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Abstract. Introduction: Besides invasive or non-invasive ventilation, treatment of severe forms of interstitial 
lung diseases (ILD) includes immunosuppressive medication. In case of refractory organ- or life-threatening 
courses of disease, cyclophosphamide pulse therapy can serve as a rescue treatment option. Objectives: To inves-
tigate therapeutic and prognostic effects of cyclophosphamide for the treatment of severe forms of ILD on in-
tensive care unit (ICU) we performed this analysis. Methods: Between 2009 and 2017 we identified 14 patients, 
who were treated on intensive care unit (ICU) with severe forms of ILD. Retrospectively, clinical, radiologic 
and prognostic data were collected and evaluated. Results: Our analysis demonstrated a prognostic impact of 
cyclophosphamide on the ILD in general. Whereas pulmonary manifestations of both systemic sclerosis (SSc) 
and ANCA-associated vasculitis had an improved outcome, a reduced overall survival was found for Goodpas-
ture syndrome (GPS), dermatomyositis (DM), cryptogenic organizing pneumonia (COP) and drug reaction 
with eosinophilia and systemic symptoms (DRESS; p=0.040, logrank test). Besides, additional plasmapheresis 
and initiation of cyclophosphamide within ten days following initial diagnosis of ILD were associated with 
improved prognosis. Conclusion: Positive prognostic effects of cyclophosphamide pulse therapy in ICU treated 
patients suffering from severe respiratory failure due to pulmonary manifestations of both SSc and ANCA-
associated-vasculitis were observed. Further prognostic and therapeutic data are needed for cyclophosphamide 
for this indication in order to prevent patients from its toxic side-effects, who most likely will not benefit from 
its application. (Sarcoidosis Vasc Diffuse Lung Dis 2019; 36 (2): 157-166)
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Introduction

The term “interstitial lung diseases” (ILD) en-
compasses both acute and chronic parenchymal lung 
diseases (1). The origin of ILD can be reactive to tox-
ic agents, idiopathic (i.e. idiopathic interstitial pneu-
monia) or associated with systemic diseases such as 
granulomatous disorders, connective tissue diseases 
(CTD) or vasculitis (2, 3). For the final diagnosis an-
amnesis, clinical and functional data as well as radio-
logic ILD patterns and histopathological results are 
taken into consideration (2, 3, 5-8).

In general, treatment of acute exacerbations and 
progressive courses of ILDs is difficult. Often, immu-
nosuppressive regimens are initiated with corticos-
teroids (3, 9). To intensify immunosuppressive treat-
ment, addition of rituximab or cyclophosphamide is 
recommended only for progressive ILD forms due 
to either connective tissue disorders (CTD) or to 
vasculitides (10-12). As a rescue option, the British 
Thoracic Society (BTS) suggests the application of 
cyclophosphamide for the treatment of refractory and 
progressive ILD forms other than idiopathic pulmo-
nary fibrosis (IPF) (13). However, only few data exist 
upon the prognostic and therapeutic effects of cyclo-
phosphamide in critically ill patients. 

For chronic ILD forms, Schupp et al. evaluated 
the impact of cyclophosphamide pulse therapy in 
n=26 patients. According to their analysis, prognos-
tic outcome was improved for patients with lympho-
cytic interstitial pneumonia (LIP) and non-specific 
interstitial pneumonia (NSIP) following cyclophos-
phamide application. In contrast, patients with p-
ANCA positive vasculitis had the worst prognosis. 
However, patients who had less than 3 infusions of 
cyclophosphamide and who were treated on ICU 
were not included in their study (14). 

Since many ICU patients with severe ILD 
forms require invasive ventilation and sedation (15), 
it is often impossible to obtain patients’ consent. 
Consequently, considering toxic side effects (16), the 
indication to initiate additional cyclophosphamide is 
met by interdisciplinary teams (7, 8).

To investigate the impact of cyclophospha-
mide pulse therapy in patients requiring ICU treat-
ment due to respiratory failure caused by severe ILD 
forms, we performed this retrospective analysis with 
focus on radiologic ILD patterns and other clinical 
factors.

Material and Methods

Study population

First, approval of the ethical committee Muen-
ster was obtained (Ref. 2017-599-f-S). In total, 
n=14,421 ICU patients were treated on our ICUs 
between 2009 and 2017. Among these patients, 
we identified n=14 patients suffering from differ-
ent forms of ILD, who received at least one course 
of intravenous cyclophosphamide as rescue therapy 
(Table 1). 

Data collection was performed retrospectively. 
Besides clinical data, therapeutic information (e.g. 
cyclophosphamide cycles, dosage, first-line immu-
nosuppression, ventilation mode, ventilation dura-
tion, P/F ratio [i.e. Horowitz index=arterial oxygen 
partial pressure (paO2 in mmHg)/fraction of inhaled 
oxygen (FiO2 in %)], additional antibiotics, extracor-
poral membrane oxygenation and plasmapheresis) 
was gathered, too. Due to varying dosage schedules 
(mg/kg vs. mg/m2 vs. mg as absolute dosage), all 
analyses considered the absolute cyclophosphamide 
dosage. Of interest, cyclophosphamide was given 
exclusively to patients with severe respiratory failure 
(as defined by a partial oxygen pressure in [mmHg]/ 
oxygen saturation in inhaled gas [%]) <200) due to 
various forms of ILD, who required further immu-
nosuppressive therapy. In contrast, if an infectious 
origin was suspected, cyclophosphamide was not 
applied. However, additional antibiotic prophylaxis 
was initiated before cyclophosphamide was given as 
prophylactic treatment in all patients.

Radiologic examination

With focus on the radiologic ILD patterns, tho-
racic computed axial tomography (CAT) scans of the 
identified patients were categorized as non-specific 
interstitial pneumonia (NSIP), usual interstitial 
pneumonia (UIP), organizing pneumonia (OP), dif-
fuse alveolar damage (DAD) and lymphocytic in-
terstitial pneumonia (LIP) (17). To determine the 
morphologic extent of the underlying disease, the 
involvement of the affected lobes (i.e. upper left lobe 
including lingula, lower left lobe, upper right lobe, 
middle lobe and lower right lobe) was evaluated.
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Table 1. Baseline characteristics of the study cohort. Age [years], cyclophosphamide dosage [mg], PaO2/FiO2 ratio [mmHg/%], ventilation 
period, delay from ILD diagnosis to first cyclophosphamide administration, survival since cyclophosphamide administration and follow-up 
period [days] are presented as mean with standard deviation (SD) and median with interquartile range (Q1-Q3). Sex, diagnoses, pathologic 
laboratory values, supportive therapy, ventilation mode, veno-venous extra corporal membrane oxygenation (ECMO), laboratory values and 
survival status are presented with the absolute and relative (in %) proportions

			   Ntotal = 14	 % 
				    of non-missing variables

Age [years]
	 o	 mean (± SD)	 52.4 (± 18.8)
	 o	 median (Q1-Q3)	 58 (35-65)

Sex, N
	 •	 male	 7	 50
	 •	 female	 7	 50

Diagnoses, N
	 •	 Granulomatosis with polyangiitis (GPA)	 4	 29
	 •	 Microscopic polyangiitis (MPA)	 3	 21
	 •	 Goodpasture Syndrome (GPS)	 2	 14
	 •	 Dermatomyositis (DM)	 2	 14
	 •	 Systemic sclerosis (SSc)	 1	 7
	 •	 Cryptogenic organizing pneumonia	 1	 7
	 •	 DRESS	 1	 7

Pathologic laboratory parameters, N
	 •	 c-ANCA/ anti-PR3	 5 /14	 36
	 •	 p-ANCA/ anti-MPO	 3 /14	 21
	 •	 RF	 1 /  8	 13
	 •	 ANA	 4 /14	 29
	 •	 anti-GBM	 2 /  4	 50

Supportive therapy, N
	 •	 steroids, all tapered	 14	 100
		  - methylprednisolone 1 g/ 3d	 6	 43
		  - methylprednisolone 0.5 g/ 3d	 2	 14
		  - prednisolone 250 mg/ 3d	 4	 29
		  - prednisolone 100 mg/ 7-14d	 2	 14
	 •	 antibiotics	 14	 100
		  - aminopenicillin +β-lactamase-inhibitor	 10	 71
		  - cephalosporin ≥2. gen	 2	 14
		  - carbapenem	 2	 14
		    + fluoroquinolon	 2	 14
		    + macrolide	 8	 57
	 •	 plasmapheresis	 7	 50

Time from ILD diagnosis to cyclophosphamide treatment [days] 
	 o	 mean (± SD)	 11.3 (± 11.2)
	 o	 median (Q1-Q3)	 6.0 (3.3-22.0)

First cyclophosphamide dose [mg]
	 o	 mean (± SD)	 807 (± 204)
	 o	 median (Q1-Q3)	 775 (713-1,000)

Ventilation mode, N
	 •	 invasive	 12	 86
	 •	 non-invasive	 2	 14

Ventilation period [days]
	 o	 mean (± SD)	 16.9 (± 10)
	 o	 median (Q1-Q3)	 16.5 (8-27)

(continued)
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Statistical analyses

Descriptive statistics for mean and standard 
deviation, median and interquartile range (IQR) as 
well as frequencies were used to investigate our study 
population. Two-fold associations between categori-
cal variables were analyzed via Fisher’s exact test or 
Chi-square test. Continuous variables were tested 
using either unpaired t-test or Mann-Whitney-U 
tests depending on the normality of the data. Asso-
ciations of more than two groups (e.g. diagnosis vari-
able) with categorial and continuous outcomes were 
analyzed using Chi-square test or Kruskal-Wallis 
test if applicable. 

Overall survival was defined as time (days) be-
tween first cyclophosphamide application on inten-
sive care unit and death or censoring. Survival time 
was compared between groups using Log rank tests 
and visualized by Kaplan Meier plots. Both, data col-
lection and calculations were performed using IBM 
SPSS Statistics® version 24 (released 2016, IBM 
Corp., Armonk, NY, USA). The local significance 

level was set to 0.05. An adjustment to multiplicity 
was not determined as the analysis was explorative.

Results

The study population is characterized in Table 1. 
The majority of the investigated patients (n=12) dis-
played autoimmune features. Regardless of the un-
derlying disease, mean time between the first diagno-
sis of interstitial lung disease and the ICU admission 
was 4.1 (± 8.3) days. Due to respiratory failure (P/F 
ratio average 90.6 (± 45.6)) on admission, supportive 
ventilation (i.e. invasive ventilation in n=12 patients; 
non-invasive ventilation in n=2 patients) was applied 
in all patients for a period of 16.9 days (± 10.0 days) 
independent from the underlying disease (p= .134, 
Kruskal-Wallis test). Additional extracorporal mem-
brane oxygenation (ECMO) support was applied in 
n=7 patients.

With regard to systemic medication, all pa-
tients received both corticosteroids and antibiotics 

Table 1 (continued). Baseline characteristics of the study cohort. Age [years], cyclophosphamide dosage [mg], PaO2/FiO2 ratio [mmHg/%], 
ventilation period, delay from ILD diagnosis to first cyclophosphamide administration, survival since cyclophosphamide administration and 
follow-up period [days] are presented as mean with standard deviation (SD) and median with interquartile range (Q1-Q3). Sex, diagnoses, 
pathologic laboratory values, supportive therapy, ventilation mode, veno-venous extra corporal membrane oxygenation (ECMO), laboratory 
values and survival status are presented with the absolute and relative (in %) proportions

			   Ntotal = 14	 % 
				    of non-missing variables

PaO2/FiO2 ratio [mmHg/%]
	 o	 mean (± SD)	 91 (± 46)
	 o	 median (Q1-Q3)	 73 (53-133)	

ECMO (V/V), N
	 •	 yes	 7	 50
	 •	 no	 7	 50

Survival status, N
	 •	 censored	 6	 43
	 •	 dead	 8	 57

Causes of death, N
	 •	 respiratory failure	 2	 25
	 •	 multi organ failure	 5	 63
	 •	 pulmonary hemorrhage	 1	 13

Overall survival [days]
	 o	 mean (± SD)	 682.2 (± 237.2)
	 o	 median (Q1-Q3)	 29 (15 - miss.)	

Follow up [days]
	 o	 mean (± SD)	 822.5 (± 255.2)
	 o	 median (Q1-Q3)	 946 (363-1007)
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prior to cyclophosphamide pulse therapy. The time 
between first ILD diagnosis and the initiation of cy-
clophosphamide therapy ranged between 1 and 35 
days (mean 11.3 days, median 6 days). The applied 
absolute dosages of cyclophosphamide varied from 
400 mg up to 1.000 mg (mean 807.1 mg). In addi-
tion, plasmapheresis was performed in five patients 
concurrently to the first application of cyclophos-
phamide. In two cases cyclophosphamide was given 
after or at least one week prior to plasmapheresis.

Overall survival for cyclophosphamide therapy 
is demonstrated in Figure 1. Cyclophosphamide 
pulse therapy was associated with an increased over-
all survival in one patient with systemic sclerosis and 
in patients with ANCA-associated vasculitis [i.e. 
microscopic polyangiitis; MPA, granulomatosis with 
polyangiitis; GPA, eosinophilic granulomatosis with 
polyangiitis; EGPA (10)]. Whereas median overall 
survival in patients with underlying Goodpasture 
syndrome (GPS) was 29 days, patients suffering 
from Dermatomyositis (DM), Drug reaction with 
eosinophilia and systemic symptoms (DRESS) and 
cryptogenic organizing pneumonia (COP) achieved 
less than 10 days. Of interest, one PR3 positive GPS 

patient died within 29 days, whereas one ANCA-
negative GPS patient was still alive after 1007 days. 

Cyclophosphamide doses >800 mg absolute 
were associated with a reduced overall survival 
(p=0.012, log rank test; Table 3). Yet, considering 
confounders, hemoglobin count, positivity for ANA 
or ANCA, impaired renal function (eGFR ≤59 ml/
min/1.73m2), ECMO application, ventilation mode, 
P/F ratio, plasmapheresis or radiologic ILD patterns 
did not alter cyclophosphamide dosage (p>0.05, 
Mann-Whitney-U test; Supplementary Table S1).

Regarding ILD patterns, we found possible 
non-specific interstitial pneumonia (NSIP) pattern 
in n=9 patients, usual interstitial pneumonia (UIP) 
pattern in n=2 patients and an organizing pneumo-
nia (OP) pattern in n=6 patients. Of note, multiple 
radiographic patterns were observed in four patients 
(Table 2). For none of the radiologic patterns a sig-
nificant prognostic effect was found (p>0.05, log 
rank test; Table 3). In n=12 cases all pulmonary lobes 
were affected by ILD, whereas in two patients only 
two respectively four lobes were affected. Of interest, 
overall survival did not correlate with the morpho-
logic extent of ILD on chest CT scan (p=0.557, log 

Fig. 1. Overall survival following first application of cyclophosphamide [days] stratified for ANCA-associated vasculitis (i.e. GPA, MPA), 
GPS, DM, SSc and other ILD forms (Log Rank p=0.040). 
Legend: SSc: Systemic sclerosis, n=1; ANCA-ass vasculitis: Anti-neutrophil cytoplasmic antibodies-associated vasculitis (i.e. Granuloma-
tosis with polyangiitis (GPA), Microscopic polyangiitis (MPA) and Eosinophilic granulomatosis with polyangiitis (EGPA)), n=7; GPS: 
Goodpasture syndrome, n=2; DM: Dermatomyositis, n=2; others, n=2, containing COP: Cryptogen organizing pneumonia, and DRESS: 
Drug reaction with eosinophilia and systemic symptoms. Survival axis scale [days] is split (indicated by //) after 140 days and then shows 
greater intersections.
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rank test) or severity of pulmonary failure. Further-
more no differences were found for anti-neutrophil 
cytoplasmic antibodies, anti-nuclear antibodies, 
rheumatoid factors, anti-glomerular basal membrane 
antibodies and blood count (p>0.05, log rank test). 
Impaired renal function (eGFR in ml/min/1.73 m2 
cutoff >59 vs. ≤59) as well as anemia (hemoglobin 
level in g/dl cutoff ≥11 vs. < 11) or leukocytosis (in 
cells/µl cutoff >10.000 vs. ≤10.000) was not associ-
ated with improved or reduced prognosis (p>0.050, 
log rank test). Among the investigated patients, n=7 
patients died on ICU due to the fulminant course of 
disease. N=2 patients died due to respiratory failure, 
n=4 died due to multiple organ failure (MOF) and 
one patient died due to pulmonary hemorrhage. Of 
interest, one patient died 12 months later following 
initial ICU admission due to non-septic MOF.

Additional plasmapheresis (p=0.018, log rank 
test) and application of cyclophosphamide within 
ten days following first ILD diagnosis (p=0.028, log 
rank test) had a positive effect on prognosis (Table 
3). Moreover, we observed that plasmapheresis was 
performed more often in patients with hemoglobin 
levels below 11 g/dl (p=0.029, Fisher’s exact test) 
independent from ANCA- or ANA-positivity, leu-
kocyte count, renal impairment, ECMO use, venti-
lation mode and radiographic ILD pattern (Fisher’s 
exact test p>0.05 in all calculations, data not shown).

Discussion

Treatment of acute respiratory failure due to 
various ILD forms is challenging. The therapeutic 
armamentarium includes supportive ventilation, ex-
tracorporal membrane oxygenation, plasmapheresis, 
antibiotics and immunosuppressive medication. Cor-
ticosteroids are often applied as first immunosup-
pression (10, 13, 18-21). However, there are patients, 
who require more intensified immunosuppressive 
regimens to overcome refractory courses of disease. 
Here, cyclophosphamide or rituximab can serve as 
therapeutic alternatives especially for ANCA-asso-
ciated vasculitis (10, 20, 21) or for CTDs (11). With 
regard to cyclophosphamide, the recommended dos-
age is 15 mg/kg body weight every 2 to 3 weeks in 
combination with corticosteroids (22).

Schupp et al. evaluated the prognostic impact 
of intravenous cyclophosphamide pulsed therapy in 
n=26 patients with chronic ILD forms, who did not 
require ICU treatment. Patients were followed up 
for 18 months. According to their analysis, benefi-
cial effects were demonstrated for patients with both 
LIP-patterns and NSIP-patterns, whereas p-ANCA 
associated ILDs did not benefit from additional cy-
clophosphamide pulsed therapy (14).

In our study, we focused on those ILD patients 
who received cyclophosphamide as part of a rescue 

Table 2. Study collective 

No.	 Sex	 Age	 Diagn.	 Ventilation	 Ventilation	 P/F	 ECMO	 Plasma-	 CAT scan	 Survival	 Overall
				    mode	 days	 ratio		  pheresis	 pattern	 status	 survival 
											           [days]

1	 M	 55	 GPA	 IV	 26	 64,4	 Yes	 Yes	 NSIP+ UIP- OP+	 Alive	 946
2	 F	 61	 DM	 IV	 18	 58,8	 No	 No	 NSIP+ UIP- OP-	 Dead	 21
3	 M	 80	 GPS	 IV	 30	 141,6	 Yes	 Yes	 NSIP+ UIP- OP+	 Dead	 29
4	 M	 64	 MPA	 IV	 2	 69,7	 No	 Yes	 NSIP+ UIP- OP+	 Alive	 363
5	 M	 60	 MPA	 IV	 6	 40,2	 Yes	 Yes	 NSIP+ UIP- OP-	 Alive	 107
6	 F	 51	 SSc	 NIV	 15	 46,1	 No	 No	 NSIP- UIP- OP-	 Dead	 437
7	 M	 36	 DRESS	 IV	 15	 54,7	 Yes	 No	 NSIP- UIP- OP-	 Dead	 15
8	 F	 67	 DM	 NIV	 18	 99,7	 No	 No	 NSIP+ UIP+ OP-	 Dead	 10
9	 M	 61	 COP	 IV	 28	 130,0	 Yes	 No	 NSIP+ UIP- OP+	 Dead	 5
10	 F	 31	 GPA	 IV	 8	 130,0	 No	 No	 NSIP- UIP- OP-	 Alive	 13
11	 M	 19	 GPS	 IV	 9	 169,2	 No	 Yes	 NSIP- UIP- OP+	 Alive	 1007
12	 F	 56	 MPA	 IV	 24	 152,8	 Yes	 No	 NSIP+ UIP+ OP-	 Dead	 27
13	 F	 72	 GPA	 IV	 32	 76,0	 No	 Yes	 NSIP- UIP- OP+	 Alive	 1760
14	 M	 20	 GPA	 IV	 5	 35,0	 Yes	 Yes	 NSIP+ UIP- OP-	 Dead	 2

Legend: Sex category (M = male, F= female), Age [years], ventilation mode (IV = invasive ventilation, NIV = non-invasive ventilation), 
absolute period of ventilation [days], the P/F ratio (i.e. partial oxygen pressure in [mmHg]/ oxygen saturation in inhaled gas [%]), the use 
of ECMO and Plasmapheresis, CAT scan patterns, regarding NSIP, UIP and OP as possible (+) or unlikely (-), survival status (alive/ dead) 
and survival since first cyclophosphamide administration [days]. Of interest, patient no. 10 was lost-to-follow-up after 13 days and discharge 
from hospital
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immunosuppressive treatment on ICU to overcome 
respiratory failure. We found superior treatment ef-
fects of cyclophosphamide in n=7 patients (50%) 
suffering from ANCA-associated ILDs compared 
to other ILDs. Similar observations were reported 
by Novack et al. in 1971 (23). A possible explana-
tion for the results of Schupp et al. might be due to 
the fact, that in chronic (stable) ILD the possible life 
threatening side effects of cyclophosphamide exceed 
the benefit. Since plasmapheresis was applied in five 
out of seven patients (71%) with ANCA-associated 

vasculitis, it is difficult to interpret the sole effect of 
cyclophosphamide in this context.

For sure, one major limitation of our study is 
its small study population. However, it is difficult to 
perform prospective studies with larger study popula-
tions with focus on the risk-benefit analysis for cyclo-
phosphamide for this indication. Among n=14,421 
ICU patients treated between 2009 and 2017 on our 
ICUs, we identified only n=14 ILD patients, who 
were treated with cyclophosphamide due to this in-
dication. To our knowledge, the underlying study is 

Table 3. Univariate prognostic models depending on laboratory values, supportive therapies, CAT scan patterns and first absolute cyclo-
phosphamide dosage. Additional plasmapheresis, early cyclophosphamide administration (≤10 days to ILD diagnosis) and an absolute first 
cyclophosphamide dose ≤800 mg were associated with improved overall survival in ILD patients treated with cyclophosphamide on ICU

	 Variable	 Comparator	 n	 Median OS§	 95% CI$	 Log Rank
			   (14)	 [days]		  p

Laboratory valuesa

	 ANCAb	 negative	 6	 15	 1.8-28.2	 0.156
		  positive	 8	 n. r.i	 	
	 ANAc	 negative	 10	 27	 0.0-531.0	 0.538
		  positive	 4	 29	 n. e.k	

	 Hemoglobin-level [g/dl]	 <11	 7	 n. r.i	 	 0.090
	 	 ≥11	 7	 21	 5.6-36.4	
	 Leukocyte-count [/µl]	 ≤10.000	 9	 27	 11.3-42.7	 0.282
	 	 >10.000	 5	 n. r.i	 	
	 eGFRd [ml/min/1.73m2]	 >59	 6	 15	 1.8-28.2	 0.075
	 	 ≤59	 8	 n. r.i	 	
Supportive measures
	 ECMOe	 not used	 7	 n. r.i	 	 0.280
	 	 used	 7	 27	 0.0-57.8	
	 Ventilation	 invasive	 12	 29	 n. e.k	 0.419
		  non-invasive	 2	 10	 n. e.k	

	 P/F ratio	 <100	 9	 437	 0.0-1261.4	 0.773
		  ≥100 - 199	 5	 29	 9.1-48.9	
	 Plasmapheresis	 not used	 7	 21	 9.1-33.0	 0.018
		  used	 7	 n.r.i	 	
CAT scan patterns
	 NSIPf	 unlikely	 5	 437	 n. e.k	 0.286
	 	 possible	 9	 27	 9.5-44.5	
	 UIPg	 unlikely	 12	 437	 0.0-1383.2	 0.148
	 	 possible	 2	 10	 n.e.k	

	 OPh	 unlikely	 8	 21	 6.2-35.8	 0.072
	 	 possible	 6	 n.r.i	 	
Treatment	
	 Cyclophosphamide dose [mg]	 ≤800	 9	 437	 n. e.k	 0.012
		  >800	 5	 15	 7.2-22.8	
	 Delay ILD diagnosis to Cyc. administration [days]	 ≤10	 9	 n.r.i	 	 0.028
		  >10	 5	 15	 4.3-25.7	

Legend: § median overall survival in days since first cyclophosphamide administration, $ 95% confidence interval, a laboratory values on ICU 
admission, b Anti neutrophil cytoplasmic antibodies, c Anti nuclear antibodies, d estimated glomerular filtration rate (CKD-EPI method35) 
in ml/min/1.73m2, e extracorporal membrane oxygenation, f non-specific interstitial pneumonia, g usual interstitial pneumonia, h organizing 
pneumonia, i not reached, k not estimated



A.B. Schulze, G. Evers, A. Kümmel, et al.164

the first study, which investigates the impact of cyclo-
phosphamide for critically ill ILD patients suffering 
severe respiratory failure and requiring ICU therapy.

Acute treatment of various ILD forms is sum-
marized in Figure 2. As demonstrated, the applica-
tion of cyclophosphamide represents a therapeutic 
alternative for ILD forms. Whereas cyclophospha-
mide is recommended as first line treatment of SSc 
(20, 21, 24) and ANCA-associated vasculitis (10), 
there is less evidence for RA, DM and GPS. Here, 
cyclophosphamide could be an alternative option for 
refractory courses (19, 25, 26). Even though favora-
ble effects of cyclophosphamide are reported for the 
treatment of pulmonary manifestations of GPS (18), 
there are still patients who died due to respiratory 
failure (27-29). Likewise, cyclophosphamide appli-
cation had positive effects on lung function in some 
DM patients, still the prognosis in general is poor 
(19, 30). Even more evidence for the application of 
cyclophosphamide in COP is lacking. Whereas, cor-

ticosteroids are recommended for COP treatment 
(13, 31), less data exist upon the intensified immu-
nosuppression with azathioprine, cyclosporine A or 
cyclophosphamide (13). With respect to the rather 
low incidence, one review recommended corticoster-
oids and intravenous immunoglobulins following the 
withdrawal of potential causal agents as treatment 
option for DRESS syndrome (32), whereas addi-
tional cyclophosphamide was only suggested by one 
study (33).

Against this background, we evaluated the 
therapeutic impact of cyclophosphamide for severe 
respiratory failure due to various ILD forms. Corre-
sponding to the published recommendations, we ob-
served positive effects of cyclophosphamide in those 
ILD patients with systemic sclerosis (SSc) (20) and 
ANCA-associated vasculitis (10). Especially in these 
patients, early administration of cyclophosphamide 
within ten days and a starting dosage of less than 800 
mg had favorable effects. In consideration of the toxic 

Fig. 2. Possible therapeutic options for the therapy of interstitial lung diseases (ILDs)
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side effects (e.g. anemia, thrombocytopenia, leukocy-
topenia, hemorrhage cystitis) of cyclophosphamide 
further studies should investigate the optimal dosage 
(34). Without doubt, additional plasmapheresis (10) 
might have improved the clinical status. Since pa-
tients suffering from DM/PM did not benefit from 
additional cyclophosphamide therapy in our analysis, 
we cannot support its use for this specific indication. 

In conclusion cyclophosphamide pulse therapy 
for the treatment of respiratory failure due to ILD 
can be a beneficial therapy option for some patients 
with underlying SSc and ANCA-associated vascu-
litis. When considering cyclophosphamide in these 
patients, treatment should be initiated early, the 
dosage should be below 800 mg and plasmapheresis 
should be added. However, there is less evidence for 
the application of cyclophosphamide in those pa-
tients with various ILD patterns due to GPS, DM, 
COP or DRESS. In consideration of the available 
literature and our analysis we cannot support the ap-
plication of cyclophosphamide as first line treatment 
for ILD forms other than ANCA-positive vasculitis 
or SSc associated ILDs. Even though cyclophospha-
mide is still applied for this indication, it is one of 
the most toxic routinely prescribed immunosuppres-
sive agents (13). Consequently, the identification of 
those patients who might benefit from this therapy 
is crucial. Here, the investigation of larger study col-
lectives with focus on ICU patients with severe ILD 
forms could serve for further therapeutic stratifica-
tion. Whether less toxic agents or targeted therapies 
will be available in future is unclear.
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Supplementary Table S1. Mann Whitney U test analysis for equal variances of not normally distributed absolute cyclophosphamide dose 
regarding laboratory values, supportive therapeutic measures and CAT scan patterns. 

	 Variable	 Comparator	 n	 mean 1st CYC§	 standard-	 p$

			   (14)	 dose [mg]	 deviation	

Laboratory valuesa

	 ANCAb	 negative	 6	 675	 ± 282	 0.287
		  positive	 8	 813	 ± 171	
	 ANAc	 negative	 10	 820	 ± 224	 0.069
		  positive	 4	 588	 ± 143	
	 Hemoglobin-level [g/dl]	 <11	 7	 786	 ± 165	 0.645
	 	 ≥11	 7	 721	 ± 285	
	 Leukocyte-count [/µl]	 ≤10.000	 9	 811	 ± 247	 0.149
	 	 >10.000	 5	 650	 ± 154	
	 eGFRd [ml/min/1.73m2]	 >59	 6	 758	 ± 294	 0.894
	 	 ≤59	 8	 750	 ± 183	

Supportive measures
	 ECMOe	 not used	 7	 693	 ± 262	 0.392
	 	 used	 7	 814	 ± 184	
	 Ventilation	 invasive	 11	 786	 ± 201	 0.336
		  non-invasive	 3	 633	 ± 321	
	 Plasmapheresis	 not used	 7	 807	 ± 262	 0.357
		  used	 7	 700	 ± 189	

CAT scan patterns	
	 NSIPf	 unlikely	 5	 730	 ± 277	 0.784
	 	 possible	 9	 767	 ± 211	
	 UIPg	 unlikely	 12	 713	 ± 219	 0.091
	 	 possible	 2	 1000	 n. e.k	

	 OPh	 unlikely	 8	 813	 ± 252	 0.126
	 	 possible	 6	 650	 ± 148	
	 overall	 		  754	 ± 227	

Legend: § mean cyclophosphamide dose in mg absolute, $ Mann-Whitney-U test, asymp. significance (2-tailed), a laboratory values on ICU 
admission, b Anti neutrophil cytoplasmic antibodies, c Anti nuclear antibodies, d estimated glomerular filtration rate (CKD-EPI method[17]) 
in ml/min/1.73m2, e extracorporal membrane oxygenation, f non-specific interstitial pneumonia, g usual interstitial pneumonia, h organizing 
pneumonia, k not estimated


