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Abstract

Diffuse alveolar haemorrhage (DAH) is a life-threatening pulmonary complication occurring after allogeneic haematopoietic
stem cell transplantation (allo-HSCT) without an explicit aetiology or a standard treatment. This study aimed to explore the
occurrence and prognosis of DAH after allo-HSCT, in addition to comparing discrepancies in the incidence, clinical
characteristics and outcomes of DAH between patients undergoing haploidentical HSCT (HID-HSCT) and matched related
donor HSCT (MRD-HSCT). We retrospectively evaluated 92 consecutive patients among 3987 patients with a confirmed
diagnosis of DAH following allo-HSCT (HID: 71 patients, MRD: 21 patients). The incidence of DAH after allo-HSCT was
2.3%, 2.4% after HID-HSCT and 2.0% after MRD-HSCT (P =0.501). The prognosis of patients with DAH after
transplantation is extremely poor. The duration of DAH was 7.5 days (range, 1-48 days). The probabilities of overall
survival (OS) were significantly different between patients with and without DAH within 2 years after transplantation
(P <0.001). According to the Cox regression analysis, a significant independent risk factor for the occurrence of DAH was
delayed platelet engraftment (P <0.001), and a high D-dimer level (>500 ng/ml) was a significant risk factor for the poor
prognosis of DAH. HID-HSCT is similar to MRD-HSCT in terms of the outcomes of DAH.

Introduction patients with more opportunities for transplants. Recently, the

efficacy and methods of haploidentical haematopoietic stem

Allogeneic transplantation is widely accepted as a method for ~ cell transplantation (HID-HSCT) have been gradually

curing haematological malignancies. When matched related  improved in many studies, and HID-HSCT has been sug-

donors are not available, haploidentical donors provide  gested to be comparable to matched related donor HSCT

(MRD-HSCT) in terms of the prognosis and outcome [1, 2].

As one of the pulmonary complications after HSCT, the

. . . . . incidence of DAH ranges from 3 to 8% [3-5]. DAH is
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021-01293-y. haemoptysis, while chest radiographs reveal new or aggra-

vated diffuse pulmonary infiltrates, according to previous

studies [3, 6, 7]. Previous studies have indicated that the
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systemic glucocorticoid therapy and supportive care, the
mortality rate of DAH amounts to 80-100% [3, 4, 12].
Consequently, the elucidation of the aetiology of DAH and
effective treatment methods is urgently needed.

Previous studies of DAH have mainly focused on auto-
logous HSCT and MRD-HSCT. To date, sufficient information
showing the characteristics of DAH after HID-HSCT and
comparing them with those after MRD-HSCT is unavailable.
Therefore, we conducted a retrospective analysis to compare
and document the incidence, risk factors and clinical outcomes
of DAH in patients who underwent these two types of trans-
plantation in our institution.

Patients and methods
Patients

This study adopted a retrospective nested case-control
design. From July 2013 to January 2019, we identified 92 of
3987 consecutive patients (over 18 years old) who received
allo-HSCT at the Institute of Haematology of Peking Uni-
versity for this study, including 2956 patients who under-
went HID-HSCT and 1031 patients who underwent MRD-
HSCT. Patients who had been diagnosed with DAH
following allo-HSCT were eligible (Fig. 1).

The rationale for matching patients and controls according
to the time of transplantation and the length of follow-up not
only ensured comparability of the two groups and reduced

3987 patients (over

18 years old) after
hematopoietic stem
cell transplantations

Excluded: patients lack of the following
diagnosis (n=3776):

#] 1. Diffuse alveolar hemorrhage

2. Pulmonary hemorrhage

211 diagnosed with
alveolar
hemorrhage in
clinical documents

Excluded: patients lack of the following
criteria (n=109):

1. the acute onset of hypoxemia,

»| dyspnea, and/or hemoptysis

2. presence of diffuse pulmonary
infiltrates on chest radiographs

3. presence of progressively bloodier
return with each subsequent
bronchoalveolar lavage

4. no microorganisms isolated from the
bronchoalveolar lavage fluid

102 Patients with
diffuse alveolar
hemorrhage

Excluded: patients with evidence of
cardiogenic pulmonary edema (n=10).

92 patients with
DAH after allo-
HSCT

Fig. 1 Flow chart of patients included in the present analysis.
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confounding bias but also avoided overmatching. For each
patient, we chose a control subject who was matched by the
time of allo-HSCT (1 year) and the length of follow-up
(2 months). “The time of transplantation” referred to the day
on which the patients received a stem cell infusion. Controls
and patients were matched such that they would be compar-
able in terms of the details of HSCT and corresponding
medical and nursing measures. “The length of follow-up”
referred to the follow-up time after patients received a stem
cell infusion. The two groups had comparative follow-up for
researchers to observe the occurrence of DAH and other
complications. Control subjects were selected from the same
cohort by risk set sampling with SPSS version 25.0 software
(International Business Machines Corporation. http:/www.
ibm.com/cn/) at a ratio of 1:3. For each selected control
subject, we reviewed the medical records and confirmed that
the patient did not have DAH. We identified 92 confirmed
patients with DAH and 276 matched control subjects. The
research project was approved by the Ethics Committee of
Peking University People’s Hospital and was performed in
accordance with the Declaration of Helsinki.

Transplantation procedure and GVHD prophylactic
therapy

Transplantation protocols developed by our institution have
been presented in our previous reports [2, 13]. Patients
treated with HID-HSCT received a regimen based on
busulfan, including cytosine arabinoside (Ara-c, 4g/m2/d,
days —10 to —9), busulfan (Bu, 3.2 mg/kg/d, days —8 to
—6), cyclophosphamide (Cy, 1.8 g/m%/d, days —5 to —4),
antithymocyte globulin (ATG, 2.5 mg/kg/d, days —5 to —2),
simustine (Me-CCNU, 250 mg/m*/d, day —3), or a regimen
based on total body irradiation (TBI), including TBI (770
cGy, day —6), Cy (1.8 g/m*/d, days —5 and —4), ATG (2.5
mg/kg/d, rabbit, Sang Stat, Lyon, France, days —5 to —2)
and Me-CCNU (250 mg/m?/d, day —3). Patients treated with
MRD-HSCT received a regimen identical to the HID-HSCT
recipients except that ATG was not administered. Granulo-
cyte colony-stimulating factor (G-CSF, 5pug/kg/d) was
applied to mobilise BM cells and peripheral blood (PB)
cells. All patients received an infusion of mobilised donor
BM cells (harvested on day 4 after G-CSF) and PB cells
(harvested on day 5 after G-GSF) [14]. Cyclosporine A,
mycophenolate mofetil and short-term methotrexate were
administered to all patients to prevent GVHD [13, 15].

Definitions/diagnosis and treatment

In our institute, bronchoalveolar lavage fluid was submitted for
cytological and microbiological examinations. BAL fluid
(BALF) samples were routinely subjected to the following
tests: (1) Gram staining, fungal staining, Grocott-Gomori
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methenamine-silver staining, and acid-fast bacillus staining; (2)
cytology examination; (3) bacterial and fungal culture; and (4)
real-time polymerase chain reaction (PCR) and reverse
transcription-PCR assays for the detection of atypical bacteria
(e.g. Legionella species, Mycoplasma pneumoniae, and Chla-
mydia pneumoniae), herpesviruses (HSV types 1 and 2,
Epstein—Barr virus [EBV], CMV, VZV, and human herpes-
virus-6), respiratory viruses (respiratory syncytial virus, para-
influenovirus, influenza types A and B, human
metapneumovirus, human rhinoviruses, human coronaviruses
[CoVs; OC43, 229E, NL63, and HKU1], and human boca-
virus), polyomaviruses (BK virus and JC virus), adenovirus,
parvovirus B19, norovirus, and enterovirus (coxsackie virus
and enterovirus 71). The blood samples of patients with fever
were submitted for the cytological and microbiological exam-
inations mentioned above. In this study, DAH was defined as
an acute onset of hypoxemia, dyspnoea, and/or haemoptysis
with chest radiographs revealing new or aggravated diffuse
pulmonary infiltrates [3, 6, 7]. The diagnosis of DAH was
established based on the following criteria: (1) acute attack of
hypoxemia, dyspnoea, and/or haemoptysis [3, 8-10]; (2)
existence of diffuse pulmonary infiltration on chest radiographs
[4, 6,7, 16]; (3) presence of progressively bloodier return with
each subsequent bronchoalveolar lavage [4, 10, 17]; (4) no
microorganisms isolated from the bronchoalveolar lavage fluid
[6, 7]; and (5) no evidence of cardiogenic pulmonary oedema
detected by clinical manifestations, central venous pressure
measurements, or echocardiography [9, 18]. The medical
records of each patient were reviewed by a haematologist and a
pulmonologist, ensuring that each patient included in the study
met the diagnostic criteria for DAH.

In our article, we defined the endpoint of DAH in two
situations. First, most of the patients in our article died from
DAH, and for these patients, the time when DAH ended
was the time of death. Second, for those who recovered
from DAH, the endpoint of DAH was defined as the com-
plete resolution of haemoptysis and dyspnoea, progressive
improvement and stabilisation of blood oxygen saturation
without ventilator support and complete absorption of
infiltration on CT. The duration of DAH is defined as the
length of time between the onset and the end of the DAH.

All patients with DAH received supportive care, including
oxygen support, maintenance of the fluid and electrolyte
balance, supplementation of clotting factors or platelets, and
the use of prophylactic or empirical antimicrobial agents.
Treatment with high-dose corticosteroids usually started with
an intravenous injection of 250 mg to 2 g of methylpredni-
solone (MP) per day for the first 4-5 days and then the dose
gradually decreased over the next 2—4 weeks. Patients were
divided into two groups according to the average dose of MP
administered for the initial 3 days: a low-dose group: <10 mg/
kg/day, medium-dose group: 10-20 mg/kg/day, and high-
dose group: >20 mg/kg/day.

The day of stem cell infusion was defined as day 0. Platelet
engraftment was defined as the first 7 consecutive days when
the platelet count was >20 x 10°/L. without transfusion, and
neutrophil engraftment was defined as the first 3 consecutive
days with ANC>0.5x 10°/L. Relapse was categorised as
haematological relapse, cytogenetic relapse or molecular
relapse. Patients with acute leukaemia in the first or second
complete remission phase, chronic myeloid leukaemia in the
first chronic phase, myelodysplastic syndrome, and benign
haematological diseases were classified as standard-risk
patients. Other patients were considered high risk. aGVHD
and cGVHD were diagnosed and graded according to previous
criteria [19-22].

Statistical analysis

Demographic and transplant characteristics between groups
were assessed using the Kruskal-Wallis test, and the y? test
was used to determine the differences in categorical vari-
ables. Means and standard deviations are reported to sum-
marise approximately normally distributed data, whereas
medians and ranges are reported for skewed data. Variables
with P <(0.2 in the univariate Cox analysis were eligible for
inclusion in the multivariate Cox regression analysis.
Overall survival (OS) was estimated using the
Kaplan—Meier method and compared using the log-rank
test. A two-tailed P <0.05 was considered statistically sig-
nificant. All statistical analyses were conducted with SPSS
version 25.0 software (International Business Machines
Corporation. http://www.ibm.com/cn/).

Results
Demographic and transplant-related characteristics
Patients with and without DAH after allo-HSCT

The overall incidence of DAH after allo-HSCT was 2.3%. The
demographic characteristics and relevant transplantation data
for the patients who were included in this study are shown in
Table 1. The laboratory data were the latest test results obtained
within 7 days before DAH onset (Supplementary Table 1).
Among the initial symptoms of DAH, dyspnoea was most
common and observed in 90.2% of patients with DAH, fol-
lowed by haemoptysis in 45.7% of patients and fever in 29.3%
of patients. The probability of haemoptysis occurring during
the entire DAH course was 77.2%.

DAH in patients treated with MRD-HSCT or HID-HSCT

No statistically significant differences in sex, distribution of
underlying disease, interval from diagnosis to HSCT, disease
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Table 1 Baseline characteristics of patients following allo-HSCT.
Characteristics DAH Non-DAH P value
Total HID-HSCT MRD-HSCT P value
Number of patients 92 71 21 276
Incidence 2.3% 2.4% 2.0% 0.501 - -
Sex
Male 64 48 16 0.592 163 0.083
Female 28 23 5 113
Age median(range) 36 (18-57) 33 (18-57) 45 (18-57) 0.003 36 (18-61) 0.614
Underling disease 0.727 0.659
AL 71 54 17 218
CML 3 3 0 13
Others 18 14 4 45
Disease risk 0.777 0.540
Standard 72 55 17 226
High 20 16 4 50
Interval® (days, range) 234 (41-4344) 235 (58-2648) 234 (41-4344) 0.207 235 (43-8276) 0.185
Donor-Patient gender 0.218 0.229
Identical 51 42 9 132
Different 41 29 12 144
ABO match 1.000 0.631
Identical 45 35 10 144
Different 47 36 11 132
Conditioning regimen 0.191 0.318
TBI based 8 8 0 15
Chemotherapy-based 84 63 21 261
Graft cell dose infused
MNC*1078/kg, median 8.255 (5.40-13.11) 8.14 (5.40-13.11) 7.66 (5.94-11.12) 0.297 7.935 (3.76-13.81) 0.379
(range)
CD34*1076/kg, median 2.78 (0.27-8.20) 2.61 (0.27-8.20) 1.67 (0.56-4.05) 0.254 2.34 (0.28-7.4541) 0.178
(range)
Stem cell source 0.796 0.082
BM + PB 89 68 21 275
PB 3 3 0 1
Post-transplant events
Neutrophil engraftment (n) 92 71 21 1.000 276 1.000
Median days (range) 16 (9-27) 16 (9-27) 16 (10-23) 0.144 14 (8-33) 0.160
Platelet engraftment 64 48 16 0.592 232 0.004
Median days (range) 15 (9-73) 21 (9-73) 16 (9-38) 0.744 15 (7-135) 0.137
-1V Acute GVHD 17 12 5 0.526 30 0.071
Extensive Chronic GVHD 15 10 5 0.320 26 0.084
DLI 31 24 7 1.000 88 0.797
Relapse 9 8 1 0.459 43 0.226
Death 84 64 20 0.677 112 <0.001
Follow-up, median 219 (38-1847) 184 (38-1847) 186 (97-713) 0.345 219 (19-1853) 0.237
(range) (days)
Median time to Dx after 177 (20-1157) 135 (20-1157) 180 (53-712) 0.145 - -

transplantation (days, range)

allo-HSCT allogeneic haematopoietic stem cell transplantation, DAH diffuse alveolar hemorrhage, AL acute leukaemia, CML chronic myelogenous
leukaemia, BM bone marrow, PB peripheral blood, GVHD graft versus host disease, MRD-HSCT matched related donor hematopoietic stem cell
transplantation, HID-HSCT haploidentical donor hematopoietic stem cell transplantation, DLI Donor lymphocyte infusion, 7B/ total body Irradiation.

“Interval between the diagnosis of underlying diseases and transplantation.

status at the time of HSCT, donor-patient sex match, donor-
patient ABO match, conditioning regimen, number of trans-

plantations, stem cell source, graft cell dose infused, follow-up
time, engraftment time and donor lymphocyte infusion were

observed between the two groups. Patients in the HID group
were younger than patients in the MRD cohort (Table 1).

SPRINGER NATURE

Risk factors for the occurrence of DAH

The potential risk factors for DAH were analysed using a
univariate analysis, as shown in Table 2. Variables with
P <0.2 between the two groups were evaluated using the
multivariate Cox proportional hazard regression model
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zzgﬁrzm}};i}; fgi(;;sirflo;l{g_e Risk factors Univariate Multivariate
HSCT patients. HR  95% CI Pvalue HR  95% CI P value
Sex (male vs female) 1.3 0.798-2.117 0.293
Age (>35 vs £35) 1.062 0.705-1.600 0.772
Smoke (within 5 years) 1.371 0.729-2.577 0.328
Disease status (high risk vs standard risk) 1.287 0.784-2.114  0.319
HCT-CI (23 vs <3) 0.965 0.391-2.378  0.938
Conditioning regimen 1.915 0.925-3.966 0.080* 1.380 0.627-3.038 0.424
(TBI based vs Chemotherapy-based)
Donor-patient gender 0.836 0.554-1.262  0.395
(mismatch vs match)
ABO compatibility (mismatch vs match) 1.132 0.752-1.705  0.552
HLA match (mismatch vs match) 1.300 0.798-2.117 0.293
CD34(22.27%10%L vs <2.27*10%L) 1.428 0.918-2.220 0.114* 1.207 0.768-1.896  0.415
DLI 0.823 0.533-1.272 0.381
Delayed neutrophil engraftment (>21 2.284 1.306-3.994 0.004* 1.561 0.846-2.880 0.154
vs <21)
Delayed platelet engraftment (>28 2902 1.891-4.452 <0.001* 2.759 1.761-4.323 <0.001**
vs <28)
Grade III-1V aGVHD 1.693 0.999-2.869 0.049* 1.468 0.818-2.633 0.198
Extensive cGVHD 1.089 0.626-1.896  0.763
Relapse 0.651 0.327-1.297 0.223
CMYV viremia 1.079 0.710-1.639  0.722
EBV viremia 1.147 0.648-2.033  0.637

DAH diffuse alveolar hemorrhage, AL acute leukaemia, CML chronic myelogenous leukaemia, BM bone
marrow, PB peripheral blood, GVHD graft versus host disease, HLA human leucocyte antigen, DL/ Donor
lymphocyte infusion, 7BI total body Irradiation, HCT-CI hematopoietic cell transplantation-specific
comorbidity index, /NR international normalised ratio, CMV cytomegalovirus, EBV Epstein Barr virus, HR
hazard ratio, 95% CI 95% confidence interval.

*p <0.2 in univariate analysis; **p <0.05 in multivariate analysis.

to predict the independent risk factors for DAH after
HSCT. Among these variables, the difference in delayed
platelet engraftment (>28 days) remained significant and
was considered an independent risk factor for DAH
(Table 2).

Treatment and outcomes of DAH following allo-
HSCT

The prognosis of patients with DAH after transplantation
is extremely poor. Overall, 77 patients (83.4%), 83
patients (90.2%), 84 patients (91.3%) and 84 patients
(91.3%) died within 30 days, 60 days, 100 days and
1777 days (the final follow-up after the diagnosis of
DAH), respectively, from the onset of alveolar haemor-
rhage (Supplementary Table 2). The duration of DAH
was 7.5 days (range, 1-48 days). The probabilities of OS
were significantly different between patients with and
without DAH within 2 years after transplantation
(11.96% vs 59.78%, respectively, P<0.001, Fig. 2a).
Regardless of which source of transplantation was
adopted, the OS of patients with DAH was significantly

lower than patients without DAH (11.96% vs 59.78%,
respectively, P <0.001, Fig. 2b; 4.76% vs 73.91%,
respectively, P <0.001, Fig. 2¢). A significant difference
in the probabilities of 100-day OS was not observed
between the HID-DAH and MRD-DAH groups (14.08%
vs 4.76%, respectively, P =0.660, Fig. 2d).

Sixty-two patients were treated in the ICU. All
patients received glucocorticoid treatment, 14 of whom
received low-dose treatment, 54 of whom received
medium doses, and 24 of whom received high-dose
treatment. The 100-day survival rate from the onset of
alveolar haemorrhage was 25.93% for patients who
received medium-dose MP, compared with 7.14% for
those who received low-dose MP (P = 0.085) and 0% for
those who received high-dose MP (P = 0.029) (Fig. 3a).
No significant differences in OS were observed in
patients receiving glucocorticoid treatment at the same
level between groups with different transplant sources
(HID and MRD) (Fig. 3b).

Forty-five patients needed tracheal intubation, while 29
people required noninvasive ventilators. In terms of OS, no
difference was observed in the need for or lack of intubation

SPRINGER NATURE
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DAH following HID-HSCT and MRD-HSCT.

between patients with DAH (2.22% vs 14.89%, respec-
tively, P =0.061, Fig. 4a). The application of noninvasive
ventilators did not affect the prognosis of patients with
DAH (P =0.981). Moreover, for the two oxygen supply
therapies, the HID-HSCT and MRD-HSCT recipients
exhibited similar OS rates (Fig. 4b). Coagulation factor VIla
was administered to 3 patients, and tranexamic acid was
administered 2 patients. These patients died at 3, 6, 22, 28
and 31 days after the onset of DAH.

SPRINGER NATURE

Characteristics and outcomes related to
glucocorticoid dosing

According to the different doses of steroids used, the
patients were divided into three groups: low-dose, medium-
dose and high-dose groups. Supplementary Table 3 lists the
laboratory data collected at the onset of DAH and the
treatment of mechanical ventilation. Significant differences

in baseline characteristics

or mechanical ventilation
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treatment were not observed among the three groups.
Compared with the low-dose (92.86%) and high-dose (0)
groups, the 30-day mortality rate of patients receiving
moderate-dose steroids was lower (74.07%) (P =0.009,
Supplementary Table 3). No significant differences were
found in 60-day or 100-day mortality.

Prognostic factors for DAH

We conducted univariate and multivariate analyses to deter-
mine the factors contributing to a poor prognosis of DAH
(Table 3). Platelet counts were transformed into a dichot-
omous variable with a cut-off of 20 x 10°/L. Hb levels had a
cut-off of 60 g/L. The INR had a cut-off of 1.5. D-dimer
values had a cut-off of 500 ng/ml. Fibrinogen levels had a cut-
off of 2 g/L. The D-dimer level (>500ng/ml) was strongly
associated with a poor clinical outcome of DAH (Table 3).

Discussion

In recent years, DAH has received increasing attention as a
complication after allogeneic haematopoietic stem cell
transplantation. However, few studies have reported the
results of DAH after HID-HSCT and compared them with
the results after MRD-HSCT. Here, our results indicate a
similar incidence of DAH in patients receiving MRD-HSCT
to that in patients receiving HID-HSCT. In addition, DAH
is an important complication of both HID-HSCT and MRD-
HSCT with an extremely poor prognosis.

The incidence of DAH in HSCT recipients ranges from 3
to 8%, according to previous reports [23]. In the study by
Kekre [3], the authors classified all patients as having DAH,
regardless of a documented infection from bronchoalveolar
lavage. Our study excluded all patients in whom micro-
organisms were detected in the BALF. The incidence, risk
factors, and prognosis were calculated based on patients

with diffuse alveolar haemorrhage without microorganisms
in the BALF. In our study, the cumulative incidence of
DAH was 2.3%. The type of transplantation did not affect
the incidence of DAH. Due to the lack of effective treatment
strategies for DAH, the current method to improve the
prognosis is to identify as many risk factors as possible and
avoid their occurrence.

Among the initial symptoms of DAH, dyspnoea, hae-
moptysis and fever are the most common. Although none of
the patients with DAH in our study were diagnosed with an
infection, patients with fever still accounted for 29.3%,
which is not significantly different from the proportion of
patients with fever reported in the literature [5, 6, 16, 24].
This lack of difference may be due to inflammatory pro-
cesses with neutrophil infiltration through the endothelial
wall into the lung parenchyma [3, 25], chemotherapy-
induced mucositis [26] and other factors. In the multivariate
analysis reported by SW Um, bleeding was identified as a
risk factor for fever [27]. The mechanism of fever caused by
bleeding is not very clear, and this mechanism may also be
related to systemic and pulmonary inflammation evoked by
haemorrhage [27-29]. Haem and other haemoglobin
byproducts may function as ligands for Toll-like receptor 4
(TLR4), and TLR4 stimulation occurs first peripherally
along with the recruitment of circulating macrophages and
neutrophils and peripheral endothelial cells (EC) that pro-
duce PGE2, which leads to fever [30-32].

We identified delayed platelet engraftment was an inde-
pendent significant risk factor for DAH. Delayed platelet
engraftment was also considered a risk factor for DAH in
the study by Keklik [3]. Delayed platelet engraftment
indicates long-term thrombocytopenia, which makes
patients prone to bleeding. Although thrombocytopenia
clearly leads to an increased risk of haemorrhagic disease
after haematopoietic stem cell transplantation, platelet sup-
plementation does not effectively alleviate the progression
of DAH [3, 33, 34]. The duration of platelet deficiency, but
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Ba:ﬁ i?’n l;rloo %IIZIOSSSSF f;l;ttioerr?tsf Risk factors Univariate Multivariate
HR  95% CI P value HR  95% CI P value
Sex(male vs female) 1.094 0.688-1.740 0.704
Age(>35 vs <35) 1.183 0.770-1.818 0.443
Disease status (high risk vs standard risk) 1.294 0.766-2.188 0.335
Conditioning regimen 1.537 0.735-3.212 0.253
(TBI based vs Chemotherapy-based)
HLA match (mismatch vs match) 1.113 0.673-1.840 0.676
Delayed neutrophil engraftment (>21 0.892 0.501-1.587 0.697
vs <21)
Delayed platelet engraftment (>28 vs <28) 1.379 0.894-2.128 0.146* 1.013 0.618-1.661 0.958
Grade III-1IV aGVHD 1.487 0.878-2.516 0.140* 1.241 0.679-2.262 0.484
Extensive cGVHD 1.393 0.769-2.525 0.274
Relapse 1.653 0.819-3.338 0.161* 1.351 0.629-2.899 0.440
Platelet (<20 vs >20%10"9/L) 1.400 0.903-2.171 0.133* 1.350 0.850-2.146 0.204
Hb (<60 vs 260 g/L) 0.760 0.379-1.521 0.438
INR (21.5 vs <1.5) 1.282 0.694-2.368 0.428
D-dimer (=500 vs <500 pg/L) 2.559 1.436-4.559 0.001* 2.557 1.426-4.584 0.002**
Fibrinogen (<2 vs 22 g/L) 1.122 0.694-1.813 0.639
CMV viremia 0.973 0.630-1.503 0.902
EBV viremia 0.766 0.414-1.415 0.394
Glucocorticoid
Low 1
Medium 0.581 0.313-1.079 0.085* 0.552 0.275-1.110 0.096
High 1.026 0.518-2.029 0.942  0.874 0.392-1.948 0.741
Mechanical ventilator
Intubation 1.530 0.981-2.388 0.061* 1.401 0.837-2.342 0.200
noninvasive ventilation 0.995 0.631-1.567 0.981
Ser (290 vs <90 umol/L) 0.619 0.250-1.534 0.300
eGFR (<90 vs 290 mL/min/1.73 m2) 2.327 0.346-4.178 0.320
LDH (U/L)
<245 1
>245 1.547 0.800-2.991 0.211
>490 0.918 0.512-1.647 0.775
Proteinuria (positive vs negative) 1.096 0.594-2.020 0.770

HID-HSCT haploidentical donor hematopoietic stem cell transplantation, DAH diffuse alveolar hemorrhage,
AL acute leukaemia, CML chronic myelogenous leukaemia, BM bone marrow, PB peripheral blood, GVHD
graft versus host disease, HLA human leucocyte antigen, DLI Donor lymphocyte infusion, 7B total body
Irradiation, HCT-CI hematopoietic cell transplantation-specific comorbidity index, INR international
normalised ratio, CMV cytomegalovirus, EBV Epstein Barr virus, Scr serum creatinine, LDH lactate
dehydrogenase, eGFR estimated glomerular filtration rate, HR hazard ratio, 95% CI 95% confidence interval.

*p <0.2 in univariate analysis; **p < 0.05 in multivariate analysis.

not the degree of platelet deficiency, may have a greater
impact on the occurrence of DAH. DAH is increasingly
postulated to be associated with EC damage [7, 11, 25, 35],
and delayed platelet engraftment indicates a higher intensity
of myelosuppression [36], which reflects the severity of EC
damage to some extent [37]. Furthermore, a lower CD34+
dose has been shown to be associated with slower neu-
trophil engraftment and platelet engraftment [38, 39]. In our
study, fewer CD34+ cells were infused in patients with
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DAH than in those without DAH, although the infusion of
fewer CD34+- cells did not remain significant in the multi-
variate analysis. We suspect that delayed platelet engraft-
ment is an important and indispensable component of the
pathogenesis of DAH. A more precise prospective study is
required to confirm this hypothesis, which will help
improve the management of allogenic HSCT recipients.
Severe acute GVHD, TMA, delayed neutrophil engraft-
ment, myeloablative conditioning containing TBI and UCB
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HCT have also been reported as risk factors for DAH
[3, 8, 40, 41]. However, these factors were not considered
risk factors for DAH in our study. In the univariate analysis,
the incidences of grade III-IV aGVHD after allo-HSCT
were indeed significantly higher in the DAH group than in
the non-DAH group. Endothelial cell (EC) damage caused
by GVHD may explain this effect [42]. Early identification
of high-risk patients and the implementation of appropriate
precautions are meaningful for this life-threatening compli-
cation of DAH. The association of DAH with TMA has been
infrequently reported [41]. DAH and TMA are both post-
HSCT EC activation syndromes [11, 25, 35, 43]. Prolonged
EC activation and damaging stimuli can lead to EC dys-
function, which is hypothesised to be critical in procoagu-
lant, proinflammatory and proapoptotic responses that may
result in early post-HCT complications [44]. The role of
neutrophil extracellular traps (NETSs) in the pathogenesis of
TMA and DAH has also been elucidated in previous studies.
NETs cooperate with the injured endothelium to promote
thrombosis in small vessels, leading to haemolysis, throm-
bocytopenia, poor end-organ perfusion, and ultimately, TA-
TMA [45]. Little is known about the role of NETs in HSCT-
associated DAH. Jarrot et al. suggested a pathogenic role of
polymorphonuclear neutrophils and NETs in lung injury
during pristane-induced DAH [46].

The treatment for DAH is often lacking and inadequate,
which leads to rapid deterioration and high mortality rates for
patients. DAH treatment is usually tentative and practical,
including general supportive care (such as fluid and sodium
management and mechanical ventilation), adequate prophy-
lactic antibiotics and systemic glucocorticoids, sometimes
with  ACA and recombinant activated factor VII
[3, 4, 8, 10, 12]. We found that patients receiving a low dose
of glucocorticoids presented a better prognosis than those
receiving a high dose, while in multivariate analysis, no dose
of glucocorticoids played a significant role in determining the
prognosis of patients with DAH, consistent with previous
studies [3, 4, 8]. Based on these findings, a limitation of our
study is that patients who were perceived to be sicker at the
time of DAH diagnosis might have inherently been placed on
higher doses of steroids by their treating physicians. Pro-
spective, randomised trials are needed to compare the effects
of different doses of glucocorticoids to confirm the appro-
priate therapeutic dose. In clinical practice, when to use
steroids and the dose of steroids to use in patients with
immune deficiency after HSCT have become great challenges
to clinical workers, which requires more clinical research to
guide the specialists in making decisions. Intubation and the
use of noninvasive ventilators did not affect the prognosis of
patients with DAH, consistent with previous reports [3, 6]
showing that respiratory failure, possibly due to diffuse lung
injury, cannot be corrected with oxygen support.

The presence of coagulopathy was a risk factor for a poor
prognosis of patients with DAH in our study. We showed
that a high D-dimer level (>500 ng/ml) was a significant risk
factor for a poor prognosis of patients with DAH. In pre-
vious studies, high blood levels of D-dimer and low levels
of fibrinogen at the onset of transplantation-related com-
plications were significantly associated with EC damage.
[47-49] Elevated D-dimer levels appear to be related to
acute lung injury [50]. In summary, elevated D-dimer levels
might be caused by EC injuries in the pulmonary capillaries,
reflecting the severity of endothelial injury in DAH, which
may be a risk factor for the poor prognosis of patients with
DAH after HSCT.

This study had deficiencies that cannot be ignored. The
nature of retrospective nested case-control studies deter-
mines their lack of statistical efficiency compared to large
cohort studies. In conclusion, we showed that DAH is very
difficult to treat, the disease progresses rapidly, and few
effective treatment options are available, leading to a very
poor OS rate. Haploidentical transplantation performed
similarly to matched related donor transplantation in terms
of outcomes related to DAH. Delayed platelet engraftment
was suggested to be a risk factor for the occurrence of DAH.
High D-dimer levels (>500 ng/ml) were a significant risk
factor for the poor prognosis of patients with DAH. Med-
ium doses of glucocorticoids may exert a certain effect, but
do not alter the extremely poor prognosis of patients with
DAH. Multicentre prospective studies are needed to further
investigate practical methods for prophylaxis for DAH and
effective therapeutic strategies, thereby improving the
prognosis of patients with DAH.
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