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ABSTRACT Pulmonary function was measured before and at intervals after treatment in 44 patients
who received a bone marrow transplant for chronic myeloid leukaemia in the chronic phase. All
patients were treated with cytotoxic drugs, total body irradiation, and post-graft immunosuppres-
sion. Thirty four patients surviving for 12 months were followed at three monthly intervals and 16
patients for 24 months. Fifteen patients received unmanipulated donor marrow cells and 29 patients
received donor marrow cells depleted of lymphocytes ex vivo with the-monoclonal antibody
Campath-1. The 21 patients treated early in this study received 10 Gy of total body irradiation
whereas the 23 patients treated more recently, who were all T lymphocyte depleted, received 12 Gy.
Pretransplant lung function for the group was normal and was similar in survivors (n = 34) and non-

survivors (n = 10), and in smokers (n -= 8) and non-smokers (n = 36). (Carbon monoxide transfer
factor-TLCO) was under 75% of predicted normal in nine patients before transplantation. TLCO,
carbon monoxide transfer coefficient (Kco), FEV,, and vital capacity (VC) values were lower 6 and 12
months after bone marrow transplant than initially. The greatest decline was in TLCO, from an initial
value of 89% to 66% at 6 and 70% at 12 months. The 16 longer term survivors showed significant
recovery offunction between 6 and 24 months after bone marrow transplant for TLCO, Kco, and VC,
the increase ranging from 6 3% to 7-3% predicted. Airflow obstruction (FEV,/VC ratio <70%)
developed in one patient. The major factors associated with deterioration in pulmonary function at 6
and 12 months after transplantation in the 34 survivors (stepwise multiple regression analysis) were
(a) transplantation with T cell depleted donor marrow (p < 0 005) and higher total body irradiation
dose (p < 0-02) with a fall in Kco and an increase in the FEV,/VC ratio; (b) chronic graft versus host
disease with a fall in VC (p < 0 01); and less fall in Kco (p < 0'01); and (c) acute graft versus host
disease-with a fall in FEV, (p < 0 01). It is considered that most patients who survive the short term
risks of bone marrow transplant have only minor long term impairment of pulmonary function.

Since the introduction of allogeneic bone marrow
transplantation for the treatment of haematological
diseases, pulmonary complications, especially oppor-
tunistic infections, are recognised as a common cause
of morbidity and mortality.' Even in the absence of
infection, pulmonary function tends to deteriorate
over the months after transplantation. The relative
contributions of chemotherapy, total body irradia-
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tion, and graft versus host disease to this decline are
poorly understood, and the natural course of lung
function after bone marrow transplant in a homogen-
eous group of patients has not been adequately
documented.
We studied prospectively lung volumes and gas

transfer capacity before and after bone marrow trans-
plantation in a group of patients with chronic myeloid
leukaemia in the first chronic phase, some of whom
were grafted with T lymphocyte depleted marrow. The
data were analysed to assess the magnitude of the lung
injury and possible differences between treatment
protocols.
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Methods

Fifty five patients with chronic myeloid leukaemia in
chronic phase received allogeneic bone marrow trans-
plants from first degree relatives matched for HLA
genotype from January 1981 to January 1986. Of
these, 44 have been followed prospectively with lung
function tests (table 1). All patients had been
previously treated with a chemotherapy regimen con-
taining busulphan, hydroxyurea, or 6-thioguanine,
alone or in combination. Before bone marrow trans-
plantation patients received a single dose of dauno-
rubicin 60 mg/m2, two doses of cyclophosphamide 60
mg/kg, and total body irradiation with a Philips 8
MeV linear accelerator, fractionated to a total dose of
10 Gy (n = 21) or 12 Gy (n = 23). Fractions of 2 Gy
were given over three days at a dose rate of 15 cGy/
min. Cyclosporin, used as prophylaxis against graft
versus host disease, was started on the day before bone
marrow transplantation and continued for six
months.4 Twenty nine patients were given bone
marrow depleted ofT lymphocytes ex vivo by incuba-
tion with the monoclonal antibody Campath-l. Most
(22/29) of this group received 12 Gy total body
irradiation to prevent graft failure associated with T
cell depleted transplants. Graft versus host disease
when clinically diagnosed was usually confirmed by
biopsy and graded as described by Thomas et al.'
Acute graft versus host disease was treated with
methylprednisolone 1-20 mg/kg/day, depending on
the severity. Chronic graft versus host disease was
treated with prednisolone or azathioprine or both.
Pneumonitis was diagnosed from the presence of
interstitial infiltrates on the chest radiograph
accompanied by fever, tachypnoea, and arterial
hypoxaemia.

Chest radiographs and lung function tests were
carried out at regular intervals. Spirometry was per-

Table I Clinical data on the 44 patients

Survivors Non-survivors Total

Number 34 10 44
Age (y): mean (range) 31 27 30

(15-53) (14-46) (14-53)
Disease duration

(months): median
before treatment 20 13 5 18 5
(range) (7-118) (6-101) (6-118)

Sex: M/F 16/18 7/3 23/21
T lymphocyte depletion 24 5 29
Radiation dose

(lO Gy) 16 5 21
(I2 Gy) 18 5 23

Pneumonitis 3 6 9
Graft versus

host disease:
Acute 1 3 6 19
Chronic 16 1 17

formed with a Vitalograph for the forced expiratory
volume in one second (FEV,) and the relaxed vital
capacity (VC). P K Morgan transfer test apparatus
was used to measure the single breath carbon mono-
xide transfer coefficient (Kco), the carbon monoxide
diffusing capacity (transfer factor-TLCO), and the
alveolar volume at maximal inspiration (from the 10
second helium dilution-VA). Kco and TLCO were
corrected for the current haemoglobin concentration.5
The mean of the two or three best measurements was
taken. Normal values were obtained from Quanjer for
lung volumes6 and from Bradley for Kco and TLCO.7
Five patients (aged 16-38 years) were current smokers
(10-30 cigarettes a day)-three of 34 survivors and
two of 10 non-survivors. Three surviving patients had
stopped smoking more than one year previously.

Stepwise multiple regression analysis was per-
formed on data from patients surviving 12 months
(n = 34) to investigate the effects of age, sex, lympho-
cyte depletion, acute and chronic graft versus host
disease, total body irradiation, occurrence of
pneumonitis, and duration of disease before bone
marrow transplantation on lung function
measurements before transplantation and on the
changes in lung function six and 12 months after. Since
many regression analyses were done on the same
patients, the p value obtained for any one variable
should be viewed with caution; it may be prudent to
consider p < 0 01 as the test of statistical significance.

Results

Table 1 shows the clinical data for survivors and non-
survivors. Recipients of T cell depleted marrow cells
had a higher incidence of relapse and pneumonitis;
acute graft versus host disease was uncommon (6/29)
in this group and more common (13/15) in recipients
of unmanipulated donor cells. In survivors chronic
graft versus host disease was slightly less common ( I/
/24) in T cell depleted patients (5/10 in non-T cell
depleted patients) and clinically it was less severe.

Pneumonitis occurred in nine patients, six ofwhom
died. Four of these deaths were associated with
opportunist infections. Survival was significantly
associated with the absence of acute graft versus host
disease (p < 0 05) and, not surprisingly, with the
absence of pneumonitis (p < 0-001).

Before bone marrow transplantation lung function
measurements were essentially normal and there was
no significant difference between survivors and non-
survivors (table 2). Few of the 44 patients had values
less than 75% predicted (three for FEV, and VC, one
for Kco and nine for TLCO). Only one patient had an
FEV,/VC ratio under 70% (66%). A TLCO of under
75% occurred in 6/34 (lowest value 65%) survivors
and in 3/10 (lowest value 56%) non-survivors. Pul-

164

group.bmj.com on January 9, 2018 - Published by http://thorax.bmj.com/Downloaded from 

http://thorax.bmj.com/
http://group.bmj.com


Pulmonary function after bone marrow transplantation for chronic myeloid leukaemia

TLCO

I I
pre 6

I

vc

pre 6

n=34

\ii
* ~~~**

Kco
1 I I I
12 pre 6 12

FEV1

n112 pre 6 12

Table 2 Mean (SD) pulmonary function (percentages of
predicted values) before bone marrow transplantation

Survivors Non-survivors Total
(n = 34) (n = 10)

TLCO 89 (14) 90 (23) 89 (16)
Kco 99 (18) 101 (24) 100 (19)
VA (% pred TLC) 87 (12) 85 (8) 87 (11)
VC 100 (16) 99 (18) 100 (16)
FEV,/VC* 85 (8) 86 (7) 85 (8)
FEV, 99 (15) 98 (16) 99 (15)

*Actual not predicted ratio.
TLco-carbon monoxide transfer factor; Kco-transfer coefficient;
VA-alveolar volume; VC-vital capacity.

monary function in smokers (n = 5) and ex-smokers
(n = 3) did not differ from the rest of the group

ffi*x - _ (analysis of variance) but the numbers were small.
Multiple regression analysis did not show any effect of
any other factors on pulmonary function before

VA as % TLC FEVi/VC (absolute%) transplantation.VA as-%TC FEV1 The lung function data of 34 patients who survived

pre 6 12 pre 6 12 more than 12 months after transplantation showed a
Time (months) significant decline in pulmonary function, maximal six

months after transplantation, and subsequently a
monary function as % predicted (mean and SD) gradual improvement (fig 1). The FEVI/VC ratio did
emarrow transplantation and six and 12 months nochneMutpergsinaalisftedtan
in 34 patients survivingfor at least one year. not change. Multiple regression analysis of the data on
nsferfactorfor carbon monoxide; Kco = TLCo these 34 patients showed a significant influence of
eolar colume (VA); VC-vital capacity. acute graft versus host disease on the decline in FEV,
I; tp < 0 002 (Wilcoxon matchedpairs rank sum and alveolar volume (VA) when the 12 month values
comparison with initial values., were compared with pre-transplantation values (fig 2).
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Fig 2 Effect ofacute graft versus host disease on pulmonary function in 34 patients
surviving at least 12 months. p values show significant effects ofacute grafi versus host
disease in relation to initial valuesfrom multiple regression analysis.
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Fig 3 Effect ofchronic graft versus host disease (GVHD) on vital capacity (VC) and
transfer coefficient (Kco) in 34 patients surviving at least 12 months. p values show
significant effects ofchronic graft versus host disease in relation to initial valuesfrom
multiple regression analysis.
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Fig 4 Effect of Tlymphocyte depletion and level of total body irradiation on FEVI/vital
capacity (VC) ratio (absolute %) and transfer coefficient (Kco) (% predicted) in 34

patients surviving at least 12 months. p values show significant effects ofT lymphocyte
depletion and total body irradiation in relation to initial valuesfrom multiple regression
analysis.
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Fig 5 Long term changes in pulmonaryfunction (mean and
SD) in 16 patients survivingfor at least two years after bone
marrow transplantation. *p < 0-001; ,p < 0 005.

There was also a significantly lower FEV,/VC ratio at
12 months in those who had had acute graft versus

host disease, though the absolute values were still
within the normal range. Chronic graft versus host
disease was associated with a larger fall in vital
capacity and a smaller fall in Kco (fig 3). Since Kco is
diffusing capacity per unit of accessible lung volume,
relative preservation of Kco will occur if destruction
of alveolar units is patchy and blood volume is
diverted from the damaged alveoli to unaffected areas
of lung.
T lymphocyte depletion and the larger dose of total

body irradiation (12 Gy) were both associated on

multiple regression analysis with an increase in the
FEV,/VC ratio and a greater fall in Kco (fig 4),
suggesting pulmonary fibrosis.
The sixteen patients followed for at least 24 months

showed significant recovery in TLCO, Kco, and vital
capacity at 24 months by comparison with 6 months
(fig 5). As percentages ofpredicted values TLCO rose by
7.3% (p = 0-015, Wilcoxon matched pairs ranked
sum test), Kco by 7-4% (p = 0 023), and VC by 6-3%
(p = 0-031).

Discussion

Lung function after bone marrow transplant has been
studied previously but these studies were retrospec-
tive, lacked consistent lung function data before
transplantation, and comprised heterogeneous groups
ofpatients with different types ofleukaemia or aplastic
anaemia.8" Various changes in pulmonary function
were reported, the occurrence of airflow obstruction

being noted in some studies9"' and the fall in TLCO in
others.8 t°

LUNG FUNCTION BEFORE TRANSPLANTATION
Previous series, consisting mainly of patients with
acute myeloid leukaemia, have reported reductions in
TLCO or Kco to 70-80% predicted8"' before bone
marrow transplantation, although FEV, and vital
capacity were generally normal. Possible causes of
reduction in TLCO before transplantation, such as

interstitial infiltration by leukaemia, vascular changes
secondary to chemotherapy with busulphan and 6-
thioguanine, and bacterial and viral infections, have
been discussed before.'23 Low TLCO values (<75%)
occurred in 20% of patients in this series but there was
no correlation with survival. Otherwise, all pre-trans-
plantation values in the present series were within
normal limits, although there was substantial varia-
tion in measurements from patient to patient. Multiple
regression analysis did not show any significant effect
of duration of disease on any lung function
measurement before transplantation. Thus the
patients in this series were homogeneous in functional
terms. There was no difference in pre-bone marrow

transplant lung function between survivors and non-

survivors and pulmonary function before transplanta-
tion was therefore not a prognostic factor for survival.
Smoking similarly had no effect on lung function
before transplantation or on subsequent progress, but
the number of patients (five) is too small for general
conclusions to be drawn. Depledge et al8 came to
similar conclusions with a larger number of smokers
(21/48).
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LUNG FUNCTION AFTER TRANSPLANTATION
As in previous studies,8 "' TLCO was the most sensitive
index, with an immediate decline after transplanta-
tion. None of the changes was particularly large. The
greatest change (in the 16 patients followed for 24
months) was in TLCO, which fell from 88% (SD 16%)
predicted before transplantation to 65% (16%) at 6
months, recovering to 72% (12%) at 24 months. In
absolute terms the decline of TLCO and Kco were

greatest in those with higher initial values, so there was
a proportional decrease six months after transplanta-
tion. All values started to recover slowly nine months
after transplantation.

INFLUENCE OF GRAFT VERSUS HOST DISEASE
The incidence of interstitial pneumonia'5 and severe

airflow obstruction has been higher in patients with
severe acute and chronic graft versus host disease, and
some patients have had histological evidence of
obliterative bronchiolitis.89"' 118 In our prospective
study chronic graft versus host disease was associated
with a greater fall in vital capacity at 12 months (fig 3)
but not with airflow obstruction. In contrast to the
previous experience of our group,9 we have recently
had only one case of severe airflow obstruction
suggesting obliterative bronchiolitis, the patient
ultimately dying of disseminated toxoplasmosis. The
reduction in both the incidence and the severity of
chronic graft versus host disease in the present series
might explain this finding. The changes associated
with acute graft versus host disease (fig 2) were

compatible with loss of functioning lung units (volume
reduction), but TLCO and Kco were not affected
specifically.

INFLUENCE OF T CELL DEPLETION
T cell depletion of donor marrow effectively reduces
the incidence and severity of graft versus host disease,
but appears to increase the risk ofrecurrence ofdisease
in chronic myeloid leukaemia.'4 Patients who received
T cell depleted donor marrow had lower morbidity
and mortality rates immediately after transplantation
but, surprisingly, T cell depletion resulted in a greater
decline in Kco at 6 months and a rise in the FEV,/VC
ratio, suggesting the development of lung fibrosis (fig
4). Because most patients in this group (22/29) were

exposed to the higher total body irradiation dose of 12
Gy, which in the multiple regression analysis was
associated with similar changes, the influence ofT cell
depletion per se remains unresolved.

INFLUENCE OF TOTAL BODY IRRADIATION
Although total body irradiation is used in part to kill
leukaemia stem cells, it has proved difficult to define
the optimal dose rate, total dose, and fractionation
schedules for this purpose. There are several variables,

such as individual sensitivity, tumour burden, and
putative graft versus leukaemia effect to be taken into
account.'9 A total dose above 8 Gy and a dose rate
higher than 5 7 cGy/min have been correlated with a
higher incidence of pneumonitis.'5 19 20 Multiple regres-
sion analysis showed that the higher total body
irradiation dose (12 rather than 10 Gy) was associated
with changes in FEVI/VC and Kco, which would be
expected if irradiation damage had progressed to lung
fibrosis.2' Pneumonitis was more common in the
patients receiving 12 Gy of total body irradiation (7/
23) than in those receiving a dose of 10 Gy (3/21),
although this difference did not reach statistical sig-
nificance. The occurrence of pneumonitis had no
influence on changes in pulmonary function after
transplantation, perhaps because most patients with
pneumonitis died within six months of transplantation
and were therefore not included in the multiple
regression analysis.

Current bone marrow transplant regimens pose a
moderate risk for the lungs but impairment of
pulmonary function in patients who survive seems to
be moderate and not progressive after the first six
months. Risk factors associated with a decline in
pulmonary function include total body irradiation, T
cell depletion, and graft versus host disease, but no
single factor is particularly important. These results
are applicable only to patients with chronic myeloid
leukaemia and other factors, such as the underlying
disease, opportunist infections, conditioning
regimens, and treatment before transplantation,
should be considered in the assessment of pulmonary
morbidity and mortality in other conditions.
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