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ABSTRACT: We prospectively assessed the frequency of pulmonary complications
and the natural course of lung function after bone marrow transplantation (BMT),
as well as the effect of several risk factors in a homogeneous group of 39 children
who underwent allogeneic or autologous BMT for haematological malignancies
between 1992 and 1995.

Four patients developed pneumonia within the first 3 months and three 3–6
months after BMT. A considerable percentage of acute bronchitis was recorded
throughout the follow-up. Three patients died after the 6 month visit because of
pneumonia (two patients) and pulmonary aspergillosis (one patient). No patients
had obstructive lung disease syndrome. At 3 months after BMT, forced vital capac-
ity (FVC), forced expiratory volume in one second (FEV1) and transfer factor of
the lung for carbon monoxide (TL,CO) significantly decreased, but FEV1/FVC ratio
and maximal expiratory flow at 25% of FVC remained unchanged, suggesting a
restrictive defect with diffusion impairment. At 18 months, there was a progres-
sive recovery in lung function, although only 11 patients had normalized. Seropositivity
for cytomegalovirus had a significant effect on lung function whereas graft-versus-
host disease also had an effect, although it was not statistically significant. Baseline
respiratory function, type of transplant, type of conditioning regimen and respi-
ratory infections did not significantly affect the outcome of BMT.

The high frequency of severe lung function abnormalities found in this study,
suggests a careful functional monitoring in all subjects undergoing bone marrow
transplantation, even in the absence of respiratory symptoms.
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The increasing success of bone marrow transplanta-
tion (BMT) for treatment of haematological malignan-
cies and solid tumours has now drawn much attention
to the late sequelae of therapy on the function of seve-
ral systems.

Pulmonary complications are a major cause of mor-
bidity and mortality in adult BMT recipients [1, 2].
There is little published information on pulmonary com-
plications and respiratory function changes occurring
in children who received BMT [3]. Most previous stu-
dies reported only retrospective analyses of serial pul-
monary function tests in children who received BMT
[4, 5], and longitudinal pulmonary function studies in
this population are sparse [6, 7]. Furthermore, available
data are conflicting to some extent [4–6, 8]. Variance
between studies may result from the different underly-
ing diseases and the changes of therapeutic strategies
over time.

Recent advances in transplant immunobiology, sup-
portive care and prevention of graft-versus-host disease
(GVHD) have markedly changed the outcome of BMT.
We undertook this prospective study to verify the fre-
quency of pulmonary complications, the natural course
of lung function after BMT and the effect on it of sev-
eral risk factors in a homogeneous group of children

who underwent BMT over a short period, when thera-
peutic strategies remained essentially unchanged.

Patients and methods

Study protocol and patient selection

Thirty nine children (22 males, 17 females) aged ≥6
yrs, who received an autologous (10 patients) or allo-
geneic (29 patients) BMT between September 1992 and
September 1995, were enrolled in this follow-up study.
Written informed consent was obtained from their par-
ents. Clinical examination, chest radiograph and lung
function tests were obtained before BMT. Follow-up
visits were scheduled for 3, 6, 12 and 18 months after-
wards. Respiratory symptoms present at the follow-up
visit were recorded, as well as any significant respira-
tory problems occurring between visits.

The total number of patients undergoing BMT in
the period considered was 56, but 17 children were
excluded because they were unable to perform pulmo-
nary function tests (three patients), or showed an early
relapse of disease (five patients), or died of transplant-
related causes in the first 3 months after BMT (nine pat-
ients, two of whom experienced idiopathic pneumonia



syndrome). The 39 patients included had a minimum
follow-up of 3 months. At 6 months after BMT, two
patients had been lost to follow-up: one had died of
relapse and one had developed encephalitis. At 12 months
after BMT, six other patients were no longer evaluable:
five had relapsed (four died) and one had died of pneu-
monia causing respiratory failure. At 18 months after
BMT, three other patients had died (one of relapse, one
of pulmonary aspergillosis with respiratory failure, one
of fungal meningitis) and one did not attend the hospi-
tal for follow-up visit because of family problems. The
characteristics of the patients included in the study are
reported in table 1. Twenty children had been trans-
planted for acute lymphoblastic leukaemia (ALL), 13
for acute myelogenous leukaemia (AML), three for chro-
nic myelogenous leukaemia (CML), and three for non-
Hodgkin's lymphoma (NHL). Before BMT, patients with
ALL, AML and NHL had been previously treated using
protocols established by the Italian Association for Ped-
iatric Hematology/Oncology, whereas those with CML
had received hydroxyurea [9, 10]. In particular, the maj-
ority of patients with ALL were given BMT after a sec-
ond haematological remission, having experienced a
medullary relapse, whereas children with AML were
mainly transplanted at the first haematological remis-
sion. The median interval between diagnosis and BMT
for children with ALL and AML was 30 and 5 months,
respectively.

Twenty nine patients were given a conditioning reg-
imen including fractionated total body irradiation (TBI;
12 Gy divided into six fractions over 3 days) associated
with cytotoxic drugs, such as cyclophosphamide (CY),
thiotepa (TT), melphalan (L-PAM), carmustine (BCNU)
and vincristine (VCR). Eight children underwent BMT
after a myeloablative therapy consisting of busulfan (BU)
(16 mg·kg-1 p.o. over 4 days) and CY (120 mg·kg-1 i.v.),
with (six patients) or without (two patients) L-PAM
(140 mg·m-2·single dose-1 i.v.). The remaining two chil-
dren underwent BMT after a regimen of etoposide/TT/
CY and BCNU/TT/L-PAM, respectively. GVHD pro-
phylaxis consisted of cyclosporin-A (Cs-A) in 20 chil-
dren and methotrexate (MTX) in two children given an

allogeneic BMT from an HLA-identical sibling, while
seven patients receiving a matched unrelated transplant
were treated, in addition to Cs-A, with short-course
MTX [11] and the monoclonal antibody Campath-1G
in vivo.

Acute GVHD occurrence was classified according to
previously described criteria [12] and treated with ste-
roids as first-line therapy and horse antilymphocyte glo-
bulin in resistant cases. Chronic GVHD was diagnosed
according to the criteria published by SHULMAN et al.
[13] and treated using Cs-A and steroids when neces-
sary. All 12 children who developed grade II–IV acute
GVHD recovered after the treatment mentioned above,
while 10 of the patients with acute GVHD developed
limited chronic GVHD, which required therapy in four
cases. Twenty of the 29 patients given allogeneic BMT had
positive serology for human cytomegalovirus (HCMV),
whereas 21 donors were seropositive.

Respiratory symptoms and complications

At each scheduled visit, the presence of cough and/or
phlegm, dyspnoea and wheezing, not sufficiently indi-
cative of a specific pathology, was recorded and coded.
When acute bronchitis or pneumonia were diagnosed at
the scheduled time of the visit, the respiratory function
tests had to be delayed until at least 10 days after re-
covery. Acute bronchitis was defined as a clinically
apparent acute episode of airway inflammation with
cough and mucopurulent phlegm requiring treatment;
pneumonia was defined as the occurrence of an acute
pulmonary infection, with physical and radiographic
signs of parenchymal thickening. Isolation of bacterial,
mycotic and viral agents from secretions obtained by
deep coughing was attempted. Children with pneumonia
were treated using broad spectrum antibiotic therapy (i.e.
aminoglycosides and second generation cephalosporine).
If fever persisted for 48 h, vancomycin was added, where-
as antifungal agents were employed if fever persisted
for a further 24 h. If sputum cultures demonstrated a
specific organism, appropriate antibiotic therapy was ad-
ministered. Antibiotic or antifungal treatment was dis-
continued after complete resolution of the infections and
normalization of the chest radiograph.

The diagnosis of obstructive lung disease was made
when patients met all the following criteria: 1) no evi-
dence of pulmonary abnormalities before transplantation;
2) cough, wheezing, and/or dyspnoea in the absence of
infection; 3) forced expiratory volume in one second
(FEV1) and maximal expiratory flow at 25% of forced
vital capacity (MEF25) SD score <-1.64. All the respi-
ratory diagnoses were made by the same team of clini-
cians and all chest radiographs reviewed by one of the
investigators.

Pulmonary function tests

Measurements of lung volumes were obtained by a
water-sealed spirometer (Pulmonet III, Sensor Medics,
Anaheim, CA, USA). Measurements were performed
according to the European Coal and Steel Community
(ECSC) statements [14] and to the American Thoracic
Society (ATS) recommendations [15]. The best of three
forced vital capacity (FVC) measurements was record-
ed as well as FEV1, FEV1/FVC ratio, and MEF25.
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Table 1.  –  Characteristics of the 39 patients enrolled
in the study

Age  yrs 11 (6–18)
Sex M/F 22/17
Type of BMT  n

Allogeneic 29
Autologous 10

HLA compatibility of donors  n
Matched siblings 22
Matched unrelated donors 7

Age at BMT  yrs 12 (1–42)
Conditioning regimens  n

TBI/cytoxic drugs 29
BU/CY/L-PAM 6
BU/CY 2
Other regimens 2

HCMV-seropositive donor and/or 24
recipient pairs  n

Values are presented as absolute numbers, or as medians, with
ranges in parentheses. M: male; F: female; HLA: human major
histocompatability complex; BMT: bone marrow transplanta-
tion; TBI: total body irradiation; BU: busulfan; CY: cyclophos-
phamide; L-PAM: melphalan; HCMV: human cytomegalovirus.
For further details see also Patients and methods section. 



Transfer factor of the lung for carbon monoxide (TL,CO)
was determined using the single-breath method (Transfer-
screen-II; Jaeger, Wuerzburg, Germany) and corrected
for haemoglobin content. Since the correction of TL,CO
for alveolar volume did not influence the results of our
analysis, only uncorrected TL,CO values are reported.
Measurements were performed according to the ECSC
[14] and ATS [16] guidelines.

Reference values were those from a recent cross-
sectional study on lung function in healthy schoolchild-
ren, aged 4–19 yrs [17, 18]. Data are expressed as an
SD score ((actual result - predicted result)/population SD)
and defined as pathological when <-1.64, correspond-
ing to the fifth percentile [14]. Taking into account the
pubertal stage of each subject at each respiratory func-
tion assessment, the SD score was corrected according
to the tables reported by ROSENTHAL and co-workers [17,
18]. Pubertal stage was evaluated according to the method
of TANNER [19].

Three patterns of respiratory function abnormalities
were defined as follows: 1) restrictive: FVC SD score
<-1.64 with FEV1/FVC index >-1.64; 2) obstructive:
FEV1 SD score <-1.64 with FEV1/FVC index <-1.64;
and 3) isolated diffusing impairment: TL,CO SD score
<-1.64 with the other parameters in the normal range.

Statistical analysis 

Repeated measures analysis of variance (ANOVA)
was used to analyse changes in pulmonary function
tests over time. Thirty nine FVC values were available
at 3 months after BMT, 37 at 6 months, 31 at 12
months and 27 at 18 months; two different ANOVA
analyses were thus performed: 1) comparing data of
all 39 subjects on pre-BMT and 3 months after BMT;
and 2)  comparing data obtained at baseline, 3, 6, 12
and 18 months after BMT of the 27 subjects who
completed the follow-up. TL,CO values were analysed
in the same way, 27 patients being precluded in the
first analysis, and 17 in the second; the missing TL,CO
data with respect to FVC were due to the greater diffi-
culty and co-operation required to perform this test
than for FVC manoeuvres. Tukey's honest statistical dif-
ference (HSD) test for unequal sample size (Spjotvoll
and Stoline test) and Scheffe's test were used to com-
pare differences between groups and within groups,
respectively.

ANOVA analyses were performed to evaluate the role
of the type of disease and chemotherapy on lung dys-
function prior to transplant.

Logistic regression analysis (EGRET, Statistics and
Epidemiology Research Co., Seattle, WA, USA) [20] was
used to examine the relationship between each poten-
tially prognostic variable and changes in lung function
tests after BMT. The independent variables were: base-
line respiratory function; seropositivity for HCMV; type
of transplantation; different preparative regimen; dev-
elopment of respiratory infections; and development of
acute or chronic GVHD in the first 3 months. The de-
pendent variable was the 3 month respiratory function
categorized into normal or abnormal (grouping all the
above-mentioned abnormal patterns). A p-value of less
than 0.05 was considered significant.

Results

The respiratory symptoms most frequently reported
were cough and phlegm; they were present in 15–25%
of children at all visits. Dyspnoea was present in <10%
of cases at the 3 and 6 month visits only. Acute bron-
chitis was diagnosed and treated in the first 3 months
in 7.9% of patients, during 3–6 months in 8.6% of pati-
ents, 6–12 months in 10.8% and 12–18 months in 16.1%
of patients. Pneumonia was diagnosed and treated dur-
ing the first 3 months of follow-up in 10.5% of patients,
and 3–6 months in 8.6% of patients. One patient had
pneumonia after the 6 month control and died rapidly
of respiratory failure before a microbiological diagnosis
was obtained and specific treatment was given. Overall,
during the whole follow-up, 17 subjects never develop-
ed acute bronchitis or pneumonia, 12 had only one epis-
ode of acute bronchitis, one developed two episodes of
acute bronchitis, three had one episode of acute bronchi-
tis and one of pneumonia, and six had pneumonia. In
two cases of pneumonia, sputum cultures showed Strep-
tococcus pneumoniae or Haemophilus influenzae. All but
one of these complications resolved easily after treatment.
One patient developed pulmonary aspergillosis after the
12 month control and died of respiratory failure. No
patients had obstructive lung disease during the follow-up.

Baseline mean values of FVC and TL,CO SD scores
were in the normal range, although in the area of neg-
ative values (SD score 0– -1.64). A high percentage of
patients had negative baseline values and a significant
percentage already had clear pathological baseline val-
ues (SD score <-1.64), particularly for TL,CO (table 2).
When the abnormal lung function parameters of each
patient were grouped into patterns, only 65% of pati-
ents were normal at baseline. These subjects received
chemotherapy before transplantation for a shorter time
(22.8±20.3 months) than subjects with abnormal base-
line lung function (33.4±41.3 months); this difference,
however, was not statistically significant. Baseline mean
values of FVC and TL,CO SD score were lower, but not
significantly in patients with ALL (-0.37±1.33 and -1.06±
1.43, respectively) than in patients with AML (0.14±
0.57 and -0.83±2.37, respectively). A statistically sig-
nificant decline in the mean values of FVC, FEV1 and
TL,CO but not in FEV1/FVC or MEF25, was observed
between baseline and 3 months after BMT. At 3 months
after BMT, the percentage of subjects with clearly pat-
hological values of FVC and TL,CO increased greatly;
more than 33% of subjects had pathological values of
FVC and more than 66% of TL,CO (table 2).

The 27 patients who completed the 18 month follow-
up, showed a similar decrease of FVC after 3 months.
Subsequently, the trend inverted, with recovery up to 12
months and stabilization by 18 months. ANOVA show-
ed a statistically significant difference between times
(p<0.01). Post hoc comparison showed that the statis-
tical significance of the model was due to the differ-
ence between baseline and 3 month values (p<0.05) and
to that between baseline and 6 months (p<0.05). None-
theless, the mean FVC value at 18 months was still
lower than at baseline (fig. 1). At 3 months, the trend
of TL,CO showed a greater decrease than FVC. Despite
the modest recovery at the end of the first year of fol-
low-up, at 18 months the mean TL,CO value was still
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clearly pathological. ANOVA showed a difference be-
tween times that was at the limit of the statistical sig-
nificance (p=0.05). In the post hoc comparison the only
statistically significant difference was between the base-
line value and that at 3 months (p<0.05). Six patients
with the worst decline in FVC were not able to carry
out single-breath manoeuvres and, thus, TL,CO mean
values were not processed (fig. 2). As shown by the
wide SDs of the means (figs. 1 and 2), the trends in FVC
and TL,CO varied greatly between subjects during the
follow-up period. When abnormalities of the function-
al parameters of each patient during the follow-up were
grouped into patterns, restrictive defects and isolated
TL,CO impairment were the most prevalent. At the end
of follow-up, only 42.3% of patients had normal lung
function (table 3).

Of the variables that might be prognostic of the post-
BMT outcome, only seropositivity for HCMV was sig-
nificant by the logistic regression analysis (odds ratio
(OR) 10.50; 95% confidence interval (95% CI) 1.21–

91.03; p<0.05). The presence of chronic GVHD also
played a role, although it was not significant (OR 3.42,
95% CI 0.28–40.95; p=NS). Baseline lung function ab-
normalities, type of transplant (allogeneic versus auto-
logous), type of conditioning regimen (with TBI versus
no TBI) and development of respiratory infections in
the first 3 months did not significantly influence the res-
piratory function at 3 months post-BMT.

Figure 3a shows that the individual FVC values of
the subjects who received autologous BMT are in the
normal range during the follow-up period in all but one
patient (who had an episode of acute bronchitis before
the 12 month examination). In the group of subjects
given an allogeneic BMT without acute or chronic
GVHD (fig. 3b) the trend in the FVC values was sim-
ilar in all patients, all being in the negative range and
many in the pathological range even at 12 and 18
months. In the group of subjects with acute GVHD who
did not subsequently develop chronic GVHD (fig. 3c)
there was a decrease of FVC at 3 months in ~50% of
subjects and a progressive recovery in all of but one
patient; all these patients were treated with high doses
of steroids. The subject with the worst trend had an
HCMV infection reactivation 5 months after BMT; at
the end of follow-up an improvement was observed, but
the values were still in the pathological range. In the
group of subjects with acute and chronic GVHD (fig.
3d), at 3 and 6 months, FVC values were even lower
than in the group with acute GVHD only; the recovery
at the end of follow-up varied greatly in the different
patients.
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Table 2.  –  Respiratory function data at baseline and
3 months after bone marrow transplantation (BMT)

SD score Patients Patients
with values with values

0– -1.64 ≤1.64
% %

FVC Baseline -0.22±1.12 43.6 10.2
3 months -1.05±1.64** 43.5 38.5

FEV1 Baseline 0.13±0.76 42.0 7.7
3 months -0.76±0.96** 43.6 30.7

FEV1/FVC Baseline 0.15±0.96 35.9 5.1
3 months -0.15±1.35 28.2 15.4

MEF25 Baseline 0.24±1.80 27.8 10.8
3 months -0.21±1.72 42.4 16.2

TL,CO Baseline -1.21±1.73 29.6 48.1
3 months -2.24±1.31** 29.7 66.6

Values are presented as the SD score ((actual result - predicted
result)/population SD), expressed as mean±SD, or as percent-
ages of patients with negative SD scores (0– -1.64) and patho-
logical SD scores (<-1.64). For forced vital capacity (FVC),
forced expiratory volume in one second (FEV1) and FEV1/FVC,
n=39; for maximal expiratory flow at 25% FVC (MEF25),
n=37; for transfer factor of the lung for carbon monoxide
(TL,CO), n=27. **: p<0.01 versus baseline.
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Fig. 1.  –  Trend of forced vital capacity (FVC) expressed as the
mean±SD of the SD score in the group of 27 patients who completed
the follow-up (baseline, 3, 6, 12 and 18 months after bone marrow
transplantation (BMT)). Analysis of variance over time: p<0.01. *:
p<0.05, versus baseline (post hoc comparison).
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Fig. 2.  –  Trend of transfer factor of the lung for carbon monoxide
(TL,CO) expressed as the mean±SD of the SD score in the group of 17
patients who completed the follow-up with all measurements (base-
line, 3, 6, 12 and 18 months after bone marrow transplantation
(BMT)). Analysis of variance over time: p=0.05. *: p<0.05, versus
baseline (post hoc comparison).

Table 3.  –  Patterns of respiratory function abnormali-
ties during the follow-up

Patients %
Pattern Baseline 3 6 12 18

months months months months

Normal 70.4 25.9 25.9 38.0 42.3
Restrictive 3.7 37.0 25.9 14.8 30.8
Obstructive 0 7.4 14.8 18.5 7.7
Isolated TL,CO+ 23.5 41.2 41.2 29.4 31.2
+: percentages of patients with transfer factor of the lung for
carbon monoxide (TL,CO) measurements during the complete
follow-up.



Discussion

This study expands current knowledge of the respi-
ratory consequences of BMT in children. Acute bron-
chitis and pneumonia were found to be frequent, but
easily resolved after treatment in all but one case. An
important finding of our study is the absence of obstruc-
tive lung disease in the period of our follow-up, at least
as defined by the literature [4]. There is previous evi-
dence that children may fare better than adults in this
respect, but the data are still conflicting [4, 8]. We found
that children with acute and particularly chronic GVHD
had more lung function abnormalities than the other
patients but no clinically evident respiratory manifes-
tations. Because lung function abnormalities were at  least
in part reversible, either spontaneously or after high doses
of prednisone, we think that obstructive lung disease
can be an easily controlled problem by early treatment
of acute and chronic GVHD and accurate and frequent
monitoring of respiratory symptoms and lung function.

One of the most important findings of this study is
that there is variability of outcomes in terms of respi-
ratory function: few patients had no or minimal abnor-
malities while many others had more permanent injury
as they developed important restrictive defects with sig-
nificant impairment of diffusion capacity. At 18 months,
progressive recovery of lung function was observed,
although only ~40% of the patients reached values with-
in the normal range.

We found that a moderate percentage of our patients
already had lung function abnormalities at baseline,
which may have resulted from previous treatments. In
fact, baseline lung function was more impaired in pati-
ents with ALL, who had been treated for a longer time
with chemotherapy before having their transplant, than
in those patients with AML. Unfortunately, we could
not find any statistically significant association, proba-
bly due to the different histories and to the wide range
in duration of treatments before admission to our clinic.

At present, the exact effects of factors potentially in-
fluencing lung function after BMT (i.e. baseline lung
function abnormalities, cytoreductive regimens, immuno-
suppression, infections, type of transplant and GVHD)
have not been completely clarified; the only variable
that we found to be prognostic was seropositivity to
HCMV, as already observed by QUIGLEY et al. [5]. The
power of the statistical analysis of our sample, as for
all the other studies in the literature, is limited by the
relatively small sample size, due to the difficulty in
recruiting a sufficiently large population of such chil-
dren in a short period of time. As the different poten-
tial risk factors are not distributed homogeneously, the
detection of differences between groups and significant
interactions becomes difficult. We think that this limi-
tation had a particular influence on the evaluation of the
effect of type of transplant (29 patients with alloge-
neic, 10 with autologous BMT). Indeed, when we eval-
uated the individual plots of FVC against time for the
different groups of subjects, as suggested by MATTHEWS

et al. [21], we found that the group of subjects who
received autologous transplant showed a trend that was
constantly within the normal range (fig. 3a), while the
group of subjects who received allogeneic transplants
(fig. 3b) had worse values of FVC independent of acute
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Fig. 3.  –  Individual plots of forced vital capacity (FVC) expressed
as SD score values at baseline, 3, 6, 12, and 18 months after bone
marrow transplantation (BMT) of the 27 subjects who completed the
follow-up, subdivided into: a) seven patients given an autologous BMT;
b) five patients given an allogeneic BMT with no acute or chronic
graft-versus-host disease (GVHD); c) eight patients with acute
GVHD; and d) seven patients with acute and chronic GVHD.
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and chronic GVHD occurrence. Immune-mediated  dam-
age to the recipient lung might explain the more marked
impairment in lung function in allogeneic BMT pati-
ents. Drug regimen toxicity probably plays an impor-
tant role; we were unable to confirm this, because the
group of children who received BMT for nonmalignant
diseases was too small to allow any comparison and
was, thus, not included in this study. In any case, be-
cause of the different individual responses, the amount
of lung damage due to drugs cannot be predicted. No
statistically significant difference was found between
patients who underwent TBI and those who did not, in
the conditioning regimen. Although high-dose radiation
is a known cause of lung function impairment, we think,
as do QUIGLEY et al. [5], that irradiation over several
days in fractionated doses can result in better preserva-
tion of lung function. In our statistical model, the pres-
ence of respiratory infections in the first 3 months was
not found to be prognostic; thus, the prolonged lung func-
tion abnormalities could not be the result of recurrent
bronchitis or pneumonia. Unexpectedly, prior lung dam-
age was not found to be significant in predisposing to
more severe transplant injury. A previous study in adults
found a significant correlation between pulmonary func-
tion tests before BMT and risk of death [22], while
another study only found a significant correlation with
a higher risk of pulmonary complications [23]. The impor-
tant consequence of this unexpected result is that it may
be possible to include subjects with even severe lung
function abnormalities in a transplantation programme.

In conclusion, respiratory infections were frequent
complications after bone marrow transplantation, but
resolved quickly in almost all cases. Obstructive lung
disease might be controlled by early diagnosis and treat-
ment. In spite of this, after bone marrow transplantation,
a significant proportion of children develop restrictive
defects and impairment of diffusion capacity that are
still present at the end of follow-up in more than 50%
of cases. These abnormalities are only partially pre-
dicted by the seropositivity to human cytomegalovirus
and by the development of graft-versus-host disease.
Owing to the lack of precise information on other pre-
dictive factors, we recommend careful monitoring in all
subjects in this period, even in the absence of respira-
tory symptoms. As the lung function in many patients
is still in the pathological range at 18 months, longer-
term follow-up studies are needed to evaluate the final
outcome in these children [7, 24].
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