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Abstract
Non-infectious pulmonary complications (NIPCs) after allogeneic hematopoietic stem cell transplantation (HSCT) are asso-
ciated with poor outcomes. It is important to maximize the effectiveness of primary treatment because secondary treatment 
has not been established. We analyzed data from 393 patients who underwent allogeneic HSCT during a 10-year period. 
Thirty-seven were diagnosed with NIPCs, which consisted of idiopathic pneumonia syndrome, bronchiolitis obliterans, 
and interstitial lung disease including cryptogenic organizing pneumonia. Among these, 18 died (Dead group) while 19 
remained alive (Alive group) during the study period. The median time between NIPC diagnosis and first administration 
of ≥ 1 mg/kg/day corticosteroids (prednisolone dose equivalent) was significantly longer in the Dead group than the Alive 
group, at 9 days versus 4 days (p = 0.01). We further divided these cases into those who received prednisolone within seven 
days and after 8 days. We found that the ≤ 7 days group were more likely to survive after their NIPC diagnosis compared to 
the ≥ 8 days group (p = 0.06). Our analysis showed that early initiation of corticosteroid therapy is associated with long-term 
survival in NIPCs.

Keywords Bronchiolitis obliterans (BO) · Idiopathic pneumonia syndrome (IPS) · Interstitial lung disease (ILD) · Non-
infectious pulmonary complications (NIPCs) · Prednisolone

Introduction

Non-infectious pulmonary complications (NIPCs) after 
allogeneic hematopoietic cell transplantation (HSCT) are 
associated with poor outcomes and lower quality of life [1]. 
NIPCs show various pathological conditions, including idi-
opathic pneumonia syndrome (IPS), bronchiolitis obliterans 
(BO), and interstitial lung disease (ILD) including crypto-
genic organizing pneumonia (COP). Corticosteroids are 
widely used for the initial treatment of all these conditions. 
However, details of the treatment regimen, such as dose and 
timing, remain unclear.

A diagnosis of NIPCs after HSCT requires excluding 
infectious diseases as the cause of pneumonia [2], and pre-
vious reports also recommend that pneumonia after allo-
geneic HSCT should be diagnosed based on the patient’s 
immunosuppression profile and potential exposure to infec-
tious risks [3, 4]. Thus, while careful differential diagno-
sis is required for establishing NIPCs, excluding infections 
definitively may lead to delay in initiating corticosteroids. 
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Ueda et al. determined that the administration of systemic 
corticosteroids (high-dose methylprednisolone, 1000 mg for 
3 days or 0.5–1.0 mg/kg/day prednisolone) for late-onset 
NIPCs before 21 days from the appearance of respiratory 
symptoms resulted in significantly better final outcomes 
compared with the late administration of steroid group [5]. 
This is the first report showing that early administration of 
systemic corticosteroids has effective long-term outcomes, 
however, there have been no reports suggesting the impor-
tance of early administration of corticosteroid. Therefore, 
we aimed to identify an optimal administration timing of 
corticosteroids that would result in a favorable long-term 
survival.

Materials and methods

Study cohort

This retrospective cohort study analyzed data from patients 
who underwent allogeneic HSCT at the Okayama University 
Hospital between 2010 and 2019. For patients who received 
multiple allogeneic HSCT, only the last allogeneic HSCT 
performed in each patient during this study period was con-
sidered. This study complied with the principles of the Dec-
laration of Helsinki. The institutional review board of the 
Okayama University Hospital approved the study. Informed 
consent was obtained in the form of opt-out on the website.

Transplantation techniques

Myeloablative conditioning regimens were (1) intravenous 
busulfan (12.8 mg/kg) with cyclophosphamide, (2) cyclo-
phosphamide plus total body irradiation (TBI) (12 Gy) with 
or without cytarabine, and (3) cyclophosphamide plus TBI 
(12 Gy) with or without etoposide. Reduced-intensity con-
ditioning regimens included fludarabine with either mel-
phalan (80 mg/kg) or intravenous busulfan (6.4 mg/kg), 
with or without TBI (2 or 4 Gy). Most patients received 
a calcineurin inhibitor with short-term methotrexate or 
mycophenolate mofetil for prophylaxis against graft versus 
host disease (GVHD). Antimicrobial prophylaxis consisted 
of levofloxacin during neutropenia, along with acyclovir, 
trimethoprim-sulfamethoxazole, and fluconazole. Preemp-
tive therapy against cytomegalovirus (CMV) was based on 
the results of weekly CMV antigenemia assay. The attend-
ing physician diagnosed acute or chronic GVHD and graded 
according to previously described criteria [6, 7].

Diagnosis of NIPCs

NIPCs were categorized as IPS, BO, or ILD. The diag-
noses were based on clinical course, pulmonary function 
tests, CT images, and pulmonary blood flow scintigraphy 
reports provided by radiologists and interpreted by pul-
monologists. Each NIPCs subclass was defined based on 
the following characteristics and absence of concurrent 
infection detected in bronchoalveolar lavage (BAL) or 
sputum. Specifically, IPS was diagnosed by the presence 
of at least one of the following: (1) multilobar infiltrates 
on chest radiograph or computed tomography (CT); (2) 
symptoms and signs of pneumonia, including dyspnea, 
cough, cyanosis, hypoxia, or pyrexia; or (3) exacerbation 
of existing symptoms or appearance of new findings on 
pulmonary function testing or increased alveolar-arte-
rial oxygen difference [8]. We limited IPS in this study 
to cases that occurred within 120 days after HSCT [9]. 
BO was diagnosed based on abnormal results of pul-
monary function tests (forced expiratory volume for 1 s 
[FEV1] < 75% of the predicted value, FEV1/forced vital 
capacity (FVC) < 0.7) and evidence of air trapping, small 
airway thickening, or bronchiectasis on high-resolution 
CT according to the National Institutes of Health crite-
ria [7, 10] when clinical presentation indicative of BO 
was observed. ILD was diagnosed based on nonspecific 
respiratory symptoms (fever, dyspnea, and cough), char-
acteristic high-resolution CT that demonstrated patchy 
and often migratory consolidation in a subpleural, peri-
bronchial, or bandlike pattern, commonly associated with 
ground-glass opacity and a restrictive ventilatory defect 
on pulmonary function testing [4, 11]. In this study, ILD 
included organizing pneumonia and nonspecific interstitial 
pneumonia. There were no patients with diffuse alveolar 
damage, acute fibrinous organizing pneumonia, lymphoid 
interstitial pneumonia, eosinophilic pneumonia, or pleu-
roparenchymal fibroelastosis [4]. The main endpoint was 
death or last follow-up after HSCT. We determined the 
cause of death based on medical records. Observation 
periods in the Death and Alive groups were calculated 
from the day of transplantation to death or confirmation of 
survival, respectively. The observation period of patients 
who underwent HSCT twice or three times was defined 
from the last HSCT. The day of NIPCs diagnosis was 
defined as when imaging findings mentioned above were 
first detected by chest X-ray or CT scan.

Corticosteroid dose

Corticosteroids used in NIPCs treatment were converted 
to prednisolone equivalents such that prednisolone 5 mg, 
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methylprednisolone 4 mg, and dexamethasone 0.75 mg 
were deemed equal. Calculations of dose greater than 1 mg 
per 1 kg of body weight per day (1 mg/kg/day) included 
steroid pulses with methylprednisolone.

Statistical analyses

Characteristics of patients with or without NIPCs were 
compared using the Mann–Whitney U test for continuous 
variables and Fisher’s test for categorical factors. We esti-
mated the cumulative incidence of NIPCs with accounting 
competing risks. Competing events were considered death 
without an event. The Fine and Gray proportional hazard 
model was applied to estimate the subdistribution hazard 
ratio (SHRs) of NIPCs onset in each factor. Overall survival 
(OS) of patients with NIPCs was defined as the time from 
the date of NIPCs diagnosis until death from any causes and 
censored on the date the patient was last known to be alive. 
Patients lost to follow-up were censored at the date of last 
contact/follow-up. The final date of observation was Septem-
ber 9, 2020. We estimated probabilities of OS after diagno-
sis of NIPCs by the Kaplan–Meier method and compared 
them using Log-rank test. Cox proportional hazard model 
was applied to estimate the hazard ratios (HRs) in each fac-
tor. In these multivariable analyses, below potential con-
founders were included; factors with p < 0.1 in a univariable 
analyses and the risk factors for pulmonary complications 
investigated in previous studies (older age [12], gender [13], 
smoking history [14], stem cell source (donor from related 
or peripheral blood stem cell [12], donor-patient gender 
mismatches especially from female donors to male patients 
[15]), myeloablative regimen with full-dose TBI [13] and 
the abnormal result of pulmonary function test before HSCT 
[12]). All estimates of cumulative incidence, OS, HRs, and 
SHRs were reported with 95% confidence intervals (CIs). 
The threshold for significance was p < 0.05. All statistical 
analyses were conducted using EZR version 1.54[16].

Results

Study flow chart

Study flow chart is shown in Fig. 1. From January 2010 
through December 2019, 458 allogeneic HSCTs were per-
formed in our hospital. The number of patients who under-
went allogeneic HSCT twice and three times were 55 and 
five, respectively; hence, the analysis included data from 
393 patients. Among these, 356 patients including 57 with 
infectious pulmonary complications were free from NIPCs. 
Thus, 37 patients suffered from NIPCs. Infectious pulmo-
nary complications were caused by bacteria (n = 34), fungi 
(Aspergillus, n = 25; Candida, n = 2; unknown, n = 4), or 

CMV (n = 1). NIPCs cases included IPS (n = 4), BO (n = 6), 
and ILD (n = 27). Patients with acute respiratory distress 
syndrome after infectious pneumonia (n = 7) were not cat-
egorized as NIPCs. Among NIPCs patients, 18 patients died 
(Dead group), while 19 patients were alive (Alive group) 
during a median observation period of 75.1 months (range 
2.4–125.5 months) from the date of HSCT to death or last 
contact/follow-up. Dead group included 14 patients who 
died of NIPCs exacerbation and 4 patients who died of other 
causes such as primary disease, gastrointestinal bleeding, 
severe systemic chronic GVHD, and unknown. Among 37 
NIPCs patients, 33 received ≥ 1 mg/kg/day prednisolone. 
Three patients were administered less than 1 mg/kg/day 
prednisolone because of mild and indolent conditions, while 
detailed data was missing in one case. Of the patients treated 
with ≥ 1 mg/ kg/ day prednisolone, 18 received it within 
7 days of NIPCs diagnosis, while the prednisolone was 
administered on day 8 or later in the remaining 15 patients.

Patient characteristics

The characteristics of all patients (N = 393) are shown in 
Table 1. The median age at transplantation was 53 years 
[interquartile range (IQR), 42–61], and there were 229 
(58.3%) males. There were 129 (32.8%) patients with a 
history of smoking. There was a gender mismatch of the 
donor source in 160 (40.7%) patients, half of which were 

Fig. 1  Study flow chart. HSCT: hematopoietic stem cell transplanta-
tion; NIPCs: non-infectious pulmonary complications; ARDS: acute 
respiratory distress syndrome; IPS: idiopathic pneumonia syndrome; 
BO: bronchiolitis obliterans; ILD: interstitial lung disease
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from female donors to male patients. Regarding preparative 
regimens, 160 patients (40.7%) received conventional mye-
loablative conditioning regimens, and 90 patients (22.9%) 
received full-dose (12 Gy) TBI. The pulmonary function test 
results before transplantation revealed a median FEV1/FVC 
of 81.5% (IQR 76.9–115.1) and a median predicted percent-
age of vital capacity (VC) of 100.4% (IQR 88.0–112.0). Fur-
thermore, 95 (24.2%) patients had a moderate or high risk 
of pulmonary disorder according to their hematopoietic cell 
transplantation-comorbidity index (HCT-CI) score.

Characteristics of patients with or without NIPCs are 
shown in Table 2. The NIPCs group had significantly more 
men (p < 0.01), patients with smoking history (p = 0.01), 
smoking index ≥ 500 (p < 0.01) and myelodysplastic syn-
dromes as a primary disease (p < 0.01).

Cumulative incidence of NIPCs

The 5-year cumulative incidence of NIPCs after HSCT 
was 7.2% (95% CI 4.6–10.4) in this cohort (Fig. 2). Then, 
donor from related peripheral blood stem cell (SHR 1.67; 
95% CI 1.14–2.46; p < 0.01) and obstructive ventilatory pat-
tern before HSCT (SHR 1.90; 95% CI 1.07–3.39; p = 0.03) 
were associated with an increased risk for NIPCs onset 
(Table 3). The male sex, a history of smoking, and a smok-
ing index ≥ 500 tended to be risk factors for NIPCs onset, 
although these differences were not significant in the mul-
tivariable analysis. Other factors investigated by previous 
reports, such as older age, donor-patient gender mismatches, 
and myeloablative regimen with full-dose TBI, were not 
associated with NIPCs onset in our patient cohort.

Risk factors for death after diagnosis of NIPCs

Most of the patients (36/37; 97.2%) developed the first epi-
sode of NIPCs within 36 months after HSCT, but the dura-
tion from HSCT to NIPCs diagnosis was not associated with 
death (dead vs. alive; median days, 175 (IQR 96.8–270.5) 
vs. median days, 230 (IQR 76.0–370.0); p = 0.68) (data not 
shown). The median time from NIPCs diagnosis to admin-
istration of ≥ 1 mg/kg/day prednisolone between the Dead 
and Alive groups showed significant difference (dead vs. 
alive; median days, 9 (IQR 7.7–19.0) vs. median days, 
4 days (IQR 0.0–7.0) p = 0.01) (data not shown). Therefore, 
we defined the cut-off time as day 7 for further analysis. 
Administration of 1 mg/kg/day or more prednisolone within 
7 days after NIPCs diagnosis was significantly associated 
with a decreased risk for death (HR 0.20; 95% CI 0.05–0.76; 
p = 0.02) (Table 4). On the other hand, using 1000 mg/body/
day as methylprednisolone (HR 8.84; 95% CI 1.32–59.30; 
p = 0.02) and etanercept (HR 62.84; 95% CI 6.93–570.10; 
p < 0.01) as treatment for NIPCs were associated with bad 
survival (Table 4).

Table 1  Characteristics of all patients

IQR interquartile range, ECOG PS Eastern Cooperative Oncology 
Group Performance Status, AML acute myeloid leukemia, ALL acute 
lymphocytic leukemia, MDS myelodysplastic syndrome, CML/MPN 
chronic myeloid leukemia/myeloproliferative neoplasm, HLA human 
leukocyte antigen, UR-BM unrelated bone marrow, R-PBSC related 
peripheral blood stem cell, CB cord blood stem cell, MAC myeloabla-
tive conditioning, RIC reduced-intensity conditioning, TBI total body 
irradiation, GVHD graft vs. host disease, CsA cyclosporine A, FK 
506 tacrolimus, FEV1 forced expiratory volume at 1  s, FVC forced 
vital capacity, VC vital capacity, HCT-CI hematopoietic cell trans-
plantation-comorbidity index
† The Brinkman index (BI) was used as a measure of cigarette smoke expo-
sure and was calculated as follows: cigarettes per day × smoking years

All patients (N = 393)

Age at transplantation, median (IQR) 53 (42–61)
Sex (%)
 Male 229 (58.3)
 Female 164 (41.7)

History of smoking (%) 129 (32.8)
†Smoking index, median (IQR) 210 (0–400)
EOCG PS ≥ 2 (%) 55 (14.0)
Primary disease (%)
 AML 142 (36.1)
 ALL 52 (13.2)
 MDS 77 (19.6)
 CML/MPN 13 (3.3)
 Lymphoid Malignancy 64 (16.3)

Donor (%)
 HLA-matched donor 201 (51.1)
 HLA- mismatched donor 192 (48.9)

Stem cell source (%)
 UR-BM 150 (38.2)
 R-PBSC 122 (31.0)
 CB 86 (21.9)

Donor-patient gender (%)
 Match 233 (59.3)
 Mismatch 160 (40.7)
 From female donors to male patients 80 (20.4)
 From male donors to female patients 80 (20.4)

Conditioning regimen (%)
 MAC 160 (40.7)
 RIC 233 (59.3)

Full-dose TBI (12 Gy) (%)
 Yes 90 (22.9)
 No 303 (77.1)

GVHD prophylaxis (%)
 CsA base 84 (21.4)
 FK 506 base 300 (76.3)

Pulmonary function test before transplantation
 FEV1/ FVC (%), median (IQR) 81.5 (76.9–115.1)
 % VC predicted (%), median (IQR) 100.4 (88.0–112.0)

HCT-CI: the risk of pulmonary disorder (%)
 ≥ moderate risk 95 (24.2)
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Next, 16 out of 37 NIPCs patients underwent bronchos-
copy to exclude infection. There was no difference of the 
timing of bronchoscopy between Dead and Alive group 
[median days 6.5 (IQR 2.8–14.0) vs. median days, 6.0 (IQR 
4.0–9.8); p = 0.86] (data not shown).

Relationship between the timing of steroid 
administration and survival based on NIPCs 
subtypes

We divided Dead and Alive NIPCs patients (n = 33) into 
those provided ≥ 1 mg/kg/day prednisolone within 7 days 
after NIPCs diagnosis (n = 18) and those who were admin-
istered the drug on day eight or later (n = 15). Patients 
administered corticosteroid before day 7 tended to show 

Table 2  Characteristics of 
patients with or without NIPCs

Statistical differences between the free from NIPCs group and the NIPCs group in the factors shown in this 
Table were evaluated using Fisher’s test. They are represented as p-values. *p < 0.05 was considered statis-
tically significant
NIPCs non-infectious pulmonary complications, AML acute myeloid leukemia, ALL acute lymphocytic 
leukemia, MDS myelodysplastic syndrome, CML/MPN chronic myeloid leukemia/myeloproliferative neo-
plasm, HLA human leukocyte antigen, UR-BM unrelated bone marrow, R-PBSC related peripheral blood 
stem cell, CB cord blood stem cell, MAC myeloablative conditioning, TBI total body irradiation, GVHD 
graft vs. host disease, CsA cyclosporine A, FK 506 tacrolimus, FEV1 forced expiratory volume at 1 s, FVC 
forced vital capacity, VC vital capacity, HCT-CI hematopoietic cell transplantation-comorbidity index
† The Brinkman index (BI) was used as a measure of cigarette smoke exposure and was calculated as fol-
lows: cigarettes per day × smoking years

Free from NIPCs 
patients (N = 356)

NIPCs patients 
(N = 37)

p-value

Age at transplantation ≥ 65 (%) 43 (12.1) 8 (21.6) 0.12
Sex (male) (%) 197 (55.3) 32 (86.5)  < 0.01*
History of smoking (%) 110 (30.9) 19 (51.4) 0.01*
†Smoking index ≥ 500 (%) 49 (13.8) 14 (37.8)  < 0.01*
Primary disease (%)
 AML 131 (36.8) 11 (29.7) 0.47
 ALL 51 (14.3) 1 (2.7) 0.10
 MDS 63 (17.7) 13 (35.1)  < 0.01*
 CML/MPN 10 (2.8) 3 (8.1) 0.11
 Lymphoid Malignancy 60 (16.9) 5 (13.5) 0.82

HLA mismatch (%) 178 (50.0) 15 (40.5) 0.17
Stem cell source (%)
 UR-BM 131 (36.8) 19 (51.4) 0.11
 R-PBSC 114 (32.0) 8 (21.6) 0.26
 CB 80 (22.5) 6 (16.2) 0.53
 Others 31 (8.7) 4 (10.8)

Donor-patient gender mismatches (%) 149 (41.9) 11 (29.7) 0.16
 From female donors to male patients (%) 69 (19.4) 11 (29.7) 0.20

Conditioning regimen (%)
 MAC 147 (41.3) 14 (37.8) 0.42
 Full-dose TBI (12 Gy) 81 (22.8) 9 (24.3) 0.87

GVHD prophylaxis (%)
 CsA base 76 (21.3) 7 (18.9) 1.00
 FK 506 base 272 (76.4) 30 (81.1) 1.00

Pulmonary function test before transplantation (%)
 FEV1/ FVC < 70% 19 (5.3) 5 (13.5) 0.06
 % VC predicted < 80% 37 (10.4) 3 (8.1) 0.54
 FEV1.0/ FVC < 70% + % VC predicted < 80% 9 (2.5) 0 (0.0) 1.00

HCT-CI: the risk of pulmonary disorder
 ≥ moderate risk (%) 83 (23.3) 12 (32.4) 0.23
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better survival than those provided the drug after day 8; spe-
cifically, 3-year OS in the within seven days vs. over eight 
days groups were 72.2% (95% CI 45.6%–87.4%) and 45.7% 
(95% CI 20.1%–68.3%), respectively (p = 0.06) (Fig. 3A). 
Moreover, the relationship between the timing of steroid 
administration and survival was evaluated based on NIPCs 
subtypes. Although there was no significant difference, the 
survival among ILD patients tended to be better in the group 
administered steroids within seven days (p = 0.06) (Fig. 3D).

Reasons for delayed administration of ≥ 1 mg/kg/
day prednisolone

Among 15 patients who were administered corticosteroids 
8 days or later after NIPCs diagnosis, 11 were initially 
treated assuming infectious pneumonia because excluding 
it before starting corticosteroids was prioritized in these 
patients (Table 5). Only four patients (No. 3, No. 5, No. 
11 and No. 14) had a concomitant infection. In the case of 
patient No. 5, infectious pneumonia was suspected because 
Pseudomonas aeruginosa was detected upon sputum cul-
ture. However, antibiotic therapy against P. aeruginosa was 
unsuccessful, and corticosteroids were initiated after estab-
lishing lymphocyte predominance and disappearance of P. 
aeruginosa in BAL. Patient No. 14 was treated as CMV 
pneumonia initially because of CMV antigenemia before 
starting administration of corticosteroids for NIPCs. In 
the case of No. 3, No. 11, the reason for hesitating to initi-
ate ≥ 1 mg/kg/day prednisolone was the presence of oppor-
tunistic infection and primary refractory disease. Addition-
ally, No. 10 and No. 13 had abnormal findings on chest 
CT but were not treated for NIPCs because the attending 
physicians had determined that there was no urgent need to 
administer corticosteroids.

In contrast, the main reasons for early administration of 
corticosteroids were GVHD combined with NIPCs, severe 

symptoms, and typical NIPCs findings on CT (data not 
shown). These patients were treated with ≥ 1 mg/kg/day 
prednisolone combined with broad-spectrum antibiotics 
from the early phase.

Discussion

Our study shows that administration of ≥ 1  mg/kg/day 
prednisolone within seven days after NIPCs diagnosis was 
associated with long-term survival. The median time from 
NIPCs diagnosis to administration of corticosteroids was 
significantly lower in the Alive group than in the Dead 
group, and early administration of corticosteroids tended 
to result in better long-term survival (p = 0.06). This report 
identifies the timing of corticosteroid administration as a 
factor that contributes to long-term survival in NIPCs.

NIPCs include various subtypes such as IPS, BO, and 
ILD. Reported incidence rates of IPS after allogeneic HSCT 
was from 7 to 35%, and associated mortality rates are as high 
as 75% [17]. Although initial treatment is corticosteroid ther-
apy, it is not sufficiently effective, and no second-line regi-
mens have been established. Further, while a combination 
of corticosteroids and TNFα inhibitors has been reported to 
be effective against IPS in a preclinical model, the results 
of clinical randomized controlled trials were negative [18]. 
The first-line therapy for BO is also corticosteroids. It is 
based on its association with acute or chronic GVHD in the 
lung; however, no treatment improves long-term survival 
of patients with corticosteroids resistance. Nevertheless, a 
combination of fluticasone, azithromycin, and montelukast 
was evaluated in a prospective, open-label, non-randomized 
trial. This combination has often been used in clinical trials 
practice because it results in FEV1 stabilization and a reduc-
tion in corticosteroid requirement [19]. ILD can develop dur-
ing the late period after HSCT, and it is reportedly associ-
ated with chronic GVHD, especially in COP [15, 20]. ILD 
accounts for 12–60% of all late-onset NIPCs, and its median 
time-to onset after HSCT is 11.3 months [4]. ILD is charac-
terized by a mixture of ground-glass opacities and infiltra-
tion shadows on CT. The main pulmonary function pattern 
is a restrictive ventilatory defect and the median survival at 
24 months was 61% [21].

Even though corticosteroids are widely used for the initial 
treatment of NIPCs, regardless of the type of disease, no 
promising second-line therapy has been reported. Therefore, 
it is important to maximize the effects of corticosteroids as 
an initial treatment. Ueda et al. reported that early (before 
21 days from the onset of respiratory symptoms) systemic 
corticosteroid administration (high-dose methylpredniso-
lone, 1000 mg for 3 days or 0.5–1.0 mg/kg/day predniso-
lone) was significantly associated with a better final out-
come of late-onset NIPCs, while a late (after 22 days from 

Fig. 2  Cumulative incidence rate of NIPCs at 60 months after HSCT 
with accounting competing risks was 7.2% (95% CI 4.6–10.4)
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onset) dose of systemic corticosteroids failed to influence the 
final outcome [5]. Likewise, in our cohort, the survival in 
the early administration group was better, though the early 
administration group had more patients with severe condi-
tion: the requirement of 10 L supplemental oxygen with sim-
ple mask or special management in the intensive care unit 
at NIPCs onset (p = 0.048, data not shown). These results 
may indicate that early administration of corticosteroids 

prevents pulmonary fibrosis caused by immune reactions 
after HSCT and leads to better outcomes. Previous reports 
demonstrated that delayed administration of corticosteroids 
increased relapse of COP [22] and early administration of 
dexamethasone leads to a good outcome in preterm infants 
by inhibiting fibrogenic mediators [23]. Moreover, in our 
study, patients who received ≥ 1 mg/kg/day prednisolone 
within 7 days after NIPCs diagnosis also showed faster 

Table 3  Univariable and multivariable analyses for cumulative incidence of NIPCs

Cumulative incidence of NIPCs was evaluated using Fine and Gray method in univariable and multivariable analyses. Statistical differences 
between the free from NIPCs group and the NIPCs group in the factors shown in this Table are represented as p-values. *p < 0.05 was consid-
ered statistically significant
NIPCs non-infectious pulmonary complications SHR subdistribution hazard ratio, CI confidence intervals, AML acute myeloid leukemia, ALL 
acute lymphocytic leukemia, MDS myelodysplastic syndrome, CML/MPN chronic myeloid leukemia/myeloproliferative neoplasm, HLA human 
leukocyte antigen, UR-BM unrelated bone marrow, R-PBSC related peripheral blood stem cell, CB cord blood stem cell, MAC myeloablative 
conditioning, TBI total body irradiation, GVHD graft vs. host disease, CsA cyclosporine A, FK 506 tacrolimus, FEV1: forced expiratory volume 
at 1 s, FVC forced vital capacity, VC vital capacity, HCT-CI hematopoietic cell transplantation-comorbidity index
† The Brinkman index (BI) was used as a measure of cigarette smoke exposure and was calculated as follows: cigarettes per day × smoking years

Number of oth-
ers/NIPCs

Univariable analysis Multivariable analysis

SHR (95% CI) p-value SHR (95% CI) p-value

Age at transplantation ≥ 65 43/8 1.43 (0.61–3.32) 0.41 1.09 (0.52–2.25) 0.82
Sex (male) 197/32 3.58 (1.27–10.08) 0.02* 0.97 (0.61–1.54) 0.89
History of smoking 110/19 1.45 (1.05–2.00) 0.03* 0.83 (0.25–2.80) 0.77
†Smoking index ≥ 500 49/14 3.16 (1.57–6.37)  < 0.01* 1.65 (0.52–5.28) 0.40
Primary disease
 AML 131/11 0.62 (0.19–2.09) 0.44
 ALL 51/1 0.23 (0.03–2.03) 0.18
 MDS 63/13 1.13 (0.31–4.07) 0.85
 CML/MPN 10/3 3.12 (0.69–14.19) 0.14
 Lymphoid malignancy 60/5 1.00 (0.27–3.72) 1.00
 Others 41/4

HLA mismatch 178/15 1.76 (0.66–4.64) 0.26
Stem cell source
 UR–BM 131/19 0.96 (0.28–3.36) 0.95
 R–PBSC 114/8 0.66 (0.12–3.68) 0.63 1.67 (1.14–2.46)  < 0.01*
 CB 80/6 0.68 (0.09–5.50) 0.72
 Others 31/4

Donor-patient gender mismatches 149/11 0.69 (0.33–1.44) 0.32
 From female donors to male patients 69/11 1.65 (0.81––3.36) 0.17 0.88 (0.31–2.47) 0.81

Conditioning regimen
 MAC 147/14 0.99 (0.44–2.23) 0.98
 Full-dose TBI (12 Gy) 81/9 2.63 (0.79–8.73) 0.11 0.86 (0.69–1.06) 0.15

GVHD prophylaxis
 CsA base 76/7 0.42 (0.03–5.43) 0.50
 FK 506 base 272/30 0.39 (0.05–3.28) 0.38

Pulmonary function test before transplantation
 FEV1/ FVC < 70% 19/5 1.83 (1.12–2.99) 0.02* 1.90 (1.07–3.39) 0.03*
 % VC predicted < 80% 37/3 0.94 (0.51–1.70) 0.83
 FEV1.0/ FVC < 70% + % VC predicted < 80% 9/0 0.45 (0.06–3.22) 0.43

HCT-CI: the risk of pulmonary disorder
 ≥ moderate risk 83/12 1.44 (0.71–2.93) 0.31
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Table 4  Univariable and multivariable analyses for survival among patients with NIPCs

Relationships between factors and survival from the diagnosis of NIPCs until the date of death or last follow-up were evaluated using Cox pro-
portional hazards regression in univariable and multivariable analyses. Statistical differences between the dead and alive groups in the factors 
shown in this Table are represented as p-values. *p < 0.05 was considered statistically significant
NIPCs non-infectious pulmonary complications, HR hazard ratio, CI confidence intervals, HLA human leukocyte antigen; UR-BM unrelated 
bone marrow, R-PBSC related peripheral blood stem cell, CB cord blood stem cell, MAC myeloablative conditioning, GVHD graft vs. host 
disease, CsA cyclosporine A, FK 506 tacrolimus, FEV1 forced expiratory volume at 1 s, FVC forced vital capacity, VC vital capacity, HCT-CI 
hematopoietic cell transplantation-comorbidity index, ECOG PS Eastern Cooperative Oncology Group Performance Status, IPS idiopathic pneu-
monia syndrome, BO bronchiolitis obliterans, ILD interstitial lung disease, a/c acute or chronic
† The Brinkman index (BI) was used as a measure of cigarette smoke exposure and was calculated as follows: cigarettes per day × smoking years
†† Inhaled corticosteroid or treatment with fluticasone, azithromycin, and montelukast
††† A tumor necrosis factor inhibitor

Number of dead 
(N = 18)/alive 
(N = 19)

Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

Age at transplantation ≥ 65 1/7 0.21 (0.03–1.55) 0.13
Sex (male) 16/16 1.72 (0.39–7.58) 0.47
History of smoking 8/11 0.82 (0.27–2.51) 0.73
†Smoking index ≥ 500 6/8 0.77 (0.26–2.30) 0.64
Status of primary disease at transplantation (non-remission) 9/11 1.07 (0.42–2.73) 0.88
HLA mismatch 8/7 1.10 (0.43–2.80) 0.84
Stem cell source
 UR-BM 10/9 1.12 (0.44–2.83) 0.82
 R-PBSC 4/4 1.13 (0.37–3.43) 0.83
 CB 2/4 0.62 (0.14–2.69) 0.52
 Others 2/2

Conditioning regimen MAC 7/7 0.93 (0.36–2.42) 0.89
GVHD prophylaxis –
 CsA base 3/4 1.05 (0.35–3.20) 0.93
 FK 506 base 15/15 1.31 (0.38–4.54) 0.67

Pulmonary function test before transplantation
 FEV1/ FVC < 70% 1/4 0.27 (0.04–2.05) 0.21
 % VC predicted < 80% 0/3 1.26 (0.29–5.50) 0.76

HCT-CI ≥ 3 4/5 0.97 (0.32–2.99) 0.96
Pulmonary complication at transplantation 6/7 0.90 (0.34–2.43) 0.84
ECOG PS 2–4 at transplantation 1/3 0.51 (0.07–3.82) 0.51
ECOG PS 2–4 at NIPCs diagnosis 8/6 2.15 (0.84–5.46) 0.11
NIPCs –
 IPS 2/2 1.08 (0.24–4.79) 0.92
 BO 2/4 0.45 (0.10–1.99) 0.29
 ILD 14/13 1.66 (0.54–5.14) 0.38

a/c GVHD history before NIPCs diagnosis 8/8 1.15 (0.45–2.93) 0.77
Symptoms at the onset –
 Respiratory symptoms 14/15 1.12 (0.37–3.41) 0.84
 Fever 8/8 1.08 (0.42–2.73) 0.88
 Need oxygen administration 12/11 1.48 (0.52–4.20) 0.47

Treatment –
 Corticosteroids 18/19 NA (NA–NA) NA
 1 mg/kg/day or more as prednisolone 16/17 1.10 (0.25–4.80) 0.90
 1000 mg/body/day as methylprednisolone 3/1 5.70 (1.56–20.88)  < 0.01* 8.84 (1.32–59.30) 0.02*
 1 mg/kg/day or more prednisolone within 7 days after NIPCs 

diagnosis
5/13 0.39 (0.14–1.12) 0.08 0.20 (0.05–0.76) 0.02*

 Combined with ††inhaled drug 3/2 1.48 (0.42–5.19) 0.54
  Etanercept††† 4/0 27.37 (4.80–156.00)  < 0.01* 62.84 (6.93–570.10)  < 0.01*
 Ventilator (endotracheal intubation, nasal high-flow) 8/2 4.88 (1.83–13.01)  < 0.01* 2.23 (0.56–8.90) 0.26
 Home oxygen therapy 1/1 0.58 (0.08–4.45) 0.60
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tapering, i.e., 25% or greater reduction of corticosteroid dose 
within 1 month was shown in 10 of 18 patients in the early 
group but only in 3 of 15 cases in late group (p = 0.03, data 
not shown). This may contribute to improving survival after 

NIPCs onset due to preventing infections or other complica-
tions caused by long-term administration of corticosteroids.

Various reports have stated that excluding infectious 
diseases was essential for the diagnosis of NIPCs [2], and 

Fig. 3  Relationship between the timing of steroid administration and 
survival based on NIPCs subtypes. Survival probabilities between 
steroid administration ≤ 7  days and ≥ 8  days groups in each NIPCs 
subtype, A NIPCs overall, B IPS, C BO, D ILD, were estimated using 
Log-rank test. We defined p < 0.05 as statistically significant. Abbre-

viations; NIPCs: non-infectious pulmonary complications; IPS: idio-
pathic pneumonia syndrome; BO: bronchiolitis obliterans; ILD: inter-
stitial lung disease; ≤ 7 days: administration of corticosteroids within 
7 days from NIPCs diagnosis; > 8 days: administration of corticoster-
oids after 8 days from NIPCs diagnosis
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this requirement has a considerable influence on the tim-
ing of corticosteroid initiation. There were many cases 
in our cohort wherein corticosteroid administration was 
delayed due to concerns about infectious pneumonia, 
when in fact, bronchoscopy results in most patients, such 
as greater lymphocytes than neutrophils, were suggestive 
of NIPCs rather than infectious pneumonia. Congruently, 
there was only one case of concurrent NIPCs and infec-
tious pneumonia in our cohort. Infections pneumonia after 
HSCT, such as bacterial pneumonia, invasive aspergillo-
sis, pneumocystis pneumonia, and respiratory virus infec-
tion, may also be associated with lung dysfunction and 
non-infectious pulmonary complications as BO and IPS 
[24–26]. However,  the occurrence of bacterial pneumo-
nia at 100 days after HSCT is uncommon [3], and the 

incidence of pneumocystis pneumonia in patients who 
strictly adhere to the sulfamethoxazole-trimethoprim 
regimen is extremely low [27]. In contrast, patients with 
GVHD are likely to develop infectious pneumonia because 
they are immunosuppressed. Therefore, it is necessary to 
evaluate the risk of infection based on the patient’s immu-
nosuppressive status [3].

Noninvasive diagnostic methods such as nasopharyngeal 
respiratory virus panel-polymerase chain reaction (PCR), 
galactomannan antigen, and CMV PCR are useful tools for 
early diagnosis of infectious, non-infectious, or mixed condi-
tions in patients with post-HSCT pneumonia [28]. Previous 
reports show that nasopharyngeal respiratory virus PCR test-
ing is highly concordant with BAL testing [29], and hence, 
they should be actively used for diagnosis. Furthermore, as 

Table 5  The reasons of delayed administration of over 1 mg/kg/day as prednisolone

NIPCs non-infectious pulmonary complications, HSCT hematopoietic stem cell transplantation, GVHD graft vs host disease, BO bronchiolitis 
obliterans, ILD interstitial lung disease, CMV cytomegalovirus, PCP pneumocystis pneumonia, IPS idiopathic pneumonia syndrome
a Days after NIPCs diagnosis to administration of 1 mg/kg/day or more as prednisolone
b Days after HSCT to NIPCs diagnosis
c Days after NIPCs diagnosis to last follow-up
d Combined with acute or chronic GVHD at the time of NIPCs diagnosis
e Combined with infection at the time of NIPCs diagnosis

Patient no. Disease NIPCs—
corticoster-
oidsa

HSCT—
NIPCsb

NIPCs —
last follow-
upc

Death Combined 
with a/c 
 GVHDd

Com-
bined with 
 infectione

Reason

1 BO 8 187 217 Yes Yes – Treated as bacterial pneumonia
2 ILD 8 290 920 Yes – – Treated as bacterial pneumonia
3 BO 9 157 221 Yes – Yes Combined with CMV antigenemia and 

primary disease refractory
4 ILD 11 197 466 – – – Treated as PCP
5 IPS 14 31 42 Yes – Yes Treated as infectious pneumonia because 

of shortly after engraftment and detection 
of Pseudomonas aeruginosa in sputum 
culture

6 ILD 16 263 74 Yes – – Treated as infectious pneumonia until 
excluding infections

7 ILD 20 249 3131 – Yes – Treated as bacterial pneumonia
8 IPS 22 22 3548 – – – Treated as bacterial pneumonia
9 ILD 28 382 223 Yes Yes – Treated as PCP until excluding infections
10 BO 33 139 2987 – Yes – No treatment follow-up because of mild 

symptoms
11 ILD 35 118 53 Yes Yes Yes Combined with hemorrhagic cystitis and 

primary disease refractory
12 BO 40 586 2250 Yes Yes - Treated as bacterial pneumonia
13 ILD 834 728 1557 Yes – – No treatment follow-up because of mild 

symptoms. Even though after NIPCs 
exacerbation, the doctor did not increase 
the amount of steroids because the patient 
concerned about side effects

14 ILD 31 86 1355 Yes – Yes Combined with CMV antigenemia and 
treated as CMV pneumonia

15 ILD 15 247 69 Yes Yes – Treated as fungal pneumonia



588 Y. Kambara et al.

1 3

prevention of infectious pneumonia is critical, all patients 
should be prescribed sulfamethoxazole-trimethoprim, acy-
clovir, and antifungal drugs, as appropriate, after HSCT. 
Patients should be tested regularly for CMV antigen, with 
vaccination against Streptococcus pneumoniae and Hemo-
philus influenzae recommended at an appropriate time, irre-
spective of whether these prophylactic measures are impor-
tant for differentiating between infectious or non-infectious 
conditions during diagnosis. Given the limited treatment 
options for NIPCs, patients should be monitored carefully 
after HSCT through regular outpatient visits, review of the 
patient’s respiratory symptoms, and suitability of treatment 
regimen [30].

Our study has some limitations. First, this was a retro-
spective analysis of a cohort drawn from a single institute 
consisting of a relatively small number of patients. This 
precluded a reliable evaluation of the risk factors for each 
NIPCs subtype. Additionally, although we included avail-
able potential confounders in the multivariable analyses, we 
could not identify risk factors for NIPCs reported in previous 
studies [13, 31, 32]. Other factors might have led to biased 
results. Second, we did not directly analyze the causal rela-
tionship between early steroid administration to patients with 
NIPCs and survival, but there was a significant difference in 
the correlation. The results might also have been influenced 
by a potential selection bias in the timing of corticosteroid 
administration and by other confounding factors. Third, we 
did not completely rule out pneumonia caused by respira-
tory viruses, such as human rhinovirus, since there is no 
commercially available method for screening respiratory 
viruses in Japan.

In conclusion, we focused on the optimal time and dose 
of corticosteroid therapy in patients with NIPCs and showed 
that steroid administration within seven days of NIPCs diag-
nosis was associated with long-term survival. Although the 
exclusion of infectious diseases is important for the diagno-
sis of NIPCs, our results show that, due to the development 
of biological testing and infection prevention in recent years, 
it is possible to initiate corticosteroids early for NIPCs, along 
with broad-spectrum antibiotics. Further studies and addi-
tional data are needed to verify the results presented here.

Financial disclosure statement

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors declare that they have no conflict of interest.

Acknowledgements The authors thank Satoru Senoo and Junko Itano 
in the department of Allergy and Respiratory Medicine, Okayama Uni-
versity Graduate School of Medicine, Dentistry and Pharmaceutical 
Sciences, Okayama, Japan, for help recruiting cases of bronchoscopy. 
We thank Enago Academy for their help in reviewing and revising the 
manuscript for grammar and syntax.

Author contributions YK and NF were involved in the study design 
and article structure, collected the data, analyzed and interpreted the 
data, and wrote and edited the manuscript. YU critically reviewed and 
revised the statistical methods. HH confirmed the accuracy of diagnosis 
in the data as a respiratory medicine specialist. AY, HF, NA, DE, HN, 
KF, KM, and YM collected, analyzed, and interpreted the data. All 
authors then critically revised the paper, commented on the manuscript, 
and approved the final report.

Data Availability All data generated or analyzed during this study are 
included in this article. Further enquiries can be directed to the cor-
responding author.

References

 1. Chi AK, Soubani AO, White AC, Miller KB. An update on pul-
monary complications of hematopoietic stem cell transplanta-
tion. Chest. 2013;144(6):1913–22. https:// doi. org/ 10. 1378/ chest. 
12- 1708.

 2. Dignan FL, Scarisbrick JJ, Cornish J, Clark A, Amrolia P, Jack-
son G, et al. Organ-specific management and supportive care in 
chronic graft-versus-host disease. Br J Haematol. 2012;158(1):62–
78. https:// doi. org/ 10. 1111/j. 1365- 2141. 2012. 09131.x.

 3. Harris B, Geyer AI. Diagnostic evaluation of pulmonary abnor-
malities in patients with hematologic malignancies and hemat-
opoietic cell transplantation. Clin Chest Med. 2017;38(2):317–31. 
https:// doi. org/ 10. 1016/j. ccm. 2016. 12. 008.

 4. Bondeelle L, Bergeron A. Managing pulmonary complications 
in allogeneic hematopoietic stem cell transplantation. Expert Rev 
Respir Med. 2019;13(1):105–19. https:// doi. org/ 10. 1080/ 17476 
348. 2019. 15570 49.

 5. Ueda K, Watadani T, Maeda E, Ota S, Kataoka K, Seo S, et al. 
Outcome and treatment of late-onset noninfectious pulmonary 
complications after allogeneic haematopoietic SCT. Bone Mar-
row Transplant. 2010;45(12):1719–27. https:// doi. org/ 10. 1038/ 
bmt. 2010. 48.

 6. Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty P, 
Hows J et al. 1994 Consensus conference on acute GVHD grad-
ing. Bone Marrow Transplant. 15(6):825–8.

 7. Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D, Cowen 
EW, et al. National Institutes of Health Consensus Development 
Project on criteria for clinical trials in chronic graft-versus-host 
disease: I. The 2014 Diagnosis and Staging Working Group 
report. Biol Blood Marrow Transplant. 2015;21(3):389–401. 
https:// doi. org/ 10. 1016/j. bbmt. 2014. 12. 001.

 8. Panoskaltsis-Mortari A, Griese M, Madtes DK, Belperio JA, 
Haddad IY, Folz RJ, et al. An official American Thoracic Society 
research statement: noninfectious lung injury after hematopoietic 
stem cell transplantation: idiopathic pneumonia syndrome. Am J 
Respir Crit Care Med. 2011;183(9):1262–79. https:// doi. org/ 10. 
1164/ rccm. 2007- 413ST.

 9. Wenger DS, Triplette M, Crothers K, Cheng GS, Hill JA, Milano 
F, et al. Incidence, risk factors, and outcomes of idiopathic pneu-
monia syndrome after allogeneic hematopoietic cell transplanta-
tion. Biol Blood Marrow Transplant. 2020;26(2):413–20. https:// 
doi. org/ 10. 1016/j. bbmt. 2019. 09. 034.

https://doi.org/10.1378/chest.12-1708
https://doi.org/10.1378/chest.12-1708
https://doi.org/10.1111/j.1365-2141.2012.09131.x
https://doi.org/10.1016/j.ccm.2016.12.008
https://doi.org/10.1080/17476348.2019.1557049
https://doi.org/10.1080/17476348.2019.1557049
https://doi.org/10.1038/bmt.2010.48
https://doi.org/10.1038/bmt.2010.48
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1164/rccm.2007-413ST
https://doi.org/10.1164/rccm.2007-413ST
https://doi.org/10.1016/j.bbmt.2019.09.034
https://doi.org/10.1016/j.bbmt.2019.09.034


589Association between early corticosteroid administration and long‑term survival in…

1 3

 10. Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR, 
Lee SJ, et al. National Institutes of Health consensus develop-
ment project on criteria for clinical trials in chronic graft-versus-
host disease: I. Diagnosis and staging working group report. Biol 
Blood Marrow Transplant. 2005;11(12):945–56. https:// doi. org/ 
10. 1016/j. bbmt. 2005. 09. 004.

 11. Travis WD, Costabel U, Hansell DM, King TE Jr, Lynch DA, 
Nicholson AG, et al. An official American Thoracic Society/Euro-
pean Respiratory Society statement: update of the international 
multidisciplinary classification of the idiopathic interstitial pneu-
monias. Am J Respir Crit Care Med. 2013;188(6):733–48. https:// 
doi. org/ 10. 1164/ rccm. 201308- 1483ST.

 12. Haider S, Durairajan N, Soubani AO. Noninfectious pulmonary 
complications of haematopoietic stem cell transplantation. Eur 
Respir Rev. 2020;29(156): 190119. https:// doi. org/ 10. 1183/ 16000 
617. 0119- 2019.

 13. Bergeron A, Chevret S, Peffault de Latour R, Chagnon K, de 
Margerie-Mellon C, Rivière F, et al. Noninfectious lung compli-
cations after allogeneic haematopoietic stem cell transplantation. 
Eur Respir J. 2018;51(5):1702617. https:// doi. org/ 10. 1183/ 13993 
003. 02617- 2017.

 14. Scheidl S, Zinke-Cerwenka W, Flick H, Gaal S, Avian A, Greinix 
H, et al. Whole-body lung function test-derived outcome predic-
tors in allogenic stem cell transplantation. Biol Blood Marrow 
Transplant. 2019;25(1):129–36. https:// doi. org/ 10. 1016/j. bbmt. 
2018. 07. 036.

 15. Nakasone H, Onizuka M, Suzuki N, Fujii N, Taniguchi S, Kaki-
hana K, et al. Pre-transplant risk factors for cryptogenic organ-
izing pneumonia/bronchiolitis obliterans organizing pneumonia 
after hematopoietic cell transplantation. Bone Marrow Transplant. 
2013;48(10):1317–23. https:// doi. org/ 10. 1038/ bmt. 2013. 116.

 16. Kanda Y. Investigation of the freely available easy-to-use soft-
ware “EZR” for medical statistics. Bone Marrow Transplant. 
2013;48(3):452–8. https:// doi. org/ 10. 1038/ bmt. 2012. 244.

 17. Gao RW, Weisdorf DJ, DeFor TE, Ehler E, Dusenbery KE. Influ-
ence of total body irradiation dose rate on idiopathic pneumo-
nia syndrome in acute leukemia patients undergoing allogeneic 
hematopoietic cell transplantation. Int J Radiat Oncol Biol Phys. 
2019;103(1):180–9. https:// doi. org/ 10. 1016/j. ijrobp. 2018. 09. 002.

 18. Yanik GA, Horowitz MM, Weisdorf DJ, Logan BR, Ho VT, 
Soiffer RJ, et al. Randomized, double-blind, placebo-controlled 
trial of soluble tumor necrosis factor receptor: enbrel (etanercept) 
for the treatment of idiopathic pneumonia syndrome after allo-
geneic stem cell transplantation: blood and marrow transplant 
clinical trials network protocol. Biol Blood Marrow Transplant. 
2014;20(6):858–64. https:// doi. org/ 10. 1016/j. bbmt. 2014. 02. 026.

 19. Williams KM, Cheng G-S, Pusic I, Jagasia M, Burns L, Ho 
VT, et al. Fluticasone, azithromycin, and montelukast treatment 
for new-onset bronchiolitis obliterans syndrome after hemat-
opoietic cell transplantation. Biol Blood Marrow Transplant. 
2016;22(4):710–6. https:// doi. org/ 10. 1016/j. bbmt. 2015. 10. 009.

 20. Freudenberger TD, Madtes DK, Curtis JR, Cummings P, Storer 
BE, Hackman RC. Association between acute and chronic 
graft-versus-host disease and bronchiolitis obliterans organiz-
ing pneumonia in recipients of hematopoietic stem cell trans-
plants. Blood. 2003;102(10):3822–8. https:// doi. org/ 10. 1182/ 
blood- 2002- 06- 1813.

 21. Schlemmer F, Chevret S, Lorillon G, De Bazelaire C, Peffault de 
Latour R, Meignin V, et al. Late-onset noninfectious interstitial 
lung disease after allogeneic hematopoietic stem cell transplan-
tation. Respir Med. 2014;108(10):1525–33. https:// doi. org/ 10. 
1016/j. rmed. 2014. 09. 006.

 22. Lazor R, Vandevenne A, Pelletier A, Leclerc P, Court-Fortune I, 
Cordier JF. Cryptogenic organizing pneumonia. Characteristics 

of relapses in a series of 48 patients. The Groupe d'Etudes et 
de Recherche sur les Maladles "Orphelines" Pulmonaires 
(GERM"O"P). Am J Respir Crit Care Med. 2000;162(2 Pt 1):571–
7. doi:https:// doi. org/ 10. 1164/ ajrccm. 162.2. 99090 15.

 23. Vento G, Matassa PG, Ameglio F, Capoluongo E, Tortorolo L, 
Romagnoli C. Effects of early dexamethasone therapy on pulmo-
nary fibrogenic mediators and respiratory mechanics in preterm 
infants. Eur Cytokine Netw. 2002;13(2):207–14.

 24. Erard V, Chien JW, Kim HW, Nichols WG, Flowers ME, Martin 
PJ, et al. Airflow decline after myeloablative allogeneic hemat-
opoietic cell transplantation: the role of community respiratory 
viruses. J Infect Dis. 2006;193(12):1619–25. https:// doi. org/ 10. 
1086/ 504268.

 25. Seo S, Renaud C, Kuypers JM, Chiu CY, Huang M-L, Samayoa 
E, et  al. Idiopathic pneumonia syndrome after hematopoi-
etic cell transplantation: evidence of occult infectious etiolo-
gies. Blood. 2015;125(24):3789–97. https:// doi. org/ 10. 1182/ 
blood- 2014- 12- 617035.

 26. Versluys AB, Rossen JW, van Ewijk B, Schuurman R, Bierings 
MB, Boelens JJ. Strong association between respiratory viral 
infection early after hematopoietic stem cell transplantation and 
the development of life-threatening acute and chronic alloimmune 
lung syndromes. Biol Blood Marrow Transplant. 2010;16(6):782–
91. https:// doi. org/ 10. 1016/j. bbmt. 2009. 12. 534.

 27. Maertens J, Cesaro S, Maschmeyer G, Einsele H, Donnelly JP, 
Alanio A, et al. ECIL guidelines for preventing pneumocystis 
jirovecii pneumonia in patients with haematological malignan-
cies and stem cell transplant recipients. J Antimicrob Chemother. 
2016;71(9):2397–404. https:// doi. org/ 10. 1093/ jac/ dkw157.

 28. Legoff J, Zucman N, Lemiale V, Mokart D, Pène F, Lam-
bert J, et al. Clinical significance of upper airway virus detec-
tion in critically Ill hematology patients. Am J Respir Crit 
Care Med. 2019;199(4):518–28. https:// doi. org/ 10. 1164/ rccm. 
201804- 0681OC.

 29. Lachant DJ, Croft DP, McGrane Minton H, Prasad P, Kottmann 
RM. Nasopharyngeal viral PCR in immunosuppressed patients 
and its association with virus detection in bronchoalveolar lav-
age by PCR. Respirology. 2017;22(6):1205–11. https:// doi. org/ 
10. 1111/ resp. 13049.

 30. Hildebrandt GC, Fazekas T, Lawitschka A, Bertz H, Greinix H, 
Halter J, et al. Diagnosis and treatment of pulmonary chronic 
GVHD: report from the consensus conference on clinical practice 
in chronic GVHD. Bone Marrow Transplant. 2011;46(10):1283–
95. https:// doi. org/ 10. 1038/ bmt. 2011. 35.

 31. Patriarca F, Skert C, Bonifazi F, Sperotto A, Fili C, Stanzani M, 
et al. Effect on survival of the development of late-onset non-
infectious pulmonary complications after stem cell transplanta-
tion. Haematologica. 2006;91(9):1268–72.

 32. Onizuka M, Fujii N, Nakasone H, Ogata M, Atsuta Y, Suzuki 
R, et al. Risk factors and prognosis of non-infectious pulmonary 
complications after allogeneic hematopoietic stem cell trans-
plantation. Int J Hematol. 2022;115(4):534–44. https:// doi. org/ 
10. 1007/ s12185- 021- 03282-9.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.bbmt.2005.09.004
https://doi.org/10.1016/j.bbmt.2005.09.004
https://doi.org/10.1164/rccm.201308-1483ST
https://doi.org/10.1164/rccm.201308-1483ST
https://doi.org/10.1183/16000617.0119-2019
https://doi.org/10.1183/16000617.0119-2019
https://doi.org/10.1183/13993003.02617-2017
https://doi.org/10.1183/13993003.02617-2017
https://doi.org/10.1016/j.bbmt.2018.07.036
https://doi.org/10.1016/j.bbmt.2018.07.036
https://doi.org/10.1038/bmt.2013.116
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1016/j.ijrobp.2018.09.002
https://doi.org/10.1016/j.bbmt.2014.02.026
https://doi.org/10.1016/j.bbmt.2015.10.009
https://doi.org/10.1182/blood-2002-06-1813
https://doi.org/10.1182/blood-2002-06-1813
https://doi.org/10.1016/j.rmed.2014.09.006
https://doi.org/10.1016/j.rmed.2014.09.006
https://doi.org/10.1164/ajrccm.162.2.9909015
https://doi.org/10.1086/504268
https://doi.org/10.1086/504268
https://doi.org/10.1182/blood-2014-12-617035
https://doi.org/10.1182/blood-2014-12-617035
https://doi.org/10.1016/j.bbmt.2009.12.534
https://doi.org/10.1093/jac/dkw157
https://doi.org/10.1164/rccm.201804-0681OC
https://doi.org/10.1164/rccm.201804-0681OC
https://doi.org/10.1111/resp.13049
https://doi.org/10.1111/resp.13049
https://doi.org/10.1038/bmt.2011.35
https://doi.org/10.1007/s12185-021-03282-9
https://doi.org/10.1007/s12185-021-03282-9

	Association between early corticosteroid administration and long-term survival in non-infectious pulmonary complications after allogeneic hematopoietic stem cell transplantation
	Abstract
	Introduction
	Materials and methods
	Study cohort
	Transplantation techniques
	Diagnosis of NIPCs
	Corticosteroid dose
	Statistical analyses

	Results
	Study flow chart
	Patient characteristics
	Cumulative incidence of NIPCs
	Risk factors for death after diagnosis of NIPCs
	Relationship between the timing of steroid administration and survival based on NIPCs subtypes
	Reasons for delayed administration of ≥ 1 mgkgday prednisolone

	Discussion
	Financial disclosure statement
	Conflict of interest
	Acknowledgements 
	References




