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Abstract

Objective. To characterize a cohort of patients with RA who have interstitial lung disease (ILD) and to

assess the utility of previously developed mortality staging systems [gender, age, lung physiology (GAP)

and ILD-GAP].

Methods. All patients with RA and ILD seen at the Mayo Clinic from 1998 to 2014 were identified and

manually screened for study inclusion. RA disease characteristics and pulmonary findings including high-

resolution CT and pulmonary function testing were evaluated. Survival was estimated using Kaplan�Meier

methods. GAP and ILD-GAP models were evaluated using c-statistics and standardized incidence ratios.

Results. The study included 181 patients with RA-associated ILD (96% Caucasian; 48% females; 37%

never-smokers). The mean age at ILD diagnosis was 67.4 years (S.D. 9.9). The median time from RA

diagnosis to ILD was 4.9 years (range �10.9�48.1). The median follow-up was 3.1 years (range

0.01�14.8). Age, RA disease duration and low initial diffusing capacity for carbon monoxide were predict-

ive of premature mortality in multivariate modelling. Sex, smoking status, obstructive lung disease, sero-

positivity and erosive disease were not associated with mortality. The 5-year survival rate was 59.7%

(95% CI 51.5, 69.2). Survival did not differ between usual interstitial pneumonia, non-specific interstitial

pneumonia and organizing pneumonia (P = 0.42). The GAP model performed well in this cohort for both

discrimination and calibration (c-statistic 0.71, standardized incidence ratio 0.97).

Conclusion. In this large single-centre cohort of patients with RA-ILD, most patients were seropositive

and had a history of smoking. ILD most commonly occurred after the RA diagnosis. Mortality was high

and did not differ among the types. The GAP model may be useful in assessing mortality risk.

Key words: rheumatoid arthritis, usual interstitial pneumonia, non-specific interstitial pneumonia, organizing
pneumonia, mortality, GAP model, ILD-GAP model

Rheumatology key messages

. Patients who suffer from RA-associated interstitial lung disease have a poor prognosis.

. Application of the gender, age, lung physiology model in RA may be useful to clinicians for prognosis.

Introduction

Interstitial lung disease (ILD) may develop as an extra-ar-

ticular manifestation in patients with RA, either as a pre-

ceding entity or, more often, several years after the initial

RA diagnosis, and can have a dramatic effect on morbidity

and mortality [1�3]. Patients with RA may present with

restrictive and/or obstructive lung disease, which is

often clinically underrecognized [4]. Clinically significant

restrictive lung disease occurs in �8�15% of patients

with RA [5, 6].

There are two main recognized clinical and histopatho-

logical patterns of ILD, described as usual interstitial

pneumonia (UIP) and non-specific interstitial pneumonia
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(NSIP), of which UIP is the more common among patients

with RA [7, 8]. Although less common, organizing pneu-

monia (OP) associated with RA is often included among

the types of ILD occurring in RA. While the lung disease

course in patients with OP is often marked by a subacute

illness with a duration of< 3 months, it can progress to

fibrosis or may overlap with NSIP with striking interstitial

inflammation [9].

ILD manifests clinically with a wide degree of variability.

Dyspnoea and cough are among the most common

symptoms. Histopathological patterns are most useful in

the classification and differentiation of the various types of

ILD, which may overlap [9]. In addition to clinical evalu-

ation and direct tissue sampling, high-resolution CT

(HRCT) has been shown to be sensitive for the detection

and classification of ILD, while pulmonary function tests

(PFTs) and bronchoalveolar lavage may be non-specific or

even normal, and hence are less helpful for screening and

diagnosis [7, 10]. Nonetheless, pulmonary physiology has

been shown to independently predict mortality over the

HRCT pattern [11].

Assessment of outcomes of patients with RA-related

ILD (RA-ILD) is limited by a lack of long-term follow-up

and little data on rates of change. Moreover, there is a

lack of consensus about which outcome measures are

best for assessing the course and progression of ILD [3].

The course of RA-related NSIP, for example, is heteroge-

neous, with some patients remaining relatively stable for

years after diagnosis while others suffer from rapid deteri-

oration [9]. Although also heterogeneous, the course of

UIP has been generally associated with a worse outcome

than NSIP [12].

Due to this large variation in clinical course for RA-ILD,

predicting survival in this patient population is difficult

and, therefore, application of a staging system may

prove quite useful for clinicians. Assessment of a previ-

ously derived and validated staging system originally de-

veloped for idiopathic pulmonary fibrosis known as the

gender, age, lung physiology (GAP) model and a second-

ary non-idiopathic ILD model (ILD-GAP) may present an

opportunity to better predict mortality in the RA-ILD pa-

tient population [13, 14].

The aims of the present study were to characterize RA-

ILD using a large single-centre cohort to evaluate mortality

and to assess the performance of both the GAP and ILD-

GAP models as mortality risk calculators in this

population.

Methods

Study population

This retrospective cohort study was approved by the

Mayo Clinic Institutional Review Board. Study subjects

were identified through a unified single-centre electronic

medical record system using the International

Classification of Diseases, Ninth Revision (ICD-9) codes

for ILD with diagnosis occurring between 1 January 1998

and 31 December 2014 [15]. Follow-up data were ab-

stracted until death or 31 December 2015. All identified

cases that fulfilled the 1987 ACR criteria for RA were

manually reviewed for ILD diagnosis substantiation [16].

Patients with concomitant rheumatologic disease (such as

SLE, vasculitis, etc.) were excluded. However, patients

with secondary SS associated with RA were included.

Individuals with ILD and concomitant obstructive lung dis-

ease, defined as obstructive airway diseases, emphy-

sema, chronic bronchitis or asthma, were included.

Data collection

Patient characteristics recorded included sex, age, smok-

ing history, PFT results and chest HRCT. If patients were

on supplemental oxygen therapy, the oxygen require-

ment, in litres, at the last visit was recorded. If deceased,

the date and cause of death were recorded.

PFT results were recorded in both volume (litres) and

per cent predicted values abstracted at baseline (closest

to ILD diagnosis). These included forced vital capacity

(FVC), forced expiratory volume in 1 s (FEV1), total lung

capacity and diffusing capacity for carbon monoxide

(DLCO); the DLCO results were corrected for haemoglobin

level when appropriate. If baseline DLCO values were un-

available, reasons for this were also manually abstracted.

All HRCT interpretations were completed as part of clinical

care and were interpreted by onsite radiologists with skill

and training in this technique. Included HRCT scans were

those performed closest to the time of the initial ILD

diagnosis.

The GAP and ILD-GAP scores were calculated using

age, sex and lung physiology variables (FVC, DLCO) at

the ILD diagnosis [13, 14]. The ILD-GAP model is a mod-

ified version of the GAP model that adds a component for

ILD subtype. The ILD-GAP model reduces the predicted

risk estimates for patients with CTD-ILD, such as the RA-

ILD patients in this study. In the evaluation of both the

GAP model and the ILD-GAP model, only patients who

had PFTs within 6 months of their ILD diagnosis were

included; only tests done at the study centre were

abstracted.

RA therapies and disease severity indicators were also

collected by manual record review. Data abstracted on

disease severity included RF and/or ACPA positivity, pres-

ence of rheumatoid nodules, erosions/destructive

changes on radiographs and any additional extra-articular

manifestations (ExRAs) other than ILD. Severe ExRAs

were defined according to Malmö criteria and included

pericarditis, pleuritis, Felty’s syndrome, glomeruloneph-

ritis, vasculitis, peripheral neuropathy, scleritis and epi-

scleritis [17]. The ESR and CRP values closest to the

diagnosis of ILD were also recorded when available and

within 60 days. DMARDs and biologic use at any time

prior to or after the ILD diagnosis, as well as glucocortic-

oid therapy at the index date, was recorded for all

patients.

Statistical analysis

Descriptive statistics (means, percentages, etc.) were

used to summarize the data. Comparisons between

groups were performed using chi-square and rank sum
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tests. Survival rates were calculated using the

Kaplan�Meier method. Cox models were used to examine

the associations between baseline characteristics and

mortality. Continuous variables were assessed for pos-

sible non-linear associations with mortality using smooth-

ing splines.

The accuracy of risk predictions was assessed using

calibration (i.e. agreement between the observed and pre-

dicted event rates) and discrimination (i.e. whether pa-

tients are correctly ranked from low to high risk).

Calibration was assessed using standardized incidence

ratios (SIRs), which are ratios of observed to expected

events [18]. Discrimination was assessed using Harrell’s

concordance (c) statistic [19]. Analyses were performed

using SAS version 9.4 (SAS Institute, Cary, NC, USA)

and R 3.1.1 (R Foundation for Statistical Computing,

Vienna, Austria).

Results

Of the 181 included patients, 87 (48%) were female and

the majority were Caucasian (96%) (Table 1). The median

follow-up time was 3.1 years (range 0.01�14.8). The mean

age at ILD diagnosis was 67.4 years (S.D. 9.9) years with a

median time of 4.9 years (range �10.9�48.1) from RA to

ILD diagnosis. Sixty-seven patients were never-smokers

(37%). Ninety-eight (54%) had UIP, 73 (40%) had NSIP

and 10 (6%) had RA-related OP (Table 2).

ACPA was present in 77% of 136 tested patients and

RF was present in 82% of 176 tested patients. Erosive

disease was documented in 44 (24%) patients and 80

(44%) had one or more ExRA prior to or at the time of

ILD diagnosis. The most common ExRAs beyond ILD

were subcutaneous rheumatoid nodules in 47 patients

(26%) and secondary SS in 12 (7%). Severe ExRAs were

present in 15 (8%) patients. The median ESR was 34 mm/

h [interquartile range (IQR) 19�54; tested in 131 patients],

while the median CRP was 18.1 mg/l (IQR 5�37.8; tested

in 96 patients) with no significant differences between

types of ILD (Table 2).

The baseline PFTs at the time of ILD diagnosis included

the mean per cent predicted FVC of 72% (20), FEV1 of

72% (21), total lung capacity of 73% (17) and DLCO of

56% (20) (Table 1). The mean per cent predicted DLCO for

UIP was 52% (19), for NSIP 60% (20) and for OP 68% (14)

(P = 0.015) (Table 3). Eighty-five (50%) patients required

supplemental oxygen therapy, with a mean requirement

at last follow-up of 2.9 l/min (S.D. 1.6).

Chest imaging by HRCT closest to diagnosis showed

that 54 (30%) patients had one or more pulmonary nod-

ules while 25 (14%) had emphysema in addition to radio-

graphic evidence of ILD. In the course of routine care,

specialized chest radiologists qualitatively interpreted

chest HRCT results as consistent with radiographic pro-

gression in 97 (65%) patients. The frequency of lung nod-

ules detected by HRCT at the ILD diagnosis was highest

in patients with NSIP (42%) compared with UIP (20%) and

OP (30%) (P = 0.008; Table 2).

At the last follow-up, 72 patients had died. Overall mor-

tality was high (Fig. 1, upper panel), with pulmonary

disease accounting for 21 (29%) deaths, followed by in-

fection [15 (21%)] and heart disease [8 (11%)]; the cause

was not known in 21 (29%) patients (Table 2). Survival

rates by the type of ILD at 5 years were 55.2% (95% CI

43.7, 69.8) for UIP, 65.0% (95% CI 53.6, 78.8) for NSIP

and 47.4% (95% CI 18.5, 100) for OP. No difference was

identified between the types of ILD (P = 0.42; Fig. 1, lower

panel).

Baseline risk factors significantly associated with mor-

tality were age at ILD diagnosis [hazard ratio (HR) 1.34

(95% CI 1.11, 1.63) per 10 year increase] and RA disease

duration at ILD diagnosis [age- and sex-adjusted HR 1.71

(95% CI 1.22, 2.39) per 10 year increase]. A lower baseline

per cent predicted DLCO was associated with signifi-

cantly higher mortality and a non-linear effect was

found, which demonstrated that the mortality risk was

much higher among patients with DLCO <40% predicted

[HR 2.48 (95% CI 1.55, 3.95) per 10% predicted decrease]

than among those with DLCO 540% [HR 1.33 (95% CI

TABLE 1 Characteristics of 181 patients with ILD and RA

Characteristic Value

Age at ILD diagnosis, mean
(S.D.), years

67.4 (9.9)

Age at RA diagnosis, mean
(S.D.), years

58.5 (13.5)

Ethnicity, Caucasian, n (%) 170 (96)

Sex, female, n (%) 87 (48)
Smoking status, n (%)

Never 67 (37)

Former 110 (61)

Current 4 (2)
Length of follow-up from ILD

diagnosis, median (range), years
3.1 (0.01�14.8)

RA disease duration at ILD
diagnosis, median (range), years

4.9 (�10.9, 48.1)

RF positive, positive/tested,
n (%)

145/176 (82)

ACPA positive, positive/tested,
n (%)

105/136 (77)

Erosive disease, n (%) 44 (24)
Extra-articular manifestations

other than ILD, n (%)
80 (44)

Medication use at ILD
diagnosis, n (%)
Glucocorticoid use at ILD
diagnosis

91 (51)

MTX exposure (ever) 125 (69)

LEF exposure (ever) 51 (28)

Biologic exposure (ever) 129 (71)
Non-biologic exposure (ever) 100 (55)

PFT at ILD diagnosis, mean (S.D.)

TLC, per cent predicted 73.3 (16.7)

FVC, per cent predicted 72.3 (20.3)
FEV1, per cent predicted 72.1 (20.7)

DLCO, per cent predicted 55.7 (19.8)

Required supplemental oxygen,
n (%)

85 (50)

Oxygen requirement at last
visit, mean (S.D.), l/m

2.9 (1.6)
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1.08, 1.65) per 10% predicted decrease]. A lower baseline

per cent predicted FVC was also associated with signifi-

cantly higher mortality [HR 1.20 (95% CI 1.04, 1.40) per

10% predicted decrease]. Sex, smoking status, obstruct-

ive lung disease, seropositivity, erosive disease and

severe ExRAs were not associated with mortality

(Table 4). A higher CRP at baseline was significantly asso-

ciated with mortality [HR 1.07 (95% CI 1.00, 1.13) per

10 mg increase]. A multivariable Cox regression model

was obtained including age, sex, RA disease duration,

DLCO, FVC and CRP. CRP was subsequently removed

from the model due to the amount of missing data and

its lack of significance when adjusted for the other factors.

Age, RA disease duration and DLCO remained significant

in the multivariable model (Table 4).

At the time of ILD diagnosis, 91 (51%) patients were

receiving glucocorticoids. The majority, 125 (69%), had

used MTX and 51 (28%) had used LEF at some point

during their disease course. A total of 84 (47%) patients

used a TNF inhibitor, 32 (18%) used rituximab and 13 (7%)

used abatacept. For treatment of ILD, 77 (43%) patients

had used AZA and 12 (7%) used CYC (Table 1).

Medication use at baseline did not differ significantly be-

tween types of ILD.

GAP and ILD-GAP scores could be calculated for 159

patients who had PFTs performed at the study site centre

within 6 months of diagnosis. This included seven patients

who were too ill to perform DLCO, but who completed the

FVC measurement. There were no differences in baseline

characteristics or in mortality rates between the 159

TABLE 2 Type of ILD in 181 patients with RA

Characteristic UIP (n = 98) NSIP (n = 73) OP (n = 10) P-value

Age at ILD diagnosis, mean (S.D.), years 68.1 (9.6) 67.5 (10.0) 58.9 (9.9) 0.028

Sex, female, n (%) 43 (44) 39 (53) 5 (50) 0.46

RA disease duration at ILD diagnosis, median (range), years 6.9 (�9.8�44.5) 3.7 (�10.9�48.1) 2.4 (�1.7�27.1) 0.46

Never smoker, n (%) 34 (35) 31 (42) 2 (20) 0.22
ACPA positive, positive/tested, n (%) 49/64 (77) 52/65 (80) 4/7 (57) 0.39

RF positive, positive/tested, n (%) 80/95 (84) 59/71 (83) 6/10 (60) 0.19

ESR, median (IQR), mm/h 35 (17�60) 32.5 (20�48) 36 (14.5�85) 0.91

CRP, median (IQR), mg/l 16.7 (10�32.5) 19.0 (4.8�52) 18.2 (3�79) 0.84
Erosive disease, n (%) 25 (26) 16 (22) 3 (30) 0.77

Pulmonary nodule by HRCT at ILD diagnosis, n (%) 20 (20) 31 (42) 3 (30) 0.008

Cause of death, n (%) 0.84
Pulmonary disease 15 (37) 6 (21) 0

Heart disease 1 (2) 1 (4) 0
Renal disease 1 (2) 0 0

Infection 7 (17) 6 (21) 2 (67)

Cancer 4 (10) 4 (14) 0

Stroke 2 (5) 1 (4) 0
Other 1 (2) 0 0

Unknown 10 (24) 10 (36) 1 (33)

TABLE 3 Baseline pulmonary function by type of ILD in 181 patients with RA

Characteristic UIP (n = 98) NSIP (n = 73) OP (n = 10) P-value

TLC, mean (S.D.)

Litres 4.2 (1.1) 4.5 (1.4) 5.1 (0.8) 0.048

Per cent predicted 70.3 (14.5) 75.0 (18.8) 89.3 (13.4) 0.008

FVC, mean (S.D.)
Litres 2.6 (0.8) 2.7 (1.0) 2.7 (1.0) 0.79

Per cent predicted 71.0 (20.4) 74.4 (20.9) 68.0 (12.3) 0.46

FEV1, mean (S.D.)

Litres 2.0 (0.6) 2.1 (0.7) 1.9 (1.0) 0.48
Per cent predicted 72.0 (20.3) 74.1 (20.9) 56.3 (19.5) 0.08

DLCO, mean (S.D.)

Millilitres/minute 12.1 (4.6) 14.2 (5.9) 17.4 (6.0) 0.020
Per cent predicted 51.5 (18.8) 59.6 (20.4) 68.3 (13.8) 0.015

Requiring supplemental oxygen, n (%) 51 (55) 29 (43) 5 (50) 0.31

Most recent oxygen requirement, l/min, mean (S.D.) 2.8 (1.3) 3.1 (2.0) 3.2 (1.3) 0.73
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patients with calculated GAP scores and the 22 patients

for whom GAP scores could not be calculated. A total of

30 patients died within 3 years of the ILD diagnosis. The

GAP model predicted 31.0 deaths and demonstrated

good calibration [SIR 0.97 (95% CI 0.68, 1.38)] and dis-

crimination (c-statistic 0.71). It performed well in both

sexes, across the range of ages, among both seropositive

and seronegative patients and in all types of ILD (data not

shown). Prediction of events by stage was best in those

categorized as stage III [6 deaths compared with 5.5 pre-

dicted; SIR 1.08 (95% CI 0.49, 2.41)]. The GAP model

overestimated mortality among stage I patients [7

deaths compared with 14.9 predicted; SIR 0.47 (95% CI

0.22, 0.99)] and underestimated mortality among stage II

patients [17 deaths compared with 10.6 predicted; SIR

1.60 (95% CI 0.99, 2.57)]. Observed mortality risk at 1

year was 4.2% (95% CI 0.1, 8.1) for stage I, 27.6%

(95% CI 11.3, 40.9) for stage II and 14.3% (95% CI 0.0,

36.7) for stage III.

The ILD-GAP score reduced the predicted mortality

risk, so only 18.3 deaths were predicted within 3 years

of ILD diagnosis. This demonstrated poor calibration

[SIR 1.64 (95% CI 1.15, 2.35)]. The ranking of patients

with the ILD-GAP score was similar to the GAP score,

except for raising negative scores to zero, which resulted

in an improved c-statistic of 0.74.

Discussion

In this large single-centre cohort of patients with RA-ILD,

most were seropositive with a previous history of tobacco

use, were diagnosed in the seventh decade of life after a

relatively short duration of RA and had additional extra-

articular manifestations of RA. The present cohort did not

show as large a male predominance as previous studies

(52 vs 59%) [6], which may be due in part to increasing

smoking rates among females [20]. There were compar-

able extra-articular manifestations of RA (44 vs 40%) but

less erosive disease (24 vs 35�39%) when compared with

previous cohorts [6, 21, 22]. While the explanation for

these differences is uncertain, they may be due in part

to differences in case ascertainment and improvements

in RA therapy in recent years, possibly including the intro-

duction of biologic therapy [23].

UIP was more common than NSIP, and both were more

common than OP, findings that other authors have also

reported [7]. Even in this most recent period, these pa-

tients have a high mortality rate, with nearly 40% dying

within 5 years. Of those who died, close to one-third of

deaths were attributable to pulmonary disease. This study

did not identify any difference in survival rates between

types of ILD. This is in contrast to previous studies that

have found that UIP carries a higher mortality rate than

NSIP or OP [24]. Variable case ascertainment techniques,

different baseline populations in these studies and a rela-

tively low percentage of deaths directly attributable to pul-

monary disease may account for these differences.

Baseline DLCO was generally lowest in patients with

UIP and NSIP compared with patients with OP, while

FEV1 and FVC were similar at baseline across these

three types of ILD. Low DLCO is generally considered

the most sensitive PFT parameter for early detection of

ILD [25]. In addition, a lower per cent predicted DLCO at

baseline was associated with higher mortality risk, similar

to previous studies in RA-related ILD [11].

This is the first assessment of the GAP model in the RA-

ILD population, and it had good discrimination and pre-

dictive value. In agreement with the GAP authors, this

easy-to-use system may be a useful tool for clinicians,

which may help to inform prognosis prediction and ther-

apy management [13]. In contrast, the ILD-GAP model,

which was developed to take into account an underlying

CTD to better predict mortality in patients with ILD, did not

perform as well in the present study [14]. This is most

likely due to the large heterogeneity among patients with

CTD who were used to develop the model. That is, the

morbidity and mortality associated with different CTDs

(e.g. RA vs SLE) are significantly different.

This study focused on patients encountered in clinical

practice referred for evaluation by multiple specialists in a

tertiary care centre. This is both a strength and a limitation

of the current study. Only patients who presented with

FIG. 1 Overall survival of patients with RA-ILD

Overall survival of patients with RA-ILD (upper panel) and

survival by the type of lung disease (lower panel; log rank

P = 0.42). UIP (solid line), NSIP (dashed line), RA-related

OP (dotted line).
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clinically evident ILD and RA were captured; routine

screening for subclinical disease is not performed for the

majority of patients with RA. Protocols for evaluation and

follow-up were not standardized, but rather were part of

routine care. The HRCTs were assessed by expert thor-

acic radiologists and reviewed with subsequent clinical

management by expert subspecialty pulmonologists.

The classification and the outcomes reflect actual clinical

practice. There is high interobserver agreement in the

characterization of the ILD pattern among expert radiolo-

gists and, in our experience, ‘blinded’ readings have not

resulted in meaningful reclassification [10]. The centre’s

electronic medical record is constantly updated as part

of routine practice on patient mortality, even if the patients

do not return for visits, minimizing loss of recording for

deaths. The absence of ethnic diversity may hinder the

generalizability to other populations. Replication of the

GAP model’s performance in other studies with RA pa-

tients who have ILD is necessary.

Conclusion

Of the types of ILD occurring in RA, UIP is the most

common, followed by NSIP and OP. Most patients are

seropositive and have additional extra-articular manifest-

ations of RA. Chest HRCT and low DLCO are sensitive

indicators of RA-ILD. Progression of NSIP and UIP on

HRCT is common. Assessment of the GAP model in this

patient population demonstrated good discrimination,

which may help to inform prognosis and patient manage-

ment. RA-ILD is associated with decreased survival and

remains a daunting clinical challenge.
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