) (1.002-1.023) (1.004-1.026)
0.984 0.974 0.988 0.992
FVC
(0.955-1.014) (0.946-1.004) (0.958-1.019) (0.964-1.021)
1.005 0.989 0.987 0.999
DLco

AQS scores, %

QLF

QHC

QGG

QILD

(0.977-1.034)

1.068*

(1.026-1.113)

(0.966-1.013)

1.090*

(1.021-1.164)

(0.963-1.011)

1.030

(0.983-1.079)

(0.976-1.024)

1.048*

(1.022-1.075)

TLC was not included in the multivariable analysis owing to its high correlation with FVC (r
= 0.893, p < 0.001); RA-ILD, rheumatoid arthritis—associated interstitial lung disease; HR,

hazard ratio; CI, confidence interval; ESR, erythrocyte sedimentation rate; FVC, forced vital
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capacity; DLco, diffusing capacity of the lung for carbon monoxide; AQS, automated
quantification system; QLF, quantification of lung fibrosis; QHC, quantification of
honeycombing; QGG, quantification of ground-glass opacity; QILD, quantification of

interstitial lung disease; * P < 0.05.
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FIGURE LEGENDS
Figure 1. Survival outcomes of patients with RA-ILD and predictive performance of each AQS

scores for 5-year mortality.

A. Kaplan—Meier survival curves of total patients with RA-ILD, B. Comparison of receiver-

operating characteristic curves for 5-year mortality among the AQS scores.

RA-ILD, rheumatoid arthritis—associated interstitial lung disease

RA-ILD, rheumatoid arthritis—associated interstitial lung disease; AQS, automated
quantification system; QGG, quantification of ground-glass opacity; QHC, quantification of
honeycombing; QLF, quantification of lung fibrosis; QILD, quantification of interstitial lung

disease; AUC, area under the curve

Figure 2. Correlation of high-resolution computed tomography scores between AQS and visual

assessment

VA, visual assessment; AQS, automated quantification system; HC, honeycombing; ILD,
interstitial lung disease; GGO, ground-glass opacity; QLF, quantification of lung fibrosis;
QILD, quantification of interstitial lung disease; QHC, quantification of honeycombing; QGG,

quantification of ground-glass opacity

Figure 3. Comparison of Kaplan—Meier survival curves between patients with RA-ILD and

patients with IPF

A. Comparison of Kaplan—Meier survival curves between patients with RA-ILD subdivided
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according to the QLF score and patients with IPF, B. Comparison of Kaplan—Meier survival

curves between patients with RA-ILD subdivided according to stage and patients with IPF

Based on the points of variables including QLF, age and ESR, the patients were divided into 3

stages. Survival rates were significantly different at each stage and patients on stage II showed

similar survival rate with those with IPF.

RA-ILD, rheumatoid arthritis—associated interstitial lung disease; IPF, idiopathic pulmonary

fibrosis; QLF, quantification of lung fibrosis
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Figure 1. Survival outcomes of patients with RA-ILD and predictive performance of each AQS scores for 5-
year mortality.
A. Kaplan—-Meier survival curves of total patients with RA-ILD, B. Comparison of receiver-operating

characteristic curves for 5-year mortality among the AQS scores.
RA-ILD, rheumatoid arthritis—associated interstitial lung disease

RA-ILD, rheumatoid arthritis-associated interstitial lung disease; AQS, automated quantification system;

QGG, quantification of ground-glass opacity; QHC, quantification of honeycombing; QLF, quantification of

lung fibrosis; QILD, quantification of interstitial lung disease; AUC, area under the curve
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Figure 2. Correlation of high-resolution computed tomography scores between AQS and visual assessment
VA, visual assessment; AQS, automated quantification system; HC, honeycombing; ILD, interstitial lung
33 disease; GGO, ground-glass opacity; QLF, quantification of lung fibrosis; QILD, quantification of interstitial

34 lung disease; QHC, quantification of honeycombing; QGG, quantification of ground-glass opacity
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Figure 3. Comparison of Kaplan—-Meier survival curves between patients with RA-ILD and patients with IPF
A. Comparison of Kaplan—Meier survival curves between patients with RA-ILD subdivided according to the
QLF score and patients with IPF, B. Comparison of Kaplan—-Meier survival curves between patients with RA-
ILD subdivided according to stage and patients with IPF
Based on the points of variables including QLF, age and ESR, the patients were divided into 3 stages.
Survival rates were significantly different at each stage and patients on stage I showed similar survival rate

with those with IPF.

RA-ILD, rheumatoid arthritis—associated interstitial lung disease; IPF, idiopathic pulmonary fibrosis; QLF,
quantification of lung fibrosis
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