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ABSTRACT:  Conditioning with busulphan (BU) and cyclophosphamide (CY) prior
to allogeneic bone marrow transplantation (BMT) is an alternative to regimens that
include total body irradiation (TBI).  The aim of the study was to assess the occur-
rence and degree of lung function impairment after this treatment.

Prospectively, 43 consecutive patients, aged 17–51 (median 31) yrs, were exam-
ined by lung function measurements and clinical and radiographic evaluation, prior
to BMT and at 3 month intervals up to 1 yr after BMT.

All patients had normal chest radiographs before BMT and at the 12 month
follow-up.  Mean baseline values were above 100% of predicted normal for lung
volumes and above 90% for gas transfer.  Excluded from the lung function follow-
up analyses were nine patients who had suffered infectious pneumonia and/or deve-
loped obliterative bronchiolitis.  For the remaining patients (n=34), mean alveolar
volume (VA), forced vital capacity (FVC) and forced expiratory volume in one sec-
ond (FEV1) had dropped by nearly 10% compared with baseline 3 months after
BMT, but were restored within 1 yr.   FEV1/FVC×100 (FEV1%) was increased,
reflecting the restrictive pattern.  Hb-adjusted transfer factor of the lungs for car-
bon monoxide (TL,CO) had dropped by 20% after 3 months, and remained reduced
by 15% after 1 year.  Prior to BMT the smokers had significantly lower TL,CO than
the nonsmokers, and after BMT the difference was accentuated.  Reductions in lung
function were independent of sex, age and type of haematological disorder.

We conclude that BMT with BU/CY is associated with transient declines in lung
volumes and a persistent reduction in gas transfer 1 yr after therapy.  The decline
in gas transfer is especially marked in smokers.
Eur Respir J., 1995, 8, 1269–1274.

*Dept of Thoracic Medicine and **Medical
Dept A, The National Hospital, University
of Oslo, Norway.

Correspondence:  M.B. Lund
Dept of Thoracic Medicine
The National Hospital
University of Oslo
N-0027 Oslo
Norway

Keywords:  Bone marrow transplantation
busulphan
cyclophosphamide
lung function tests

Received:  November 21 1994
Accepted after revision March 27 1995

Allogeneic bone marrow transplantation (BMT) fol-
lowing high dose chemotherapy is a potentially curative
treatment for selected patients with various severe hae-
matological disorders [1, 2].  Cytoreductive therapy with
busulphan (BU) and cyclophosphamide (CY) prior to
BMT is an alternative to the conditioning regimens that
include total body irradiation (TBI) [3].  However, the
risk of adverse effects and serious complications remains
a problem of major concern [4].

BU and CY are both potential lung-toxic agents that
may induce interstitial pneumonitis and subsequent pul-
monary fibrosis [5, 6].  There is also evidence that oblit-
erative bronchiolitis (OB) may develop in bone marrow
recipients, usually associated with chronic graft versus
host disease [7, 8].

Studies on pulmonary function within 1 yr after BMT
have demonstrated varying degrees of reduction in lung
volumes and gas transfer [9–15].  Some of these studies
comprised inhomogeneous patient groups with various
haematological disorders [10, 12, 13].  Other studies

included both allogeneic and autologous marrow trans-
plants [13, 15].  Many patients had received thoracic irra-
diation or multidrug chemotherapy including bleomycin,
as conventional treatment prior to BMT [14, 15].  The
conditioning regimens all included TBI, and various pro-
phylactic regimens against graft versus host disease were
applied [9, 13, 15].

In Norway, all BMTs are performed in one single hos-
pital.  The patient population is recruited from the entire
country, referred and selected according to uniform cri-
teria and subjected to standardized treatment procedures.
From 1989, conditioning with TBI prior to BMT was
replaced by high-dose BU and CY as standard cyto-
reductive treatment for malignant blood disorders.

To our knowledge, there is no previous large, pros-
pective, single centre clinical study on pulmonary func-
tion after BMT with high dose BU and CY.  The aims
of the present study were, thus, to assess the occurrence
and degree of lung function impairment during the first
year after BMT with BU and CY.



Material and methods

Study subjects

Between February 1989 and October 1993, 53 adult
patients underwent BMT and were consecutively enrol-
led in the study.  Within the first 1–7 months after treat-
ment, six patients died.  Four patients were transplanted
for nonmalignant blood disorders (one for paroxysmal
nocturnal haemoglobinuria, and three for severe aplas-
mal anaemia) and were given conditioning regimens with-
out BU.  One patient was conditioned with TBI and CY.
The remaining patients (n=43) were included in the study.
All were followed until the end of the first year.

The study population was divided in two groups.  Group
A consisted of patients who did not experience serious
lung complications during the first year (n=34).  Group
B consisted of patients who suffered such complications
(n=9).  Serious lung complications were defined as infec-
tious pneumonia, idiopathic interstitial pneumonitis and
OB.

The patients' characteristics at inclusion are outlined
in table 1.  Three patients had a history of mild asthma,
otherwise there were no cases of chronic lung disease
prior to BMT.  None of the patients had ever been treat-
ed with thoracotomy, chest irradiation or bleomycin.

Transplantation procedures

Conditioning prior to BMT consisted of BU orally at
a dose of 1 mg·kg-1 of ideal body weight four times
daily for four consecutive days, followed by CY at a
daily dose of 60 mg·kg-1 administered intravenously (i.v.)
over a 30 min period for two consecutive days [3].  Bone
marrow was infused 2 days after the final dose of CY.
Graft versus host disease prophylaxis consisted of metho-
trexate (i.v. on day 1, 3, 6 and 11) and cyclosporin A.
After stable engraftment, trimethoprim-sulphamethoxa-
zole was given as prophylactic against Pneumocystis
carinii infection.

Clinical and radiographic evaluation

All patients underwent clinical examination and had
chest radiographs taken at the time of inclusion and
at each of the four follow-up consultations.  Special
attention was paid to symptoms and signs of OB, lower
respiratory tract infections,  and infiltrative lung disease.
Lung complications occurring between the regular 3
month follow-up examinations were also recorded. All
chest radiographs were evaluated by two radiologists.

Lung function measurements

Lung function tests included dynamic spirometry and
gas transfer factor.  Spirometry was performed with a
water-sealed spirometer.  Gas transfer was measured by
the single-breath technique.  Alveolar volume was mea-
sured during the same manoeuvre by the helium dilution
method.  All measurements were performed with the
Gould automated system 2400 (Sensormedics BV, Biltho-
ven, Netherlands) and according to the guidelines recom-
mended by the American Thoracic Society [16, 17].  Lung
volume variables were alveolar volume (VA), forced vital
capacity (FVC), forced expiratory volume in one second
(FEV1) and FEV1/FVC×100 (FEV%).  Gas transfer vari-
ables were the transfer factor of the lungs for carbon
monoxide (TL,CO) and TL,CO divided by VA (carbon mono-
xide transfer coefficient (KCO)).  TL,CO and KCO values
were adjusted for haemoglobin (Hb) concentration by
using the correction of COTES et al. [18].  The Hb lev-
els were obtained on the same day as the pulmonary
function testing for all patients.  The patients were in-
structed to refrain from smoking on the day of the test.
No correction was made for carbon monoxide back pres-
sure (COHb).

The lung function variables were expressed in absolute
values and as percentage of predicted normal values.
Reference values were those of the European Coal and
Steel Community (ECSC) [19].

Each patient was examined on five occasions;  prior
to BMT, and at approximately 3, 6, 9 and 12 months
post-BMT.  Tests were not performed during episodes
of lung infection.

Statistics

All calculations were performed with the SPSS/PC sta-
tistical computing package [20].  Categorical data were
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Table 1.  –  Clinical characteristics at inclusion of 43 con-
secutive patients with BMT and BU/CY conditioning

Group A Group B Total
(n=34) (n=9) (n=43)

Sex M/F 19/15 6/3 25/18
Age yrs* 29 33 31

(18–51) (17–43) (17–51)
Diagnosis
CML 15 6 21
AML 12 1 13
ALL 5 2 7
MDS 2 0 2

Donor
Sibling 26 7 33
Unrelated 8 2 10

Smoking
Nonsmoker 21 8 29
Ex-smoker 1 0 1
Current smoker 12 1 13

Asthma 3 0 3
Lung function 
FVC % pred# 108±14 107±15 108±14
FEV1 % pred# 103±13 104±12 104±13
TL,CO-Hb % pred# 89±13 97±11 91±13

*: median and range; #: mean±SD.  BMT: bone marrow trans-
plantation; BU: busulphan; CY: cyclophosphamide; Group A:
no lung complications; Group B: lung complications; M: male;
F: female; CML: chronic myeloid leukaemia; AML: acute
myeloid leukaemia; ALL: acute lymphocytic leukaemia; MDS:
myelodysplastic syndrome; % pred: percentage of predicted
value; FVC: forced vital capacity; FEV1:  forced expiratory
volume in one second; TL,CO-Hb: transfer factor of the lungs
for carbon monoxide corrected for haemoglobin level.



compared by the Chi-squared test.  Group mean data
were compared with the unpaired Student's t-test (two-
tailed).  The t-test was used for paired data to compare
lung function values pre-BMT with post-BMT at the time
of maximum reduction, and at 1 yr follow-up.  Bonferroni's
correction was applied for multiple comparisons.  Pat-
ients who experienced serious lung complications (n=9)
were analysed separately from the main study group.
Multiple linear regression was used to detect relation-
ships between pulmonary function and relevant covari-
ates.  Variables with more than two categories were
transformed into binary variables.  Chronic myeloid
leukaemia (CML) and myelodysplastic syndrome (MDS)
were tested versus the acute leukaemias (CML+MSD=1
and otherwise=0).  The one ex-smoker was excluded
from the statistical analysis, smokers  were tested ver-
sus nonsmokers (smokers=1 and otherwise=0).  The in-
dependent variables entered into the regression models
were those found to be significant at 20% level by pre-
vious univariate analysis.

Results

All patients had normal chest radiographs at inclusion.
For the entire study group, baseline ventilatory function

was above 100% and gas transfer (Hb-corrected) above
90% of predicted normal values (table 1).  The smokers
had lower baseline TL,CO-Hb than the nonsmokers (83 vs
94% of predicted; p=0.004).  The three patients with
asthma had normal baseline lung function, comparable
with the total study group. 

Group A

Tables 2 and 3 show pulmonary function before BMT,
and at the four examinations post-BMT for the patients
without serious lung complications (n=34).  They had
normal chest radiographs at all four follow-up examina-
tions.

VA and FVC dropped to minimum values after 3 months,
and FEV1 after 9 months.  The corresponding increase
in FEV1% reflected the restrictive ventilatory pattern.
TL,CO reached its lowest value after 3 months, with 20
and 18% declines in TL,CO-Hb and KCO-Hb, respec-
tively, compared with the initial values.

After 12 months, VA, FVC, FEV1 and FEV1% no longer
differed significantly from baseline values.  Gas trans-
fer had improved from the 3 month low, but remained
significantly decreased after 12 months, with TL,CO-Hb
and KCO-Hb both reduced by 15% compared with their
baseline values.
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Table 2.  –  Group A, subjects who did not experience serious lung complications (n=34); prior to and at 3 month
intervals after BMT

Time after BMT  months
Pre-BMT 3 6 9 12

VA L 6.5 6.0*** 6.1 6.2 6.3
(5.8–7.0) (5.4–6.7) (5.6–6.9) (5.6–6.9) (5.7–7.0)

FVC  L 4.9 4.5*** 4.6 4.6 4.7
(4.5–5.4) (4.0–4.9) (4.1–5.0) (4.2–5.2) (4.3–5.3)

FEV1 L 4.0 3.8 3.8 3.7* 3.9
(3.6–4.3) (3.4–4.2) (3.4–4.2) (3.4–4.1) 3.5–4.3)

FEV1% 81 84** 84 82 82
(78–83) (81–86) (80–85) (78–84) (78–83)

Values are presented as mean, and 95% confidence interval in parenthesis.  VA: alveolar volume; FEV%: FEV1/FVC×100.  For fur-
ther abbreviations and explanations see legend to table 1.  Statistical comparisons: values at the time of maximum reduction and val-
ues at 12 months after BMT are compared with values pre-BMT.  ***: p<0.001; **: p<0.01; *: p<0.05.  Bonferonni's correction for
multiple comparisons.

Table 3.  –  Group A, subjects who did not experience serious lung complications (n=34);  gas transfer and haemo-
globin prior to and at 3 months intervals after BMT

Time after BMT  months
Pre-BMT 3 6 9 12

TL,CO % 82 58*** 60 63 69***
(75–87) (51–63) (56–66) (59–69) (64–75)

TL,CO-Hb  % 89 69*** 70 70 74***
(84–94) (62–76) (64–75) (65–76) (69–82)

KCO-Hb  % 76 58*** 61 60 61**
(69–83) (55–66) (53–62) (55–64) (57–66)

Hb  g·100 mL-1 12.2 10.2*** 11.2 11.7 12.5
(11.4–12.9) (9.5–10.5) (10.6–11.6) (11.2–12.1) (11.8–12.7)

Values are presented as mean, and 95% confidence interval in parenthesis.  TL,CO%: transfer factor of the lungs for carbon monox-
ide expressed as % predicted; Hb: haemoglobin; TL,CO-Hb:  TL,CO-Hb corrected; KCO: TL,CO/VA (carbon dioxide transfer coeffi-
cient); KCO-Hb %:  KCO Hb-corrected expressed as % predicted.  For further abbreviations and explanations see legends to tables
1 and 2.



Compared with baseline values, no subgroup of pat-
ients had nonsignificant changes in their lung function
tests after BMT.

Multiple regression analysis of the effects of prior asth-
ma, smoking, Hb-level and type of haematological dis-
order on pulmonary function, showed that smoking was
the only significant variable of influence.  Prior to BMT,
smoking was associated with a reduced TL,CO-Hb (beta
coefficient -8.3; SE 3.7; p=0.03).  Three months after
BMT, this association was accentuated (beta coefficient
-16.9; SE 5.1; p=0.003).  After 12 months, this accen-
tuated association persisted (beta coefficient -12.9; SE 3.8,
p=0.002), and a significant association with KCO also
appeared (beta coefficient -8.5; SE 3.6; p=0.02).

Group B

Nine patients (21%) experienced serious lung com-
plications within the first year (table 4).  Their baseline
lung function values did not differ significantly from
those of the other patients.   In seven patients, nine episodes
of pneumonia were recorded.  All cases were radiologi-
cally verified and infective agents were isolated from
bronchoalveolar fluid in seven of them.  Two of the
patients (Nos. 6 and 7) developed OB at a later stage
within the first year.  Out of eight patients with diag-
nosed chronic graft versus host disease within the first
year, four developed persistent moderate/severe airflow
obstruction consistent with OB.  They were nonsmok-
ers with no history of asthma.  Airflow obstruction was
diagnosed after 9 months in three patients and after 6
months in one.  At the 12 month follow-up, the nine
patients with lung complications all had normal chest
radiographs.  Only those with OB differed signifi-
cantly in lung function (FVC, FEV1 and FEV1%) from
the main study group (p<0.01).

There were no cases of cytomegalovirus pneumonia
or idiopathic interstitial pneumonia.

Discussion

The major finding of this study was that allogeneic
BMT with BU/CY conditioning was associated with a

substantial decline in gas transfer,  especially in the smok-
ers.

In several studies, TL,CO has proved to be a sensitive
indicator for drug-induced pulmonary toxicity [21, 22].
Both BU and CY are known to induce parenchymal lung
injury [23, 24].  BU-induced lung damage is not thought
to be directly dose-dependent, but there appears to be a
critical cumulative dose (500 mg) above which toxicity
may occur [6].  This assumed threshold dose is exceed-
ed in all adult patients conditioned according to our stan-
dard BU/CY protocol [3].  CY-induced lung toxicity
has been documented in numerous case reports [25, 26].
No definite relationship seems to exist between dosage
and the severity of lung toxicity [6].

A decline in TL,CO, comparable to that which we ob-
served one year after BMT, has been reported in four
series which all applied TBI conditioning in combina-
tion with various chemotherapy regimens [9, 11, 14, 15].
In contrast, one other study that also involved TBI could
not document a significant reduction in TL,CO one year
after BMT [12].  The latter study, however, comprised
a small number of patients (n=12).  In a study that invol-
ved three different conditioning regimens, including
BU/CY, a progressive 12% annual decline in percentage
predicted TL,CO over a mean follow-up period of 2 yrs
was reported [13].  The patients who had received BU/CY
did not differ significantly from the rest in rate of change
in TL,CO.  However, the BU/CY group included only
seven patients, and an effect may have been missed due
to the small numbers.

We found that smoking was the only significant pre-
dictor for gas transfer impairment, both prior to and after
BMT.  It is known that smoking is associated with a
substantial reduction in gas transfer [27].  Although our
patients were young and their histories of smoking cor-
respondingly short, the initially observed 11% differ-
ence in percentage predicted TL,CO between smokers and
nonsmokers may be explained by smoking per se [27].
As we did not measure the COHb levels of each patient,
the TL,CO values were not corrected for any degree of
anaemia induced by COHb [28].  The patients were,
however, instructed to refrain from smoking on the days
of lung function testing in order to reduce CO back pres-
sure, as recommended in the recent ECSC guidelines
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Table 4.  –  Group B, patients who experienced serious lung complications (n=9);  clinical characteristics and lung
function within the first year after BMT

Pt       Sex      Age        Time               Isolated              OB         FVC  % pred     FEV1 % pred      TL,CO % pred
No.                yrs        months*             agents                            Pre      Post       Pre       Post       Pre      Post

1 M 32 1, 8 S. pneumoniae Nsp - 106 100 104 97 92 112
2 F 24 3 Aspergillus sp. - 96 89 102 87 104 67
3 M 38 8, 10 P. carinii - 113 102 112 92 94 81

S. pneumoniae
4 M 30 10 S. pneumoniae - 88 76 97 71 97 68
5 M 17 10 P. carinii - 106 66 112 61 92 56
6 F 17 2 Nsp + 112 76 105 40 98 54
7 M 36 7, 8 P. carinii + 104 59 102 51 100 57

S. pneumoniae
8 F 39 - - + 132 93 127 34 80 84
9 M 43 - - + 89 88 83 62 90 54

*: months from BMT to infection; OB: obliterative bronchiolitis; Nsp: nonspecific.  For further abbreviations see legend to table 1.



[19].  Furthermore, since smoking habits were unchanged
during the study and each patient served as his own con-
trol, the accentuated difference in TL,CO and KCO bet-
ween smokers and nonsmokers after BMT can hardly be
explained by COHb-induced anaemia.  It may be hypothe-
sized that smoking sensitizes the lung for cytotoxic injury
or that high-dose chemotherapy makes the lung more
susceptible to smoking-induced damage.

SUDETJA et al. [11], RODRIGUEZ-ROISIN et al. [12] and
BADIER et al. [15] reported that smoking did not influ-
ence lung function in their patients.  Their various con-
ditioning regimens did not include BU.  Their results
were, furthermore, compromised by small patient num-
bers or heterogenous materials.  Three other studies failed
to provide any data on smoking [9, 10, 14].

A negative effect of smoking on TL,CO has been de-
monstrated after multidrug therapy, including bleomycin,
for germ cell cancers [29].  It is possible that smoking
and high-dose BU/CY may have a similar effect.

We found that the changes in ventilatory function after
BU/CY conditioning were comparable to those report-
ed in studies where regimens including TBI have been
applied [11–13].  A restrictive impairment was observed
after 3 months, followed by gradual recovery.  The reduc-
ed lung volumes at 3 months may, in part be explained
by extrapulmonary factors, as many of the patients still
suffered from general debility and muscular weakness at
this early point after BMT.

Contrary to LINK et al. [10], but in agreement with
other reports [11, 13], we did not find a trend toward
progressive airway obstruction in our patients once the
four cases of OB were excluded.

The frequency of infiltrative lung disease in our study
was lower than that reported in some previous studies
[15, 30, 31].  In a survey of 932 TBI-conditioned BMTs
reported to the International Bone Marrow Transplant
Registry, the 2 year actuarial incidence of interstitial
pneumonia was 35% [30].  The disease was considered
to be idiopathic in 50% of the cases, and cytomegalo-
virus associated in 37%.  Neither idiopathic nor cyto-
megalovirus-induced interstitial pneumonia occurred in
our patients, suggesting that these complications may
primarily be associated with TBI.  This hypothesis has
been supported by CARLSON et al. [32], who in a recent
follow-up study of 102 patients with autologous BMT
found that idiopathic, interstitial pneumonia occurred pre-
dominantly in patients conditioned with TBI, whereas
infectious pneumonia occurred with the same frequency
in TBI and non-TBI treated patients.

Four patients developed moderate/severe airflow ob-
struction suggesting obliterative bronchiolitis.  This was,
in all cases associated with chronic graft versus host dis-
ease.  The association between OB and graft versus host
disease has been well-documented [7, 8, 33].  Graft ver-
sus host disease prophylaxis with cyclosporin A has
proved to be protective against the development of OB
[34].  All of our patients received cyclosporin A.  The
role of different cytoreductive regimens, with regard to
development of OB, is not known, since TBI-condition-
ing has been the principal technique in all previous stud-
ies [8, 33, 34].  Our material is too small (n=4) to tell

whether BU/CY conditioning is preferable to TBI-
containing regimens in order to reduce OB.

We conclude that allogeneic BMT with BU/CY con-
ditioning is associated with transient decreases in lung
volumes and with a persistent reduction in gas transfer
one year after therapy.  Smoking is a significant risk fac-
tor for reduced gas transfer prior to BMT, and the asso-
ciation is accentuated after BMT.
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