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Background: Although DAH in hematopoietic stem cell transplantation recipients is commonly treated with systemic corticosteroids, 
the efficacy of steroid therapy on DAH with respiratory failure in hematologic malignancy patients has not been studied. We aimed to 
investigate the effectiveness of steroid therapy in hematologic malignancy patients who developed DAH with respiratory failure and 
required treatment in the intensive care unit (ICU).
Methods: Among DAH patients with leukemia, lymphoma, or multiple myeloma, those who were not admitted to the ICU were 
excluded. Included patients were classified into the steroid or control group according to steroid therapy. Patient data were retro-
spectively collected from electrical medical records. The primary outcome was ICU mortality.
Results: A total of 44 patients (steroid group, n = 32; control group, n = 12) were included. At the DAH diagnosis, the steroid group 
was less likely to have a history of previously treated solid malignancy (3% vs 25%; P = 0.025) compared to the control group. ICU 
mortality in the steroid group was not significantly different from that in the control group (66% vs 67%; P = 0.948). Only in the 
steroid group, the ratio of arterial oxygen partial pressure to fractional inspired oxygen was significantly improved after 2 days from 
the DAH diagnosis (151 ± 64 vs 120 ± 38 mm Hg; P = 0.039).
Conclusion: Hematologic malignancy patients who developed DAH with respiratory failure and were admitted to the ICU had high 
mortality, irrespective of steroid therapy.
Keywords: alveolar hemorrhage, hematologic malignancy, mortality, steroid

Background
Diffuse alveolar hemorrhage (DAH) is a rare clinical syndrome of various causes and in which hemorrhage occurs from 
alveolar capillaries into the alveolar space.1 DAH acutely presents with any combination of hemoptysis, anemia, respiratory 
failure, and diffuse infiltrates on chest radiograph. The causes of DAH are largely classified into immune causes, including 
vasculitis and anti-glomerular basement membrane antibody disease, and non-immune causes such as increased pulmonary 
capillary pressure, drugs, infections, and coagulopathy.2 The prognosis of DAH varies greatly depending on cause,2–4 and 
mortality from DAH following hematopoietic stem cell transplantation (HSCT) remains high, at 60–83%.5–8

While the treatment for DAH due to immune causes is immunosuppressive therapy based on systemic corticosteroids, the 
treatment for DAH due to non-immune includes correction of the underlying disease, antifibrinolytic agents, and supportive 
care such as oxygen therapy or mechanical ventilation. Correction of the underlying disease includes reducing left ventricular 
filling pressure with diuretics for left ventricular dysfunction or valvular heart disease, discontinuation of causative drugs, 
appropriate antimicrobial agents for infections, and transfusion for coagulopathy or thrombocytopenia.9 Empirically, 
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tranexamic acid, aminocaproic acid, or activated recombinant factor VII have been used in the treatment of DAH although 
evidence on their efficacy is conflicting.9–12 For DAH in HSCT recipients, steroid therapy has been widely used because of 
a potential role against inflammation resulting from chemotherapy, graft-versus-host disease, and consequent cytokine 
release.13 Although some early case series and a retrospective study reported the effectiveness of steroid therapy,5,14,15 

later retrospective studies showed that steroids did not improve survival in patients with DAH following HSCT,6,7 thus 
making the efficacy of steroid therapy uncertain. Steroid therapy can increase the risk of secondary infection due to 
immunosuppression; such infection may be life-threatening in critically ill patients on mechanical ventilation.16

DAH also occurs in patients with hematologic malignancy who have not undergone HSCT. To date, most data 
on steroid therapy are limited to DAH following HSCT. In patients with hematologic malignancies who have not 
undergone HSCT, inflammatory lung injuries related to neutrophil engraftment or graft-versus-host disease are 
absent. Therefore, the pathophysiology of DAH in this population may differ from that of HSCT-related DAH, and 
the anti-inflammatory effects of steroids may be less effective or even negligible. Nevertheless, steroid therapy has 
been empirically used to treat DAH in patients with hematologic malignancies—including at our center—despite 
the lack of solid evidence supporting its efficacy.17,18 This study aimed to evaluate the effectiveness of steroid 
therapy and to identify prognostic factors in hematologic malignancy patients who developed DAH with respira-
tory failure and required treatment in the intensive care unit (ICU).

Methods
Study Patients
This retrospective cohort study included all adult patients (aged ≥18 years) with leukemia, lymphoma, or multiple 
myeloma who developed DAH with acute respiratory failure and were admitted to the ICU of a tertiary referral 
teaching hospital from August 2005 to May 2018. DAH was diagnosed when the following criteria were met: 
acute onset hypoxemia with newly developed diffuse pulmonary infiltrates on a chest radiograph or computed 
tomography; and progressively bloodier aliquots on bronchoalveolar lavage (BAL).4,7 Patients who met the 
diagnostic criteria of DAH, but who were not admitted to the ICU, were excluded. Included patients were grouped 
into the steroid or control group according to steroid therapy for DAH. The protocols of this study were approved 
by the institutional review board of Asan Medical Center (IRB No. 2018–0981), which waived the need for 
informed consent because of the retrospective nature of the study. All data from study patients were anonymized 
prior to analysis, and the study was conducted in accordance with the Declaration of Helsinki.

Management of DAH
BAL was performed with fiberoptic bronchoscopy when DAH was suspected clinically. During BAL, lavage was done 
three times with saline, and the color of each aliquot was checked by the bronchoscopist. Differential cell counts, 
chemical analysis, cytological examinations, and microbiological tests for bacteria, mycobacteria, fungi (including 
Pneumocystis jirovecii), and viruses were routinely performed with BAL fluid.

In patients with respiratory distress or worsening hypoxemia despite oxygen therapy with a high-flow nasal cannula, 
mechanical ventilation was applied according to the lung-protective strategy. Platelet concentrates were transfused if 
thrombocytopenia (<50,000 cells/mm3) was present. Broad-spectrum antimicrobial agents were administered empirically 
in the absence of previously identified pathogens in respiratory specimens and were changed to definitive therapy after 
pathogens were cultured in BAL fluid. Steroid therapy and its dosage regimen were determined at the discretion of each 
patient’s attending physician: 1–2 mg/kg/day of intravenous methylprednisolone was started immediately after broncho-
scopy with or without pulse therapy (500–1000 mg/day of methylprednisolone for 3 days). No immunosuppressants, other 
than steroid, were used for DAH.

Data Collection
Baseline and treatment data for study patients were obtained from hospital electronic medical records. The data collected 
included: age; sex; comorbidities; diagnosis and date of hematologic malignancy; date of last chemotherapy; HSCT and 
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date; disease status of hematologic malignancy; diagnosis date of DAH; presence of overt hemoptysis; Acute Physiology 
and Chronic Health Evaluation (APACHE) II and Sequential Organ Failure Assessment (SOFA) scores on the diagnosis 
date of DAH; results of laboratory tests with BAL fluid; use of mechanical ventilation; ratio of arterial oxygen partial 
pressure to fractional inspired oxygen (PaO2/FiO2); blood glucose levels and total doses of insulin used during the first 4 
days after the DAH diagnosis; and development of any new infection within 28 days after the DAH diagnosis. The 
diagnosis date of DAH was defined as the date of diagnostic bronchoscopy. The disease status of hematologic 
malignancy was classified as: “just diagnosed or during the first chemotherapy”; “controlled” (in complete remission); 
or “uncontrolled” (other than the previous two statuses).

The primary outcome was ICU mortality. Secondary outcomes were: hospital mortality; 60-day mortality from the 
DAH diagnosis; changes in PaO2/FiO2 ratio during the first 4 days after the DAH diagnosis; and new infections within 28 
days from the DAH diagnosis. If a patient survived to discharge within 60 days after the DAH diagnosis, the survival 
status of the patient at day 60 was confirmed based on National Health Insurance Service data.

Statistical Analysis
Data are presented as either mean with standard deviation or median with interquartile range (IQR). Baseline and 
treatment variables were compared between the steroid and control groups using the Student’s t-test or Mann–Whitney 
U-test for continuous variables and the chi-squared test or Fisher’s exact test for categorical variables. To analyze the 
effect of steroids on PaO2/FiO2 ratio over the first 4 days, repeated measures analysis of variance was used. Multivariable 
logistic regression analysis was done for steroid therapy and variables significantly associated with the primary outcome 
in univariable analysis. Cumulative survival rates for 60 days from the DAH diagnosis were compared by the Log rank 
test. A two-sided p value <0.05 was considered statistically significant. All analyses were performed using IBM SPSS 
Statistics version 21 (IBM Corp., Armonk, NY, USA).

Results
A total of 49 adult patients with hematologic malignancy developed DAH during the study period. After excluding 5 patients 
not admitted to the ICU, the remaining 44 patients were divided into the steroid (n = 32) and control (n = 12) groups based on 
steroid therapy (Figure 1). PaO2/FiO2 ratio on the day of the DAH diagnosis was <200 mm Hg in all included patients. Eight 
patients (18%) developed DAH before their first chemotherapy. In 12 patients (27%) who underwent HSCT, DAH occurred 
after a median of 56 days (IQR, 31–167 days) from HSCT. Half the study patients (n = 22) had at least one positive result on 
microbiological tests with BAL fluid: bacteria in 7 patients (Acinetobacter baumannii [n = 2], Enterobacter cloacae [n = 1], 
Legionella pneumophila [n = 1], non-tuberculous mycobacterium [n = 1], Staphylococcus aureus [n = 1], Stenotropomonas 
maltophilia [n = 1]); viruses in 11 patients (cytomegalovirus [n = 6], adenovirus [n = 2], parainfluenza virus type 3 [n = 2], 
herpes simplex virus 1 [n = 1], influenza virus type A [n = 1], respiratory syncytial virus [n = 1]); fungi in 4 patients 
(Pneumocystis jirovecii [n = 3], Candida albicans [n = 1]); and positive results on the galactomannan test in 5 patients.

Table 1 shows demographic and clinical characteristics of the study patients at the DAH diagnosis. In the steroid 
group, one patient was previously treated for solid malignancy (non-small cell lung cancer), while 3 patients in the 
control group did (early gastric cancer, hepatocellular carcinoma, and bladder cancer; 3% vs 25%, P = 0.025). The 
steroid group tended to have a lower SOFA score (10.1 ± 3.6 vs 12.0 ± 2.4; P = 0.099) and be more likely to have 
a history of HSCT (34% vs 8%; P = 0.084), compared to the control group. Among the steroid group, 9 patients received 
pulse therapy followed by methylprednisolone at a mean dose of 1.7 ± 0.5 mg/kg/day, and the other 23 patients received 
methylprednisolone alone at a mean dose of 1.3 ± 0.5 mg/kg/day.

ICU mortality in the steroid group was 66% (21 of 32 patients), which was not significantly different from that in the 
control group (67%, 8 of 12 patients; P = 0.948). Secondary outcomes are presented in Table 2. Although there was no 
significant difference in PaO2/FiO2 ratio between the two groups over the first 4 days after the DAH diagnosis (P = 0.497 
by repeated measures analysis of variance), PaO2/FiO2 ratio in the steroid group improved significantly after 2 days from 
the DAH diagnosis (P <0.05 with Bonferroni correction for each comparison; Figure 2). The proportions of patients who 
developed new infections within 28 days were comparable between the two groups (53% vs 50%, P >0.999). The steroid 
group had a tendency to receive insulin at a higher dose, which was not statistically significant (Table S1). As a result of 
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multivariable logistic regression analysis for ICU mortality, PaO2/FiO2 ratio <100 mm Hg (adjusted OR, 12.62; 95% 
confidence interval [CI], 1.37–116.45) and SOFA score (adjusted OR, 1.33; 95% CI, 1.02–1.73) on the day of the DAH 
diagnosis were prognostic factors (Table 3). Kaplan-Meier survival curves according to steroid therapy, initial PaO2/FiO2 

ratio, and history of HSCT are depicted in Figure 3.

Figure 1 Flowchart of study inclusion. 
Abbreviation: DAH, diffuse alveolar hemorrhage.

Table 1 Characteristics of Study Patients at the Diagnosis of Diffuse Alveolar Hemorrhage According to Steroid Therapy

Variables Total Patients  
(n = 44)

Control Group  
(n = 12)

Steroid Group  
(n = 32)

P Value

Age, mean ± SD, years 51.6 ± 15.1 55.5 ± 14.0 50.1 ± 15.4 0.297
Sex, male, n (%) 24 (55) 7 (58) 17 (53) >0.999

Time from hematologic diagnosis, median (IQR), days 36 (8–223) 66 (8–173) 35 (8–251) 0.885
Time from the last chemotherapy, median (IQR), days 20 (10–48) 33 (10–88) 20 (8–37) 0.387

Comorbidity

None, n (%) 24 (55) 5 (42) 19 (59) 0.329
Diabetes mellitus, n (%) 4 (9) 1 (8) 3 (9) 0.915

Hypertension, n (%) 12 (27) 4 (33) 8 (25) 0.580

Chronic kidney disease, n (%) 2 (5) 1 (8) 1 (3) 0.460
Liver cirrhosis, n (%) 2 (5) 1 (8) 1 (3) 0.460

Chronic lung diseases, n (%) 4 (9) 1 (8) 3 (9) 0.915

History of solid malignancy, n (%) 4 (9) 3 (25) 1 (3) 0.025

(Continued)
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Table 1 (Continued). 

Variables Total Patients  
(n = 44)

Control Group  
(n = 12)

Steroid Group  
(n = 32)

P Value

Autoimmune diseases, n (%) 1 (2) 1 (8) 0 (0) 0.099
History of stroke, n (%) 1 (2) 0 (0) 1 (3) 0.536

Types of hematologic malignancy 0.836

Acute leukemia, n (%) 25 (57) 7 (59) 18 (56)
Chronic leukemia, n (%) 2 (5) 1 (8) 1 (3)

B cell lymphoma, n (%) 10 (23) 3 (25) 7 (22)

T cell lymphoma, n (%) 5 (11) 1 (8) 4 (13)
Others, n (%) 2 (5) 0 (0) 2 (6)

Status of hematologic malignancy 0.820

At diagnosis or during the first chemotherapy 18 (41) 4 (33) 14 (44)
Controlled 10 (23) 3 (25) 7 (22)

Uncontrolled 16 (36) 5 (42) 11 (34)

History of hematopoietic stem cell transplantation, n (%) 12 (27) 1 (8) 11 (34) 0.084
Overt hemoptysis, n (%) 16 (36) 4 (33) 12 (38) 0.798

PaO2/FiO2 ratio, mean ± SD, mm Hg 121 ± 38 123 ± 40 120 ± 38 0.853

100 mm Hg ≤, n (%) 29 (66) 7 (58) 22 (69)
< 100 mm Hg, n (%) 15 (34) 5 (42) 10 (31)

Mechanical ventilation, n (%) 43 (98) 12 (100) 31 (97) 0.536

APACHE II score, mean ± SD 17.3 ± 6.2 16.8 ± 5.7 17.4 ± 6.4 0.747
SOFA score, mean ± SD 10.6 ± 3.4 12.0 ± 2.4 10.1 ± 3.6 0.099

Hemoglobin, mean ± SD, g/dL 8.7 ± 1.6 8.7 ± 1.8 8.7 ± 1.5 0.943
WBC count, mean ± SD, ×103 /μL 9.7 ± 19.0 6.9 ± 12.2 10.8 ± 21.1 0.588

Neutrophil count, mean ± SD, ×103 /μL 3.3 ± 5.0 2.5 ± 3.5 3.6 ± 5.5 0.535

Platelet count, mean ± SD, ×103 /μL 49.8 ± 35.5 48.8 ± 34.9 50.2 ± 36.3 0.874
Prothrombin time (INR), mean ± SD 1.33 ± 0.30 1.28 ± 0.17 1.35 ± 0.34 0.484

Activated partial thromboplastin time, mean ± SD, sec 36.8 ± 7.6 35.8 ± 4.5 37.2 ± 8.5 0.594

Creatinine, mean ± SD, mg/dL 1.34 ± 0.94 1.63 ± 1.17 1.23 ± 0.83 0.205
Bronchoalveolar lavage fluid analysis

RBC count, mean ± SD, ×103 /μL 102.8 ± 237.8 111.5 ± 189.9 99.5 ± 256.8 0.348

Positive microbiologic results, n (%) 22 (50) 7 (58) 15 (47) 0.736

Abbreviations: PaO2/FiO2, arterial oxygen partial pressure to fractional inspired oxygen; APACHE, Acute Physiologic And Chronic Health Evaluation; SOFA, Sequential 
Organ Failure Assessment; WBC, white blood cell; INR, international normalized ratio; RBC, red blood cell.

Table 2 Treatment Outcomes of Study Patients Depending on Steroid Therapy

Outcomes Total Patients  
(n = 44)

Control Group  
(n = 12)

Steroid Group  
(n = 32)

P Value

Change in PaO2/FiO2 ratio over the first 4 days, mean ± SD, mm Hg 45 ± 78 19 ± 72 55 ± 79 0.169

Duration of mechanical ventilation, median (IQR), days 13 (8–18) 14 (11–17) 12 (5–20) 0.391

Successful weaning from mechanical ventilation, n (%) 19 (43) 4 (33) 15 (48) 0.500
ICU length of stay, median (IQR), days 15 (11–23) 16 (12–23) 15 (11–23) 0.635

Hospital length of stay from DAH, median (IQR), days 17 (11–40) 17 (11–89) 18 (11–34) 0.635

ICU mortality, n (%) 29 (66) 8 (67) 21 (66) 0.948
Hospital mortality, n (%) 35 (80) 11 (92) 24 (75) 0.222

28-day mortality 27 (61) 8 (67) 19 (59) 0.658

60-day mortality 33 (75) 8 (67) 25 (78) 0.434
Secondary infection within 28 days, n (%) 23 (52) 6 (50) 17 (53) >0.999

Abbreviations: PaO2/FiO2, arterial oxygen partial pressure to fractional inspired oxygen; ICU, intensive care unit; DAH, diffuse alveolar hemorrhage.
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Discussion
In this retrospective study of DAH with respiratory failure in hematologic malignancy patients requiring ICU treatment, 
we found no significant difference in ICU mortality between patients who received steroid therapy and those who did not. 
Approximately two-thirds and three-quarters of all study patients died in the ICU and within 60 days from the DAH 
diagnosis, respectively. PaO2/FiO2 ratio <100 mm Hg and SOFA score, not steroid therapy, were prognostic factors for 
ICU mortality. Our results suggest that steroid therapy is not effective for DAH in patients with hematologic malignancy.

Figure 2 PaO2/FiO2 ratio according to steroid therapy during the first 4 days after the DAH diagnosis. Although there was no significant intergroup difference over time 
(P = 0.497 by repeated measures analysis of variance), the steroid group showed an improved PaO2/FiO2 ratio after the first 2 days (P <0.05 with Bonferroni correction for 
each comparison). *P <0.05, **P <0.01. 
Abbreviations: PaO2/FiO2, arterial oxygen partial pressure to fractional inspired oxygen; DAH, diffuse alveolar hemorrhage.

Table 3 Results of Logistic Regression Analysis for Intensive Care Unit Mortality

Variables Univariable Analysis Multivariable Analysis

Unadjusted OR 95% CI P Value Adjusted OR 95% CI P Value

Age 0.977 0.935–1.021 0.299

Male sex 1.4 0.396–4.955 0.602

Diabetes mellitus 1.615 0.153–17.016 0.69
Hypertension 1.8 0.406–7.985 0.439

Chronic kidney disease NA*

Liver cirrhosis NA*
Chronic lung disease 1.615 0.153–17.016 0.69

(Continued)
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The present study is the first to evaluate the effect of steroid therapy on DAH with respiratory failure in hematologic 
malignancy patients. DAH cases with hematologic malignancy as the underlying disease have been reported intermit-
tently as case reports or case series,17–21 or as a part of small retrospective studies about DAH.2–4 Although some of these 
DAH cases received steroid therapy, treatment outcomes according to steroid therapy were not reported. In 2020, Lee 
et al reported the effects of intrapulmonary thrombin administration in 15 ICU patients with DAH associated with 
hematologic malignancy.18 In that cohort, the mean SOFA score was 8 ± 1.9, the baseline PaO2/FiO2 ratio was 151 ± 
63.9 mm Hg, and ICU mortality was 10 out of 15 patients (67%). The cohort’s severity and outcomes were comparable to 
ours. However, the efficacy of steroids could not be assessed because all patients in that study received steroid therapy. 
Steroids have been used without a clear basis in patients with hematologic malignancy who develop DAH, regardless of 
HSCT. However, in our study, a low PaO2/FiO2 ratio and a high SOFA score at the DAH diagnosis were independent 
predictors of ICU mortality. These findings suggest that the severity of accompanying respiratory and other organ failure 
—rather than the use of steroid therapy—may be the primary determinant of outcomes in DAH patients with hematologic 
malignancy admitted to the ICU.

Regarding the potential pathogenesis of DAH in HSCT recipients, the following factors have been suggested: lung 
tissue injury from pretransplant chemotherapy, radiation, unidentified infection, and dimethyl sulfoxide; vasculopathy of 
small arteries and thrombotic microangiopathy; prolonged thrombocytopenia; and inflammation and consequent cytokine 
release due to neutrophil engraftment and graft-versus-host disease.13,22 To control these inflammatory responses, and 
based on anecdotal benefits, DAH in HSCT recipients is treated with steroids. However, previous studies showed 
conflicting results. In the first retrospective study evaluating the effectiveness of steroids, DAH patients treated with 
>30 mg/day of methylprednisolone had significantly lower in-hospital mortality than those who did not (67% vs 91%).5 

Conversely, three later retrospective studies reported that steroid therapy had limited effectiveness as a DAH treatment6 

and was not associated with 60-day mortality (74% with steroids vs 75% without steroids; P = 0.28)7 or hospital 
mortality (61% with steroids vs 48% without steroids; P = 0.22).23 DAH in patients with hematologic malignancy who 
have not undergone HSCT has some underlying conditions similar to DAH in HSCT recipients, including chemotherapy, 
infection, and coagulopathy. In our study, patients who did not receive HSCT had high 60-day mortality, which was 

Table 3 (Continued). 

Variables Univariable Analysis Multivariable Analysis

Unadjusted OR 95% CI P Value Adjusted OR 95% CI P Value

History of solid malignancy 1.615 0.153–17.016 0.69

Autoimmune disease NA*

History of stroke NA*
History of hematopoietic stem cell 

transplantation

0.391 0.1–1.538 0.179

Status of hematologic malignancy 1.394 0.325–5.972 0.655
Newly diagnosed or uncontrolled vs 

controlled

APACHE II score 0.991 0.896–1.097 0.866
SOFA score 1.312 1.043–1.651 0.02 1.329 1.022–1.728 0.034

PaO2/FiO2 ratio 13.067 1.514–112.798 0.019 12.624 1.369–116.453 0.025

< 100 mm Hg vs 100 mm Hg or more
WBC count 1.058 0.976–1.147 0.174

Neutrophil count 1 1–1 0.565

Platelet count 1 0.982–1.018 0.968
Creatinine 1.16 0.569–2.364 0.683

Positive microbiologic results in BAL fluid 2.833 0.77–10.43 0.117

Use of steroid therapy 0.955 0.234–3.888 0.948 2.331 0.378–14.381 0.362

Notes: *odds ratio not estimated due to insufficient sample size. 
Abbreviations: APACHE, Acute Physiologic And Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; BAL, bronchoalveolar lavage; WBC, white blood cell.
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comparable to the mortality in patients who received HSCT (both 75%). This finding suggests that the prognosis of DAH 
in patients with hematologic malignancy is poor, irrespective of HSCT.

In our study, although PaO2/FiO2 ratio over time did not differ significantly between the two groups, PaO2/FiO2 ratio 
in the steroid group was significantly improved after two days from the DAH diagnosis; this was unlike the findings in 
the control group. The numerical trend for steroid therapy to improve oxygenation was not reported in previous studies in 
HSCT recipients with DAH. Physicians may have administered steroids to DAH patients with hematologic malignancy 
because short-term improvements in oxygenation are often noticed with steroid therapy. However, in our cohort, all five 
patients who were initially extubated but eventually died in the ICU belonged to the steroid group. Of these, three died 
from newly developed infections a median of 10 days (range, 8–13 days) after extubation, and one patient died 11 days 

Figure 3 Kaplan-Meier survival curves of the study patients. (A) Based on steroid therapy (P = 0.754); (B) based on initial PaO2/FiO2 ratio (P = 0.001); (C) based on history 
of HSCT (P = 0.866). 
Abbreviations: PaO2/FiO2, arterial oxygen partial pressure to fractional inspired oxygen; HSCT, hematopoietic stem cell transplantation.
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after extubation due to recurrent DAH. Although the sample size is too small to assess the association between steroid 
therapy and post-extubation ICU mortality, these findings raise concerns that short-term improvement in oxygenation in 
the steroid group may not translate into meaningful clinical benefit. Further investigations are needed about the efficacy 
of steroids on oxygenation and its clinical significance.

One of several limitations of the current study is that diagnostic criteria for DAH did not include the presence of 
hemosiderin-laden macrophages in BAL fluid or alveolar hemorrhage in lung-biopsy specimens; our center does not 
routinely perform iron staining on BAL fluid. Potentially, therefore, some DAH cases may not have been included in the 
study. However, because our study subjects were DAH patients admitted to the ICU due to respiratory failure, most of the 
patients who developed clinically significant DAH and underwent BAL were likely included. Secondly, patients’ 
attending physicians determined steroid therapy regimens without a standardized protocol. Resultant variation in the 
effect size of steroid therapy may have influenced the study results. However, both the steroid doses administered and 
steroid pulse therapy were not associated with ICU mortality in our logistic regression analysis. Lastly, the single-center, 
retrospective study design with a small sample size limits both the statistical power to detect differences in the primary 
outcome between the two groups and the generalizability of the findings. A previous study by Metcalf et al demonstrated 
a benefit of steroid therapy in DAH following BMT, reporting 30-day estimated mortality rates of 43% in the steroid 
group and 84% in the control group.5 Based on these assumptions, the calculated power of our study was 71% with 
a two-sided alpha error of 0.05, which is considered suboptimal. However, we believe the lack of statistically significant 
differences in our study is not due to insufficient power, but rather reflects the absence of a clinically meaningful benefit 
of steroids in this population. This interpretation is supported by the fact that outcomes for our study patients were 
comparable to those in previous studies of DAH in HSCT recipients. Moreover, DAH in patients with hematologic 
malignancies is rare, making a prospective observational or interventional study nearly infeasible.

Conclusions
Hematologic malignancy patients who developed DAH with respiratory failure and were admitted to the ICU had high 
ICU and 60-day mortalities irrespective of steroid therapy, thus suggesting that steroids may not improve the prognosis of 
DAH in these patients. Decisions about steroid therapy should be carefully made because there is no clear evidence that 
steroids are beneficial in DAH patients with hematologic malignancy. To validate the efficacy of steroid therapy or to 
identify alternative effective treatments in these patients, multicenter prospective studies would be valuable.
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