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Abstract: The current prospective study dealt with clinical outcome
associated with pulmonary and cardiac late effects of AuHCT in
children with malignancies. We prospectively evaluated 58 children,
utilizing pulmonary function tests and cardiac shortening fraction,
performed in pre-AuHCT phase and then annually. The overall five-yr
survival was 68%. The five-yr cumulative incidence of lung and cardiac
function impairment in survivors was 21% in both cases. None of the
patients presented with restrictive or obstructive pulmonary pathology
at the last follow-up and performance status for all survivors, ranged
from 90% to 100%. The cumulative incidence of non-relapse mortality
was 12.6% (range 6.3–25.3%), whereas relapse mortality was 19.7%
(range 11.6–33.5). In conclusion, our study shows no significant
deterioration in post-AuHCT pulmonary and cardiac function and
in particular, no negative impact of lung and heart late effects on
performance status and non-relapse mortality.
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Despite the fact that AuHCT has a different role
compared with AHCT, over the last 20 yr, it has
contributed to the cure of a number of patients
affected with solid tumors, relapsed lymphomas
or acute leukemia. To the best of our knowledge,
there are no reports addressing late or very late
lung and heart functioning complications in
children who received AuHCT for hematological
malignancies. However, children who survived
after AHCT have been reported to complain of
late congestive heart failure but not of life-
threatening respiratory failure (1).
Having recently described the impact of some

risk factors on pulmonary and cardiac function-
ing in children who underwent AHCTs (2), in
this report, we present the results of a five-yr
evaluation of pulmonary and cardiac function in
children who underwent AuHCT in the same
period as the previous report. This prospective
study was conducted on behalf of EBMT Paedi-
atric Diseases and Late Effects Working Parties
with the aim of dealing with specific aspects of
lung and heart functional status in survivors of
AuHCT performed in childhood. Particular
emphasis was devoted to the impact of possible
lung and heart function alteration on non-relapse
mortality and on performance status.

Patients and methods

This collaborative study evaluated 58 consecutive pediatric
patients who underwent AuHCT and survived at least five
yr after transplantation performed for malignant diseases in
seven EBMT centers. Our report was restricted to individ-
uals who met the following eligibility criteria:

(a) primary diagnosis of a malignant disease, including
MDS because some European HCT centers performed
autologous transplantation in patients affected with
MDS at that time;

(b) all AuHCTs were consecutively performed between
January 1994 and January 1998 in children from birth
to 18 yr old. Patients recruited were requested to per-
form standardized PFTs including VC%, FVC%, and
FEV1% (3, 4).

Patients were considered to have normal PTFs when VC
and FEV1 values were >80% or when VC was >80%,
FEV1 > 70% and FEV1%/FVC% was >90%. We
defined ‘‘restrictive syndrome’’ as being when VC% was
<80 and FEV1%/FVC% >90 and ‘‘obstructive
syndrome’’ when VC% was >80, FEV1% < 80, FEV1%/
FVC% < 90 or VC% > 80, FEV1% > 80 and FEV1%/
FVC% < 90. If VC% was <80 and FEV1%/FVC% < 90,
it was not possible, in absence of total lung capacity, to
separate a mixed pattern from an obstructive pattern
associated with hyperinflation.
Cardiac evaluation was performed using a two-dimen-

sional M-Mode echocardiogram to obtain information
regarding dimensions, volumes, ventricular systolic function

and cardiac mass (5). Even in the presence of SF > 30%,
patients� cardiac functioning was normal. Given its well-
known cardiac toxicity, the total dose of anthracyclines was
requested in the data collection form. PFTs and cardiac
function surveillance were obtained as described in the
methods section of our previous report (2), initially pre-
AuHCT and then annually at least up to the five-yr post-
AuHCT.
The study investigators registered patient demographics

and clinical characteristics, including severe lung and heart
abnormalities and every cause of death which occurred after
AuHCT. As almost all patients were adolescents or young
adults at the end of the study, they were evaluated by means
of either the Lansky (<16 yr old) or Karnofsky perfor-
mance score (>16 yr) (6).
The above scores were assigned in increments of 10%.

Scores of 90% and 100% were compatible with normal
activity; a score £ 80% reflected progressive efforts to
continue with normal activity. Patients less than six yr old at
the beginning of the study were not allowed to perform
PFTs because of their age. The Human Subjects committees
of the participating centers approved the study and an in-
formed consent was obtained for each child enrolled,
according to the declaration of Helsinky.

Statistical analysis

Data were revised up to January 2007 and then analyzed.
The probability of PFTs or SF abnormalities and annual
time units hazard rate were calculated using cumulative
incidence-life table method based on discrete data collected
yearly (7). anova analysis was used to compare test values
(VC, FEV1 and SF) at each evaluation during the follow-up
(8). The probability of OS from the date of AuHCT to the
date of death or the date of last follow-up was calculated
using the Kaplan–Meier estimator. The cumulative inci-
dence of non-relapse mortality was calculated using the
cumulative incidence-function method (7). The statistical
analysis was performed using the sas statistical program
(Version 8.2; SAS Institute, Cary, NC, USA) and NCSS
(Number Cruncher Statistical Systems, Kaysville, UT,
USA).

Results

Patients� characteristics, such as age, gender,
diagnosis, status of hematological remission at
AuHCT, pretransplant anthracycline therapy or
type of conditioning regimen with or without
TBI, are summarized in Table 1. The source of
stem cells was bone marrow and peripheral blood
in all patients. Forty-six of 58 patients received
anthracyclines with a median dose of 233 mg/m2

(range 30–550), while 15/46 received more than a
300 mg/m2 anthracyclines cumulative dose.
Twenty-six patients underwent fractionated

TBI combined with high dose chemotherapy,
which included cyclophosphamide with or with-
out VP-16. Thirty-two children underwent high
dose chemotherapy only, which primarily con-
sisted of cyclophosphamide, busulphan and, for
acute or chronic myeloid leukemia, melphalan
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combined regimen. The OS at five yr was 68%
(95% CI 55–80).
At the last follow-up, 40/58 patients were alive

and well with a median Lansky or Karnofsky
score of 100% (range 80–100). Eighteen patients
died at a median time of 1.1 yr post-AuHCT
(range 86 days–4 yr). Causes of death was dis-
ease relapses (11), MOF (two), infectious diseases
(four) and veno-occlusive disease (one). Six of
these 18 patients, including one whose death
resulted from MOF, had SF or PFT abnormal-
ities only at baseline assessment. The cumulative
incidence of non-relapse mortality was 12.6%
(95% CI 6.3–25.3%), whereas relapse mortality
was 19.7% (95% CI 11.6–33.5%).

Evaluation of PFTs

Information regarding VC or FEV1 tests was
collected at the time of AuHCT in 47/58 patients,
but complete data, sufficient to define the nor-
mality of PFTs were available for just 36/47. At
baseline assessment, 10/36 patients presented
with PFT values slightly below the optimal
range. The five-yr cumulative incidence of respi-
ratory function abnormalities of the 26 patients
with normal basal values was 21% (Fig. 1a).
During follow-up, the number of patients de-
creased from 26 to 17 because of AuHCT-related
death (three cases) or lack of information on
PFTs (six cases). Hazard rate was remarkable at
the first yr post-transplant (0.08); none of the
patients fully evaluated at the five yr presented
with pulmonary restrictive or obstructive abnor-
malities. Beyond that, all patients showed a
median Lansky or Karnofsky performance score
of 100% (90–100) with normal quality of life.

None of the patients who died were affected by
late pulmonary complications or lung infections.
The yearly mean values and standard errors of
VC and FEV1, analyzed separately, are pre-
sented in Fig. 2a and b, respectively. The
decrease of mean values was not statistically
significant in both cardiac function test and PFTs
evaluation.
Information regarding SF test was available

for 41 out of 58 patients. At the time of AuHCT,
three of 41 patients had an abnormal SF test; one
died of MOF during infectious disease, one
improved his SF and the last one showed mild
SF abnormalities at the last follow-up. The
remaining 38/41 patients had normal basal tests

Table 1. Patient characteristics

No. of patients

Gender Male/female 28/30
Median age in yr

(range) at AuHCT
12.1 (1–17.9)

Diseases Diagnosis 58
Acute lymphoblastic leukemia 17
Acute myeloid leukaemia 19
Chronic myelogeneous leukaemia 1
Non-Hodgkin lymphoma 2
Hodgkin lymphoma 4
Neuroblastoma 4
Myelodysplastic syndrome 11

Anthracyclines Yes/no 46/12
TBI Yes/no 26/32
Status at AuHCT

for malignant
diseases

First or second CR/other CR 47/11

AuHCT, autologous hematopoietic stem cell transplantation; CR, complete
remission; TBI, total body irradiation.

Fig. 1. (a) The annual cumulative incidence and hazard rate
of pulmonary function tests abnormalities were calculated
on 26 patients with normal values at baseline. Every pattern
different from VC >80% or FEV1% >70% or FEV1%/
FVC% > 90% was considered an event. (b) The annual
cumulative incidence and hazard rate of cardiac abnor-
malities were calculated on 38 patients with normal values
of SF at baseline. A SF value <30% was considered an
event.
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during the five yr of observation and presented a
cumulative incidence of SF abnormalities of 21%
(Fig. 1b). At the five yr, 25/38 patients with
normal basal SF were alive, 5/38 patients died,
but none because of late cardiac dysfunction and
SF information was missing for 8/38 patients
during the follow-up. Overall, just 2/25 patients
surviving to the five yr, presented with asymp-
tomatic cardiac abnormalities. The surviving
patients have a median performance score of
100% (range 90–100).

anova analysis was applied to the 25 patients
with normal SF test and to the two patients with
SF <30% at baseline evaluation (Fig. 2c). The
decrease of mean values was not statistically
significant. Given the limited number of events
throughout the study, the risk factor analysis was
not performed.

Discussion

Our primary goal was to prospectively assess and
delineate late pulmonary and cardiac function
deterioration in patients who underwent AuHCT
during childhood and who were all studied
similarly, up to adolescence or a young adult
age. In the current study, the cumulative inci-
dence of asymptomatic lung and heart late
sequelae was 21%, with hazard rate decreasing
to zero at the five yr for both organs. The median
level of performance Lansky or Karnofsky status
at five yr was 100%, indicating no negative, long-
term impact of AuHCT transplant-related tox-
icity. Allogeneic patients treated at the same
EBMT centers during the same period, showed a
higher cumulative incidence of these late effects.
In particular and not unexpectedly, pulmonary
function was more greatly affected (2), as a result
of the allogeneic effect of GVHD.
Despite our findings, we are aware that more

sophisticated functional tests, such as exercise
tests (9, 10), should be done, to better monitor
cardiac or pulmonary performance in adolescent
survivors of AuHCT. The fact that no moderate
or severe cardiac or pulmonary pathologies were
noted during follow-up in our series, may repre-
sent a relatively optimistic message for those
clinicians who have to make a decision before
AuHCT, even in patients receiving significant
pre-AuHCT chemotherapy. In our study, only
a few patients presented abnormal basal pre-
AuHCT PFTs or SF tests and none showed
functional deterioration or clinical symptoms at
the end of the long follow-up period. Besides that,
we agree with other authors who stated that an
impaired left ventricular ejection fraction at the
time of transplant doesn�t constitute a reliable
risk factor in the early post-transplant period
(11). In line with the European and American
Marrow Transplantation Societies guidelines
(12), we suggest continuous follow-up only for
those few adolescents or young adults who show
a pattern of minimal pulmonary and cardiac
function deterioration, five yr post-AuHCT. Even
though cardiovascular late effects seem to be
more frequent and risky in AHCT series com-
pared with AuHCT series, as seen in a recent large
survivor study, which only included transplanted

(a)

(b)

(c)

Fig. 2. (a) Twenty-one patients (18 with normal and three
with abnormal VC tests at AuHCT) are described with
available data on VC tests. (b) Twenty-one patients (20 with
normal and one with abnormal FEV1 tests at AuHCT) are
described with available data on FEV1 tests. (c) Twenty-
seven patients (25 with normal and two with abnormal SF
tests at AuHCT) are described with available data on SF
tests.
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adult patients (13), long-term cardiovascular
outcome should, however, be studied in younger
patients, such as ours, to draw any definitive
conclusions.
A recent Childhood Cancer Survivor Study

which provided results concerning late mortality
and second cancers in pediatric patients with
NHL, showed that female gender, cardiac radio-
therapy exposure and treatment with anthracy-
clines, were associated with an increased relative
risk of mortality from causes other than NHL
(14). However, in a multivariate model including
all these factors, the same study claimed that only
female gender and cardiac radiotherapy exposure
were predictors of late mortality. The analysis of
risk factors was not performed because of the
limited number of events, which could be a
limitation of this study, even though the report is
unique as far as type of transplant and pediatric
case series long-term pulmonary and cardiac
function outcome are concerned.
On the other hand, an interesting finding in the

era of continuous improvement of outcome
among transplanted patients was the lack of
any negative impact of late cardiac and pulmo-
nary effects on non-relapse mortality. This is in
contrast with a large study involving adult
AuHCT patients (15), which demonstrated that
2% of the long-term survivors died from cardiac
and pulmonary toxicity. Moreover, a 4.4-fold
death risk for cardiac causes in females and 6.7-
fold death risk for pulmonary causes in males,
was reported in that study, throughout the years.
Another recent study with case-matched controls
(16), involving adult survivors after 10 yr showed
limited statistical power in detecting a correlation
between late cardiac or pulmonary complications
and non-relapse mortality, mainly because of the
small number of AuHCT patients. However,
there are a few studies which indicate that post-
transplant abnormal PFTs have predictive values
for AHCT outcome in adult patients, mostly
because of chronic GVHD and severe airflow
obstruction (17, 18).
In conclusion, our study underlines a compre-

hensive normal pattern of late pulmonary and car-
diac function in pediatric patients who received
an AuHCT for malignant diseases. Autologous
procedures and associated cardiopulmonary late
effects did not affect non-relapse mortality in the
long-term, diversely from what has been observed
in adult recipients. The good performance status
at the five-yr post-transplant, suggests that
AuHCT long-term adolescent survivors, could
have optimal physical and social activity. Finally,
for these patients, a lifelong commitment with the
transplant center is necessary, because we do not

know whether late cardiopulmonary complica-
tions in children who are expected to become very
long-term survivors, can occur decades after
HCT.
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