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Abstract: HSCT associated morbidity and mortality is usually attributed to high-dose chemotherapy/radiotherapy regimens used for conditioning. Glutamine (Gln), a conditionally essential amino acid during
severe catabolic states, has been shown to have favorable eﬀects in
patients with malignancies and in those undergoing HSCT. However,
controversy exists regarding its routine use. Studies in children investigating gln supplementation are very limited. In the present study,
including 21 gln-supplemented and 20 control pediatric patients, gln
supplementation was shown to reduce the duration of fever and
decrease the incidence of SOS during the HSCT course. In addition, a
decrease in drug-related toxicity and a trend toward reduced incidence
of severe mucositis were observed.

Baris Kuskonmaz1, Songul Yalcin2,
Ozlem Kucukbayrak1, Nevin Cetin3,
Mulla Cetin1, Ilhan Tezcan4 and Duygu
Uckan3
1
Department of Pediatric Hematology, 2Department
of Social Pediatrics, 3Pediatric Bone Marrow,
Transplantation Unit, 4Department of Pediatric
Immunology, Hacettepe University Faculty of
Medicine Ihsan, Dogramaci Childrens Hospital,
Ankara, Turkey

Key words: hematopoietic stem cell transplantion –
children – glutamine
Duygu Uckan, Pediatric Bone Marrow Transplantation
Unit, Hacettepe University Faculty of Medicine Ihsan,
Dogramaci Childrens Hospital, Ankara, Turkey
Tel.: +90 312 305 1979
Fax: +90 312 324 3228
E-mail: duckan@hacettepe.edu.tr
Accepted for publication 14 June 2007

Although HSCT is curative in many diseases,
toxicities of organ systems, mainly gastrointestinal toxicity manifesting with mucositis and diarrhea requiring TPN, may necessitate additional
supportive care strategies (1). Glutamine (Gln) is
a critical substrate in many key metabolic processes, including inter-organ nitrogen transfer,
protein and nucleic acid synthesis, glyconeogenesis, and acid–base homeostasis. Gln is also used
as a major fuel and/or substrate by intestinal
mucosal cells, lymphocytes, and other immune
cells (2, 3). During catabolic states, gln concentrations in intracellular pools (primarily skeletal
muscle) fall rapidly because gln is used for renal
ammoniogenesis and serves as an oxidizable fuel
for stimulated lymphocytes, macrophages and
Abbreviations: aGVHD, acute GVHD; BMT, bone marrow
transplantation; CMV, cytomegalovirus; Gln, glutamine;
GVHD, graft vs. host disease; HLA, human leukocyte
antigen; HSCT, hematopoietic stem cell transplantation;
OR, odds ratio; SOS, sinusoidal obstruction syndrome;
TBI, total body irradiation; TPN, total parenteral nutrition.

intestinal mucosal cells (4–7). Although gln is not
strictly an essential amino acid, it is considered to
be conditionally essential during severe catabolic
illness (8). It has been shown that the hypercatabolic state following chemotherapy is associated
with low gln state (9). The use of gln-supplemented nutrition has received increasing attention in basic, translational, and clinical research
in HSCT patients (10).
High-dose chemotherapy/radiotherapy is commonly used in the HSCT setting (10). Gln has
been shown to prevent chemotherapy/radiotherapy-induced toxicity in patients with malignancies in experimental and clinical studies. The
favorable eﬀect has been shown mainly in the
gastrointestinal system. In addition, chemotherapy-induced neuropathy, cardiotoxicity, myalgias, and arthralgias have been reduced with gln
supplementation (11–13). In an experimental
study in rodents, gln supplementation has been
shown to enhance the selectivity of anti-tumor
drugs by protecting normal tissues from and
possibly sensitizing tumor cells to chemotherapy
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treatment-related injury (14). The initial clinical
safety and eﬃcacy of gln administration in adult
HSCT patients was reported in 1990 and 1992
(15, 16).
However, the role of gln in parenteral nutrition
remains a controversial issue, a decade since the
introduction of gln-enriched TPN (17). Also,
studies about gln supplementation in children
alone are limited. To the best of our knowledge,
there is only one randomized study in the
literature consisting of pediatric patients alone
in which a favorable eﬀect of oral gln on
mucositis was demonstrated (18). Considering
the diﬃculties in intake of oral medications in
children, particularly those undergoing transplantation, we used parenteral gln to determine
the eﬀect of gln supplementation not only on
mucositis but other HSCT complications as well.
Patients and materials
The study compared the results of the two diﬀerent treatment regimens at Hacettepe University Ihsan Dogramaci
ChildrenÕs Hospital, Bone Marrow Transplantation Unit.
We started gln supplementation as Dipeptiven (Fresenius
Kabi, Graz, Australia) at a dose of 0.4 g/kg/day in January
2004 from day )9 till day 21 through central venous catheter
with or without TPN solution. After this period, 21 cases
who underwent allogeneic HSCT and had cytotoxic-conditioning regimen received gln supplementation (supplemented group) until the study point in January 2005. For
each supplemented case, a control–case comparable with
respect to donor type, diagnosis and age distribution was
selected from the presupplemented period (control group).
For one supplemented case, no suitable control–case was
found.
Busulfan-based conditioning regimens were used in most
patients; TBI was used in ﬁve patients. Infection prophylaxis included ﬂuconazole for antifungal prophylaxis and
acyclovir for antiviral prophylaxis, trimethoprim–sulfamethoxazole, and ciproﬂoxacin for bacterial prophylaxis.
Weekly intravenous immunoglobulin was administered in
all patients. Cyclosporin A ± short-term methotrexate was
used as GVHD prophylaxis. TPN was started following a
ﬁve-day period of decreased oral intake (<50% percent of
recommendended calories) or when weight loss exceeded
10% during treatment.
Myeloid engraftment was deﬁned as the ﬁrst of three
consecutive days when the neutrophil count was higher than
0.5 · 109/L. Patients who did not engraft, as well as those
with transient engraftment of donor cells, were considered
to have graft failure. Drug-related adverse eﬀects were
evaluated in both groups, and included clinical descriptive
features attributed to drug use such as parotitis, toxic
hepatitis, cardiotoxicity, neurotoxicity, hemorrhagic cystitis,
drug eruption, urticarial rash, serum sickness, and
anaphylaxis. aGVHD and veno-occlusive disease/SOS were
diagnosed and graded according to conventional criteria
(19, 20).
Documented infection was deﬁned as microbiologically
conﬁrmed systemic, disseminated, invasive, rapidly
progressive infection, or catheter-related infection, or
pneumonia diagnosed by clinical and radiological ﬁndings,
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or CMV disease (CMV infection with CMV organ
involvement). The following incidents were excluded: commonly encountered skin contamination bacteria (e.g.,
coagulase-negative staphylococci) detected in a single blood
culture, catheter site local infection except tunnel infection.
Statistical analysis was performed by SPSS (SPSS Inc.,
Chicago, IL, USA). Chi-square (or FisherÕs exact test) and
StudentÕs t-test (or Mann–Whitney U test) were used for
statistical comparisons where appropriate.

Results

The groups were comparable with respect to
donor type, age distribution, gender, HLA
match, diagnosis (malignant and non-malignant;
Table 1). In addition, the groups had taken
similar conditioning regimens and GVHD prophylaxis. The number of patients who received
fresh frozen plasma, albumin infusions, and TPN
was comparable in the supplemented and control
groups. The number of patients with neutrophil
engraftment was similar in the supplemented and
control groups [19/21 (90%) and 18/20 (90%),
respectively, Table 2]. The date of neutrophil
engraftment was also comparable in the two
groups (15.0 ± 3.4 and 14.6 ± 3.3 days, respectively).
Although the ratio of patients who developed
fever was similar in both groups, the duration of
fever was signiﬁcantly decreased in the supplemented group when compared with the control
Table 1. Baseline characteristics of patients*

n
Age, yr (mean € s.d.)
Sex (M/F)
Malignant diseases
CML
AML
ALL
Myelodysplastic syndrome
SCID + AML
Non-malignant diseases
Wiskott–Aldrich syndrome
Leukocyte adhesion deficiency
Griscelli syndrome
Adrenoleukodystrophy
Mannosidosis
Osteopetrosis
Fanconi aplastic anemia
Acquired aplastic anemia
Thalassemia major
HLA 6/6 matched donor
ABO major incompatibility

Supplemented
group, n (%)

Control
group, n (%)

21
8.30 € 5.20
16/5
10 (48)
4 (19)
4 (19)
2 (10)
–
–
11 (52)
1 (5)
1 (5)
2 (10)
1 (5)

20
6.90 € 4.30
15/5
11 (55)
4 (20)
2 (10)
1 (5)
3
1 (5)
9 (45)

2
1
3
19
2

(10)
(5)
(14)
(91)
(10)

2
1
1
1
1
3
17
2

(10)
(5)
(5)
(5)
(5)
(15)
(85)
(10)

s.d., standard deviation; M, male; F, female; CML, chronic myeloid leukemia;
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; SCID, severe
immune deficiency; HLA, human leukocyte antigen.
*p > 0.05.
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Table 2. Main clinical outcome of patients

Patients who received TPN
Neutrophil engraftment
Neutrophil engraftment date after BMT (days)
Incidence of fever
Duration of fever (days)
Documented infection
aGVHD
aGVHD grade 3–4
SOS
SOS moderate-severe
Mucositis, grade 3–4
Drug-related toxicity
Discharge < day 37
Mortality before discharge
Overall mortality

Supplemented
group (n = 21)

Control group
(n = 20)

p

14 (67)
19 (90)
15.0 € 3.4
19 (91)
5.74 € 4.5
8 (38.1)
5 (24)
1 (5)
2 (10)
2 (10)
6 (29)
3 (14)
12 (57)
2 (10)
6 (29)

12 (60)
18 (90)
14.6 € 3.3
17 (85)
12.9 € 11.2
11/20 (55.0)
6 (30)
3 (15)
7 (35)
4 (20)
11 (55)
8 (40)
6 (30)
5 (25)
8 (40)

0.920
1
0.727
0.663
0.021
0.278
0.734
0.343
0.067
0.410
0.118
0.085
0.300
0.238
0.440

Values are expressed as n (%) or mean € s.d.
TPN, total parenteral nutrition; BMT, bone marrow transplantation; aGVHD, acute graft vs. host disease; SOS, sinusoidal obstruction syndrome.

group [5.74 ± 4.45 and 12.94 ± 11.17, respectively, p = 0.021]. In cases with fever, total
febrile days over seven were seen less frequently
in the supplemented group (3/19, 15.8%) than in
the control group (9/17, 52.9%; OR: 0.167, 95%
CI: 0.035–0.792, p = 0.018). Documented infection was present in eight of 21 patients (38.1%) in
the supplemented group vs. 11/20 (55.0%) in the
control group. There was no statistically significant diﬀerence in the rate of aGVHD and grade
3–4 aGVHD in the supplemented and control
groups (Table 2).
Patients receiving gln supplementation had
lower incidence of SOS (p = 0.067). The SOS
incidence was two of 21 patients (10%) in the
supplemented and seven of 20 patients (35%) in
the control groups. There was a decreased risk of
SOS associated with use of gln (OR: 0.195, 95%
CI: 0.035–1.095). Although the incidence of
grade 3–4 mucositis was lower in the supplemented patients, the diﬀerence was not statistically signiﬁcant (Table 2, p = 0.118).
Patients in the supplemented group had a
lower drug-related toxicity rate than patients in
the control group [3/21 (14%); 8/20 (40%),
respectively; p = 0.085]. OR for drug-related
toxicity was 0.25 (95% CI: 0.055–1.137). The
median duration of hospitalization was similar in
both groups. Twelve of 21 patients were discharged before 37 days (median day of discharge) following HSCT in the supplemented
group whereas six of 20 were discharged before
that day in the control group (p > 0.05).
Although the mortality before discharge and
overall mortality rates after HSCT were lower
(10% and 29%, respectively) in the supplemented

group when compared with the control group
(25% and 40%, respectively), the diﬀerence was
not statistically signiﬁcant. No adverse eﬀect
related to gln administration was noted.
Discussion

In the present study, the duration of fever was
found to be signiﬁcantly decreased in the glnsupplemented pediatric HSCT patients when
compared with those not supplemented. However, there was no statistically diﬀerence in the
incidence of documented infection between two
groups. Ziegler et al. have reported beneﬁcial
eﬀect of gln supplementation on the incidence of
infection and fever in patients undergoing BMT.
Schloreb and AmareÕs study does not suggest a
favorable eﬀect of gln on the incidence of fever or
clinical infection and colonization (16, 21). The
favorable eﬀects of gln on immune functions, on
the repair of mucosal barrier defenses (i.e., the
gastrointestinal tract), or on the maintenance of
tissue antioxidant stores have all been suggested
as contributory factors involved in the decreased
incidence of infection or fever in gln-supplemented patients (16).
Glu supplementation has been suggested to
play a favorable role in hepatic protection from
SOS both as a protective and possibly a therapeutic agent (22). The present study has shown
that the ratio of patients who developed SOS was
borderline signiﬁcantly lower in the gln group
than in the control group (OR: 0.195,
p = 0.067). The maintenance of hepatic GSH
concentration has been suggested to protect the
hepatocytes from the oxidant stress of high-dose
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conditioning regimens (22). Several reports suggest beneﬁcial eﬀects of gln supplementation in
transplant patients in protection from SOS (8, 9,
23).
Gln administration has been shown to
decrease the duration and severity of mucositis
in pediatric and adult patients receiving doxorubicin chemotherapy for solid cancers in a doubleblind, crossover study. Potential beneﬁts of oral
gln have been suggested in BMT-associated
mucositis as well (24). We found that, although
not statistically signiﬁcant, the ratio of patients
who had grade 3–4 mucositis was lower in the
supplemented group than in the control group.
Data indicate that gln administration can decrease gastrointestinal toxicity to chemotherapy
in cancer patients (24). However, controversial
results exist in the literature. Four randomized
controlled trials and an additional controlled
trial have reported that i.v. and/or oral l-gln did
not inﬂuence incidence or severity of mucositis
after BMT (1, 16, 21, 25, 26).
Previous studies have suggested gln use to
prevent
chemotherapy/radiotherapy-induced
toxicities in patients with malignancies. In
the present study, drug-related toxicity was
decreased (OR: 0.25) in transplanted children,
and this is in agreement with previous studies
(27, 28).
The clinical trials reporting the eﬀects of gln on
mortality in BMT patients with malignancies
have shown controversial results (16, 21, 29). In
the present study, the overall survival rate was
higher in the supplemented group than in the
control group; however, it remained statistically
insigniﬁcant perhaps because of the small numbers of patients. In our study, hospital stay above
37 days was also reduced in the gln-supplemented patients. Studies have shown that the
cost of hospital care and length of stay were
signiﬁcantly decreased with gln supplementation,
primarily because of decreased room and board
costs (16, 21, 30).
A positive eﬀect of gln on recovery from
neutropenia has been suggested (17) by increasing its availability for bone marrow precursor
cells (31); however, clinical data have not supported this hypothesis (32), as shown in our
study.
In conclusion, gln supplementation has been
found to be associated with decreased duration
of fever and decreased incidence of SOS, both of
which may play a role towards improved survival
rate. Additional studies with large numbers of
cases are needed to determine the eﬀect of gln on
other transplant-related events.
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