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Running title: Staging system in patients with RA-ILD

Summary at a glance

The risk prediction model for RA-ILD patients using age (> 60 years) and imaging
parameters (extent of fibrosis at > 20% of the total lung extent, a UIP pattern, and
emphysema) were effective in predicting prognosis both in of the derivation and

validation cohorts.
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Abstract

Background: Rheumatoid arthritis-associated interstitial lung disease (RA-ILD) has a
variable clinical course, and its prognosis is difficult to predict. Moreover, risk
prediction models for prognosis remain undefined.

Methods: The prediction model was developed using retrospective data from 153
patients with RA-ILD and validated in an independent RA-ILD cohort (n=149).
Candidate variables for the prediction models were screened using a multivariate Cox
proportional hazard model. Concordance statistics (C statistics) were calculated to
assess and compare the predictive ability of each model.

Results: In the derivation cohort, the median follow-up period was 54 months, and 38.6%
of the subjects exhibited a usual interstitial pneumonia (UIP) pattern on high-resolution
computed tomography (HRCT) imaging. In multivariate Cox analysis, old age [>60
years, hazard ratio (HR), 2.063], high fibrosis score (>20% of the total lung extent; HR,
4.585), a UIP pattern (HR, 1.899), and emphysema (HR, 2.596) on HRCT were
significantly poor prognostic factors and included in the final model. The prediction
model demonstrated good performance in the prediction of five-year mortality (C-index,
0.780; P < 0.001); furthermore, patients at risk were divided into three groups with 1-
year mortality rates of 0%, 5.1%, and 24.1%, respectively. Predicted and observed
mortality at 1, 2, and 3 years were similar in the derivation cohort, and the prediction
model was also effective in predicting prognosis of the validation cohort (C-index,
0.638; P <0.001).

Conclusions: Our results suggest that a risk prediction model based on HRCT variables

could be useful for patients with RA-ILD.
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Introduction

Clinically evident interstitial lung disease (ILD) occurs in approximately 10% of the
patients with rheumatoid arthritis (RA) and is a leading cause of death.'* While
connective tissue disease-associated ILD (CTD-ILD) usually has a more favorable
course compared with that of idiopathic interstitial pneumonia, the prognosis of RA-
ILD is variable and challenging to predict.* Previous studies have reported that a usual
interstitial pneumonia (UIP) pattern,>” old age,® male sex,”!? and reduced baseline lung
function’ are associated with mortality in patients with RA-ILD. Recently, some reports
have suggested that imaging parameters may be associated with the prognosis of
patients with RA-ILD.""!3 In a study involving 65 patients with RA-ILD, Ito et al. also
reported that radiological fibrosis score (sum of the extent of reticulation and
honeycombing) was associated with worse survival.'”> Additionally, a recent study
demonstrated that RA-ILD patients with emphysema experienced worse outcomes
(mean survival, 75.5 vs. 161.7 months; P < 0.001) than did those without emphysema.'3
However, in previous studies, the number of patients was small, and the development of
multi-dimensional risk prediction models for RA-ILD has not yet been reported.

The Gender-Age-Physiology (GAP) model is a validated risk prediction model for
the prognosis of idiopathic pulmonary fibrosis (IPF).'* Previous studies have suggested
that the GAP model would also be useful for predicting RA-ILD-related mortality.'>¢
However, CTD-ILD, including RA, may be accompanied by the involvement of the
airway, blood vessel, and pleura.!” Therefore, the utility of physiological variables, such
as lung function, can be limited in the prediction of RA-ILD prognosis. Additionally, the
GAP model was not developed considering important prognostic factors for RA-ILD,

such as a UIP pattern and emphysema on high-resolution computed tomography
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(HRCT).”101318 Therefore, this study aimed to investigate predictors of mortality,
including HRCT variables, and to develop a multi-dimensional risk prediction model for

patients with RA-ILD.

Materials and Methods

Study population

The derivation cohort included a total of 153 patients with RA-ILD (biopsy proven
cases, n = 33) who were diagnosed from May 1995 to July 2015 at the Asan Medical
Center, Seoul, Republic of Korea. The validation cohort comprised 149 patients with
RA-ILD, who were diagnosed between July 2000 and September 2017, at the Seoul
National University Hospital, Seoul, Republic of Korea. The diagnosis of RA was made
by a rheumatologist according to the revised criteria of the American College of
Rheumatology/European League Against Rheumatism Collaborative Initiative,'® and
that of ILD was made based on HRCT imaging and/or pathological findings. The study
protocol was approved by the Institutional Review Board of Asan Medical Center
(approval number: 2017-1661) and Seoul National University Hospital (approval
number: 1801-044-931). Given the retrospective nature of the present study and the use

of anonymized patient data, requirements for written informed consent were waived.

Methods

Clinical and survival data of all patients were retrospectively collected from medical
records, telephone interviews, and/or the records from the National Health Insurance of
Korea. Spirometry, diffusing capacity of the lung for carbon monoxide (DLco), and

total lung capacity (TLC) were measured according to the recommendations by the
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American Thoracic Society (ATS)/European Respiratory Society (ERS), and the results

were expressed as percentages of the normal predicted values.?0?!

HRCT evaluation

Each HRCT scan image was evaluated independently by two specialized radiologists
(GC, JB), who were blinded to all clinical information. The extent of ground-glass
opacities, reticulation, consolidation, and honeycombing was semi-quantitatively scored
on a lobar basis estimated to the nearest 5%. The extent of traction bronchiectasis was
scored on a 19-point scale. The most disparate 5% (two standard deviations) of the
values and any disagreement between two radiologists were resolved by a third
radiologist (JJ). All CT variables were expressed as a percentage of the total lung
volume. Fibrosis score was defined as the sum of reticulation and honeycombing scores.
Emphysema presence and overall HRCT patterns (categorized as UIP or non-UIP
pattern) were confirmed by two radiologists (JJ and EJC). A UIP pattern was defined as
subpleural, basal predominance of reticular abnormalities, honeycombing with or
without traction bronchiectasis, and absence of inconsistent findings with a UIP pattern
such as extensive ground-glass opacities, micro-nodules, discrete cysts, or

segmental/lobar consolidations.??

Statistical analysis

All values for continuous variables are expressed as mean + standard deviation and
those for categorical variables are expressed as percentages (see supplementary
information). Candidate variables for prediction models were screened using a

multivariate Cox proportional hazard model. For the survival analysis, start date was
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date of initial HRCT, and date of vital status ascertainment was December 31, 2017

(derivation cohort), and July 1, 2018 (validation cohort). When performing the survival

analysis, we censored the following conditions: (1) survival at certain time point (1,2, 3

and 5 year), and (2) follow-up loss. The performance of prediction models was

compared by calculating their concordance statistics (C statistics), which is conceptually
similar to the area under ROC curve (AUC). C statistical data between the prediction
models were compared using the method proposed by Kang L et al.?* The performance
of various models was also compared by net reclassification improvement (NRI) and
integrated discrimination improvement (IDI).>* After selecting the final model, each
variable was assigned a value from 0 to 2 points (the total points ranged from 0 to 5)
based on Cox coefficient values. According to the total points of the variables, a staging
system was created by classifying subjects into one of the three groups based on the
results of pairwise Fisher’s exact test. Internal validation using bootstrap was performed
to control the concordance overestimate. Finally, predicted and observed mortality rates
were descriptively compared at 1, 2, and 3 years after diagnosis. All P values were two-
tailed, with the statistical significance set at a P value of < 0.05. All data were analyzed

using SPSS version 20.0 for Windows and R software version 3.5.1.

Results

Baseline clinical characteristics

The median follow-up period for the derivation cohort was 54 months [interquartile
range (IQR), 37-95 months], the mean age of the subjects was 61.0 years, 57.5% of the
cohort consisted of females, and 43.1% were ever-smokers (Table 1). Surgical lung

biopsy was performed in 33 (21.6%) patients, and UIP was the most common
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histopathological pattern (60.6%), followed by nonspecific interstitial pneumonia
(30.3%), and organizing pneumonia (9.1%), respectively. Forty-five (29.4%) patients
died within 5 years after diagnosis. Non-survivors were older, had lower lung function,
and tended to have a higher GAP stage as opposed to survivors (Table 1). During
follow-up, there was no significant difference in treatment between survivors and non-

survivors (Table S1 in Supplementary Information).

HRCT findings

A UIP pattern was identified on HRCT in 59 patients (38.6%). Non-survivors had
higher scores for reticulation, honeycombing, traction bronchiectasis, and fibrosis score
compared with survivors (Table 2). Non-survivors also more frequently exhibited UIP

pattern and emphysema compared with survivors.

Risk factors for mortality

In the univariate Cox analysis, old age, low forced vital capacity (FVC), high
consolidation and fibrosis score, emphysema, and UIP pattern on HRCT were
significant predictors of 5-year mortality (Table S2 in Supplementary Information).
Among them, continuous variables, including age, FVC, consolidation, and fibrosis
score were converted into categorical variables based on the optimal cut-off value by
ROC analysis. In multivariate analysis, old age (=60 years), high fibrosis score (=20%),
a UIP pattern, and emphysema were independent predictors of 5-year mortality (Table

3).

Development of the risk prediction model
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Among various prediction models, the model developed using old age (=60 years) and
HRCT variables (fibrosis score of >20%, a UIP pattern, and emphysema) demonstrated
the best performance for predicting mortality (C-index: 0.780) and was consequently
selected (Table 4). Additionally, this model demonstrated better performance than that
demonstrated by the GAP model (C-index, 0.780 vs. 0.623; P < 0.001) (Table 4). Based
on the coefficient values, the points (range, 0-2) were assigned to each independent
predictor of a five-year mortality to obtain the total points (range 0-5) (Table 5).
Survival rate decreased as the total points increased (P < 0.001) (Figure S1 in
Supplementary Information). Based on the total points that demonstrated a similar
survival pattern, patients were divided into three groups: stage I (0 point), stage II (1-3
points), and stage 111 (4-5 points) (Table 5). To reduce the overfitting bias of our model,
bootstrap was performed 1000 times. Consequently, the median value of the bootstrap-
adjusted concordance was 0.751, and the 2.5-97.5% quartile value was found to be in
the range of 0.694-0.809. Survival rates were significantly different at each stage (P <
0.001) (Figure 1A). The predicted and observed survival rate at 1-3 years were similar

in the derivation cohort (Table S4 in Supplementary Information).

CDeIeted: S3

Validation of the risk prediction model

The median follow-up period in the validation cohort was 42 months (IQR, 17-87
months). The mean age of the subjects was 64.5 years, 40.9% were males and 33.3%
were ever-smokers. The validation cohort was older, and exhibited higher lung function,
and lower prevalence of emphysema and high fibrosis score (>20%) than the derivation

cohort (Table S5 in Supplementary Information). Similar to the derivation cohort, the

CDeIeted: S4

risk prediction model was useful for mortality prediction (C-index, 0.638, P < 0.001) in
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the validation cohort, and Kaplan—-Meier survival analysis revealed a significant

difference in survival at each stage (P < 0.001) (Figure 1B).

Adjustment of the risk prediction model

To improve the applicability of the risk prediction model in patients with an
indeterminate fibrosis score (ranging from 10% to 30%), we investigated the
substitution parameter for fibrosis score. In ROC analysis, the optimal cut-off level of
FVC for predicting 20% of the fibrosis score was 72% predicted [C-index = 0.775 (P <
0.001)], and as shown by quadratic function, 70% predicted of the FVC threshold
corresponded to 20% of the fibrosis score threshold (Figure S2 in Supplementary
Information). When FVC (< 70%) was substituted for fibrosis score (>20%) among

patients with an indeterminate fibrosis score (C-index: 0.777, P < 0.001, Table S6 in

CDeIeted: S5

Supplementary Information), survival rates were also significantly different at each

stage in the derivation cohort (Figure S3 in Supplementary Information).

Discussion

In this study, imaging parameters were superior to physiological parameters as
mortality predictors in patients with RA-ILD. The risk prediction model based on
imaging parameters was effective in predicting the prognosis of both cohorts. This
model demonstrated better performance in predicting the mortality of RA-ILD patients
than the existing GAP model.

Our results demonstrated that imaging parameters including a UIP pattern and high
fibrosis score were independent prognostic factors for patients with RA-ILD. The

results from previous studies also support our findings.®*” Among 137 patients with RA-

11
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ILD (including 108 UIP and 29 nonspecific interstitial pneumonia (NSIP) on HRCT),
Solomon et al. reported that RA-UIP patients experienced worse survival than did those
with RA-NSIP (median 10.18 vs. 13.62 years; P = 0.02).° Among 82 patients with RA-
ILD, Kim et al. also reported that the median survival of RA-UIP patients was not
different from that of IPF patients (3.2 vs. 2.6 years; P = 0.66), but it was shorter than
that of RA-non-UIP patients (3.2 vs. 6.6 years; P = 0.04).” With regard to the fibrosis
score, a recent study involving 65 patients with RA-ILD revealed that a high fibrosis
score (>20% of the total lung extent) on an HRCT scan predicts mortality (HR, 9.019; P
< 0.05);'? this result and that of the study on systemic sclerosis-associated ILD (SSc-
ILD)* was compatible with the findings of our study, in that the optimal cut-off value
of fibrosis score was 20% of the total lung extent.

In our study, emphysema was associated with poor prognosis of patients with RA-
ILD. Patients with CTD may have combined pulmonary fibrosis and emphysema
(CPFE).2® Although smoking is the main cause of emphysema,?’?® there is growing
evidence that autoimmune pathways may contribute to the development of emphysema,
especially among RA patients.?>>° A recent study supports this hypothesis; Jacob et al.
reported that among 245 patients with RA-ILD, emphysema was common
(approximately 27%) in never-smokers and was independently associated with mortality
both in never-smokers (HR 2.30, P = 0.04) and smokers (HR 2.16, P = 0.047).1
Although emphysema has recently been reported to make no prognostic difference in
IPF,3"*2 it may be an important prognostic factor for patients with RA-ILD.

Although the GAP model was developed and validated to predict mortality in patients
with IPF,'433 some studies have suggested that the GAP model could be applied for

estimating the prognosis of patients with RA-ILD.'>!® Morisset et al. reported that in
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309 patients with RA-ILD, the C-index of GAP model for mortality risk prediction was
0.746, and the discriminative ability of the prediction model remained unchanged by
adding UIP pattern on HRCT scan.!* Nurmi et al. revealed that among 59 patients with
RA-ILD, the GAP score (HR 1.56, P = 0.004) or ILD GAP score (HR 1.51, P = 0.026)
were significant predictors for mortality in a univariate analysis;'® however, both scores
had no statistical significance in mortality prediction after adjustment for age. These
conflicting results suggest that the GAP model may not be the optimal model for
predicting the prognosis of RA-ILD, probably owing to the limited role of lung function
and different demographic features (younger age and female predominance) in this
group.”** The GAP model also did not consider the important prognostic factors for
RA-ILD, such as a UIP pattern and emphysema on HRCT.”!%!318 Qur results support
the following hypothesis: the CT-based prediction model demonstrated better
performance in predicting the mortality of patients with RA-ILD than did the GAP
model. Recently, Jacob et al. reported that a radiology-based prediction model, which
was a combination of the scleroderma and Fleischner systems, identified 23% of RA-
ILD cohort with an IPF-like progressive fibrotic phenotype (C-statistic, 0.71).%
However, we developed a risk prediction model specific for patients with RA-ILD, and
validated the model in a separate RA-ILD cohort.

There were several limitations in current study, among which were its retrospective
design and the fact that it was conducted in a single tertiary referral center. In addition.

the development and validation of the model were both conducted in Korean patients and this

may limit the generalizability of our study results. However, the demographic features and
lung function of our patients were comparable with those reported in other studies.®!3

Second, the treatment was not considered in our model. However, no treatments have
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been proven yet for RA-ILD, and in this study, treatment with a steroid and/or cytotoxic
agent was not associated with survival. Third, in our model, it may be challenging for
clinicians to estimate 20% of the fibrosis score, especially among RA-ILD patients with
a fibrosis score between 10% and 30%. However, our adjusted model using FVC
instead of fibrosis score- showed compatible results with the original model. A previous
study also revealed that 70% predicted of FVC threshold can be used instead of 20% of
the disease extent threshold, especially for patients with a marginal disease extent
(between 10% to 30%).%° Finally, the performance of the staging system appeared to be
lower in the validation cohort than in the derivation cohort. This was probably owing to
a milder disease status of the validation cohort; however, the staging system remained
effective in separating patients with different prognoses. Despite these limitations, our
study is the first to develop a risk prediction model specifically for the mortality of

patients with RA-ILD.

Conclusion

In conclusion, our results suggest that a CT-based risk prediction model may be
useful for predicting the prognosis of patients with RA-ILD. However, further
prospective studies involving larger sample sizes and different ethnic populations are

warranted to validate our results.
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Table 1. Comparison of baseline characteristics between non-survivor and survivor

patients with rheumatoid arthritis-associated interstitial lung disease

Total Non-survivors ~ Survivors P value

Patients, number 153 45 108
Age, years 61.0+10.2 65.2+9.0 59.3+10.2 0.001
Female sex 88 (57.5) 22 (48.9) 66 (61.1) 0.163
Ever-smokers 66 (43.1) 23 (51.1) 43 (39.8) 0.199
BMI, kg/m? 23.5+3.0 232+33 23.6+2.38 0.464
“RA duration, months 60 (17-126) 60 (21-108) 59 (15-141)  0.695
RF positivity (n = 148) 116 (78.4) 37 (86.0) 79 (75.2) 0.147
Anti-CCP positivity (n = 137) 106 (77.4) 34 (82.9) 72 (75.0) 0.310
C-reactive protein 25+44 3.1+45 23+44 0.309
Pulmonary function test

FVC, % predicted 75.6 +18.6 68.8 +20.1 78.4+17.3 0.003

DLco, % predicted (n =146)  61.1 £19.5 53.5+£20.4 64.3+18.2 0.002

TLC, % predicted (n = 141) 77.0+ 16.4 71.7£17.0 79.3+15.6 0.010
GAP stage (n = 146) 0.051

1 110 (75.3) 27 (62.8) 83 (80.6)

2 33 (22.6) 14 (32.6) 19 (18.4)

3 321 2(4.7) 1(1.0)

Data are presented as mean + standard deviation, median (interquartile range), or

number (%), unless otherwise indicated.

*Duration was only evaluated in patients who were diagnosed with RA first.
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BMI: body mass index; RA: rheumatoid arthritis; RF: rheumatoid factor; CCP: cyclic
citrullinated peptide; FVC: forced vital capacity; DLco: diffusing capacity of the lung

for carbon monoxide; TLC: total lung capacity; GAP: gender—age—physiology
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Table 2. Comparison of high-resolution computed tomography findings between non-

survivor and survivor patients with rheumatoid arthritis-associated interstitial lung

disease

Characteristic Total Non-survivors Survivors P value
Patients, number 153 45 108

Reticulation, % 19.3+£12.0 26.4+13.5 16.4+£10.0 <0.001
Honeycombing, % 27+4.6 54+63 1.6+£32 <0.001
GGO, % 25+4.1 30+£52 23+3.5 0.331
Consolidation, % 04+1.0 06+1.2 03+09 0.127
Traction bronchiectasis, point 7.5+ 3.8 9.3+39 6.7+3.5 <0.001
“Fibrosis score, % 22.1+143 31.8+15.7 18.0+11.6 <0.001
UIP pattern 59 (38.6) 27 (60.0) 32 (29.6) <0.001
Emphysema 74 (48.4) 32 (71.1) 42 (38.9) <0.001

Data are presented as mean =+ standard deviation or number (%), unless otherwise

indicated.

“Fibrosis score was defined as the sum of reticulation and honeycombing score.

GGO: ground-glass opacity; UIP: usual interstitial pneumonia
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Table 3. Risk factors for mortality in patients with rheumatoid arthritis-associated

interstitial lung disease assessed using a multivariate Cox proportional hazards model

Variable HR 95% CI P value Cox coefficient
value

Age > 60 years 2.063 1.009-4.218 0.047 0.724

Fibrosis score > 20% 4.585 2.309-9.104 <0.001 1.523

UIP pattern 1.899 1.002-3.599 0.049 0.641

Emphysema 2.596 1.342-5.022 0.005 0.954

HR: hazard ratio; CI: confidence interval; UIP: usual interstitial pneumonia

25



Table 4. Comparison of performance of the risk prediction models for mortality in patients with rheumatoid arthritis-associated interstitial lung

disease

Model C-index 95% CI Pvalue | NRI 95% CI Pvalue | IDI 95% CI P value
(1)FS>20% 0.688 0.614-0.762 Ref.

(2) FS=20 % + UIP 0.747 0.665-0.829  <0.001" | 0.300 0.092-0.480  0.020" | 0.077  0.009-0.200  0.013"
(3) FS >20 % + UIP + 0.769 0.685-0.853  0.276™ | 0.331  0.017-0.507 0.047*" | 0.054 —0.001-0.135 0.066™
Emphysema

(4) FS>20 % + UIP + 0.780 0.694-0.866  0.3447 | 0.331 -0.194-0.478 0.146" | 0.023 —0.006-0.090  0.1797

Emphysema + Age > 60 years

FS>20 % + UIP+ 0.780 0.694-0.866 Ref.
Emphysema +Age > 60 years

GAP stage 0.623 0.531-0.708  <0.001

CI: confidence interval; NRI: net reclassification improvement; IDI: integrated discrimination improvement; FS: fibrosis score; UIP: usua
interstitial pneumonia; GAP: gender—age—physiology; Ref: Reference

*P value between group (1) and group (2), **P value between group (2) and group (3), and *P value between group (3) and group (4)
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Table 5. Points assigned for each variable and the staging system

Variable Classification Points

Age > 60 years Yes 1
No 0

Fibrosis score > 20% Yes 2
No 0

UIP pattern Yes 1
No 0

Emphysema Yes 1
No 0

Staging system

Stage I 0
1I 1-3
III 4-5

UIP: usual interstitial pneumonia
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Figure legends
Figure 1. Comparison of the survival curves using Kaplan—Meier analysis according to each

stage. (A) Derivation cohort and (B) validation cohort.
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