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ABSTRACT: Bone marrow transplantation is associated with pulmonary opportunistic
infections and immune-mediated pulmonary processes such as idiopathic pneumonia
syndrome and bronchiolitis obliterans. The aim of the present study was to test the
hypothesis that nonmyeloablative stem cell transplantation (NST) has less adverse
effects on the lungs.

A review was undertaken of the pulmonary complications occurring in 53 patients
with various haematological malignancies, some of whom were considered high-risk
patients with chemoresistant disease, who underwent fludarabine-based irradiation-free
conditioning for NST performed between March 1996 and October 1998. All data
related to transplant procedure, disease outcome, graft-versus-host disease (GVHD),
chest imaging, microbial cultures and lung biopsies, were retrieved from information
collected prospectively at the time of transplantation.

The median follow-up period after transplantation was 45 months, with 35 patients
surviving w100 days. Approximately half of the patients displayed some form of
GVHD, with 11% developing severe chronic GVHD. In 17 (32%) patients, the lungs
were somehow adversely affected. Only two (3.8%) patients developed a clinical picture
consistent with idiopathic pneumonia syndrome and none developed diffuse alveolar
haemorrhage or bronchiolitis obliterans.

Dose-reduced conditioning is associated with a low rate of pulmonary toxicity and
side-effects. These findings may extend understanding of significant immune-mediated
complications occurring after bone marrow transplantation.
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Allogeneic bone marrow transplantation (BMT) has been
consistently associated with a high incidence of pulmonary
complications, such as opportunistic infections caused by
viruses and invasive fungi, toxic effects of chemoradio-
therapy, and inflammatory processes largely associated with
graft-versus-host disease (GVHD).

A devastating complication of BMT is the appearance
of interstitial pneumonitis, manifested by diffuse bilateral
interstitial pulmonary infiltrates associated with progressive
dyspnoea and hypoxaemia. The reported incidence of inter-
stitial pneumonitis after allogeneic BMT may be as high as
20% [1, 2]. In the absence of evidence of an infectious agent
such as Pneumocystis carinii or cytomegalovirus (CMV), this
complication is designated idiopathic pneumonia syndrome
(IPS). Since the methods and sensitivity of diagnosis of
specific aetiological infectious agents such as CMV differ
between various reports, the true incidence of IPS after
allogeneic BMT is difficult to determine but ranges from 20%
in patients who have undergone conditioning protocols that
include total body irradiation [1], down to 7.6% in patients for
whom irradiation was not included in the conditioning
protocol [3]. The higher incidence of IPS after allogeneic
BMT suggests that GVHD-related immune reactions may
play an important role in the pathogenesis of this condition.

The recently described nonmyeloablative conditioning, also
referred to as dose-reduced conditioning, entails less intense
conditioning, such that host marrow cells are not completely
eradicated prior to stem cell transplantation [4]. Presumably,
the subsequent elimination of malignant cells is achieved by a
"graft-versus-leukemia" effect, rather than by total ablation of
the host bone marrow. This method of conditioning avoids
the prolonged pancytopenia and profound immune suppres-
sion observed with conventional myeloablative conditioning.

In the present retrospective study, the incidence and
severity of IPS and other marrow transplant-related pulmo-
nary complications were examined in patients undergoing
nonmyeloablative stem cell transplantation (NST). It was
hypothesised that the irradiation-free nonmyeloablative con-
ditioning protocol would be associated with a relatively low
incidence of pulmonary infections and immune-mediated
pulmonary complications.

Methods

Patients

Pulmonary complications were reviewed in 53 consecutive
patients who had undergone stem cell transplantation after
nonmyeloablative conditioning between March 1996 andFor editorial comments see page 357.
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October 1998. Patients were included in this protocol in
an attempt to accomplish malignancy eradication without
myeloablative conditioning. Some of the patients in this
cohort were very high-risk patients, who would have been
excluded from conventional myeloablative allogeneic BMT
because of chemoresistance, advanced age and multiple
previous treatment modalities. Two patients with Hodgkin9s
lymphoma and one with non-Hodgkin9s lymphoma received
mediastinal irradiation therapy prior to transplantation.
Three patients with lymphoma underwent autologous stem
cell transplantation prior to the present procedure (two, one
of whom had previously had Hodgkin9s lymphoma, for non-
Hodgkin9s lymphoma and one for Hodgkin9s lymphoma). All
patients consented to participate in the clinical trial, which
was approved by the institutional review board of Hadassah
University Hospital.

All data were retrieved from information collected pro-
spectively at the time of transplantation and reviewed by
physicians from the Dept of Bone Marrow Transplantation
(Hadassah University Hospital and Hebrew University-
Hadassah School of Medicine, Jerusalem, Israel). Pulmonology
consultants reviewed the results and reports of chest imaging,
fibreoptic bronchoscopy, microbial culture and lung biopsy.

The underlying diseases in the patients who underwent
NST are detailed in table 1. Stem cells were obtained from
fully matched human leukocyte antigen (HLA) class I and II
siblings in 49 patients and mismatched from other family
members in the remaining four (parents in two, son in one
and cousin in one).

Transplant procedure

Granulocyte colony-stimulating factor-mobilised donor
blood stem cells were collected once, after 5 days of
administration of granulocyte colony-stimulating factor (G-
Neupogen; Hoffmann-LaRoche, Basle, Switzerland; 5 mg?kg
body weight-1 twice daily).

The conditioning protocol used in all patients has been
described previously [4]. Briefly, the immunosuppressive
treatment consisted of fludarabine 30 mg?m-2?day-1 for six
consecutive days (days -10–-5), oral busulfan 4 mg?kg body
weight-1?day-1 in four divided daily doses for two consecutive
days (days -6 and -5) and anti-T-lymphocyte globulin (ATG-
Fresenius AG, Munich, Germany) 10 mg?kg body weight-1?
day-1 for four consecutive days (days -4–-1). None of the
patients received haematopoietic growth factors after trans-
plantation to accelerate neutrophil count recovery.

Prophylaxis against GVHD included intravenous cyclos-
porin 1.5 mg?kg body weight-1 twice daily, starting on day -1,
and switching to an oral dose of 3 mg?kg body weight-1 twice
daily as soon as the patients were no longer receiving intra-
venous therapy, with the dosage tapered during the second or

third month after transplantation, according to their chimeric
status and evidence of GVHD.

Donor lymphocyte transfusions

In order to augment the graft-versus-tumour effect, 11
patients with evidence of either residual disease or mixed
chimerism in the absence of GVHD were treated with donor
lymphocyte transfusions as previously described [4].

Graft-versus-host disease

Acute GVHD was graded by noting the presence of
cutaneous, intestinal and/or hepatic involvement, according
to International Bone Marrow Transplantation Registry
severity indices [5]. Immediately upon appearance of signs
and symptoms of GVHD, intravenous methylprednisolone
(2 mg?kg body weight-1) and cyclosporin were administered.

Chronic GVHD was recorded as new onset or progression
from acute GVHD, and graded as limited (localised cutaneous
or hepatic dysfunction) or extensive, if there was histological
evidence of either chronic aggressive hepatitis or ocular or
oral involvement.

Infection prophylaxis

Prophylaxis against P. carinii pneumonitis was provided
by trimethoprim/sulfamethoxazole (10 mg?kg body weight-1?
day-1 trimethoprim), administered prior to transplantation
(days -10–-1), and later resumed twice weekly as soon as
absolute neutrophil counts werew0.756109 cells?L-1. Prophy-
laxis against herpes simplex virus was provided by low-dose
oral aciclovir 500 mg?m-2 three times daily (days -6–100).

Pre-emptive therapy against CMV was guided by the
results of polymerase chain reaction amplification of CMV
deoxyribonucleic acid (DNA), with weekly testing starting at
day -10. If patients with initially negative test results gave
positive results in two consecutive tests, therapy with aciclovir
was replaced by ganciclovir at a daily dose of 5 mg?kg body
weight-1 administered three times weekly. Therapy with
ganciclovir was continued until at least two consequent
negative test results were obtained.

Procedure outcome

Data regarding underlying disease outcome, marrow
engraftment, GVHD (grade and organs involved), infectious
complications, drug toxicity and pulmonary adverse effects
were retrieved from patient charts.

Pulmonary complications

All patients underwent full pulmonary function testing
prior to transplantation. After transplantation, repeat tests,
including spirometry and determination of lung volumes,
carbon monoxide transfer factor and arterial blood gas levels
were performed whenever patients developed respiratory
symptoms (e.g. cough and dyspnoea). Plain-film chest
radiography and computed tomography were performed
prior to the procedure and were repeated whenever clinically
indicated. Pulmonary complications typically related to BMT
were identified according to previously described criteria
[1, 6].

Table 1. – Indication for nonmyeloablative stem cell trans-
plantation in 53 patients with haematological malignancies

Indication Patients n

Non-Hodgkin9s lymphoma 14
Hodgkin9s lymphoma 2
Acute nonlymphocytic leukaemia 16
Acute lymphocytic leukaemia 5
Chronic myelogenous leukaemia 14
Myelodysplastic syndrome 1
Multiple myeloma 1
Total 53
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Pneumonia is diagnosed clinically on the basis of the pre-
sence of localised segmental or lobar pulmonary infiltrates on
chest imaging accompanied by any one or combination of
dyspnoea, fever and cough, with or without sputum production.

Pulmonary oedema after BMT is diagnosed on the basis of
rapid onset of dyspnoea and hypoxaemia (often at 2–3 weeks
after BMT), accompanied by weight gain and bibasilar
crackles on physical examination. Chest radiographic exam-
ination reveals vascular redistribution and diffusely increased
interstitial markings.

IPS is defined by the presence of diffuse nonlobar radio-
graphic infiltrates accompanied by signs and symptoms of
pneumonia and physiological changes such as hypoxaemia
and an increasing alveolar to arterial oxygen gradient, and
bronchoalveolar lavage (BAL) examination results that do
not reveal a possible infectious agent. Findings from histo-
logical specimens, when obtained, range from interstitial
mononuclear infiltrates and oedema to diffuse alveolar
damage with alveolar epithelial necrosis, intra-alveolar hya-
line membranes and type 2 alveolar cell hyperplasia.

Diffuse alveolar haemorrhage (DAH) is characterised by a
sudden onset of dyspnoea and hypoxaemia, accompanied by
diffuse consolidation on radiographic examination and BAL
revealing a progressively bloodier return of the lavage fluid.

Bronchiolitis obliterans (BO) is defined by irreversible
obstructive disease after BMT, often in the presence of
chronic GVHD. This condition is accompanied by the
presence of a normal or hyperinflated chest on plain radio-
graphy, or findings of patchy areas of "ground-glass"
attenuation adjacent to areas of hyperinflation (mosaic
attenuation) on high-resolution computed tomography.

Management of patients with new pulmonary infiltrates

Patients presenting with new-onset pulmonary infiltrates,
with or without fever, were managed with consideration given
to the presence of neutropenia and timing of pulmonary
infiltrates (within 1 month, 2–4 months and w4 months after
transplantation).

Febrile neutropenia (defined as a granulocyte cell count of
v0.56109 cells?L-1) was treated empirically with antibiotics:
mezlocillin, cefazolin, and gentamicin. If the patient remained
febrile after 5 days, amphotericin (0.5 mg?kg body weight-1?
day-1) was added to the antibacterial therapy. If the patient9s
condition deteriorated, the antibiotic treatment was changed
to amikacin and ceftazidime.

Empirical therapy for hospital-acquired pneumonia occur-
ring after recovery of the neutrophil count was determined for
each patient individually, based on previous culture results.
Community-acquired pneumonia was initially treated with
intravenous cefuroxime, and, in more severe cases, intrave-
nous erythromycin or ciprofloxacin was added.

In patients with possible fungal infections, such as during
febrile neutropenia or in the presence of nodular opacities on
chest radiography, amphotericin was added to the treatment
regimen.

Bacteriological studies

Sputum sampling was attempted in all patients with local
infiltrates, and findings correlated with Gram staining results.
Radiographic findings of pulmonary infiltrates were classified
as local, diffuse or nodular. If patients with segmental or lobar
shadows on chest radiography did not respond to empirical
antibiotic therapy within 24–48 h, fibreoptic bronchoscopy
was performed in order to identify a possible opportunistic

pathogen. In patients with bilateral diffuse infiltrates, fibre-
optic bronchoscopy was performed at presentation to exclude
DAH (when appropriate) or opportunistic infection. Patients
presenting with nodular opacities underwent fibreoptic
bronchoscopy or computed tomography-guided fine needle
aspiration, depending on the size and location of the nodular
lesion and provided they had a platelet count of
o50,000 cells?mL-1.

Data analysis

Probability of survival analysis was carried out. The 95% con-
fidence intervals (CIs) of the proportions and the fractional
survival values were computed as 1.96 SEM in each direction.
SEMs were calculated by the method of GREENWOOD [7].

Relevant literature was retrieved and reviewed using
PubMed, with the most recent search performed on August
20, 2003, using the keywords stem cell/bone marrow trans-
plantation and nonmyeloablative or dose reduced condition-
ing with, in turn, lung, pulmonary, cytomegalovirus, fungal
infection, pneumonia, bronchiolitis obliterans and alveolar
hemorrhage, using all alternative spellings and hyphenation.

Results

Fifty-three patients (37 male and 16 female) underwent
NST between March 1996 and October 1998. The mean age
of the recipients was 39 yrs (range 16–63 yrs). The median
follow-up period for this cohort of patients was 28.5 months
(range 1–91 months), and the last follow-up included in the
study was performed on May 31, 2003.

During follow-up, 29 (55%, 95% CI 40–68%) of the 53
patients died. A Kaplan-Meier survival curve is shown in
figure 1. Of the 53 patients, 35 survived beyond 100 days.
Only two (7% of deaths, 95% CI 1–23%) patients died owing
to IPS and respiratory failure. In nine (31%, 95% CI 15–51%)
patients, relapse of malignancy was the cause of death,
whereas four (14%, 95% CI 4–32%) patients died of sepsis
(with adult respiratory distress syndrome in two patients) and
one (3%, 95% CI 0–18%) patient died of fungal pneumonia.
Mortality at day 100 from transplant-related complications
was 18.9% (95% CI 9–32%; 10 patients).

Most of the infectious complications occurred within 6
months after transplantation (fig. 2). Reviewing the microbial
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Fig. 1. – Kaplan-Meier survival curve (––––: survival; ..........: 95%
confidence interval). The time at which each individual was censored
is shown (&).
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culture results obtained from these patients, 44% (95% CI
32–56%) of positive cultures were from blood, and a further
47% (95% CI 35–59%) were from the upper respiratory tract
(throat swab cultures and sinus secretions) and pulmonary
secretions (reliable coughed sputum specimens and BAL
samples). Four patients in this cohort developed bacterial
pneumonia.

One patient developed P. carinii pneumonitis after dis-
continuing prophylaxis prematurely, and recovered after
appropriate therapy. Two patients had Aspergillus pneumo-
nia, which caused death in one patient, and, in the other, was
associated with fatal sepsis. One diabetic patient developed
pulmonary mucormycosis. This patient, detailed elsewhere
[8], underwent pneumonectomy with complete eradication of
the fungal infection, but died 6 weeks later due to chronic
GVHD and liver failure.

CMV was not an evident cause of pneumonitis in any of the
present patients. None of the BAL fluid or transbronchial
biopsy specimens showed cytopathic changes typical of CMV.
Additionally, blood and BAL fluid culture for CMV in
patients suspected of CMV pneumonitis were negative. Using
the polymerase chain reaction to monitor blood for the
presence of CMV DNA, positive specimens were obtained
over at least two consecutive weeks in 30 of the 46 (65.2%,
95% CI 50–79%) patients for whom consecutive test results
were available. In the 12 patients who underwent fibreoptic
bronchoscopy for various clinical indications, only one
patient gave positive test results for CMV DNA in a BAL
specimen, and this finding was associated with systemic CMV
disease. However, blood specimens obtained simultaneously
from that patient for CMV DNA analysis were negative.

The prevalence of GVHD at any time after transplantation
was 51% (95% CI 37–56%) in the present group of patients.
Nineteen per cent (95% CI 8–32%) of the patients developed
skin erythema with transient elevations of liver enzyme levels
and were classified as GVHD grade I–II. A further 19% (95%
CI 9–32%) developed severe acute GVHD. Of the patients
who survived w100 days after transplantation, 11% (95% CI
4–23%) developed severe extensive chronic GVHD, with
death resulting from severe nonremitting GVHD in five
(9.4%, 95% CI 3–21%) patients.

Of the patients reviewed in the present study, 17 (32%, 95%
CI 20–46%) developed pulmonary complications (table 2).
There were only two (3.8%, 95% CI 0–13%) patients in whom
a diagnosis of IPS was made. One patient who had under-
gone transplantation because of non-Hodgkin9s lymphoma

developed pulmonary infiltrates and respiratory failure 2
months after transplantation. Notably, this patient had
received mediastinal radiotherapy as part of a previous
treatment for lymphoma. The other patient, who had
undergone transplantation for myelodysplastic syndrome,
developed fever and bilateral diffuse pulmonary infiltrates 8
months after transplantation; however, there had been no
previous exposure to irradiation.

Remarkably, none of the patients in the present cohort
developed DAH. Additionally, despite the occurrence of
chronic GVHD, post-transplant BO was not observed.

Discussion

Early reports noted significant pulmonary complications
occurring in 40–60% of patients undergoing allogeneic BMT,
and causing 30% of the mortality after such transplants [1, 9].
Since the incidence of pulmonary complications after auto-
logous BMT is lower [10, 11], it was thought that most of
these complications were related to the immune reactions
causing GVHD.

Strategies that significantly reduce the incidence of GVHD,
such as the administration of T-cell-depleted bone marrow are
associated with a reduced incidence of pulmonary complica-
tions, particularly IPS [6]. However, this method is associated
with a high incidence of recurrence of haematopoietic
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Fig. 2. – Timing of infectious events after nonmyeloablative stem cell transplantation.

Table 2. – Pulmonary complications after nonmyeloablative
stem cell transplantation#

Pulmonary complication Patients n (%), 95% CI

Bacterial pneumonia 4 (7.5), 2–18
Pneumocystis carinii pneumonitis 1 (1.9), 0–10
Cytomegalovirus pneumonititis 1 (1.9), 0–10
Fungal infection 3 (5.7), 1–16

Aspergillus 2 (3.8), 0–13
Mucormycosis 1 (1.9), 0–10

Pulmonary oedema 2 (3.8), 0–13
Adult respiratory distress syndrome 2 (3.8), 0–13
Idiopathic pneumonia syndrome 2 (3.8), 0–13
Pleural effusion 3 (5.7), 1–16
Drug-related pulmonary fibrosis 1 (1.9), 0–10
Total 19

CI: confidence interval. #: in 17 of the 53 patients.
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malignancy [12, 13], probably due to loss of the "graft-versus-
leukaemia" or graft-versus-tumour effect [14].

Nonmyeloablative conditioning is a less toxic irradiation-
free approach, which results in a shortened and less pronounced
period of pancytopenia while awaiting engraftment [4]. It is of
note that none of the present patients received haematopoietic
growth factors, thus making the results of the current study
comparable with older studies describing transplant proce-
dures undertaken before these growth factors were clinically
available. In a previous report from the authors9 institution,
one-third of patients developed GVHD of varying degrees,
and 15% eventually died due to complications of GVHD
[4]. In a recently published paper describing dose-reduced
conditioning in a series of 42 patients undergoing BMT for
various haematopoietic malignancies, one-third of the patients
developed acute GVHD, and GVHD was the cause of death
in two patients [15]. Interestingly, in this same series, the
incidence of graft failure was relatively high, which may have
contributed to the decreased incidence of GVHD. Also, in the
present study, it seems that patients had milder manifestations
of GVHD, which were mainly related to allogeneic cell
therapy. In other series of patients who underwent a similar
protocol for chronic myeloid leukaemia, the incidence of
acute GVHD was 11–35% [16, 17], whereas the incidence of
chronic GVHD was 66% [16].

Owing to the shortened nadir period and decreased severity
of GVHD, nonmyeloablative reduced-dose conditioning is
expected to lead to decreased incidence of opportunistic
infections. The impact of morbidity related to such infections
was decreased in the present patients relative to historical
reports describing the outcome of allogeneic BMT. Several
recently published studies still report a high incidence of
CMV infection after nonmyeloablative conditioning [17–19],
as noted in the present study; however, CMV disease
was prevented, reflecting mainly infection surveillance and
modern pre-emptive therapy. Invasive fungal infection was
detected in two (3.8%, 95% CI 0–13%) of the present patients,
whereas the reported incidence of such infections is 10–23%
[19, 20]. It could be that the diagnosis of invasive fungal
infection was missed in some of the present patients who died
due to malignancy relapse or multiorgan failure as post
mortem examinations were not performed in these patients.

None of the patients in the present series or in other cohorts
[15–17] developed DAH, a complication that typically occurs
early after BMT. The previously reported incidence of DAH
after allogeneic and autologous BMT is similar (up to 20%)
[21]. This condition has also been described recently in
patients who received T-cell-depleted bone marrow grafts
[22]. The correlation of the appearance of DAH with the
timing of neutrophil count recovery supports the hypothesis
that neutrophils are strongly involved in the pathogenesis of
DAH. The absence of DAH after nonmyeloablative con-
ditioning is probably due to a short or absent nadir and a less
dramatic recovery of peripheral blood counts, accompanied
by the absence of severe mucositis and omission of total body
irradiation.

The incidence of IPS in the present cohort was 3.8%,
compared to up to 20% in previous reports of allogeneic BMT
[1, 2]. KELEMEN et al. [16] also reported a low incidence of IPS
(5.5%) in their cohort of NST recipients. In other series
of patients who underwent nonmyeloablative conditioning,
there was no mention of IPS [15, 17]. Patients with IPS
demonstrate diffuse lung injury following BMT with no
infectious aetiology found [23]. Lung tissue specimens reveal
interstitial oedema and inflammation or diffuse alveolar
damage. IPS occurs more frequently in patients undergoing
allogeneic BMT, with the intense conditioning that it entails,
and is less common in HLA-identical sibling transplants for
aplastic anaemia than in transplants for leukaemia [2, 23].

Observations from clinical studies suggest that total body
irradiation [2, 24] and prior chest irradiation [11] are
associated with a higher incidence of IPS. This is further
supported by recent findings in a murine model of IPS, which
showed that the combination of total body irradiation and
allogeneic T-cells played an important role in the induction of
lung injury [25]. A possible mechanism for this phenomenon
is cellular damage caused by irradiation-induced free radicals
and oxidants, with the affected cells becoming a target of
activated allogeneic donor cells. Therefore, the decreased
incidence of IPS after nonmyeloablative conditioning may be
attributed to the absence of irradiation in the conditioning
protocol and the decreased intensity of GVHD.

In the present series and those of BORNHAUSER et al. [15]
and KELEMEN et al. [16], there were no patients with post-
BMT BO, although GVHD was still evident. Several factors,
such as the occurrence of viral infections or inclusion of
irradiation within the conditioning regimen, may be involved
in inducing post-BMT BO. However, the single most
important risk factor for the development of obstructive
airway disease and BO after BMT is chronic GVHD [26].
Post-BMT BO is reported to occur in 4–10% of patients
following allogeneic BMT [27, 28]. There is only one report,
describing two patients, of BO following autologous BMT
[29]. There are no reports of patients developing BO following
T-cell-depleted BMT. This suggests that post-BMT BO is
alloimmune-mediated, and measures that reduce the intensity
of GVHD reactions could prevent the occurrence of BO.

In conclusion, a low incidence of pulmonary complications
after nonmyeloablative conditioning prior to stem cell
transplantation was demonstrated. This may be partly
attributed to a shortened nadir and accelerated bone
marrow reconstitution, with decreased occurrence of infec-
tious events. Diffuse alveolar haemorrhage was not observed
in the present study, possibly because of nondramatic bone
marrow reconstitution. The incidence of idiopathic pneumo-
nia syndrome was low, probably related to the omission of
irradiation from the conditioning protocol and decreased
severity of graft-versus-host disease. Bronchiolitis obliterans
was also not observed following bone marrow transplanta-
tion. The present study demonstrates that nonmyeloablative
conditioning reduces pulmonary toxicity and pulmonary
adverse effects, which are considered the Achilles heel of
bone marrow transplantation.
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