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Abstract We retrospectively analyzed the clinical out-
comes of patients with pulmonary impairment before
undergoing allogeneic hematopoietic stem cell transplanta-
tion (HSCT) for the first time. Among 297 evaluable
patients who underwent their first HSCT, 23 had restrictive,
obstructive or mixed ventilatory impairment (n=9, 13 and
1, respectively). Males predominated among the patients
with pulmonary impairment (p=0.037) and received a
reduced intensity conditioning (RIC) regimen more fre-
quently, although the difference did not reach statistical
significance (p=0.05). Among 23 patients with pulmonary
impairment, 9 underwent post-transplant pulmonary func-
tion tests and obstructive ventilatory impairment progressed
only in 2 patients, both of whom developed bronchiolitis
obliterans. Kaplan-Meier estimates of 3-year overall
(OS) among patients with and without pulmonary
impairment were 57% and 47%, respectively, and those
of relapse-free survival (RFS) were 70%, and 68%,
respectively, with no significant differences between the
groups (OS, p=0.235; RFS, p=0.287). The rates of non-
relapse mortality also did not significantly differ (p=0.835).
Our results suggest that allogeneic HSCT is safe
for patients with pulmonary impairment. The lower

frequency of fatal pulmonary complications after HSCT
and the RIC regimen might contribute to favorable
survival rates.

Keywords Fatal pulmonary complication . Obstructive
ventilatory impairment . Restrictive ventilatory
impairment . Reduced intensity conditioning regimen

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
can potentially cure various hematological diseases and
numerous technical advances in HSCT allow HSCT to be
applied even for elderly patients and/or those with mild
organ dysfunction. However, vital organs must be evaluated
using computed tomography (CT), echocardiography, mag-
netic resonance imaging and pulmonary function tests
(PFT) to screen patients for HSCT eligibility because of
the risk of life-threatening complications. Since pulmonary
complications after HSCT represent major causes of
morbidity and mortality, several reports have described
post-transplant pulmonary complications such as infection,
chronic GVHD of the lung, and changes in pulmonary
function. In fact, several reports have described that
pulmonary function parameters worsen after HSCT, al-
though some of them are partially reversible [1–5]. Some
investigations have also associated abnormal pre-transplant
PFT with post-transplant pulmonary complications such as
air flow obstruction [6–8]. However, the impact of pre-
transplant pulmonary impairment on survival has not yet
been determined. Thus, we retrospectively analyzed the
clinical outcomes of patients with pulmonary impairment
before HSCT.
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Patients and Methods

Among the 319 patients who underwent a first allogeneic
HSCT at our hospital between January 2004 and
December 2009, we retrospectively reviewed the records
of 297 who were evaluable. Those who underwent a
second HSCT were excluded from the analysis. The
median age of the patients was 42 (range: 16–67) years.
All patients underwent spirometry immediately before
HSCT, as well as pre-transplant evaluation by echocar-
diography, systemic CT and brain MRI. Pulmonary
function parameters including vital capacity (VC), total
lung capacity, residual volume, forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1)
and peak expiratory flow were measured, but we did not
routinely determine the diffusing capacity of the lung for
carbon monoxide (DLCO).%VC was defined as the ratio
of predicted VC and FEV1% as a ratio of FVC.
Restrictive, obstructive and mixed ventilatory impairment
was defined as%VC<80%, FEV1%<70% and both%VC
and FEV1%<80% and <70%, respectively [1, 9].

Patients underwent preparative therapies according to the
primary disease and type of transplantation. Most patients
with a lymphoid malignancy were conditioned with a
myeloablative regimen comprising total body irradiation

(TBI, 12 Gy) plus cytarabine (8 g/m2) and cyclophospha-
mide (CY, 120 mg/kg). Most patients with myeloid
malignancy were conditioned with a regimen comprising
busulfan (BU, 16 mg/kg orally or 12.8 mg/kg intrave-
nously) and CY (120 mg/kg). Total lymphoid irradiation
(TLI, 7 Gy) was added to the BU/CY regimen for
patients undergoing human leukocyte antigen (HLA)-
mismatched or unrelated transplantation. Patients with
severe aplastic anemia were also conditioned using a
regimen that included TLI. Most patients undergoing the
reduced intensity conditioning (RIC) regimen, received
fludarabine (125 mg/m2) and melphalan (120 mg/m2), or
fludarabine (180 mg/m2) and busulfan (6.4 mg/kg intrave-
nously), and 1 day TBI (4Gy). Prophylaxis for acute graft
versus host disease (GVHD) consisted of a short course of
methotrexate and cyclosporin A or tacrolimus (FK).
Patients undergoing either unrelated or HLA-mismatched
transplantation also received FK.

Continuous baseline characteristics were compared using
the Mann–Whitney test and categorical characteristics were
compared using the χ2 test. Overall survival (OS) was
calculated from the first transplantation to final follow-up
or death. Relapse-free survival (RFS) was calculated from
the first transplantation to the last follow-up or the date
when underlying diseases relapsed. Non-relapse mortality

Table 1 Patients’ characteristics

Patients with normal
pulmonary function n=274

Patients with pulmonary
impairment n=23

Total
n=297

P value

Age (y) Median (range) 42 (16–67) 47 (18–66) 42 (16–67) 0.738

Gender Male 154 18 172 0.037

Female 121 5 126

Regimen intensity Myeloablative 243 17 260 0.05

Reduced intensity 31 6 37

TBI in conditioning regimen Yes 118 17 135 0.113

No 156 6 162

HLA Matched 179 19 198 0.091

Mismatched 95 4 99

Donor Related 77 3 80 0.118

Unrelated 197 20 217

Diagnosis Acute myeloid leukemia 117 11 128 0.329

Myelodysplastic syndrome 37 3 40

Acute lymphoblastic
leukemia

53 1 54

Chronic myeloid leukemia 23 1 24

Multiple myeloma 5 1 6

Other lymphoid malignanciesa 19 4 23

Aplastic anemia and myelofibrosis 20 2 22

a Other lymphoid malignancies include non-Hodgkin’s lymphoma, Hodgkin‘s lymphoma and adult T cell leukemia/lymphoma.

HLA human leukocyte antigen; TBI total body irradiation
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(NRM) was defined as death in the absence of relapse.
Outcomes were estimated using Kaplan-Meier methods and
compared using the log-rank test. All data were analyzed
using PSPP II software (SPSS, Chicago, IL). All statistical
tests were two-sided, and p<0.05 was considered statisti-
cally significant.

Results

Table 1 summarizes the patients’ characteristics. Of 23
patients with pulmonary impairment before HSCT, 9, 13
and 1 had restrictive, obstructive and mixed ventilatory
impairment, respectively. The median ages were 47 (range:
18–66) and 42 (rage: 16–67) years for those with and
without pulmonary impairment, respectively. Age, use of
TBI, HLA disparity, donor type and diagnosis did not
significantly differ between patients with and without
pulmonary impairment. Male patients predominated in the

group with pulmonary impairment (p=0.037) and under-
went the RIC regimen more frequently, although the value
did not reach statistical significance (p=0.05). Nine of the
13 patients with obstructive ventilatory impairment had a
smoking history. Emphysema was the main cause of the
pulmonary impairment in 8 patients, of whom 7 had a
smoking history, whereas the causes remained obscure in
8 patients with restrictive ventilatory impairment among
whom only three had a smoking history (Table 2).
Spirometry was performed after HSCT in 9 of 23 patients
with pulmonary impairment (restrictive and obstructive
ventilatory impairment, n=3 and n=6, respectively).
Spirometric findings did not significantly change in most
patients after HSCT (Fig. 1a and b). The FEV1% obviously
worsened after HSCT in patient Nos. 20 (64.8% to 41.6%)
and 21 (64.5% to 49.6%), both of whom developed
bronchiolitis obliterans (BO), which is a sign of chronic
GVHD. Twelve patients with pulmonary impairment died
during the study (disease relapse, n=7; pulmonary compli-
cations, n=2; Table 2).

Kaplan-Meier estimates of 3-year OS and RFS were
57% and 70%, respectively for patients with normal
pulmonary function and 47% and 68%, respectively for
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those with pulmonary impairment (no significant differ-
ences: OS, p=0.235; RFS, p=0.287; Fig. 2a and b) and
NRM also did not significantly differ between the groups
(p=0.835, Fig. 3).

Discussion

We retrospectively analyzed the clinical outcomes of
patients with pulmonary impairment before HSCT. Among
297 evaluable patients, 23 (7.7%) had pulmonary impair-
ment before HSCT. Although both OS and RFS tended to
be inferior to those in patients with normal pulmonary
function, the differences did not reach statistical signifi-
cance. Thus, our results suggest that patients with pulmo-
nary impairment can safely undergo allogeneic HSCT. The
predominance of males with pulmonary impairment seemed
attributable to smoking rates, which are about 4-fold higher
among men than women in Japan. Among the 13 patients
with obstructive ventilatory impairment, emphysema was
the most frequent cause (n=8), and most (n=7) of these had
a history of smoking.

Several reports have described a negative impact of
HSCT on pulmonary function, especially among patients
with pre-transplant pulmonary impairment [6–8]. One
study found a higher risk of pulmonary complications
after HSCT among patients with pre-transplant pulmonary
impairment, although the incidence of fatal pulmonary
complications was not significantly increased [10]. Of the
12 patients who died during the period of the present
study, 7 died of disease relapse and only two died of
pulmonary complications. Patients with pulmonary im-
pairment tended to receive the RIC regimen more
frequently although the difference did not reach statistical
significance (p=0.05, Table 1). The RIC regimen is less
toxic and non-myeloablative regimens minimally impact
post-transplant pulmonary function in patients with CML
[11]. Although the periods from HSCT to post-transplant
PFT were quite variable in our cohort (median, 172 days
after HSCT; range, 64–440 days; Table 2), FEV1%
deteriorated in only two of the nine patients who received
PFT after HSCT. These two developed BO as a sign of
chronic GVHD, which seemed to be a main cause of a
decline in PFT. Thus, the RIC regimen and a lower
frequency of fatal pulmonary complication after HSCT
might contribute to favorable patient survival and post-
transplant pulmonary function.

Goldberg et al. studied early non-relapse mortality after
HSCT and found that FEV1, performance status, serum
creatinine and serum bilirubin were independent factors
associated with early toxic death [12]. Furthermore,
worsening FEV1 and DLCO are key definitions of
comorbidity in the hematopoietic cell transplantation

specific comorbidity index (HCT-CI) that can predict non-
relapse mortality and survival [13]. Although the NRM in
our study also did not significantly differ (Fig. 3), this
might be partly due to a difference in the method by which
pulmonary function was evaluated. We evaluated obstruc-
tive impairment using FEV1%, whereas both of the above
reports used %FEV as a ratio of predicted FEV. Of 13
patients with obstructive ventilatory impairment, only 4 of
them had a %FEV <80% (data not shown). However,
emphysema was the cause of the obstructive ventilatory
impairment in 9 of 13 of our patients; thus, evaluation
based on FEV1% reflected respiratory status in our cohort.
The HCT-CI scores other than pulmonary function were 0
or 1 in all patients with pulmonary impairment (score 0 in
14 patients, 1 in 9 patients, data not shown). This also
might contribute to better outcome.

In summary, we analyzed clinical outcomes in patients
with pulmonary impairment. Our data demonstrated a
favorable clinical outcome and that HSCT can be safe in
appropriate conditions depending on other comorbidities
and the toxicity of conditioning regimen as well. A minimal
number of fatal pulmonary complications after HSCT and
the RIC regimen might have contributed to the favorable
outcome. However, since this retrospective study investi-
gated a small cohort, further studies are warranted to
confirm the clinical impact of pre-transplant pulmonary
function on patient survival.
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