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Engraftment syndrome in children undergoing autologous peripheral
blood progenitor cell transplantation

L Madero, MG Vicent, J Sevilla, M Prudencio, F Rodrı́guez and MA Dı́az

Department of Pediatric Hematology and Oncology, Hospital Infantil Niño Jesús, Madrid, Spain

Summary:

There is limited experience on engraftment syndrome
(ES) in children. The present study analyzes the charac-
teristics of ES in pediatric patients undergoing autolog-
ous peripheral blood progenitor cells transplantation
(PBPCT). From 1993 to 2001, 30 of 156 patients (19.2%)
who underwent PBPCT developed ES (skin rash which
involved more than 27% of the body surface and tem-
perature �38.3�C with no compatible infectious disease
etiology, during neutrophil recovery). Of the 30 patients
who developed ES, 20 (66%) developed hypoxia and/or
pulmonary infiltrates, seven (23%) had hepatic dysfunc-
tion, six (20%) developed renal insufficiency, 16 (53%)
showed weight gain and three (10%) experienced transi-
ent encephalopathy. Multivariate analysis showed that
the only positive predictive factor for developing ES was
mobilization with high-dose G-CSF (12 �g/kg twice
daily) (RR 3.88, CI 95% 1.73–8.67; P � 0.0005). The
overall transplant-related mortality (TRM) was 8.33%
and this was significantly higher in the patients who
developed ES than in those who did not (23% vs 4.76%;
P � 0.0001). We also found a higher morbidity in
patients who developed ES, expressed as a statistically
significant increase in supportive care (transfusion
requirement, parenteral nutrition) and increase in the
length of hospital stay. In summary, we have found ES
to be the most important cause of morbidity and mor-
tality in children undergoing autologous PBPCT.
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High-dose chemotherapy with autologous peripheral blood
progenitor cell transplantation (PBPCT) is increasingly util-
ized in the treatment of hematologic malignancies and solid
tumors.1–3

For years the early complications most frequently
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observed in patients undergoing autologous transplantation
have been bacterial, viral and fungal infections, hepatic
veno-occlusive disease, pulmonary complications and
renal failure.

More recently, and coinciding with the increased use of
peripheral blood as a source of stem cells, a potentially
lethal syndrome occurring during neutrophil recovery has
been described in an increasing number of patients.4 This
syndrome, known as the engraftment syndrome (ES),
although differently defined by several authors, includes
fever in absence of infection, skin rash and pulmonary
injury which occur during early neutrophil recovery.4–6 Fur-
thermore, diarrhea, weight gain and capillary leak syn-
drome occurring at the same time have also been related
to the syndrome.7

Although the etiology has as yet to be determined, the
interaction between cytokines released during neutrophil
recovery and capillary injury appears to play an important
role.8–10

The information currently available on this syndrome in
children is scanty. The present single center study analyzed
the characteristics of ES in our patients.

Patients and methods

Study population

From December 1993 to June 2001, 156 pediatric patients
with hematologic malignancies and solid tumors underwent
autologous PBPCT at Niño Jesús Hospital. The main
characteristics of the patients are shown in Table 1. Parents’
informed consent was obtained in all cases.

Transplant procedure

Until 1998, PBPC were mobilized with granulocyte colony-
stimulating factor (G-CSF) alone (Neupogen; Amgen,
Thousand Oaks, CA, USA) once a day, at a dose of
12 �/kg/day, subcutaneously (s.c.) for 4 consecutive days
before starting apheresis.11 During 1998 we used G-CSF at
the same dose with granulocyte–macrophage colony-stimu-
lating factor (GM-CSF, Leucomax; Novartis Pharma, Basel
Switzerland) s.c. at 5 �g/kg/day.12 From 1999 up to the
present time we have used G-CSF at a dose of 12 �g/kg
twice daily s.c. for 4 consecutive days before starting
apheresis.13
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Table 1 Patient characteristics

Age (years) median (range) 8 (1–18)
Weight (kg) median (range) 26 (9–90)
Gender

Male 99
Female 57

Diagnosis
ALL 20
AML 19
HD 6
HNL 13
CNST 28
NB 22
PNET 5
ES 18
RB 14
WT 5

Disease status at transplantation
1st CR 75
2nd CR 28
�2 CR 4
PR 33
PD 16

Conditioning
Cy-TBIa 12
Bu-Cyb 42
Bu-Melc 62
Bu-Thd 16
Other 24

Number of apheresis, median (range) 1 (1–3)
CD34+ cells/kg infused, median (range) 4.03 (0.17–44.4)

Diagnosis: CNST = central nervous system tumor; NB = neuroblastoma;
PNET: = peripheral neuroectodermal tumor; ES = Ewing’s sarcoma;
RB: = Rabdomyosarcoma; WT = Wilm’s tumor.
Disease status: PR = partial remission; PD = progressive disease.
Conditioning: aTBI for a total dose 12 Gy and cyclophosphamide
60 mg/kg/day for 2 days; bbusulphan for a total dose of 16 mg/kg and
cyclophosphamide 60 mg/kg/day for 2 days; cbusulphan for a total dose
of 16 mg/kg and melphalan 140 mg/m2 on day �2; dbusulphan for a total
dose of 16 mg/kg and thiotepa 250 mg/m2/day for 3 days.

PBPC collection by large-volume leukapheresis (LVL)
were performed on day +5 after mobilization by a Cobe
Spectra cell separator (Cobe BCT, Lakewood, CO, USA).
Details of apheresis procedures have been previously
reported.14,15

Each apheresis product was analyzed for CD34+ cell con-
tent assessed by flow cytometry using an Epics Elite flow
cytometer (Coulter, Hialeah, FL, USA). The final product
containing 10% DMSO was frozen using a computer-con-
trolled freezer and stored in liquid nitrogen at �196°C.

Conditioning regimen and supportive therapy

Patients received myeloablative regimens (Table 2). All
patients had a central venous line and were nursed under
strict protective isolation in barrier nursing units with
HEPA-filtered air. Infection prophylaxis was provided
using cotrimoxazole. On day 0 collected cells were infused
after rapid thawing at 37°C. One hundred and three patients
received G-CSF (10 �g/kg/day) starting on day +1 until an
absolute neutrophil count (ANC) �1.0 � 109/l was main-
tained for 2 consecutive days, and the remaining 53 patients
did not. Empiric i.v. antibiotic treatment was initiated as
soon as fever of �38°C occurred. Amphotericin

Table 2 Pre-transplant clinical characteristics of patients with ES
(ES+) vs patients without ES (ES�)

ES+ patients ES� patients P value
n = 30 n = 126

Age, median (range) 10 (1–17) 8 (1–18) 0.07
Weight, median (range) 35 (9–77) 30 (11–90) 0.1
Gender

Male 19 80 0.8
Female 11 46

Diagnosis
Solid tumor 24 52

0.0002Hematological malignancies 6 74
Disease status at transplantation

First remission 17 86
Second remission 8 28

0.3Partial remission or relapse 5 11
Conditioning

TBI-based 1 11
0.3Bu-based 28 112

Mobilization
G-CSF 24 �g/kg/day 7 37
G-CSF 12 �g/kg/day 18 76 0.001
G-CSF + GM-CSF 5 12

CD34+ cells infused
�5 � 106/kg 13 53 0.9
�5 � 106/kg 7 72

G-CSF post-transplantation
Yes 15 88 0.052
No 15 37

(1 mg/kg/day) was added if fever and neutropenia con-
tinued for 4–5 days after antibiotics were started. Blood
products were infused to maintain the hematocrit �25%
and platelet count �20 � 109/l. All blood-derived trans-
fusions were irradiated prior to use.

Definitions

Neutrophil recovery was defined as the number of days
taken to achieve an ANC �0.5 � 109/l for 3 consecutive
days. Platelet recovery was defined as the time taken to
achieve �20 � 109/l without requiring transfusion. Hospi-
tal stay was defined as the number of days from day 0 to
day of hospital discharge.

Engraftment syndrome (ES) was defined by skin rash
clinically similar to the acute GVHD of allogeneic BMT
which involved more than 27% of the body surface, and
temperature of �38.3°C with no compatible infectious dis-
ease etiology associated with the early phase of hematolog-
ical recovery, as reported by Lee et al.16

Transplant-related mortality (TRM) was defined as any
cause of death occurring during the first 100 days post-
transplant other than relapse or progressive disease.

Statistical analysis

Data are expressed as median and range. Statistical signifi-
cance was determined using the Student’s test when
samples were normally distributed, and a non-parametric
test (Mann–Whitney–Wilcoxon) when samples were not
normally distributed. Results were considered significant if
the P value was �0.05. Patient demographics, disease and
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transplantation-related variables were analyzed for associ-
ation with ES by univariate and multivariate analysis using
a logistic regression model. Results are presented as relative
risk (RR) and 95% confidence intervals (CI). For multivari-
ate analysis, parameters with a probability higher than 0.1
were excluded from the regression analysis.

Results

Of the 156 patients who underwent transplantation, 30
(19.23%) met the diagnostic criteria for ES. In our study,
the median of onset of ES was day +9 (range 4–19).

Of the 30 patients who developed ES, 20 (66%)
developed hypoxia (SaO2 �90%) and/or pulmonary infil-
trates; seven of these 20 patients (14%) developed acute
respiratory distress syndrome (ARDS) requiring mechan-
ical ventilation. Seven of 30 patients (23%) developed hep-
atic dysfunction with a total bilirubin of 2 mg. Six of 30
patients (20%) developed renal insufficiency (serum creati-
nine twice baseline). Sixteen patients (53%) showed a
weight gain �25% of baseline body weight. Three patients
(10%) experienced transient encephalopathy unexplainable
by other causes.

Table 2 shows the pre-transplant characteristics of the 30
patients who developed ES compared with those of the 126
patients who did not. No differences between the two
groups were found for age, weight, sex, status of the dis-
ease, number of CD34+ cells/kg infused or administration
of G-CSF post-transplant.

Univariate analysis showed ES to be more frequent in
patients with solid vs hematologic malignancies
(P � 0.0002) and in those in whom mobilization was with
G-CSF 12 �g/kg twice daily (P � 0.001).

Multivariate analysis showed that the only predictive fac-
tor for developing ES was mobilization with high-dose G-
CSF (RR 3.88, 95% C.I. 1.73–8.67; P � 0.0005).

The clinical post-transplant characteristics of the patients
with ES and those without are compared in Table 3. There
were no significant differences in days to ANC
�0.5 � 109/l or to a platelet count �50 � 10 9/l, but hospi-
tal stay, transfusion requirements, days on parenteral
nutrition were significantly greater for the patients who
developed ES.

The overall transplant-related mortality (TRM) was

Table 3 Post-transplant clinical values of patients with ES (ES+) and
patients without ES (ES�)

ES+ patients ES� patients P value
n = 30 n = 126

Days to
Neutrophils �0.5 � 109/l 10 (8–14) 10 (8–12) 0.6
Platelets �50 � 109/l 40 (11–270) 33 (11–249) 0.6

Days of i.v. antibiotics 11 (2–24) 9 (4–20) 0.04
Days of red blood cells 4 (1–19) 2 (0–13) 0.0005
Days of platelets 7 (1–38) 4 (0–29) 0.00081
Days on parenteral nutrition 24 (0–41) 15 (0–30) 0.0001
Hospital days 25 (12–84) 18 (10–29) 0.0001
TRM 23% 4.76% 0.0001
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8.33% and was significantly higher in the patients that
developed ES than in those who did not (23% vs 4.76%,
respectively; P � 0.0001).

The causes of death in the group which developed ES
were ARDS (five patients) and multiorgan failure (two
patients). In the group of patients who did not develop ES,
the causes of death were infection (three patients), multi-
organ failure (two patients) and veno-occlusive disease
(one patient).

Discussion

Over the past few years PBPCT has become an alternative
to bone marrow transplantation (BMT) following high-dose
chemoradiotherapy in the treatment of hematologic malig-
nancies and solid tumors in pediatric patients.1–3,17 Coincid-
ing with the wider use of peripheral blood as a source of
progenitor cells, ES is beginning to be described more fre-
quently.4–6,16 The incidence of the syndrome in the adult
population has been reported to range from 7 to 56%,
mainly due to the use of more or less restrictive diagnostic
criteria.4–6

Criteria for the pediatric population, however, are not
available and we have used the criteria first described by
Lee et al.16 According to these, our incidence is 19%,
although this incidence may be overestimated due to the
criteria utilized. More recently, Spitzer7 has proposed more
restrictive criteria. According to these criteria, our inci-
dence would be 12.8%, which is similar to the incidence
reported by some authors in adults.4,6 However, we cannot
compare our results with other series since the present
study, to our knowledge, is the first reported exclusively
in children.

Like other authors, we believe that although fever and
skin rash are an important part of this syndrome, the pul-
monary symptoms and signs should be considered the car-
dinal features in the development and course of ES as is
emphasized in a recent study that describes the syndrome
as ‘peri-engraftment respiratory distress syndrome’.18

Different pre-transplant factors have been related to ES.
On univariate analysis we found ES to be significantly more
frequent in solid tumors than in hematologic malignancies,
which is similar to that of the adult series of patients with
breast cancer.5 The foregoing might be explained by the
presence of a greater number of autoreactive T lympho-
cytes, probably involved in ES, as a result of the less inten-
sive prior immunosuppression therapy for solid tumors than
is used in hematologic malignancies.5,19,20 Busulphan-based
conditioning regimens have been described previously as
related to ES development;6 however since only 12 patients
received a non-busulphan-based conditioning in this series,
this association could not be studied.

Furthermore, we found that the use of G-CSF
12 �/kg/12 h for mobilization was the most significant fac-
tor for development of ES on both univariate and multivari-
ate analysis, a finding that has not been previously reported.
The foregoing could not be explained in our series by a
greater number of CD34+ cells being infused, as other
authors have reported in adults.4,6 We therefore believe that
this could be related to the different subpopulations of the
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inoculum obtained with mobilization with high-dose G-
CSF.21 By contrast, we found no correlation with sex, con-
ditioning regimen utilized or the administration of G-CSF
post-transplant, unlike the series on adults.4–6,16

We have analyzed the impact of developing ES post-
transplant and found a higher morbidity expressed as a stat-
istically significant increase in supportive care (transfusion
required, parenteral nutrition) and increase in the length of
hospital stay.

The mortality rate from this syndrome in our series was
23%, which falls within the 18–60% range reported for
adults.4,7,22,23

In our series, ES was found to be an important cause of
mortality in children undergoing autologous PBPCT. Over-
all, of the 13 patients who died, seven (53%) had developed
ES. This finding emphasizes the need to use standardized
criteria for precise diagnosis of ES and to determine
therapeutic strategies.

In adults the good response achieved with steroids in
some cases of ES and diffuse alveolar hemorrhage due to
their immunosuppressor or anti-inflammatory effects17,23,24

indicates that this therapeutic strategy may be useful in
children.

In summary, we have found ES to be the most important
cause of morbidity and mortality in children undergoing
PBPCT. It is necessary to develop standardized and specific
criteria for the precise diagnosis of ES and to investigate
the possible beneficial effects of steroid therapy.

References

1 Ladenstein R, Philip T, Garner H. Autologous stem cell trans-
plantation for solid tumors in children. Curr Opin Ped 1997;
9: 55–69.

2 Ladenstein R, Lasset C, Pinkerton R et al. Impact of mega-
therapy in children with high-risk Ewing’s tumors in complete
remission: a report from EBMT Solid Tumor registry. Bone
Marrow Transplant 1995; 15: 692–705.

3 Dı́az MA, Vicent MG, Madero L. High dose
busulfan/melphalan as conditioning for autologous PBPC
transplantation in pediatric patients with solid tumors. Bone
Marrow Transplant 1999; 24: 1157–1159.

4 Edenfield WJ, Moores LK, Goodwin G, Lee N. An
engraftment syndrome in autologous stem cell transplantation
related to mononuclear cell dose. Bone Marrow Transplant
2000; 25: 405–409.

5 Moreb JS, Kubilis PS, Mullins DL et al. Increased frequency
of autoaggression syndrome associated with autologous stem
cell transplantation in breast cancer patients. Bone Marrow
Transplant 1997; 19: 101–106.

6 Ravoet C, Feremans W, Husson B et al. Clinical evidence
for an engraftment syndrome associated with early and steep
neutrophil recovery after autologous blood stem cell transplan-
tation. Bone Marrow Transplant 1996; 18: 943–947.

7 Spitzer TR. Engraftment syndrome following hematopoietic
stem cell transplantation. Bone Marrow Transplant 2001; 27:
893–898.

8 Rabinowitz J, Petros WP, Stuart AR et al. Characterization of
endogenous cytokine concentrations after high-dose chemo-
therapy with autologous bone marrow support. Blood 1993;
81: 2452–2459.

9 Antin J, Ferrara L. Cytokine dysregulation and acute graft-
versus host disease. Blood 1992; 80: 2964–2968.

10 Takatsuka H, Takemoto Y, Yamade S et al. Complications
after bone marrow transplantation are manifestations of sys-
temic inflammatory response syndrome. Bone Marrow Trans-
plant 2000; 26: 419–426.

11 Dı́az MA, Alegre A, Villa M et al. Collection and transplan-
tation of peripheral blood progenitor cells mobilized by G-
CSF alone in children with malignancy. Br J Haematol 1996;
94: 148–154.

12 Madero L, Gonzalez Vicent M, Molina J et al. Use of concur-
rent G-CSF + GM-CSF vs G-CSF alone for mobilization of
peripheral blood stem cells in children with malignant disease.
Bone Marrow Transplant 2000; 26: 365–369.

13 Halle P, Kanold J, Rapatel C et al. Granulocyte colony-stimul-
ating factor alone at 20 �g/kg vs 10 �g/kg for peripheral blood
stem cell mobilization in children. Ped Transplant 2000; 4:
285–288.

14 Dı́az MA, Alegre A, Benito A et al. Peripheral blood progeni-
tor cell collection by large volume leukapheresis in low-
weight children. J Hematother 2000; 7: 63–68.

15 Alegre A, Dı́az MA, Madero L et al. Large-volume leukapher-
esis for peripheral blood stem cell collection in children: a
simplified single apheresis approach. Bone Marrow Trans-
plant 1996; 17: 923–927.

16 Lee CK, Gringrich RD, Hohl RJ. Engraftment syndrome in
autologous bone marrow and peripheral stem cell transplan-
tation. Bone Marrow Transplant 1995; 16: 175–182.

17 Pession A, Rondelli R, Paolucci P et al. Hematopoietic stem
cell transplantation in childhood: report from the bone marrow
transplantation group of the Associazione Italiana Ematologia
Oncologia Pediatrica (AIEOP). Haematologica 2000; 85:
638–646.

18 Capizzi SA, Kumar S, Huneke NE et al. Peri-engraftment res-
piratory distress syndrome during autologous hematopoietic
stem cell transplantation. Bone Marrow Transplant 2001; 27:
1299–1303.

19 Horn TD, Redd JV, Karp JE et al. Cutaneous eruption lym-
phocyte recovery. Arch Dermatol 1989; 125: 1512–1516.

20 Bauer DJ, Hood AF, Horn TD. Histologic comparison of auto-
logous graft-vs-host reaction and cutaneous eruption of lym-
phocyte recovery. Arch Dermatol 1993; 129: 855–859.

21 Tanaka R, Matsudaira T, Aizawa J et al. Characterization of
peripheral blood progenitor cells (PBPC) mobilized by filgas-
trim (rHuG-CSF) in normal volunteers: dose–effect relation-
ship for filgastrim with the character of mobilized PBPC. Br
J Haematol 1996; 92: 795–803.

22 Nuremberg W, Willers R, Burdech S et al. Risk factors for
capillary leak syndrome after bone marrow transplantation.
Ann Hematol 1997; 74: 221–224.

23 Raptis A, Mavrondis D, Suffreolini A et al. High-dose cortico-
steroid therapy for diffuse alveolar hemorrhage in allogeneic
bone marrow stem cell transplant recipients. Bone Marrow
Transplant 1999; 24: 879–883.

24 Metcalf J, Rennard SI, Reed EC et al. Corticosteroids as
adjunctive therapy for diffuse alveolar hemorrhage associated
with bone marrow transplantation. Am J Med 1994; 96:
327–334.


