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ABSTRACT

Background and objective: High-dose chemotherapy
(HDCT) followed by autologous haematopoietic stem
cell transplantation (HSCT) is widely used in paediatric
cancer patients, but few data about noninfectious
interstitial lung disease (ILD) following this treatment
are available. Therefore, we aimed to evaluate the
incidence, clinical features and risk factors of
noninfectious ILD after HDCT in paediatric patients.
Methods: This was a retrospective cohort study of
paediatric solid tumour patients who underwent HDCT
and autologous HSCT between 1997 and 2012. ILD was
diagnosed using clinical symptoms and radiography
after excluding cardiac, renal and infectious causes. Risk
factors were analysed using a Cox proportional hazard
regression model.
Results: Three hundred and forty patients were
enrolled, and the median age was 3years (interquartile
range 1–7). Eight patients (2.4%) were diagnosed with
noninfectious ILD. The median duration of symptom
onset was 30months (range 7–74). Six (75%) of eight
ILD patients died during the study period, even though
steroids were administered for treatment. High-dose
cyclophosphamide use (hazard ratio=11.37, 95%
confidence interval=1.38–93.32, P=0.023) and sex
(hazard ratio=0.10, 95% confidence interval=0.01–0.84,
P=0.034) were associated with late-onset, noninfectious
ILD upon multivariate analysis.
Conclusion: The incidence of noninfectious ILD after
HDCT and autologous HSCT was not negligible, and
the clinical features of ILD showed late onset and a poor
prognosis. Female gender and high-dose
cyclophosphamide treatment may be risk factors for
noninfectious ILD, but further studies with a larger
number of ILD patients are suggested.
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Abbreviations: CT, computed tomography; DTPS, delayed
pulmonary toxicity syndrome; HDCT, high-dose chemotherapy;
HSCT, haematopoietic stem cell transplantation; ILD, interstitial lung
disease; MIBG, iodine-131-meta-iodobenzylguanidine; TBI, total
body irradiation.

INTRODUCTION

High-dose chemotherapy (HDCT) followed by
autologous haematopoietic stem cell transplantation
(HSCT) is widely used as a treatment for advanced or
refractory paediatric solid tumours.1–4 Many
chemotherapeutic agents, such as alkylating agents,
anthracyclines, anti-metabolites and vinca alkaloids,
produce steep dose–response curves against different
tumour cell types.5 In HDCT, the dose of
chemotherapeutic agents is escalated at least 5–10
times.6 As this treatment may produce bone marrow
failure, patients receive autologous HSCT to recover
bone marrow function. However, concerns still exist
regarding the toxic effects of HDCT on other organs.
Toxic effects to the lung after HSCT are common,

and they contribute significantly to patient morbidity
and mortality.7 As the prophylaxis and treatment
of infectious complications continue to advance,
noninfectious pulmonary complications have become
more important.8 Toxicity to the lung after HDCT
and autologous HSCT has been reported, and
the implicated chemotherapeutic agents include
melphalan, carmustine (BCNU) and busulfan.9–11

Noninfectious interstitial lung disease (ILD) is one of
the most recognized lung injuries that can occur in
adult patients with allogenic HSCT.12,13 Even though
many chemotherapeutic agents (bleomycin, busulfan,
chlorambucil, cyclophosphamide, methotrexate,
mitomycin and nitrosoureas) are known to cause ILD,
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SUMMARY AT A GLANCE

We investigated noninfectious interstitial lung
disease after autologous transplantation in 340
paediatric patients. The incidence was 2.4%. The
symptom onset was late, and the prognosis was
poor. High-dose cyclophosphamide and female
gender were risk factors of interstitial lung disease.
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few studies have investigated noninfectious ILD after
autologous HSCT, especially in paediatric patients.14

Therefore, we intended to determine the incidence
of noninfectious ILD, the clinical characteristics of
patients and the risk factors associated with
noninfectious ILD after HDCT and autologous HSCT
in paediatric patients.

METHODS

Study design
This was a retrospective cohort study conducted at a
single tertiary institute. The medical records of
consecutive patients (under 19years of age) who had
a solid tumour and were treated with HDCT
chemotherapy and autologous HSCT from April 1997
to September 2012 were reviewed. Patients who had
undergone additional allogenic HSCT after autologous
HSCT were excluded (Fig. 1). All clinical research
protocols were approved by the Institutional Review
Board of Samsung Medical Centre (IRB No. 2013-04-
024-001).

High-dose chemotherapy regimen
Patients received HDCT according to their underlying
pathology and risk group. The included conditioning
regimens were carboplatin, etoposide and melphalan
(CEM, first HDCT) or carboplatin, etoposide and
cyclophosphamide (CECy, first HDCT) and
carboplatin, thiotepa and melphalan (CTM, second
HDCT) or thiotepa andmelphalan (TM, secondHDCT)
for neuroblastoma patients. For brain tumour patients,
carboplatin, thiotepa and etoposide (CTE, first HDCT)
and cyclophosphamide and melphalan (CyM, second
HDCT) were used. The CEM regimen consists of
carboplatin (300mg/m2 for 4days), etoposide

(200mg/m2 for 4days) and melphalan (140mg/m2 for
1day and 70mg/m2 for 1day). The CECy regimen
includes carboplatin (650mg/m2 for 3days), etoposide
(650mg/m2 for 3days) and cyclophosphamide
(1800mg/m2 for 3days with 2-mercaptoethane
sulfonate sodium). Carboplatin (250mg/m2 for 3days),
thiotepa (200mg/m2 for 3days) and melphalan
(160mg/m2 for 1day) make up the CTM regimen. The
TM regimen includes thiotepa (200–300mg/m2

for 3days) and melphalan (60mg/m2) with or without
iodine-131-meta-iodobenzylguanidine (MIBG) treat-
ment. Therapeutic MIBG (12 or 18mCi/kg) was
administered between the first and second HDCT
sessions. The CTE regimen entails carboplatin
(400–500mg/m2 for 3days), thiotepa (240–300mg/m2

for 3days) and etoposide (200–250mg/m2 for 3days).
Finally, the CyM regimen consists of
cyclophosphamide (1000–1500mg/m2 for 3 or 4days)
and melphalan (50–60mg/m2 for 1 or 2days). The
dosages of other HDCT regimens are similar to the
dosage of chemotherapeutic agents stated earlier,
except for some modifications. TBI was delivered in
fractioned doses (333cGy/fraction, 3 fractions). All
stem cells were collected from peripheral blood during
the recovery phase of chemotherapy or during the
steady state with G-CSF alone.

Definitions of noninfectious interstitial lung disease
A noninfectious ILDwas definedwhen all the following
were present: (i) clinical symptoms or signs of cough,
dyspnea or desaturation; (ii) diffuse parenchymal
infiltration on chest x-ray or computed tomography
(CT); (iii) lesions not caused by pneumonia, which
can be diagnosed by clinical resolution of symptoms
after antimicrobial or supportive treatment and/or
detection of pathogenic microorganisms in respiratory

Figure 1 Flow diagram of patient
selection, with inclusion and exclusion
criteria
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secretions or lung biopsy tissue; (iv) lesions not caused
by pulmonary congestion or effusion; and (v) no
evidence of metastatic lung lesions.
Respiratory secretions were tested to identify

infectious pathogens. Respiratory sampling included
endotracheal aspirate, bronchoalveolar lavage (BAL)
and nasopharyngeal aspirates, between 1997 and
2007 virus culture was performed to detect adenovirus,
respiratory syncytial virus, influenza virus and
parainfluenza virus, whilstmultiplex polymerase chain
reaction was used to detect adenovirus, respiratory
syncytial virus, influenza virus, parainfluenza,
coronavirus and rhinovirus after 2007. Gram stain
and culture was also performed on tracheal or
bronchial secretions. Fungi were cultured in separate
media using tracheal suction or BAL fluid, and
galactomannan enzyme-linked immunosorbent assay
for Aspergillus species was tested on serum or BAL
fluid. For mycobacterium, acid-fast bacillus stain,
culture and DNA polymerase chain reaction were
performed. Mycoplasma pneumonia was studied by
antibody titer in blood and DNA detection in
respiratory secretions. Pneumocystis jirovecii was
evaluated by fluorescent staining of secretion smears.
All lung biopsies were conducted using video-assisted

thoracoscopic surgery at the acute or subacute stage of
symptoms if the patients could tolerate the operation.
The biopsy specimens were tested for adenovirus,
pneumocystis jirovecci and cytomegalovirus by
immunohistochemistry.

Statistical analysis
Twenty-five parameters were analysed as potential
risk factors for noninfectious ILD, including age at
HDCT; gender; underlying tumour diagnosis; use of
each chemotherapy agent (cisplatin, etoposide,
cyclophosphamide, carboplatin, vincristine, ifosfamide,
doxorubicin, methotrexate, actinomycin D and
bleomycin); use of each HDCT agent (carboplatin,
thiotepa, melphalan, cyclophosphamide, etoposide,
busulfan and ifosfamide); MIBG treatment;
interleukin-2 usage; number of HDCT treatments; total
body irradiation; and thoracic field radiation therapy.
The association between the development of

noninfectious ILD and each potential risk factor was
assessed using univariate and multivariate Cox
proportional hazard regression models with stepwise
selection. All tests were two-tailed, and P-values
<0.05 were considered statistically significant. The
SAS Program (Ver. 9.3, SAS Institute, Cary, NC, USA)
was used for all statistical analyses.

RESULTS

Characteristics of included patients
This study included a total of 340 patients. One hundred
six patients had symptoms and radiology suggestive of
ILD, 59 patients of these were diagnosed as clinical
pneumonia (Fig. 1). In 41 patients (69.5%) out of those
59, pathogenic microorganisms were detected, which
included respiratory syncytial virus (11), influenza virus
(10), parainfluenza virus (8), Gram-positive/Gram-

negative bacteria (4), adenovirus (2), Mycoplasma
pneumoniae (2), coronavirus (1), rhinovirus (1), fungus
(1) and pneumocystis (1). The other 18 patients
(30.5%) were diagnosed with pneumonia according
to the clinical course of the disease. The median age
of participants was 3years (interquartile range (IQR):
1–7). The most common primary diagnosis was
neuroblastoma (46.5%), followed by medulloblastoma
(18.2%). The number of HDCT and autologous HSCT
treatments was 2 in 75.0% of patients and 1 in 25.0%
of patients. The most common HDCT regimens were
cyclophosphamide with melphalan (35.0%), followed
by carboplatin and etoposide with cyclophosphamide
(32.4%), and carboplatin and thiotepa with etoposide
(29.4%). Some patients received total body irradiation
(21.7%), thoracic area radiation therapy (38.2%),
MIBG treatment (11.5%) and interleukin-2 therapy
(13.2%) (Table 1).

Clinical features of noninfectious ILD patients
Eight (2.4%) out of 340 patients were diagnosed as
having noninfectious ILD (Fig. 1). They had no history
of serious respiratory infection before diagnosing ILD.
The median age of these eight patients was 2years
(range 2–8). The median duration of symptom onset
after HDCT and autologous HSCT was 30months
(range 7–74). All of these patients received systemic
steroids as part of their treatment after ILD diagnosis,
and five patients (subjects 1, 2, 3, 6 and 8) were
administered methylprednisolone pulse therapy for
3days. Six of the eight died during the study period.
CT findings were subpleural thickening or
consolidation, interstitial thickening and ground glass
opacity. Lung biopsy showed interstitial fibrosis and/
or thickening with inflammatory cell infiltration and
pleural thickening. All eight patients received high-
dose cyclophosphamide as a conditioning regimen
before autologous HSCT (Table 2).

Risk factors for noninfectious ILD
Based upon univariate analysis, risk factors for
noninfectious ILD were female gender (P=0.022), the
use of cyclophosphamide for the HDCT regimen
(P=0.024) and MIBG treatment (P=0.023) (Table 3).
The usual dose of chemotherapy, which includes
cyclophosphamide (P=0.669), cisplatin (P=0.5836),
carboplatin (P=0.3662), etoposide (P=0.505), vincristine
(P=0.240), ifosfamide (P=0.681), doxorubicin (P=0.279),
methotrexate (P=0.822), actinomycin (P=0.544) and
bleomycin (P=0.686), was not significantly associated
with the development of noninfectious ILD.
The multivariate analysis revealed that high-dose

cyclophosphamide (P=0.023, hazard rate=11.37, 95%
CI: 1.38–93.32) and male gender (P=0.034, hazard
rate=0.10, 95% CI: 0.01–0.84) were associated with
noninfectious ILD (Table 3).

DISCUSSION

In this study, the incidence of noninfectious ILD
following HDCT and autologous HSCT in paediatric
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solid tumour patients was 2.4%. Cyclophosphamide as
an HDCT regimen and female gender were significant
predictors of the development of noninfectious ILD.
Our patients showed a delayed onset of symptoms,
and six of eight ILD patients (75.0%) died during the
study period, even though all patients were
administered steroid treatment for ILD.
The incidence of noninfectious ILD following

autologous HSCT is not well known. In an adult study,
the incidence of noninfectious ILD following allogenic
bone marrow transplant was 0.1–5.1%.12,13,15 In a
paediatric autologous HSCT study, two of 38 patients
(5.3%) showed abnormal chest x-ray, respiratory
symptoms and restrictive pulmonary function tests,
but infectious causes were not excluded.16 The
incidence of noninfectious ILD after autologous HSCT
may be different in different study groups, depending
on patients’ age, underlying disease or its treatment.

The clinical features of our patients do not fit well
with the previously reported syndromes of
noninfectious pulmonary complications after HSCT.
Idiopathic pneumonia syndrome (IPS) is one common
pulmonary complication after HSCT.17,18 The
American Thoracic Society defines IPS as follows: (i)
widespread alveolar injury; (ii) the absence of
infection; and (iii) the absence of cardiac, renal or
iatrogenic aetiology,19 which is similar to our definition
of noninfectious ILD except that it limits the injury site
to the alveoli instead of the entire lung parenchyma.
The mortality of IPS patients is 71–75%, which is
similar to that of our patients.20–22 Because pulmonary
complications follow a predictable timeline after
HSCT,17 an onset time of a median of 20–42 days
(range: 4–106 days) after HSCT is one major difference,
in that all of our patients presented with symptoms
after more than 100days, and six of our patients

Table 1 Characteristics of the included patients (n=340)

Total

Noninfectious ILD

P-valueNo, n (%) Yes, n (%)

Gender, Female 130 (38.2) 123 (37.0) 7 (87.5) 0.006
Median age at HSCT (IQR), years 3 (1–7) 3 (1–7) 3 (2–3) 0.113
Median follow-up to event after HSCT (IQR), months 54 (15–96) 54 (15–96) 30 (9–61) 0.168
Median days to neutrophil engraftment (IQR) 10 (9–11) 10 (9–11) 10 (8–12) 0.530
Median days to platelet engraftment (IQR) 22 (17–30) 22 (17–31) 21 (19–28) 0.968
Diagnosis 0.613
Neuroblastoma 158 (46.5) 152 (45.8) 6 (75.0)
Medulloblastoma 62 (18.2) 60 (96.7) 2 (2.5)
Sarcoma 24 (7.1) 24 (100) 0 (0.0)
Retinoblastoma 24 (7.0) 24 (100) 0 (0.0)
Wilms’ tumour 12 (3.5) 12 (100) 0 (0.0)
Germ cell tumour 9 (2.6) 9 (100) 0 (0.0)
Other brain tumour 51 (15.0) 51 (100) 0 (0.0)

Total body irradiation 74 (21.7) 70 (21.1) 2 (25.0) 0.678
Thoracic RT 130 (38.2) 125 (37.7) 4 (50.0) 0.484
MIBG treatment 39 (11.5) 33 (9.9) 3 (37.5) 0.042
IL-2 treatment 45 (13.2) 41 (12.3) 3 (37.5) 0.071
Number of HDCT treatments 0.209
Once 85 (25.0) 85 (25.6) 0 (0.0)
Twice 255 (75.0) 247 (74.4) 8 (100)

HDCT regimen used in the first or second autologous HSCT session 0.559
CyM 119 (35.0) 117 (20.2) 2 (12.5)
CECy 110 (32.4) 104 (18.0) 6 (37.5)
CTE 100 (29.4) 100 (17.3) 0 (0.0)
TM 96 (28.2) 91 (15.7) 5 (31.3)
CEM 63 (18.5) 62 (10.7) 1 (6.3)
CE 60 (17.6) 60 (10.4) 0 (0.0)
BM 24 (7.1) 23 (4.0) 1 (6.3)
CTM 17 (5.0) 17 (2.9) 0 (0.0)
CT 2 (0.6) 1 (0.2) 1 (6.3)
TE 2 (0.6) 2 (0.3) 0 (0.0)
M 1 (0.3) 1 (0.2) 0 (0.0)
CEI 1 (0.3) 1 (0.2) 0 (0.0)

BM, busufan andmelphalan; CE, carboplatin and etoposide; CECy, carboplatin, etoposide and cyclophosphamide; CEI, carboplatin, etoposide
and ifosfamide; CEM, carboplatin, etoposide and melphalan; CT, carboplatin and theiotepa; CTE, carboplatin, thiotepa and etoposide; CTM,
carboplatin, thiotepa andmelphalan; CyM, cyclophosphamide andmelphalan; HDCT, high-dose chemotherapy; HSCT, haematopoietic stem cell
transplantation; IL, interleukin; IQR, interquartile range; M, melphalan; MIBG, iodine-131-meta-iodobenzylguanidine; RT, radiation therapy; TE,
thiotepa and etoposide; TM, thiotepa and melphalan., ,
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(75%) developed symptoms after more than
12months.19,22,23 Delayed pulmonary toxicity
syndrome is another form of mild-to-moderate
pulmonary injury that can occur after HDCT and
autologous HSCT in breast cancer patients.24–26

Patients with delayed pulmonary toxicity syndrome

develop symptomswith amean onset of 10weeks after
HDCT containing cyclophosphamide, cisplatin and
BCNU.24 Unlike our patients, they show good
responses to steroid treatment and good prognosis.
Many drugs are known to cause ILD, and 3% of all

ILD can be attributed to drug-induced ILD.27 The

Table 2 Clinical features of patients with interstitial lung disease

Subject

Age
at

HSCT
(year) Gender

Primary
disease

Conditioning
regimen,

first HDCT,
second
HDCT Biopsy findings

Symptom,
time after
HSCT
(month) CT findings

Outcome,
time after
HSCT
(month)

1 2 F MBL 1. CyM
2. BM

Interstitial fibrous
thickening with
lymphocytic
infiltration

Dyspnea,
chest
discomfort
74

Subpleural
thickening

Death
84

2 8 M MBL 1. CT
2. CyM

Pleural thickening Dyspnea
5

Interstitial
thickening
ground glass
opacity

Death
15

3 1 F NBL 1. CECy
2. TM

Interstitial fibrosis
and inflammatory
cell infiltration

Cough,
dyspnea
16

Subpleural
consolidation,
ground glass
opacity

Death
39

4 3 F NBL 1. CECy
2. TM

Interstitial fibrosis
and inflammatory
cell infiltration

Cough,
dyspnea
28

Pleural and
interstitial
thickening
ground glass
opacity

Death
46

5 2 F NBL 1. CECy
2. TM

Interstitial fibrosis
and patch
lymphocytic
infiltration

Cough,
dyspnea
32

Fibrotic change
with volume
reduction,
subpleural ground
glass opacity

Death
62

6 3 F NBL 1. CECy
2. TM

Interstitial
thickening

Cough,
dyspnea
50

Perifissural,
subpleural
consolidation,
uneven aeration

Alive
63

7 2 F NBL 1. CECy
2. CEM

Interstitial fibrosis
and lymphocytic
infiltration

Cough,
dyspnea
7

Interstitial septal
thickening,
ground glass
opacity

Death
23

8 2 F NBL 1. CECy
2. TM

Fibrotic scar Dyspnea
74

Patchy supleural
consolidation,
interstitial
thickening

Alive
96

BM, Busulfan and melphalan; CECy, carboplatin, etoposide and cyclophosphamide; CEM, carboplatin, etoposide and melphalan; CT,
computed tomography; CTE, carboplatin, thiotepa and etoposide; CyM, cyclophosphamide and melphalan; MBL, medulloblastoma; NBL,
neuroblastoma; TM, thiotepa and melphalan.

Table 3 Cox proportional-hazard regression analysis for interstitial lung disease

Univariate analysis Multivariate analysis

P-value HR 95% CI P-value HR 95% CI

Male gender 0.022 0.08 0.01 0.70 0.034 0.10 0.01 0.84
Cyclophosphamide 0.024 11.06 1.36 89.92 0.023 11.37 1.38 93.32
MIBG treatment 0.023 5.34 1.25 22.73

CI, confidence interval; HR, hazard rate; MIBG, iodine-131-meta-iodobenzylguanidine.
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incidence of drug-induced ILD has not been well
known, but the incidence density of 4.1 per million
person-years was reported in a study over a 12-year
period (1997–2008), and the time trend in incidence
was not statistically significant.28 Cyclophosphamide
is known to cause drug-induced ILD, and the clinical
and pathologic patterns of ILD are subacute ILD/
non-specific interstitial pneumonia, pulmonary
fibrosis, acute respiratory distress syndrome and
organizing pneumonia.14 Drug-induced ILD, including
that produced by cyclophosphamide, may not only
develop during the administration of the medication
but it can also present several years after treatment.29

Late-onset pulmonary fibrosis was identified in two
children treated with cyclophosphamide30 and has
been reported up to 17years later in children who
received BCNU.31 Because the diagnosis of drug-
induced ILD is made by temporal eligibility and
exclusion of other causes, it is difficult to diagnose
patients who develop symptoms after finishing the
medication. In this study, cyclophosphamide was
associated with an 11.3-times increased risk of ILD,
and it raises a high suspicion for cyclophosphamide
having a causative role in late-onset drug-induced
ILD. Depletion of reduced glutathione and impaired
antioxidant defences might be suggested as possible
mechanisms.25

According to the univariate analysis conducted in this
study,MIBG treatment and female gender were ILD risk
factors. MIBG shares the same uptake and release
mechanism as norepinephrine, and it is used for the
detection of neuroendocrine tumours or targeted
radiotherapy for advanced neuroblastoma.32,33
123I-MIBG is also taken up by the lung through energy-
requiring, sodium-dependent transport mechanism, so
MIBG scintigraphy is used to assess pulmonary
endothelial cell injury.34 In 131I MIBG mega-therapy
groups, transient interstitial pneumonia and fatal
pneumonia were reported, but the risk of pulmonary
complications warrants further investigation. Even
though genderwas a risk factor in this study, the specific
mechanism for this trend is not known. Gender-based
differences in bleomycin-induced pulmonary fibrosis
have been reported in an animal study.35 Male gender
was also determined to be a risk factor for ILD in non-
small-cell lung cancer patients who received gefitinib
treatment.36 The gender effect of the development of
ILD after autologous HSCT needs to be studied. Total
body irradiation (TBI,>1200cGy) among patients older
than 40years is also known to produce a high risk for
IPS.22 However, TBI was not associated with ILD in this
study, whichmay have been due to the young age of our
patients or the lower dose of TBI (333cGy/fraction, 3
fractions) that was used. Bleomycin and methotrexate,
which are both drugs that are known to cause ILD,14

were used at conventional chemotherapy doses in this
study group, but they had no significant association
with noninfectious ILD.
Our large study number of autologous HSCT

(n=340) patients allowed us to analyse the risk factors
associated with noninfectious ILD after autologous
HSCT, which has previously only been anecdotally
reported or investigated only in regard to one
individual therapeutic agent or individual disease

cases. Long follow-up periods (median 4.5years) allow
for the detection of late-onset noninfectious ILD.

There were some limitations in this study. We could
not obtain pulmonary function tests as screening tests
because most patients were too young to perform
them. Additionally, approximately 10% of ILD patients
may not present with abnormal chest x-rays.37

Therefore, some ILD patients with minimal symptoms
or with a normal chest x-ray may not have been
detected using this study definition, so the incidence
could be higher than 2.4%. For this reason, caution
should be used when interpreting any negative results
for suspected risk factors in this population.

Conclusively, this study presents the incidence of
late-onset noninfectious ILD after autologous HSCT
in paediatric solid tumour patients. Female gender
and high-dose cyclophosphamide treatment might be
risk factors for noninfectious ILD, but further studies
with a larger number of noninfectious ILD patients
are suggested.
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