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Abstract

Background—Azathioprine is a commonly prescribed therapy for connective tissue disease-

associated interstitial lung disease (CTD-ILD). Combination therapy that included azathioprine 

was recently shown to increase the risk of death and hospitalization in patients with idiopathic 

pulmonary fibrosis. Whether azathioprine increases the risk of adverse outcomes in patients with 

fibrotic CTD-ILD, including those with CTD-associated usual interstitial pneumonia (UIP), 

remains unknown.

Methods—A retrospective cohort analysis was performed to determine the combined incidence 

rate of death, transplant and respiratory hospitalization associated with azathioprine exposure. A 

fibrotic CTD-ILD cohort treated with mycophenolate mofetil served as a comparator group. 

Incidence rates were compared with an incidence rate ratio (IRR) generated by negative binomial 

regression. Longitudinal pulmonary function response was then assessed using mixed effects 

linear regression models.

Results—Fifty-four patients were treated with azathioprine and forty-three with mycophenolate. 

Medication discontinuation due to non-respiratory side effects occurred in 27% and 5% of the 

azathioprine and mycophenolate cohorts, respectively. The combined incidence rate of adverse 

outcomes was 0.013 and 0.015 for azathioprine and mycophenolate, respectively (IRR 1.23; 95% 
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CI 0.49-3.12; p=0.66). Similar incidence rates were observed among those with CTD-UIP (IRR 

0.83; 95% CI 0.21-3.31; p=0.79). Both groups demonstrated pulmonary function stability over 

time, with the azathioprine group demonstrating a marginal improvement.

Conclusions—A significant minority of patients could not tolerate azathioprine due to non-

respiratory side effects. Of those who did tolerate azathioprine, a similar incidence of adverse 

outcomes was observed as those treated with mycophenolate. Both therapies were associated with 

stability in pulmonary function.
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Introduction

Interstitial lung disease (ILD) is a common manifestation of connective tissue disease (CTD) 

and may lead to significant morbidity and mortality.(1, 2). The CTDs complicated by ILD 

include systemic sclerosis, rheumatoid arthritis, polymyositis and dermatomyositis, 

Sjogren's syndrome, mixed connective tissue disease and systemic lupus erythematosus.(3) 

CTD-associated ILD is most commonly associated with a pattern of non-specific interstitial 

pneumonia (NSIP) on high-resolution computed tomography (HRCT) and/or surgical lung 

biopsy (SLB), followed by usual interstitial pneumonia (UIP).(4, 5) While survival among 

patients with CTD-associated ILD is generally favorable when compared to patients with 

idiopathic pulmonary fibrosis (IPF), this survival benefit is less pronounced in the setting of 

UIP and is likely influenced by CTD etiology.(5-8)

Treatment of CTD-associated ILD generally targets the immune system, which is 

responsible for the production of autoantibodies that characterize specific CTDs. In addition 

to corticosteroids, common first-line therapies include azathioprine and mycophenolate 

mofetil, both of which act to inhibit B and T-lymphocyte proliferation.(9, 10) Data regarding 

the use of these therapies to treat CTD-associated ILD is sparse and largely confined to case 

series and a small uncontrolled clinical trial.(11-17) A recent randomized controlled trial 

conducted in patients with IPF showed that azathioprine, when used in combination with 

prednisone and N-acetylcysteine, significantly increased the risk of death, hospitalization 

and IPF exacerbation. It is unknown whether the use of azathioprine in patients with fibrotic 

CTD-associated ILD, including those with UIP, increases the risk of adverse outcomes in 

this patient population.

In this investigation we conducted a single-center retrospective longitudinal analysis of 

patients with fibrotic CTD-associated ILD to determine whether treatment with azathioprine 

was associated with an increased incidence of adverse outcomes, including death, lung 

transplantation and respiratory hospitalization. Patients receiving mycophenolate mofetil 

were used as a control group, as this therapy has been previously shown to be safe and well-

tolerated in patients with CTD-associated ILD.(13, 14) We then performed a longitudinal 

analysis of pulmonary function to determine the change in percent predicted forced vital 
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capacity (FVC) and diffusion capacity of the lung for carbon monoxide (DLCO) associated 

with azathioprine and mycophenolate mofetil therapy over time.

Methods

Study Design

This investigation was conducted at the University of Chicago and was approved by our 

Institutional Review Board (IRB protocol #14163-A). The University of Chicago ILD 

registry was used to identify patients followed from 2006-2015 with a diagnosis of CTD-

associated ILD. HRCTs were reviewed by two chest radiologists (JC and SM) to identify 

patients with fibrotic ILD, defined as the presence of reticulation with traction 

bronchiectasis, traction bronchiolectasis, or subpleural honeycombing. The electronic 

medical record was reviewed to identify patients in this cohort treated with azathioprine or 

mycophenolate mofetil. Other pertinent data extracted from the electronic medical record 

included demographic information (age, race/ethnicity, gender), tobacco use, medications 

including systemic corticosteroids and other disease modifying anti-rheumatic drugs 

(DMARD), including tacrolimus, biologics/tumor necrosis factor-alpha inhibitors, IV 

immunoglobulin, rituximab, cyclophosphamide, methotrexate, penicillamine, 

hydroxychloroquine, physical examination findings including clubbing and crackles, 

laboratory studies including complete blood count and liver function testing (LFT), 

diagnostic studies (HRCT and SLB) and pulmonary function testing (PFT) including percent 

predicted FVC, and percent predicted DLCO.

The first period of treatment with either azathioprine or mycophenolate mofetil after 

establishing care at our institution was used to conduct this analysis. Crossing over from one 

therapy to another was allowed if it occurred within 4 weeks of therapy initiation and was 

due to a non-respiratory side effect. One patient was excluded due to receiving both 

therapies concurrently. Adverse events were defined as death, lung transplantation and 

respiratory hospitalization. The electronic medical record, social security death index and 

telephone communication with patients and family members were used to ascertain adverse 

events. Follow-up time was censored on Dec 1, 2015. Patients with at least 2 PFTs > 90 days 

apart were included in the longitudinal PFT analysis.

Statistical Analysis

Continuous variables were reported as means with standard deviation (SD) or medians with 

interquartile range and were compared using a two-tailed student's t-test or Wilcoxon rank 

sum test, as appropriate. Categorical variables were reported as counts and percentages and 

compared using the Chi-square test or Fisher's exact test, as appropriate. Adverse outcomes, 

including death, transplant and respiratory hospitalization were treated as count data with 

multiple events possible for a given patient. A combined endpoint incidence rate was 

determined for each treatment group and incidence rate ratio (IRR) determined using 

negative binomial regression.

Longitudinal analysis of pulmonary function change associated with azathioprine and 

mycophenolate mofetil therapy was conducted using mixed-effects regression models. Based 

Oldham et al. Page 3

Respir Med. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



on exploratory analysis with restricted maximum likelihood modeling, an exchangeable 

variance-covariance-correlation structure was chosen for FVC modeling while an 

autoregressive structure was chosen for DLCO modeling. PFTs were grouped into 1-year 

intervals to allow for time course alignment. Missing observations for DLCO were imputed 

to the lowest quartile mean of 25% to account for individuals unable to perform this 

procedure. Longitudinal data are presented graphically using locally weighted scatterplot 

smoothing. Summary statistics with p<0.05 were considered to be statistically significant. 

All statistical analyses were performed using Stata (StataCorp. 2013. Release 13. College 

Station, TX).

Results

Of 1205 patients screened, 209 carried a diagnosis of CTD-ILD, including 182 with 

evidence of pulmonary fibrosis on HRCT (Figure 1). Of those with fibrotic CTD-associated 

ILD, 64 were initially treated with azathioprine and 33 with mycophenolate mofetil. Ten 

patients (16%) initially treated with azathioprine experienced non-respiratory side effects 

and were subsequently transitioned to mycophenolate mofetil, leaving 54 treated with 

azathioprine and 43 treated with mycophenolate mofetil for the outcome analysis. Of those, 

41 treated with azathioprine and 32 treated with mycophenolate mofetil had multiple PFTs 

and were included in the longitudinal analysis of pulmonary function.

The median daily dosages of azathioprine and mycophenolate mofetil were 125mg and 

2000mg, respectively. Among those in the azathioprine group, 33/54 underwent thiopurine 

methyltransferase (TPMT) enzyme activity testing. Five individuals in this group were found 

to have an intermediate enzyme activity level, including one who underwent lung 

transplantation within 6 months of starting therapy and one who discontinued therapy due to 

nausea. No cases of LFT abnormalities or bone marrow suppression were observed in those 

with intermediate TPMT activity.

There was no difference between azathioprine and mycophenolate mofetil cohorts (Table 1) 

with regard to age, gender, concurrent DMARD use, smoking history, crackles, clubbing, 

HRCT pattern, % fibrosis on HRCT, % ground glass opacity on HRCT or baseline FVC (% 

predicted). Compared to the myocphenolate mofetil group, the azathioprine group had a 

lower percentage of whites (33.3% vs. 55.8%), systemic sclerosis (7.4% vs. 27.9%) and UIP 

by SLB (44.4% vs. 100%). The azathioprine group also received more corticosteroid of 

≥20mg (22.2% vs. 4.7%) than the mycophenolate mofetil group and had a lower baseline 

DLCO (% predicted (47.5% vs. 56.0%). With the exception of systemic sclerosis, the groups 

were otherwise balanced with regard to CTD etiology. Overall, the most commonly 

observed pattern by HRCT was NSIP, followed by UIP. The most commonly observed 

pattern by SLB was UIP, followed by NSIP, but relatively few patients underwent biopsy 

(n=27). The majority of SLBs (n=18) were performed prior to referral to our institution and 

the remainder were performed at our institution because ILD etiology remained unclear and 

CTD diagnosis had not yet been established.

During the follow-up period, 15/54 (28%) patients discontinued azathioprine therapy while 

12/43 (28%) patients discontinued mycophenolate therapy (Table 2). Medication 
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discontinuation due to side effects during the follow-up period occurred in 7 (13%) patients 

treated with azathioprine and 2 (5%) of patients treated with mycophenolate mofetil. 

Significant side effects observed in the azathioprine group included four cases of elevated 

transaminases, one case of pancreatitis and one case of recurrent infection. One individual 

treated with mycophenolate mofetil developed a cytopenia requiring medication 

discontinuation. Side effects were not observed to occur in any one predominant CTD. 

Therapy discontinuation due to patient preference occurred in 1 (2%) patient treated with 

azathioprine and 5 (12%) patients treated with mycophenolate mofefil. One patient in the 

mycophenolate mofetil group discontinued therapy to attempt pregnancy, but reasons 

underpinning others decision to stop therapy were not possible to ascertain due to the 

retrospective nature of this investigation. Therapy discontinuation due to clinical failure, as 

determined by an attending physician, occurred in approximately 10% of both cohorts.

When comparing adverse outcomes between groups (Table 3), there were 3 deaths, 2 

transplants and 17 respiratory hospitalizations over 1445.3 exposure months in the 

azathioprine group, producing an adverse outcome incidence rate of 0.015. There were 4 

deaths, 1 transplant and 11 respiratory hospitalizations over 1236.6 exposure months in the 

mycophenolate mofetil group, producing an adverse event incidence rate of 0.013. Relative 

to the mycophenolate mofetil treated group, treatment with azathioprine was associated with 

a non-significant increase in adverse outcome risk (IRR 1.23 (95% CI 0.49-3.12; p=0.66)). 

When considering only those with a UIP pattern by HRCT and/or SLB (n=41) (Table 4), 

azathioprine therapy was associated with a non-significant decrease in adverse outcome risk 

(IRR 0.83 (95% CI 0.21-3.31; p=0.79).

Treatment-associated longitudinal change in percent predicted FVC and DLCO is shown in 

Figure 2. Azathioprine therapy was associated with a significant yearly increase in FVC of 

1.53% (95% CI 0.19%-2.87%; p=0.025), while mycophenolate mofetil was associated with 

a non-significant yearly decline in FVC of 0.56% (95% CI-1.55%-0.43%; p=0.27) (Table 5). 

Azathioprine was also associated with a significant yearly increase in DLCO of 4.91% (95% 

CI 1.53%-8.3%; p=0.004), while mycophenolate mofetil was associated with a non-

significant yearly decline in DLCO of 2.1% (95% CI -4.62%-0.42%; p=0.1). These findings 

remained consistent after adjustment for age, gender, race, CTD diagnosis, UIP pattern by 

HRCT and/or SLB, concurrent DMARD use and concurrent prednisone dose.

Discussion

In this investigation, we demonstrated that treatment with azathioprine was associated with a 

similar combined incidence of death, transplant and respiratory hospitalization when 

compared to mycophenolate mofetil in patients with fibrotic CTD-associated ILD, including 

those with UIP. We also showed that azathioprine was associated with a significant 

improvement in both FVC and DLCO over four years of follow-up, while mycophenolate 

mofetil was associated with stability in these metrics. These findings were limited to patients 

able to tolerate azathioprine, as a large minority discontinued this therapy due to significant 

side effects.
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This study is, to our knowledge, the first to specifically explore the safety of azathioprine in 

individuals with fibrotic CTD-associated ILD, including CTD-UIP, and suggest that 

azathioprine may be a reasonable first line agent in patients able to tolerate this therapy. Our 

findings also provide some degree of reassurance that the treatment of patients with CTD-

associated UIP with azathioprine does not increase the risk of death and hospitalization, as 

was observed in IPF when taken in combination with prednisone and N-acetylcysteine.(18, 

19) This discordance supports the paradigm of CTD-associated ILD being driven 

predominantly by inflammation and IPF from recurrent alveolar injury and aberrant wound 

healing, despite shared radiographic and histologic features.(20, 21)

Our findings that treatment with azathioprine may improve lung function in patients with 

CTD-associated ILD are consistent with those of Paone and colleagues,(11) who showed 

that maintenance therapy with azathioprine after 1 year of cyclophosphamide therapy in 13 

patients with systemic sclerosis was associated with a significant improvement in FVC and 

DLCO. The improvement in FVC associated with azathioprine observed in our cohort was 

most apparent in the first two years of therapy while the improvement in DLCO persisted 

throughout the study period. Our findings that mycophenolate mofetil was associated with 

FVC and DLCO stability, but not improvement, differ from those of Fischer and colleagues,

(13) who showed a significant improvement in both FVC and DLCO associated with 

mycophenolate mofetil in a large CTD cohort. This discordance may be related to the high 

percentage of patients with UIP, as well as the higher percentage of patients with systemic 

sclerosis, in our mycophenolate cohort. Concurrent pulmonary hypertension may have also 

influenced our results with regard to longitudinal change in DLCO, but incomplete data 

precluded robust analysis of this potential co-morbid condition.

There were several limitations to this investigation. First, because this was a retrospective 

study, causation could not be assessed, and our findings represent only an association 

between outcome and immunosuppressant therapy. Next, because the CTDs that comprise 

CTD-associated ILD are a highly heterogeneous group of disease processes with variable 

natural histories and response to therapy, our findings may have been biased by the 

therapeutic responsiveness of individual CTDs. Formal interaction testing did not identify 

adverse outcomes to be overrepresented in any one CTD etiology (data not shown), but this 

analysis was limited by the small sample sizes of these subgroups. Another limitation was 

the concurrent immunosuppressive and systemic corticosteroid use in both groups, which 

left us unable to test azathioprine and mycophenolate mofetil as monotherapies. Finally, 

some patients were treated with immunosuppressive therapy prior to referral to our 

institution. This was most often in the form of corticosteroids, but prior exposure to a non-

reported immunosuppressive was possible. This may have biased our results, especially in 

patients who had already failed one or more therapies prior to referral.

Conclusion

The use of azathioprine to treat patients with fibrotic CTD-associated ILD, including those 

with UIP, appears to be as safe as treatment with mycophenolate mofetil. However, a 

significant minority of individuals developed side effects while on azathioprine, leading to 

discontinuation of this therapy and should be taken into account when developing a 
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treatment plan. While retrospective analyses such as this can provide valuable insight into 

the response to specific therapies in those with CTD-associated ILD, formal testing of these 

therapies in a blinded, controlled fashion among well-defined CTD-associated ILD cohorts 

is desperately needed to establish optimal treatment strategies.
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Highlights

• A large minority of patient did not tolerate azathioprine due to side 

effects

• Adverse outcomes were similar between azathioprine and 

mycophenolate cohorts

• Azathioprine was not associated with worse outcomes in those with 

CTD-UIP

• Pulmonary function stability was observed in both treatment groups
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Figure 1. Consort Diagram
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Figure 2. 
Longitudinal change in percent predicted FVC (a) and DLCO (b) in a cohort of patients with 

fibrotic CTD- associated ILD treated with azathioprine and mycophenolate mofetil.

Oldham et al. Page 11

Respir Med. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Oldham et al. Page 12

Table 1
Demographic and Clinical Characteristics

Characteristic Azathioprine (n=54)* Mycophenolate mofetil (n=43)** p-value

Age, mean (±SD) 54.1 (12.8) 52.7 (11.1) 0.55

Female gender, n (%) 42 (77.8) 29 (67.4) 0.25

Race, n (%)

 White 18 (33.3) 24 (55.8) 0.03

 African-American 27 (50) 17 (39.5) 0.3

 Hispanic 6 (11.1) 2 (4.7) 0.3

 Asian 3 (5.6) 0 (0) 0.25

Diagnosis

 Polymyositis/dermatomyositis 15 (27.8) 7 (16.3) 0.18

 Mixed connective tissue disease 12 (22.2) 7 (16.3) 0.61

 Rheumatoid arthritis 15 (27.8) 8 (18.6) 0.29

 Systemic sclerosis 4 (7.4) 12 (27.9) 0.01

 Sjogren's syndrome 5 (9.3) 8 (18.6) 0.18

 Systemic lupus erythematosus 3 (5.6) 1 (2.3) 0.43

Concurrent Prednisone Use

 <20mg daily 32 (59.3) 28 (65.1) 0.56

 ≥20mg daily 12 (22.2) 2 (4.7) 0.02

Concurrent DMARD Use

 Tacrolimus 8 (14.8) 5 (11.6) 0.78

 Biologic/TNF-alpha inhibitor 4 (7.4) 2 (4.6) 0.69

 IVIG 5 (9.3) 2 (4.6) 0.46

 Hydroxychloroquine 18 (33.3) 10 (23.2) 0.28

 Other 2 (3.7) 2 (4.6) 1

Ever smoker, n (%) 26 (48.2) 19 (44.2) 0.7

Crackles 44 (84.6) 33 (78.6) 0.45

Clubbing 6 (20.7) 7 (26.9) 0.75

HRCT pattern, n (%)

 Usual interstitial pneumonia 16 (29.6) 14 (32.6) 0.76

 Non-specific interstitial pneumonia 32 (59.3) 27 (62.8) 0.72

 Atypical/unclassifiable 5 (9.3) 2 (4.7) 0.46

HRCT % fibrosis, median [IQR] 15 [10-25] 20 [10-25] 0.39

HRCT % ground glass opacity, median [IQR] 0 [0-10] 0 [0-5] 0.19

SLB pattern, n (%)

 Usual interstitial pneumonia 8 (44.4) 8 (100) 0.01

 Non-specific interstitial pneumonia 7 (38.9) 0 --

 Organizing pneumonia 3 (16.7) 0 --

FVC (% predicted) 60.9 (18.2) 60.6 (19.4) 0.93

DLCO (% predicted) 47.5 (15.0) 56.0 (23.9) 0.05
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Abbreviations: DMARD=disease modifying anti-rheumatic drug; HRCT = high-resolution computed tomography; SLB = surgical lung biopsy; 
FVC=forced vital capacity; DLCO=diffusion capacity of the lung for carbon monoxide

*
Exception for n; crackles n=52; clubbing n=29; SLB pattern n=18; DLCO n=48

**
Exception for n: crackles n=42; clubbing n=26; SLB pattern n=9; FVC n=42; DLCO n=35
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Table 2
Reasons for azathioprine and mycophenolate mofetil discontinuation during follow-up 
period

Reason Azathioprine (n=54) Mycophenolate mofetil (n=43)

Elevated transaminase 4 0

Pancreatitis 1 0

Nausea/vomiting 1 1

Recurrent infection 1 0

Cytopenia 0 1

Patient Preference 1 5

Disease progression/treatment failure 6 4

Unknown 1 1
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Table 3
Treatment-associated adverse outcome risk in fibrotic CTD-associated ILD

Event Azathioprine (n=54) Mycophenolate mofetil (n=43)

Death, n 3 4

Transplant, n 2 1

Respiratory hospitalization, n 17 11

Total adverse ouctomes, n 22 16

Exposure months 1445.3 1236.6

Adverse outcome incidence rate 0.015 0.013

IRR (95% CI; p-value) 1.23 (0.49-3.12; p=0.66) Reference

Abbreviations: IRR = incidence rate ratio
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Table 4
Treatment-associated adverse outcome risk in CTD-associated UIP

Event Azathioprine (n=22) Mycophenolate (n=19)

Death, n 2 3

Transplant, n 0 1

Respiratory hospitalization, n 6 3

Total adverse events, n 8 7

Exposure months 714.5 545.3

Adverse Event Incidence Rate 0.011 0.012

IRR (95% CI; p-value) 0.83 (0.21-3.31;p=0.79) Reference

Abbreviations: IRR = incidence rate ratio

Respir Med. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Oldham et al. Page 17

Ta
b

le
 5

Y
ea

rl
y 

ch
an

ge
 in

 p
ul

m
on

ar
y 

fu
nc

ti
on

 a
ss

oc
ia

te
d 

w
it

h 
az

at
hi

op
ri

ne
 a

nd
 m

yc
op

he
no

la
te

 m
of

et
il 

th
er

ap
y

T
he

ra
py

F
V

C
 (

%
 p

re
di

ct
ed

)
D

L
C

O
 (

%
 p

re
di

ct
ed

)

U
na

dj
us

te
d

A
dj

us
te

d*
U

na
dj

us
te

d
A

dj
us

te
d*

C
ha

ng
e

95
%

 C
I

p-
va

lu
e

C
ha

ng
e

95
%

 C
I

p-
va

lu
e

C
ha

ng
e

95
%

 C
I

p-
va

lu
e

C
ha

ng
e

95
%

 C
I

p-
va

lu
e

A
za

th
io

pr
in

e 
(n

=
41

)
1.

53
%

0.
19

%
 -

2.
87

%
0.

02
5

1.
46

%
0.

12
%

 -
2.

79
%

0.
03

3
4.

91
%

1.
53

%
 -

8.
3%

0.
00

4
4.

50
%

1.
25

%
 -

7.
75

%
0.

00
7

M
yc

op
he

no
la

te
 m

of
et

il 
(n

=
32

)
-0

.5
6%

-1
.5

5%
 -

0.
43

%
0.

27
-0

.5
2%

-1
.5

1%
 -

 0
.4

7%
0.

3
-2

.1
0%

-4
.6

2%
 -

 0
.4

2%
0.

1
-2

.0
0%

-4
.4

1%
 -

 0
.4

1%
0.

1

* A
dj

us
te

d 
fo

r 
ag

e,
 g

en
de

r, 
ra

ce
, b

as
el

in
e 

D
L

C
O

 (
%

 p
re

di
ct

ed
),

 C
T

D
 d

ia
gn

os
is

, U
IP

 p
at

te
rn

 b
y 

H
R

C
T

 a
nd

/o
r 

SL
B

, c
on

cu
rr

en
t i

m
m

un
os

up
pr

es
si

ve
 u

se
 a

nd
 c

on
cu

rr
en

t p
re

dn
is

on
e 

do
se

Respir Med. Author manuscript; available in PMC 2017 December 01.


	Abstract
	Introduction
	Methods
	Study Design
	Statistical Analysis

	Results
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

