
Introduction

Idiopathic pulmonary fibrosis (IPF) is a spe-
cific form of chronic, progressive fibrotic interstitial 
pneumonia of unknown cause. Acute exacerbation of 
idiopathic pulmonary fibrosis (AE-IPF) is defined 
as respiratory deterioration in less than 1 month (1). 

Respiratory failure caused by AE-IPF is associated 
with high in-hospital mortality (55.6%-80%) (2-5). 
In particular, studies have shown that the mortality 
of patients with AE-IPF requiring mechanical ven-
tilation is 81.8%-94% (6, 7). 

Treatment of AE-IPF has not been established, 
and only anecdotal treatment reports exist. Inter-
national evidenced-based guidelines weakly recom-
mend a standard therapy for AE-IPF of administrat-
ing systemic glucocorticoids, including methylpred-
nisolone at a dosage of 1 g per day intravenously for 3 
days (8). The international evidenced-base guidelines 
do not comment on the use of other immunosup-
pressant agents combined with glucocorticoids ow-
ing to a lack of conclusive results for the combina-
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tion treatment (8). It remains controversial whether 
cyclophosphamide combined with methylpredniso-
lone is effective for patients with IPF (9-11). Pre-
vious studies have reported that cyclophosphamide 
combined with high-dose methylprednisolone is 
potentially effective for patients with AE-IPF (12, 
13). However, the patients in those studies had con-
nective tissue diseases. To date, there has been no 
study comparing high-dose methylprednisolone plus 
cyclophosphamide with high-dose methylpredniso-
lone alone as therapy for patients with AE-IPF, and 
thus it remains unknown whether cyclophosphamide 
would have an additive effect with high-dose meth-
ylprednisolone in these patients. 

Therefore, the aim of the present study was to 
use data from a national inpatient database in Japan 
to compare the effectiveness of the administration of 
cyclophosphamide combined with systemic gluco-
corticoids to that of systemic glucocorticoids alone 
for reducing the mortality of AE-IPF. 

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 from approximately 7 
million inpatients, representing approximately 50% 
of all discharges from acute care hospitals in Japan. 
The data used in the present study included the hos-
pital identification number; patient sex and age; body 
weight and height; consciousness level on admission; 
dates of hospitalization and discharge; main diag-
noses, pre-existing comorbidities on admission, and 
complications that occurred during hospitalization, 
which were coded with the International Classifica-
tion of Diseases, tenth revision (ICD-10) codes and 
text in Japanese; surgical and nonsurgical procedures 
and dates of procedures performed; dates and doses 
of drugs or blood products administered during the 
hospitalization; and discharge status.

Consciousness level on admission was evalu-
ated using Japan Coma Scale scores (14, 15), which 
is widely used in Japan, and its assessment is well 
correlated with the Glasgow Coma Scale assessment 
(16). 

The Institutional Review Board of The Univer-
sity 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 as having idiopath-
ic pulmonary fibrosis (ICD-10 codes: J84.1, J84.8, 
and J84.9) and who received mechanical ventilation 
within 1 day after admission. The patients were di-
vided into two groups: (1) those who received cyclo-
phosphamide 500 to 1,000 mg per day intravenously 
for 1 day and methylprednisolone 1 gram per day in-
travenously for 3 days within 5 days after admission 
(termed the methylprednisolone plus cyclophospha-
mide group); (2) those who received methylpredni-
solone 500 to 1,000 mg per day intravenously for 3 
days within 4 days after admission (methylpredniso-
lone alone group). 

Baseline characteristics

Baseline characteristics included the following: 
age; sex; Hugh-Jones classification on admission 
(17); consciousness level on admission; Charlson 
comorbidity index (CCI); smoking index (packs per 
year); past history of diabetes mellitus, chronic kid-
ney disease, lung cancer, chronic obstructive pulmo-
nary disease, and congestive heart failure; and use of 
cotrimoxazole, azithromycin (18), continuous renal 
replacement therapy, and noradrenaline within 1 day 
after admission. Patients were categorized into five 
age groups: 15-40, 41-60, 61-70, 71-80, and ≥81 
years old. The CCI was classified into five groups: 
0, 1, 2, 3-5, and ≥6 points. The smoking index was 
categorized into five groups: 0, 1-20, 21-40, 41-60, 
and ≥61 packs per year.

Outcomes

The primary outcome was in-hospital mortal-
ity. The secondary outcome was ventilator-free days 
(VFDs) (19), incidence of sepsis (ICD-10 codes: 
A32.7, A39.4, A40.x, and A41.x), and incidence 
of mycosis (ICD-10 codes: B37.1, B37.5-B37.8, 
B44.0,B44.1, B45.0, B45.1, B45.7, B45.9, B48.7, 
B49, and J17.2). 
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Statistical analysis

Because some values were missing for the Hugh-
Jones classification, smoking index, and CCI, a mul-
tiple imputation procedure was performed to replace 
each missing value with a set of submitted plausible 
values by creating 20 filled-in complete datasets us-
ing a Markov chain Monte Carlo algorithm known 
as chained equations imputation (20). The 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 (21, 22).

An instrumental variable (IV) analysis was also 
performed. Unmeasured confounders can lead to in-
correct inferences regarding the effectiveness of dif-
ferent treatments. The IV analysis can theoretically 
balance both measured and unmeasured confounders 
between two groups (23, 24). A hospital preference 
for cyclophosphamide was selected as an IV, because 
use of cyclophosphamide depended on physician 
preference. When hospitals are strongly consistent in 
whether or not they use cyclophosphamide to treat 
AE-IPF, it is assumed that the decision to administer 
the drug may be made independently of an individual 
patient’s background. In such a situation, a hospital 
preference for cyclophosphamide may have acted as 
an IV, thereby setting the stage for a “natural experi-
ment” that allowed an unbiased estimate of the risk 
of AE-IPF, even if unmeasured confounders existed 
(25, 26). An IV analysis assumes that patient hospital 
choice is made independently of the hospital’s choice 
of a specific drug, and the hospital’s use of the drug 
is independent of the outcomes. The number of pa-
tients with AE-IPF who received cyclophosphamide 
in each hospital was counted, and then the average 
number of patients with AE-IPF who received cy-
clophosphamide among all the hospitals was calcu-
lated. Hospitals with more than the average number 
of cyclophosphamide users were defined as hospitals 
with a preference for cyclophosphamide. Hospitals 
with less than the average number of cyclophos-
phamide users were defined as hospitals without a 
preference for cyclophosphamide. To assess the va-
lidity of hospital preference as an IV, we confirmed 
that hospital preference was highly correlated to the 
receipt of cyclophosphamide (F statistic >10) (25). 
We examined hospital preference was not associated 
with outcomes. 

A two-stage residual inclusion estimation 
framework of the IV analysis was used (27, 28). The 
residual inclusion approach has been shown to gen-
erate more consistent and less biased estimates for a 
variety of nonlinear models. In the first stage model, 
the association between receipt of cyclophospha-
mide and hospital preference for cyclophosphamide 
was measured, with adjustment for patient level co-
variates. From this model, the raw residual for each 
patient was determined by calculating the difference 
between the model-predicted probability of receiving 
cyclophosphamide and the actual treatment received. 
The residuals were then included as an additional 
covariate in the second-stage model. In the second-
stage model, the association between treatment and 
outcomes was estimated, adjusting for covariates. All 
IV analyses were performed using robust standard 
errors. 

A sensitivity analysis was performed to confirm 
the correctness of the inclusion criteria for AE-IPF 
(1). First, patients who had not received a computed 
tomography (CT) scan within 1 day after admission 
were excluded. Second, patients who had not re-
ceived a CT scan within 1 day after admission and 
with the use of furosemide within 1 day after admis-
sion were excluded. 

Continuous variables are presented as an aver-
age along with the standard deviation or the median 
with the interquartile range. Categorical variables 
are presented as the number with a proportion. In 
the unadjusted comparisons, averages of continuous 
variables were compared using t-tests, and propor-
tions of categorical variables using χ2 tests.

A P value <0.05 was considered to indicate 
statistical significance. All statistical analyses were 
performed using STATA/MP version 14.0 software 
(STATA Corp, College Station, TX, USA).

Results

During the analyzed period, we identified 
12,992 patients who received methylprednisolone at 
a dose of 500 to 1,000 mg per day for 3 days within 4 
days after admission (Figure 1). Among them, 1,847 
patients were eligible for the present study, including 
104 patients administered cyclophosphamide and 
1,743 patients without cyclophosphamide adminis-
tration. 
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Values were missing for smoking status, Hugh-
Jones classification, and CCI (15.4%, 23.6%, and 
30.0%, respectively; Table 1). Patient backgrounds 
in the methylprednisolone plus cyclophosphamide 
group were significantly different from those in the 
methylprednisolone alone group with respect to 
Hugh-Jones classification. Patients in the methyl-
prednisolone plus cyclophosphamide group received 
more cotrimoxazole within 1 day after admission 
than those in the methylprednisolone alone group 
(31.7% vs. 18.0%, P=0.0005). 

The overall in-hospital mortality was 48.6% 
(897/1847). Unadjusted in-hospital mortality was 
significantly higher in the methylprednisolone plus 
cyclophosphamide group than in the methylpred-
nisolone alone group (64.4% vs 47.6%, P=0.0009). 
In the unadjusted comparison, VFDs in the meth-
ylprednisolone plus cyclophosphamide group were 
significantly lower than those in the methylpredniso-
lone alone group (6.7 days vs. 10.4 days, P=0.0008). 
In the unadjusted comparison, there were no signifi-

cant differences between the groups in incidence of 
sepsis and mycosis (6.7% vs, 3.5%, P=0.09; 3.9% vs. 
2.1%, P=0.24, respectively). 

The average number of patients with AE-IPF 
was 1.7 per year. The hospital preference for cyclo-
phosphamide was highly associated with actual re-
ceipt of cyclophosphamide (F statistic=73.2), where-
as the hospital preference for cyclophosphamide was 
not significantly associated with death (coefficient, 
−0.07; 95% confidence interval [CI], −0.32 to 0.18), 
VFDs (0.14; 95% CI, −0.51 to 0.80), incidence of 
sepsis (0.20; 95% CI, −0.33 to 0.74), or incidence of 
mycosis (0.21; 95% CI, −0.50 to 0.92). 

In the IV analysis, no significant difference was 
detected between the methylprednisolone plus cy-
clophosphamide group and the methylprednisolone 
alone group with respect to in-hospital mortality 
(odds ratio [OR], 1.11; 95% CI, 0.19-6.43; Table 2). 
There were also no significant differences between 
the groups with respect to VFDs (difference, 2.2; 
95% CI, −2.6 to 7.0), incidence of sepsis (OR, 6.68; 
95% CI, 0.12-379), or incidence of mycosis (OR, 
5.93; 95% CI, 0.05-665; Tables 3, 4). 

The numbers of patients having a CT scan 
within 1 day after admission in the methylpredni-
solone plus cyclophosphamide and methylpredniso-
lone alone groups were 97 and 1,508, respectively. 
The F statistic was 67.3, and the hospital preference 
for cyclophosphamide treatment was not signifi-
cantly associated with death (coefficient, −0.05; 95% 
CI, −0.32 to 0.22), VFDs (0.32; 95% CI, −0.41 to 
1.06), incidence of sepsis (0.23; 95% CI, −0.31 to 
0.78) or incidence of mycosis (0.24; 95% CI, −0.47 
to 0.95). There were no significant differences be-
tween the groups for in-hospital mortality (OR, 
1.44; 95% CI, 0.21-9.97), VFDs (difference, 3.8; 
95% CI, −1.1 to 8.7), incidence of sepsis (OR, 6.02; 
95% CI, 0.12-309), or incidence of mycosis (OR, 
4.82; 95% CI, 0.05-488). The numbers of patients 
having CT scans within 1 day after admission and 
without furosemide within 1 day after admission in 
the groups were 68 and 1,007, respectively. The F 
statistic was 20.3, and the hospital preference for 
cyclophosphamide was not significantly associated 
with death (coefficient, −0.25; 95% CI, −0.75 to 
0.25), VFDs (0.57; 95% CI, −0.69 to 1.84), inci-
dence of sepsis (−0.02; 95% CI, −1.20 to 1.15), or 
incidence of mycosis (0.52; 95% CI, −0.78 to 1.81). 
No significant differences between the groups were 

Fig. 1. Patient selection
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Table 1. Baseline characteristics at admission

Variable	 Methylprednisolone 	 Methylprednisolone plus
		  alone	 cyclophosphamide 	 P value
		  (n=1,743) 	 (n=104)

Sex, n (%)					   
	 male	 1,182	 (67.8)	 72	 (69.2)	 0.77
Age, years, n (%)					   
	 15-40	 9	 (0.5)	 0	 0.0 	 0.30
	 41-60	 112	 (6.4)	 9	 (8.7)	
	 61-70	 384	 (22.0)	 29	 (27.9)	
	 71-80	 751	 (43.1)	 45	 (43.3)	
	 ≥81	 487	 (27.9)	 21	 (20.2)	
Smoking index (packs per year), n (%)					   
	 0	 779	 (44.7)	 50	 (48.1)	 0.72
	 1-20	 143	 (8.2)	 9	 (8.7)	
	 21-40	 237	 (13.6)	 12	 (11.5)	
	 41-60	 179	 (10.3)	 14	 (13.5)	
	 ≥61	 134	 (7.7)	 5	 (4.8)	
	 missing	 271	 (15.5)	 14	 (13.5)	
Hugh-Jones classification, n (%)					   
	 1	 54	 (3.1)	 3	 (2.9)	 0.04
	 2	 82	 (4.7)	 5	 (4.8)	
	 3	 107	 (6.1)	 2	 (1.9)	
	 4	 198	 (11.4)	 6	 (5.8)	
	 5	 903	 (51.8)	 52	 (50.0)	
	 missing	 399	 (22.9)	 36	 (34.6)	
Charlson comorbidity index, n (%)					   
	 0	 316	 (18.1)	 20	 (19.2)	 0.38
	 1	 321	 (18.4)	 17	 (16.3)	
	 2	 384	 (22.0)	 17	 (16.3)	
	 3-5	 119	 (6.8)	 7	 (6.7)	
	 ≥6	 88	 (5.0)	 3	 (2.9)	
	 missing	 515	 (29.5)	 40	 (38.5)	
Japan coma scale, n (%)					   
	 0 (alert)	 1,273	 (73.0)	 85	 (81.7)	 0.17
	 1-digit (dizziness)	 283	 (16.2)	 14	 (13.5)	
	 2-digit (somnolence)	 87	 (5.0)	 3	 (2.9)	
	 3-digit (coma)	 100	 (5.7)	 2	 (1.9)	
Lung cancer, n (%)	 72	 (4.1)	 5	 (4.8)	 0.73
Chronic obstructive pulmonary disease, n (%)	 140	 (8.0)	 7	 (6.7)	 0.63
Congestive heart failure, n (%)	 142	 (8.1)	 3	 (2.9)	 0.06
Diabetes mellitus, n (%)	 425	 (24.4)	 17	 (16.3)	 0.06
Chronic kidney disease, n (%)	 46	 (2.6)	 3	 (2.9)	 0.85
Noradrenaline, n (%)	 162	 (9.3)	 10	 (9.6)	 0.92
Azithromycin, n (%)	 272	 (15.6)	 9	 (8.7)	 0.06
Cotrimoxazole, n (%)	 313	 (18.0)	 33	 (31.7)	 0.0005
Continuous renal replacement therapy, n (%)	 24	 (1.4)	 3	 (2.9)	 0.22

Table 2. Comparison of in-hospital mortality between the methylprednisolone plus cyclophosphamide and methylprednisolone alone groups

	 OR*	 95% CI†	 P value

Unadjusted	 1.99 	 1.32 - 3.01 	    0.0009 
Instrumental variable analysis	 1.11 	 0.19 - 6.43 	 0.91 
Instrumental variable analysis, patients with CT‡	 1.44 	 0.21 - 9.97 	 0.71 
Instrumental variable analysis, patients with CT, without furosemide	 0.95 	   0.04 - 23.97 	 0.97

*OR, odds ratio; †CI, confidence interval; ‡CT, computed tomography
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detected for in-hospital mortality (OR, 0.95; 95% 
CI, 0.04-23.97), VFDs (difference, 5.8; 95% CI, 
−5.2 to 16.8), incidence of sepsis (OR, 1.90; 95% 
CI, 0.00-1060), or incidence of mycosis (OR, 1.70; 
95% CI, 0.01-532). 

Discussion

This study used data obtained from a Japanese 
national inpatient database to compare the effective-
ness of high-dose methylprednisolone plus cyclo-
phosphamide with high-dose methylprednisolone 
alone for treating patients with AE-IPF. Our IV 
analysis showed no significant difference between 
the two treatment groups for in-hospital mortality, 
VFDs, incidence of sepsis, or incidence of mycosis. 

Two previous studies showed that cyclophos-
phamide was potentially effective for treating pa-
tients with AE-IPF (12, 13). However, those studies 
were limited by having no control group and small 
sample sizes (n=11, 17, respectively). Despite the 
high mortality associated with AE-IPF, treatment of 
the condition remains uncertain. International evi-
dence-based guidelines weakly recommend adminis-
tration of systemic corticosteroids and do not judge 
whether other medications are effective for AE-IPF 

because of a lack of evidence regarding the combined 
treatment (8). Furthermore, a recent review examin-
ing AE-IPF reported that studies investigating treat-
ment of AE-IPF were mostly small and uncontrolled 
and could not adjust for confounders (1). 

The advantage of the present study was that we 
performed an IV analysis, and this analysis generated 
pseudo-randomization adjusting for unmeasured and 
measured confounders. We found no significant dif-
ference for in-hospital mortality or VFDs between 
the methylprednisolone plus cyclophosphamide 
group and methylprednisolone alone group. One 
potential reason for this may be that cyclophospha-
mide had no effect on AE-IPF. Previous studies have 
reported that cyclophosphamide has no effect on 
patients with IPF (9, 10). Another potential reason 
for the lack of differences is that no currently known 
medication, including corticosteroids and other im-
munosuppressant agents, may be effective against 
AE-IPF because AE-IPF is a severe condition with 
a rapid progression. Although cyclophosphamide 
suppresses the immune system with depressing bone 
marrow, the present study showed that there were 
no significant differences in incidence of sepsis or 
mycosis between the cyclophosphamide users and 
non-users. One potential reason for this may be that 
patients receiving cyclophosphamide died before cy-

Table 3. Comparison of ventilator-free days between the methylprednisolone plus cyclophosphamide and methylprednisolone alone groups

	 Difference	      95% CI*	 P value

Unadjusted	 −3.7 	   −5.9 - −1.6	 0.0008 
Instrumental variable analysis	 2.2 	 −2.6 - 7.0 	 0.37 
Instrumental variable analysis, patients with CT†	 3.8 	 −1.1 - 8.7 	 0.13 
Instrumental variable analysis, patients with CT, without furosemide	 5.8 	   −5.2 - 16.8 	 0.30

*CI, confidence interval; †CT, computed tomography

Table 4. Comparison of incidence of sepsis or mycosis between the methylprednisolone plus cyclophosphamide and methylprednisolone 
alone groups

		  OR*	 95% CI†	 P value

Sepsis				  
	 Unadjusted	 1.99	 0.89 - 4.47	 0.10
	 Instrumental variable analysis	 6.68 	 0.12 - 379	 0.36 
	 Instrumental variable analysis, patients with CT‡	 6.02 	 0.12 - 309	 0.37 
	 Instrumental variable analysis, patients with CT, without furosemide	 1.90 	   0.00 - 1060	 0.84 
Mycosis				  
	 Unadjusted	 1.84	 0.64 - 5.28	 0.25
	 Instrumental variable analysis	 5.93 	 0.05 - 665	 0.46 
	 Instrumental variable analysis, patients with CT	 4.82 	 0.05 - 488	 0.50 
	 Instrumental variable analysis, patients with CT, without furosemide	 1.70 	 0.01 - 532	 0.86

*OR, odds ratio; †CI, confidence interval; ‡CT, computed tomography
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clophosphamide had time to suppress their immune 
systems. 

This study has several limitations. First, the 
database did not include detailed data on patients’ 
physical conditions, laboratory examinations, and 
other tests, such as respiratory rates, partial pressure 
of arterial oxygen/fraction of inspired oxygen ratios, 
lactate dehydrogenase levels, serum KL-6 levels, and 
CT imaging results (29). We could therefore not ob-
tain information on the severity of IPF. Moreover, it 
is possible that patients receiving cyclophosphamide 
were treated more aggressively. We therefore used 
instrumental variable analysis to account for these 
unmeasured confounders. Furthermore, previous 
studies have shown that the prognosis of suspected 
AE-IPF is similar to that of AE-IPF (4, 5). The sec-
ond limitation is that it cannot be proven that our 
IV analysis fully addressed unmeasured confound-
ers (30). However, we conducted sensitivity analyses 
based on revised diagnostic criteria for AE-IPF, and 
the results of the sensitivity analysis were similar to 
those in the primary analysis. Furthermore, the Japa-
nese Diagnosis Procedure Combination database has 
been well validated and can serve as a relatively accu-
rate substitute for clinical data although any admin-
istrative data have some limitations to the recorded 
data (31). Third, it is unknown whether our results 
can be applied to patients with AE-IPF who are not 
using mechanical ventilation. 

Conclusions

Despite these limitations, our IV analysis using 
a Japanese inpatient database showed that the ad-
ministration of cyclophosphamide to patients with 
AE-IPF who were also receiving systemic corticos-
teroids was not associated with improved in-hospital 
mortality or VFDs. Further prospective studies will 
be required to confirm the effect of cyclophospha-
mide in the treatment of AE-IPF. 
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