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ABSTRACT 

We retrospectively assessed long-term pulmonary function in adults surviving for ≥5 years after myeloablative alloge- 
neic hematopoietic stem cell transplantation and identified risk factors for late-onset noninfectious pulmonary compli- 
cations. Among 174 patients undergoing transplantation for hematologic malignancies between May 1994 and Decem- 
ber 2004, 81 long-term survivors were evaluated. Pulmonary function tests (PFTs) were performed before conditioning, 
3 months and 1 year after transplantation, and then annually. Eight patients (10%) had abnormal pulmonary function 
before transplantation, but this was not associated with late changes in PFTs. Patients with chronic graft-versus-host 
disease (GVHD) showed a significant decline of lung function after 3 years when compared with patients without 
chronic GVHD. Abnormal pretransplantation lung function was associated with pulmonary chronic GVHD according to 
National Institutes of Health criteria (score 0, n = 58; score 1, n = 14; score 2, n = 6; score 3, n = 3). Five patients with 
late-onset noninfectious pulmonary complications showed a decline of lung function at 1 year after transplantation. 
Only chronic GVHD was significantly related to late-onset noninfectious pulmonary complications. In conclusion, ab- 
normal lung function before transplantation may be associated with a decline in pulmonary function within 1 year after 
transplantation, but late-onset noninfectious pulmonary complications could not be predicted from pretransplantation 
lung function. 
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1. Introduction 

Allogeneic hematopoietic stem cell transplantation (HSCT) 
is a potentially curative procedure for patients with he- 
matologic malignancies. Despite of improvements in sup- 
portive care, the morbidity and mortality associated with 
this procedure remains a major problem. For example, 
pulmonary complications occur in 40% to −60% of 
HSCT patients and account for 10% to 40% of trans- 
plant-related deaths [1]. In particular, late-onset nonin- 
fectious pulmonary complications, such as bronchiolitis 
obliterans (BO), BO-organizing pneumonia and intersti- 
tial pneumonia occurring from 3 months after transplant- 
tation are thought to be linked to chronic graft-versus- 
host disease (GVHD) and can result in decreased quality 
of life or even death [2-4]. 

Frequent monitoring lung function before and after 
transplantation is needed to predict or detect early pul-  

monary complications [5-10], but the long-term clinical 
significance of such data is not clear. Thus, the goal of 
the present study was to perform a retrospective analysis 
of the relationship between pretransplantation lung func- 
tion, posttransplantation lung function, and late-onset 
noninfectious pulmonary complications in adult patients 
surviving for ≥5 years after myeloablative HSCT. 

2. Patient and Methods 

2.1. Subjects 

Among 174 patients who underwent transplantation with 
uniform myeloablative conditioning for hematologic ma- 
lignancies between May 1994 and December 2004 at 
Kanagawa Cancer Center, there were 94 long-term sur- 
vivors with a minimum 5 years of follow-up after trans- 
plantation. Among them, seven patients had undergone 
re-transplantation for relapse or engraftment failure with- 

Copyright © 2013 SciRes.                                                                                OJBD 



Clinical Significance of Pulmonary Function Tests in Long-Term Survivors after  
Myeloablative Allogeneic Hematopoietic Stem Cell Transplantation 

7

in 5 years of their initial HSCT, and they were excluded 
from this study. All patients gave written informed con- 
sent, and the study was approved by the Institutional Re- 
view Board of our hospital. 

2.2. Transplantation Procedure 

All patients received pretransplantation conditioning with 
thiotepa (200 mg/m2 for 2 days), cyclophosphamide (2250 
mg/m2 for 2 days in patients age 40 years or 2000 
mg/m2 for 2 days in those age >40 years), and total body 
irradiation (12.5 Gy in five fractions) [11]. For preven- 
tion of GVHD, patients received cyclosporine A (3 
mg/kg/day) or tacrolimus (0.03 mg/kg) together with 
short-term methotrexate(MTX), which was given intra- 
venously at a dose of 15 mg/m2 on day 1 and 10 mg/m2 
on days 3 and 6. From February 2000, the MTX doses 
were reduced to 10 mg/m2 on day 1 and 7 mg/m2 on days 
3 and 6. All patients were isolated in a laminar air flow 
room and were treated with antibiotics and antifungal 
agents for gastrointestinal decontamination until en- 
graftment was achieved. Administration of lenograstim 
(5 g/kg/day, civ) was initiated on day 1 after transplant- 
tation and was continued until recovery of the neutrophil 
count. 

2.3. Pulmonary Function Tests 

All patients were followed at the Kanagawa Cancer Cen- 
ter. Pulmonary function tests were part of the routine 
protocol and were performed before preconditioning, at 3 
months and 1 year after transplantation, and annually 
thereafter if possible. Forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1), and the FEV1/ 
FVC ratio were determined to measure ventilatory ca- 
pacity, while the vital capacity (VC) was used to measure 
lung volume. The diffusion capacity of carbon monoxide 
(DLCO) was determined by the carbon monoxide sin- 
gle-breath technique with correction for the hemoglobin 
concentration. VC, FEV1, and DLCO were expressed as 
a percentage of the predicted values for healthy controls. 

2.4. Definitions 

Abnormal lung function was defined as less than 80% of 
the predicted value for VC, FEV1, or DLCO. Pulmonary 
changes due to chronic GVHD were assessed by Na- 
tional Institutes of Health (NIH) consensus criteria [12]. 
According to the criteria, pulmonary scoring was based 
on clinical findings and pulmonary function tests scale. 
Scoring using the Lung Function Score (LFS) was pre-
ferred, but if DLCO is not available, grading using FEV1 
was used. The percent predicted FEV1 and DLCO were 
converted to a numeric score as follows: >80% = 1; 70% 
- 79% = 2; 60% - 69% = 3; 50% - 59% = 4; 40% - 49% = 

5; <40% = 6. LFS = FEV1 score + DLCO score. At the  
time of transplantation, patients were divided into stan- 
dard-risk and high-risk groups. Standard-risk patients 
included those with acute leukemia in complete remis- 
sion (CR), chronic myelogenous leukemia (CML) in the 
chronic phase, and myelodysplastic syndrome (MDS) 
with refractory anemia or CR after chemotherapy. High- 
risk patients included those who had acute leukemia 
without remission, MDS in the phase of refractory ane- 
mia with excess blasts (RAEB), and CML in the acceler- 
ated or blastic phase. Smokers were defined as patients 
who regularly smoked 1 pack/day within 12 months 
before the onset of disease for a minimum of 2 years. BO 
was diagnosed based on a combination of FEV1 less than 
75% of the predicted value, FEV1/FVC ratio less than 
70%, and evidence of air trapping or small air way 
thickening or bronchiectasis on high-resolution chest 
computed tomography (CT). Interstitial pneumonia (IP) 
was diagnosed on the basis of bilateral diffuse paren- 
chymal interstitial/alveolar infiltrates on chest X-ray 
films and/or CT scans with associated hypoxemia (PaO2 

< 70 mmHg and A-aDO2 > 20 mmHg). Both diagnoses 
were only made in patients without infections. Acute and 
chronic GVHD were diagnosed and graded according to 
published criteria [13,14]. 

2.5. Statistical Analysis 

Comparison of categorical variables was done by the 
chi-square test or Fisher’s exact test, while comparison of 
continuous variables was performed with Student’s t-test 
(two-sided). Patients with or without late-onset noninfec- 
tious pulmonary complications were compared on the 
basis of various factors before and after transplantation. 
A p value <0.05 was considered to indicate statistical 
significance. Data were analyzed as of March 31, 2010. 

3. Results 

3.1. Patient Characteristics and Outcome 

Among 87 patients who survived beyond 5 years after a 
single HSCT procedure, six patients were excluded be- 
cause of the lack of pretransplant pulmonary function 
data. The clinical characteristics of the remaining 81 pa- 
tients are shown in Table 1. The median follow-up pe- 
riod was 9.3 years (range: 5.1 - 15.6 years), and the me- 
dian age at transplantation was 38 years (range: 16 - 53 
years). Twenty-three patients had a history of smoking 
before the onset of hematologic disease. Busulfan had 
previously been administered to three of 19 patients with 
CML. Twenty patients (25%) developed grade II-IV 
acute GVHD, and 40 patients (49%) had chronic GVHD 
(limited in 18 patients, and extensive in 22 patients) 
mong the long-term survivors. Five patients (6%) died  a 
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Table 1. Patient characteristics. 

Characteristcs n Pulmonary chronic GVHD# (n) P value LONIPCs (n) P value 

Number 81 23  5  

Age at transplantation      

<38 y 38 12 3 

38 y  43 11 
0.55 

2 
0.66 

Gender      

Male 49 13 1 

Female 32 10 
0.58 

4 
0.08 

Diagnosis      

Acute myelogenous leukemia 30 8 1 

Acute lymphoblastic leukemia 19 5 0 

Myelodysplastic syndrome 13 5 1 

Chronic myelogenous leukemia 19 5 

0.86 

3 

0.08 

Disease risk at transplant      

Standard (CR, CP, RA) 62 21 5 

High (NR, AP, BC, RAEB) 19 2 
0.09 

0 
0.58 

Donor sources      

Related bone marrow 36 5 1 

Related peripheral blood 12 4 2 

Unrelated bone marrow 26 11 2 

Unrelated cord blood 7 3 

0.07 

0 

0.31 

HLA compatibility (except cord blood)      

HLA match 65 17 3 

HLA mismatch 9 3 
0.46 

2 
0.11 

GVHD prophylaxis      

Cyclosporine-based 54 15 3 

Tacrolimus-based 25 8 2 

None 2 0 

0.62 

0 

0.86 

Smoking      

No 58 16 4 

Yes 23 7 
0.79 

0 
0.56 

Prior busulfan (CML)      

No 16 4 2 

Yes 3 1 
0.62 

1 
0.42 

Abnormal pretransplantion PFT      

No 73 17 4 

Yes 8 6 
<0.01 

1 
0.41 

Acute GVHD      

0-I 61 17 3 

II-IV 20 6 
0.85 

2 
0.36 

Chronic GVHD      

No 41 9 0 

Yes 40 14 
0.29 

5 
<0.01 

CR: complete remission; RA: refractory anemia; CP: chronic phase; NR: non-remission; AP: accelarated phase; BC: blastic phase; refractory anemia with 
excess blasts; PFT: pulmonary function tests; GVHD: graft-versus-host disease; #score ≥ 1 according to NIH consensus criteria; LONIPCs: late-onset noninfec- 
tious pulmonary complications. 
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more than 5 years after HSCT, with one death each from 
relapsed leukemia (5.9 years after transplantation), BO 
(6.3 years), sepsis (8.9 years), sudden death (11.5 years), 
and secondary MDS (11.8 years). 

3.2. Pulmonary Chronic GVHD 

According to NIH consensus criteria for pulmonary chro- 
nic GVHD, 23 patients (28%) had abnormal lung func-
tion at some point after transplantation (Table 1). The 
maximum score for pulmonary GVHD over 5 years was 
0, 1, 2, and 3 in 58, 14, six, and three patients, respect- 
tively. Among the patients who showed abnormal lung 
function before transplantation, six developed pulmonary 
chronic GVHD, which was mild in four patients, moder- 
ate in one patient, and severe in one patient. The four 
patients with mild pulmonary chronic GVHD at 3 months 
or 1 year after HSCT experienced subsequent recovery to 
normal pulmonary function by later time points. Univari- 
ate analysis of predictors of abnormal lung function fol- 
lowing HSCT showed that abnormal pulmonary function 
tests before transplantation were significantly associated 
with pulmonary chronic GVHD as defined by NIH crite- 
ria (P < 0.01). 

3.3. Changes in Pulmonary Function Tests 

Abnormalities in pulmonary function (FEV1 and/or 
DLCO <80% of predicted) before transplantation were 
detected in eight patients (10%). Pretransplant and post- 
transplant parameters, such as age, gender, disease risk, 
and smoking, were compared between the eight patients 
who showed pulmonary dysfunction before transplanta- 
tion and other patients without pulmonary dysfunction 
before transplantation. However, there were no predict- 
tive factors that could distinguish between these groups 
(data not shown). Changes in lung function after HSCT 
were compared between patients with and without nor- 
mal pulmonary function test results (Table 2). Abnormal 
lung function before preconditioning was associated with 
a decrease in PFTs within 1 year after HSCT, but there 
was no relationship between abnormal lung function be- 
fore transplantation and pulmonary dysfunction after 3 or 
5 years. 

The association between chronic GVHD and serial 
pulmonary function data is shown in Table 3. VC% and 
FEV1% were decreased at 3 and 5 years after HSCT in 
patients with chronic GVHD. Although DLCO% was  

 
Table 2. Serial pulmonary function tests in patients with/without pretransplantation abnormality (FEV1 <80% or DLCO 
<80% predicted). 

 n Pretransplant (n) P value 3 months (n) P value 1 year (n) P value 3 years (n) P value 5 years (n) P value

VC %            

Normal 73 110 ± 14 (73) 103 ± 13 (65) 103 ± 14 (63) 103 ± 17 (62) 104 ± 17 (62)

Abnormal 8 101 ± 15 (8)
0.13 

92 ± 9 (7) 
0.05 

79 ± 35 (7)
<0.01

100 ± 22 (7) 
0.59 

101 ± 22 (8)
0.74

FEV1 %            

Normal 73 103 ± 12 (73) 97 ± 17 (65) 96 ± 11 (63) 94 ± 17 (62) 95 ± 20 (62)

Abnormal 8 90 ± 17 (8) 
0.02 

82 ± 9 (7) 
0.06 

86 ± 13 (7)
0.06 

90 ± 25 (7) 
0.54 

90 ± 24 (8)
0.52

DLCO %            

Normal 73 105 ± 13 (62) 87 ± 15 (58) 87 ± 14 (60) 93 ± 16 (60) 92 ± 15 (61)

Abnormal 8 90 ± 22 (8) 
0.02 

72 ± 15 (7) 
0.04 

74 ± 8 (7) 
0.04 

84 ± 17 (5) 
0.19 

82 ± 19 (7)
0.14

 
Table 3. Serial pulmonary function tests in patients with/without chronic GVHD. 

 n Pretransplant (n) P value 3 months (n) P value 1 year (n) P value 3 years (n) P value 5 years (n) P value

VC %            

Chronic GVHD(−) 41 109 ± 12 (41) 100 ± 13 (38) 99 ± 23 (37) 107 ± 14 (35) 108 ± 14 (34)

Chronic GVHD(+) 40 109 ± 16 (40) 
0.97 

101 ± 15 (34)
0.87

98 ± 13 (34)
0.81

99 ± 13 (34) 
0.05 

98 ± 19 (36)
0.02

FEV1 %            

Chronic GVHD(−) 41 102 ± 12 (41) 97 ± 14 (38) 97 ± 14 (37) 99 ± 12 (35) 101 ± 12 (34)

Chronic GVHD(+) 40 100 ± 15 (40) 
0.67 

91 ± 21 (34)
0.28

91 ± 12 (34)
0.06

88 ± 21 (34) 
0.02 

88 ± 24 (36)
0.01

DLCO %            

Chronic GVHD(−) 41 98 ± 14 (35) 86 ± 14 (33) 87 ± 14 (33) 92 ± 15 (34) 91 ± 16 (31)

Chronic GVHD(+) 40 103 ± 16 (35) 
0.19 

83 ± 15 (32)
0.59

83 ± 14 (34)
0.39

90 ± 19 (31) 
0.65 

87 ± 15 (35)
0.39
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decreased at 3 months and 1 year after HSCT in patients 
with or without chronic GVHD, there were no differ- 
ences when comparing the two groups. 

3.4. Late-Onset Pulmonary Complications 

T Five patients developed late-onset noninfectious pul- 
monary complications during the observation period. All 
patients were diagnosed by clinical findings, PFTs, and 
CT scan. Systemic chronic GVHD was significantly re- 
lated to such complications (P < 0.01) (Table 1), with 
BO occurring in four patients and IP occurring in one 
patient. The predicted FEV1% was significantly lower in 
patients who had late-onset noninfectious pulmonary 
complications than in those that did not. At 3 or 5 years 
after HSCT, all lung function parameters differed be- 
tween patients with or without these complications (Ta- 
ble 4). The characteristics of the patients with late-onset 
complications are shown in Table 5. All of these patients 
had extensive chronic GVHD, including mucosal lesions, 
and two patients were on immunosuppressive therapy. 
Two patients required home oxygen therapy. One patient 
with BO died of respiratory failure at 4.1 years after the 
onset of pulmonary chronic GVHD. 

4. Discussion 

The present study demonstrated the clinical significance 
of pulmonary dysfunction in long-term survivors after 
myeloablative HSCT. Although the incidence of late- 
onset noninfectious pulmonary complications among 
patients surviving for 5 years or more after HSCT was 
relatively low, it was probably influenced by the exclu- 
sion of patients who died within 5 years from this analy- 
sis. Previous studies of the predictive value of pulmonary 
function tests for pulmonary complications after trans- 
plantation have suggested that poor lung function before 
transplantation is associated with subsequent pulmonary 
disease and mortality, as summarized by Chien et al. [15] 
In the present study, abnormal pretransplantation pul- 
monary function tests correlated with the risk of early 
pulmonary dysfunction but not with late-onset pulmo- 
nary complications. Savani et al. reported that abnor- 
malities in pretransplantation pulmonary function are 
useful for predicting the progression of pulmonary dys- 
function [9]. They found that pretransplantation FEV1 or 
DLCO values <80% of the predicted level were inde- 
pendently associated with a late decrease in pulmonary 
function from baseline. Although our results indicated  

 
Table 4. Serial pulmonary function tests in patients with/without late-onset noninfectious pulmonary complications. 

 n Pretransplant (n) P value 3 months (n) P value 1 year (n) P value 3 years (n) P value 5 years (n) P value

VC %            

LONIPC(−) 76 109 ± 13 (76) 101 ± 12 (69) 99 ± 18 (66) 106 ± 11 (64) 107 ± 13 (65)

LONIPC(+） 5 115 ± 20 (5) 
0.32 

111 ± 18 (3)
0.23

94 ± 14 (4)
0.61

73 ± 14 (5) 
<0.01 

67 ± 15 (5)
<0.01

FEV1 %            

LONIPC(−) 76 102 ± 12 (76) 102 ± 12 (69) 96 ± 11 (66) 98 ± 10 (64) 100 ± 12 (65)

LONIPC(+） 5 103 ± 24 (5) 
0.79 

103 ± 24 (3)
0.22

82 ± 17 (4)
0.02

48 ± 15 (5) 
<0.01 

45 ± 17 (5)
<0.01

DLCO %            

LONIPC(−) 76 103 ± 15 (65) 85 ± 16 (62) 86 ± 14 (64) 93 ± 16 (61) 92 ± 15 (62)

LONIPC(+) 5 104 ± 16 (5) 
0.84 

80 ± 18 (3)
0.61

73 ± 7 (3) 
0.15

76 ± 22 (4) 
0.04 

75 ± 18 (5)
0.03

LONIPCs: late-onset noninfectious pulmonary complications. 

 
Table 5. Clinical characteristics of patients with late-onset noninfectious pulmonary complications. 

Acute Sites of chronic GVHD Pulmonary score# 
No. Age Sex Diagnosis Busulfan Smoking 

Pretransplantion 
PFT 

GVHD Other than lung 3 mon. 1 y 3 y 5 y 
Complication

1 21 F CML Yes N Abnormal I Extensive (skin, mouth) 0 1 3 3 BO 

2 53 F CML No N Normal II Extensive (skin, mouth, liver) 0 0 2 3 BO 

3 52 F MDS No N Normal I extensive (skin, mouth) 1 1 2 1 IP 

4 30 M CML No Y Normal III Extensive (mouth, liver) 0 1 2 2 BO 

5 36 F AML No N Normal III Extensive (mouth, intestine) 0 0 3 3 BO 

CML: chronic myelogenous leukemia; MDS: myelodysplastic syndrome; AML: acute myelogenous leukemia; PFT: pulmonary function tests; GVHD: 
graft-versus-host-disease; BO: bronchiolitis obliterans; IP: interstitial pneumonia; #score for pulmonary chronic GVHD by NIH consensus criteria. 
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that pretransplantation pulmonary function test could not 
predict abnormal lung function in the late period after 
HSCT, there was a relationship between impaired pul- 
monary function before transplantation and the occur- 
rence of pulmonary chronic GVHD (diagnosed according 
to NIH criteria). Of six patients with pulmonary chronic 
GVHD who had abnormal pulmonary function tests be- 
fore transplantation, three patients showed a decline of 
lung function within 1 year after HSCT. The discrepancy 
between the incidence of abnormal posttransplantation 
lung function and pulmonary chronic GVHD in patients 
with abnormal pretransplantation pulmonary function 
tests can be explained by the timing of the onset of pul- 
monary dysfunction. 

As shown in Table 4, all patients who developed long- 
term pulmonary complications had at least moderately 
abnormal pulmonary function during the late phase. 
These patients were not distinguishable from the other 
patients who developed pulmonary chronic GVHD 
within 1 year but did not go on to show long-term com- 
plications. Most patients who developed long-term com- 
plications were diagnosed with them within 3 months to 
1 year after transplantation [2-4]. The present study sug- 
gested that a subgroup of the patients who are asympto- 
matic at 1 year after HSCT may eventually develop long- 
term complications. These patients had only a slight de- 
cline of FEV1% at 1 year. Previous studies have shown 
that chronic GVHD is the most powerful predictor of 
late-onset noninfectious pulmonary complications [2-4], 
and that chronic GVHD involving the mucosa is more 
likely to be associated with such complications [2,16]. In 
agreement with previous reports, all patients with late- 
onset complications in the present study had experienced 
extensive chronic GVHD, including sicca syndrome. 

The present study had several limitations. For example, 
it was difficult to obtain follow-up pulmonary function 
on all patients over the long follow-up period. The retro- 
spective nature, small sample size, and the exclusion of 
patients who died with within 5 years post transplanta- 
tion may have biased the results. Therefore, the results of 
pulmonary function tests for prediction of late pulmonary 
complications should be interpreted with caution.  

In conclusion, these data demonstrate that abnormal 
lung function before transplantation may be associated 
with a decline in pulmonary function within 1 year after 
HSCT, but did not have predictive significance for long- 
term noninfectious pulmonary complications in patients 
surviving for ≥5 years after HSCT. Patients with exten- 
sive chronic GVHD and mucosal lesions had the highest 
risk of developing long-term pulmonary complications 
and should undergo monitoring by serial pulmonary 
function tests to detect such complications, even if their 
lung function is normal before transplantation. Further 

studies should focus on validation of these results and to 
determine if early intervention using inhaled corticoster- 
oids [17], macrolides [18], or montelukast [19] might be 
beneficial to ameliorate early disease. 
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CR: complete remission;  
CT: computed tomography;  
DLCO: diffusion capacity of carbon monoxide;  
FEV1: forced expiratory volume in one second;  
FVC: forced vital capacity;  
GVHD: graft-versus-host disease;  

HSCT: hematopoietic stem cell transplantation;  
IP: interstitial pneumonia;  
LFS: lung function score;  
MDS: myelodysplastic syndrome;  
MTX: methotrexate;  
NIH: national institutes of health;  
PFTs: pulmonary function tests;  
RAEB: refractory anemia with excess blast;  
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