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Introduction

Acute exacerbation of idiopathic pulmonary fibrosis (AE-
IPF) is defined as acute, clinically significant respiratory 
deterioration, characterised by evidence of new widespread 
alveolar abnormalities (1). The reported incidence of AE-
IPF was 41 per 1,000 patient-years (2), and the AE-IPF-
associated mortality was high (55.6–80%) (3-6). 

There is currently no recognized treatment for AE-
IPF, though international evidence-based guidelines 
weakly recommend standard therapy involving systemic 

glucocorticoids, including intravenous methylprednisolone 
1 g/day for 3 days (7).

Cyclosporine A is an immunosuppressant that binds 
to and inhibits calcineurin, restricting lymphocyte 
prol i ferat ion by downregulat ing transcript ion of 
interleukin-2 and other cytokines associated with T helper  
lymphocytes (8). Methylprednisolone plus cyclosporine A 
has been used for AE-IPF patients in real-world clinical 
settings; however, the above guidelines do not comment on 
this use of cyclosporine A for AE-IPF because of a lack of 
evidence (7,9-11). Although some case series existed, the 
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effects of cyclosporine A in AE-IPF patients thus currently 
remain unknown (9-11).

The present study aimed to compare the effectiveness of 
cyclosporine A combined with systemic glucocorticoids with 
systemic glucocorticoids alone for reducing mortality in 
patients with AE-IPF, using data from a national inpatient 
database in Japan.

Methods

Data source

Inpatient data were extracted from the Japanese Diagnosis 
Procedure Combination database. More than 1,000 
hospitals voluntarily contribute to the database, which 
includes data on approximately 7 million inpatients, 
representing approximately 50% of all discharges from 
acute care hospitals in Japan. The data used in the present 
study included hospital identification numbers; ZIP codes 
for patient residence; patient sex and age; body weight 
and height; consciousness level on admission; dates of 
hospitalization and discharge; main diagnoses, pre-existing 
comorbidities on admission, and complications that occurred 
during hospitalization recoded with the International 
Classification of Diseases, tenth revision (ICD-10) codes 
and text in Japanese; surgical and nonsurgical procedures 
and dates of the procedures performed; dates and doses 
of drugs or blood products administered during the 
hospitalization; and discharge status. 

The Institutional Review Board of The University of 
Tokyo approved this study. Informed consent was waived 
because of the anonymous nature of the data. 

Patient selection

This study used data from July 1, 2010, to March 31, 2014. 
The inclusion criteria were patients aged ≥15 years who 
were diagnosed with IPF (ICD-10 codes: J84.1, J84.8, 
and J84.9) who received computed tomography within  
1 day after admission, and who did not receive furosemide 
infusion within 1 day after admission (1). We excluded 
patients who died within 4 days after admission and those 
for whom there was no ZIP code. 

The patients were divided into two groups: (I) patients 
who received cyclosporine A and methylprednisolone 
500–1,000 mg/day intravenously for 3 days within 4 days 
after admission (methylprednisolone plus cyclosporine A 
group); and (II) those who received methylprednisolone 

500–1,000 mg/day intravenously for 3 days within 4 days 
after admission (methylprednisolone alone group). 

Baseline characteristics and outcomes

Baseline characteristics included the following: age; sex; 
Hugh–Jones classification on admission (12); consciousness 
level on admission; Charlson comorbidity index (CCI); 
smoking index (packs per year); past history of diabetes 
mellitus, chronic kidney disease, lung cancer, chronic 
obstructive pulmonary disease, or congestive heart failure; 
and use of cotrimoxazole, azithromycin (13), continuous 
renal replacement therapy, or noradrenaline within 1 day 
after admission. Patients were categorized into five age 
groups: 15–40, 41–60, 61–70, 71–80, and >80 years old. 
Consciousness level on admission was evaluated using the 
Japan Coma Scale (14,15), which is widely used in Japan, 
and has been shown to be well correlated with the Glasgow 
Coma Scale assessment (16). CCI was classified into 
five groups: 0, 1, 2, 3–5, and ≥6. Smoking index was also 
categorized into five groups: 0, 1–20, 21–40, 41–60, and  
>60 pack-years.

The primary outcome was in-hospital mortality. The 
secondary outcome was length of hospital stay.

Statistical analysis

Continuous variables are presented as mean and standard 
deviation or median and interquartile range. Categorical 
variables are presented as number and proportion. In 
unadjusted comparisons, averages of continuous variables 
were compared using t-tests, and proportions of categorical 
variables were compared using χ2 tests.

Some values for the Hugh-Jones classification, CCI, and 
smoking index were missing, and we therefore performed a 
multiple imputation procedure to replace each missing value 
with a set of submitted plausible values, by creating 20 filled-
in complete datasets using a Markov chain Monte Carlo 
algorithm known as chained equations imputation (17). This 
multiple imputation method assumes that data are missing 
at random and that any systemic differences between the 
missing and observed values can be explained by differences 
in the observed data (18,19).

We performed multivariable logistic regression analyses 
to evaluate the additional effect of cyclosporine A on the 
outcomes, adjusting for patient characteristics and hospital 
characteristics such as bed size and academic hospital. We 
also performed multivariable logistic regression analyses 
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fitted with generalised estimating equations, adjusting for 
patient characteristics and for clustering within hospitals.

Linear regression analysis was performed for length 
of stay, which was natural log-transformed to satisfy the 
homoscedasticity condition for linear regression. Percent 
differences and their 95% confidence intervals were 
estimated by exp (β) – 1, where β denotes the coefficients of 
the linear regression models.

Instrumental variable analysis

In a properly executed instrumental variable analysis, 
instrumental variables approximate random assignment of 
patients to a treatment group analogous to a randomised 
clinical trial (20,21) (detail in Supplementary 1). 

In the present study, ‘differential distance’ was selected 
as the instrumental variable (22). Differential distance was 
calculated as the difference between the distance from a 
patient’s residence to the nearest hospital that administered 
cyclosporine A to at least one case in the year of treatment, 
and the distance from a patient’s residence to the nearest 
hospital of any type. We calculated distances in kilometres 
between the centres of the two ZIP codes for patient 
residence. We then created a binary instrumental variable 
by assigning patients with the median differential distance.

We used a two-stage residual inclusion estimation 
framework for instrumental variable analysis (23,24). The 

residual inclusion approach has been shown to generate 
more consistent and less biased estimates for a variety of 
nonlinear models.

A P value <0.05 was considered to indicate statistical 
significance. All statistical analyses were performed using 
STATA/MP version 14.2 software (STATA Corp., College 
Station, TX, USA).

Results

We identified 8,375 patients during the study period who 
received methylprednisolone at a dose of 500–1,000 mg/day 
for 3 days within 4 days after admission (Figure 1). Among 
these, 7,989 patients were eligible for this study, including 
384 patients who received cyclosporine A and 7,605 patients 
without cyclosporine A. 

Values were missing for smoking index (12.5%), Hugh-
Jones classification (14.8%), and CCI (27.2%) (Table 1). 
Patient background characteristics were significantly 
different in the methylprednisolone plus cyclosporine A 
compared with the methylprednisolone alone group with 
respect to age, smoking index, and CCI. The proportions of 
patients with lung cancer or chronic obstructive pulmonary 
disease was significantly lower in the methylprednisolone 
plus cyclosporine A compared with the methylprednisolone 
alone group (3.4% vs. 6.7%, P=0.01; 4.2% vs. 7.5%, 
P=0.02; respectively). Patients in the methylprednisolone 

Acute exacerbation of idiopathic pulmonary fibrosis 8,375 receiving 

high-dose methylprednisolone

A total of 386 were excluded

• 2 patients aged <15

• 69 patients without ZIP code

• 315 patients who died within 4days after admission

Methylprednisolone plus 

cyclosporine A

384

Methylprednisolone 

alone

7,605

Eligible 7,989

Instrumental variable analysis

Figure 1 Patient selection.
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Table 1 Baseline characteristics

Characteristics

Patient treatment status Instrumental variable status

Methylprednisolone plus 
cyclosporine A

Methylprednisolone 
alone

P value
Short distance  

(<4.6 km)
Long distance  

(≥4.6 km)
P value

Total 7,605 384 3,999 3,990

Age, years (standard deviation) 69.6 (10.3) 74.1 (10.0) <0.001 73.9 (10.0) 73.9 (10.0) 0.85

Age (years), n (%) <0.001 0.92

15–40 56 (0.7) 2 (0.5) 29 (0.7) 29 (0.7)

41–60 562 (7.4) 55 (14.3) 306 (7.7) 311 (7.8)

61–70 1,763 (23.2) 125 (32.6) 963 (24.1) 925 (23.2)

71–80 3,163 (41.6) 159 (41.4) 1,656 (41.4) 1,666 (41.8)

>80 2,061 (27.1) 43 (11.2) 1,045 (26.1) 1,059 (26.5)

Male, n (%) 5,145 (67.7) 246 (64.1) 0.14 2,680 (67.0) 2,711 (67.9) 0.38

Hugh-Jones classification, n (%) 0.80 0.003

1 485 (6.4) 18 (4.7) 254 (6.4) 249 (6.2)

2 752 (9.9) 39 (10.2) 361 (9.0) 430 (10.8)

3 864 (11.4) 44 (11.5) 498 (12.5) 410 (10.3)

4 1,701 (22.4) 85 (22.1) 865 (21.6) 921 (23.1)

5 2,681 (35.3) 136 (35.4) 1,411 (35.3) 1,406 (35.2)

Missing 1,122 (14.8) 62 (16.1) 610 (15.3) 574 (14.4)

Japan coma scale, n (%) 0.12 0.78

0 (alert) 6,829 (89.8) 354 (92.2) 3,594 (89.9) 3,589 (89.9)

1: digit (dizziness) 618 (8.1) 27 (7.0) 330 (8.3) 315 (7.9)

2: digit (somnolence) 99 (1.3) 0 (0.0) 46 (1.2) 53 (1.3)

3: digit (coma) 59 (0.8) 3 (0.8) 29 (0.7) 33 (0.8)

Smoking index (pack per year),  
n (%)

0.046 0.21

0 3,480 (45.8) 180 (46.9) 1,843 (46.1) 1,817 (45.5)

1–20 679 (8.9) 41 (10.7) 342 (8.6) 378 (9.5)

21–40 972 (12.8) 60 (15.6) 546 (13.7) 486 (12.2)

41–60 840 (11.0) 26 (6.8) 423 (10.6) 443 (11.1)

>60 677 (8.9) 33 (8.6) 358 (9.0) 352 (8.8)

Missing 957 (12.6) 44 (11.5) 487 (12.2) 514 (12.9)

Charlson comorbidity index, n (%) <0.001 0.76

0 1,514 (19.9) 89 (23.2) 811 (20.3) 792 (19.8)

1 1,553 (20.4) 100 (26.0) 817 (20.4) 836 (21.0)

2 1,519 (20.0) 50 (13.0) 756 (18.9) 813 (20.4)

3–5 470 (6.2) 16 (4.2) 240 (6.0) 246 (6.2)

Table 1 (continued)
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Table 1 (continued)

Characteristics

Patient treatment status Instrumental variable status

Methylprednisolone plus 
cyclosporine A

Methylprednisolone 
alone

P value
Short distance  

(<4.6 km)
Long distance  

(≥4.6 km)
P value

≥6 499 (6.6) 7 (1.8) 249 (6.2) 257 (6.4)

Missing 2,050 (27.0) 122 (31.8) 1,126 (28.2) 1,046 (26.2)

Lung cancer, n (%) 508 (6.7) 13 (3.4) 0.01 248 (6.2) 273 (6.8) 0.25

Chronic obstructive disease, n (%) 569 (7.5) 16 (4.2) 0.02 274 (6.9) 311 (7.8) 0.11

Congestive heart failure, n (%) 323 (4.2) 14 (3.6) 0.57 167 (4.2) 170 (4.3) 0.85

Chronic kidney disease, n (%) 186 (2.4) 5 (1.3) 0.15 92 (2.3) 99 (2.5) 0.60

Diabetes mellitus, n (%) 1,799 (23.7) 102 (26.6) 0.19 926 (23.2) 975 (24.4) 0.18

Ventilation, n (%) 903 (11.9) 44 (11.5) 0.81 470 (11.8) 477 (12.0) 0.78

Continuous renal replacement 
therapy, n (%)

18 (0.2) 0 (0.0) 0.34 5 (0.1) 13 (0.3) 0.06

Noradrenaline, n (%) 78 (1.0) 2 (0.5) 0.33 43 (1.1) 37 (0.9) 0.51

Azithromycin, n (%) 852 (11.2) 38 (9.9) 0.43 471 (11.8) 419 (10.5) 0.07

Cotrimoxazole, n (%) 1,623 (21.3) 169 (44.0) <0.001 896 (22.4) 896 (22.5) 0.96

Bed size, n (%) 0.011 <0.001

20–300 1,411 (18.6) 48 (12.5) 580 (14.5) 879 (22.0)

301–500 2,882 (37.9) 143 (37.2) 1,492 (37.3) 1,533 (38.4)

>500 3,203 (42.1) 187 (48.7) 1,884 (47.1) 1,506 (37.7)

Missing 109 (1.4) 6 (1.6) 43 (1.1) 72 (1.8)

Academic hospital, n (%) 1,526 (20.1) 103 (26.8) 0.006 984 (24.6) 645 (16.2) <0.001

plus cyclosporine A group were more likely to receive 
cotrimoxazole within 1 day after admission than those in 
the methylprednisolone alone group (44.0% vs. 21.3%, 
P<0.001). 

The  overa l l  in-hosp i ta l  morta l i ty  was  24 .9% 
(1,990/7,989). There was no significant difference between 
the methylprednisolone plus cyclosporine A group and the 
methylprednisolone alone group in terms of in-hospital 
mortality (25.3% vs. 24.9%, P=0.87). 

Multivariable logistic regression analysis found no 
significant difference between the methylprednisolone plus 
cyclosporine A group and the methylprednisolone alone 
group with respect to in-hospital mortality [odds ratio, 1.27; 
95% confidence interval (CI), 0.99–1.64] (Tables 2 and S1). 

The median differential distance was 4.6 km. The 
differential distance was highly associated with the actual 
receipt of cyclosporine A (F statistic =49.5) but was 

not significantly associated with in-hospital mortality 
(coefficient, −0.004; 95% CI, −0.11 to 0.11). 

Instrumental variable analysis also found no significant 
differences between the methylprednisolone plus 
cyclosporine A group and the methylprednisolone 
alone group with respect to in-hospital mortality (odds 
ratio, 0.94; 95% CI, 0.12–7.67) (Table 2). There was no 
significant difference between the methylprednisolone plus 
cyclosporine A group and the methylprednisolone alone 
group with respect to length of stay (percent difference, 
−43.3%; 95% CI, −81.1 to 70.3) (Table 3).

Discussion

The present study compared the effectiveness of high-dose 
methylprednisolone plus cyclosporine A with high-dose 
methylprednisolone alone for treating patients with AE-
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IPF, using data from a Japanese national inpatient database. 
Our analysis showed no significant difference in in-hospital 
mortality between the two groups.

A previous study found no significant difference in 
mortality between IPF patients treated with cyclosporine 
A plus glucocorticoids and cyclophosphamide plus 
glucocorticoids (25). The population in the present study 
comprised patients with more severe disease than this 
previous study. To the best of our knowledge, the present 
study provides the first evidence regarding the addition 
of cyclosporine A to glucocorticoids for the treatment 
of AE-IPF. An advantage of this study included the use 
of instrumental variable analyses to generate pseudo-
randomization adjusting for unmeasured and measured 
confounders.

The results of the current study showed that the addition 
of cyclosporine A to systemic glucocorticoids in patients 
with AE-IPF did not significantly reduce in-hospital 
mortality compared with systemic glucocorticoids alone. 
Acute worsening or development of dyspnoea typically of 
<1-month duration is a diagnostic criterion of AE-IPF. Our 
study only included inpatients, and the administration of 
cyclosporine A may thus have been delayed. However, the 
insignificant difference may reflect a genuine lack of effect 
of cyclosporine A on AE-IPF.

This study had several limitations. The database did not 
include data on the patients’ conditions before admission 

or their physical conditions, laboratory examinations, 
and imaging test results. However, we used instrumental 
variable analysis to balance unmeasured confounders 
between the two treatment groups, and we showed that 
differential distance was a strong instrumental variable and 
created a well-balanced distribution of patient backgrounds 
between the two groups. Second, the diagnosis of IPF was 
not well validated. However, we selected patients based on 
components of the revised diagnostic criteria for AE-IPF (1) 
who received high-dose methylprednisolone.

Conclusions

This instrumental variable analysis using data from a 
national inpatient database showed that the addition 
of cyclosporine A to methylprednisolone did not 
reduce mortality of AE-IPF patients compared with 
methylprednisolone alone.  However,  randomised 
controlled studies are required to confirm the effect of 
methylprednisolone plus cyclosporine A in patients with 
AE-IPF.
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Supplementary

Supplementary 1: Instrumental variable analysis

In a properly executed instrumental variable analysis, 
instrumental variables approximate random assignment of 
patients to a treatment group analogous to a randomised 
clinical trial.
In the present study, ‘differential distance’ was selected 
as the instrumental variable. Differential distance was 
calculated as the difference between the distance from a 
patient’s residence to the nearest hospital that administered 
cyclosporine A to at least one case in the year of treatment, 
and the distance from a patient’s residence to the nearest 
hospital of any type. The differential distance was the extra 
distance beyond the closest hospital that a patient would 
have to travel to arrive at a hospital that administered 
cyclosporine A at least once in the year of treatment. We 
calculated distances in kilometres between the centres of 
the two ZIP codes for patient residence. We then created a 
binary instrumental variable by assigning patients with the 
median differential distance. 
To assess the validity of differential distance as an 
instrumental variable, we confirmed that differential distance 

was highly correlated with the receipt of cyclosporine A (F 
statistic >10). We also confirmed that differential distance 
was not associated with the outcome, and examined the 
covariate balance between the patients assigned low or high 
differential distances.
We used a two-stage residual inclusion estimation 
framework for instrumental variable analysis. The 
residual inclusion approach has been shown to generate 
more consistent and less biased estimates for a variety of 
nonlinear models. In the first-stage model, we measured 
the association between cyclosporine A and differential 
distance, adjusting for covariates. From this model, we 
determined the raw residual for each patient by calculating 
the difference between the model-predicted probability of 
receiving cyclosporine A and the actual treatment received. 
The residuals were included as an additional covariate 
in our second-stage model. In the second-stage model, 
the association between treatment and the outcome was 
estimated with adjustment for covariates. All instrumental 
variable analyses were performed using robust standard 
errors.



Table S1 Multivariable logistic regression for analysis of in-hospital mortality

Covariates Odds ratio 95% CI P value

Cyclosporine A

No Reference

Yes 1.29 0.99–1.67 0.06

Age (year)

15–40 Reference

41–60 0.76 0.27–2.10 0.59

61–70 2.00 0.74–5.36 0.17

71–80 2.64 0.99–7.06 0.05

>80 4.27 1.59–11.44 0.004

Sex

Female Reference

Male 1.37 1.20–1.58 <0.001

Ventilation

No Reference

Yes 2.01 1.69–2.38 <0.001

Hugh-Jones classification

1 Reference

2 1.14 0.75–1.73 0.53

3 1.13 0.78–1.64 0.51

4 1.52 1.07–2.17 0.02

5 3.60 2.61–4.96 <0.001

Japan coma scale

0 (alert) Reference

1: digit (dizziness) 2.00 1.66–2.41 <0.001

2: digit (somnolence) 2.30 1.41–3.77 0.001

3: digit (coma) 2.80 1.47–5.32 0.002

Smoking index (pack per year)

0 Reference

1–20 0.88 0.71–1.08 0.22

21–40 0.89 0.74–1.06 0.20

41–60 0.79 0.65–0.97 0.021

>60 0.76 0.60–0.96 0.021

Charlson comorbidity index

0 Reference

1 1.02 0.84–1.25 0.83

2 1.32 1.11–1.58 0.002

3–5 1.21 0.89–1.63 0.22

≥6 1.63 1.25–2.11 <0.001

Diabetes mellitus

No Reference

Yes 0.87 0.75–1.00 0.05

Chronic kidney disease

No Reference

Yes 1.99 1.43–2.78 <0.001

Lung cancer

No Reference

Yes 1.49 1.19–1.87 0.001

Chronic obstructive disease

No Reference

Yes 0.65 0.50–0.84 0.001

Congestive heart failure

No Reference

Yes 0.80 0.60–1.07 0.13

Continuous renal replacement therapy

No Reference

Yes 0.99 0.32–3.03 0.98

Noradrenaline

No Reference

Yes 1.12 0.65–1.95 0.68

Azithromycin

No Reference

Yes 1.02 0.85–1.22 0.86

Cotrimoxazole

No Reference

Yes 1.03 0.90–1.18 0.67

Academic hospital

No Reference

Yes 1.00 0.86–1.17 0.99

Bed size

20–300 Reference

301–500 1.04 0.89–1.22 0.60

>500 1.18 1.00–1.39 0.06

CI, confidence interval.


