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Abstract
Objective: Soluble tumor necrosis factor receptor II
(sTNF-RII) and interleukin-1 receptor antagonist 
(IL-1ra) might modulate nutritional status in acute
leukemia since they are inhibitors of tumor necrosis
factor-α and interleukin-1 that can induce tissue 
wasting. On the other hand, tumor load and hyperme-
tabolism may induce malnutrition. We determined
whether serum levels of sTNF-RII and IL-1ra are up-
regulated to prevent overt malnutrition and whether
tumor load and hypermetabolism induce overt malnu-
trition.
Methods: We examined 31 children with newly diag-
nosed acute leukemia and correlated sTNF-RII, IL-
1ra, tumor load and energy expenditure to anthropo-
metric characteristics (weight, weight for height,
height, body mass index, fat free mass) and serum
protein concentrations (albumin, transferrin, prealbu-
min). As controls, 68 healthy children were examined
for anthropometric characteristics; 33 healthy controls
were included for cytokine analysis and biochemical
indices.
Results: We found no correlations between sTNF-RII,
IL-1ra, tumor load and energy expenditure and an-
thropometric characteristics or protein concentrations.
Mean sTNF-RII level was significantly, mean IL-1ra
level slightly increased (223% and 113% of the con-
trols). 29% of the children had a high tumor load (>
100.000/µl white blood cells) and 53% had hyperme-
tabolism (resting energy expenditure > 110% of pre-
dicted). Anthropometric characteristics were similar to
those in controls, however, serum protein concentra-
tions were decreased. 
Conclusion: sTNF-RII and IL-1ra are upregulated in
children with leukemia and may therefore prevent
overt malnutrition. Tumor load and hypermetabolism
do not induce overt malnutrition. The children pre-
sented with an early stage of malnutrition as evidenced
by low serum protein concentrations but normal an-
thropometric characteristics.
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tumor load; energy expenditure; soluble tumor 
necrosis factor receptor II; interleukin-1 receptor an-
tagonist

INTRODUCTION

Previous investigations have demonstrated that malnu-
trition occurs between 0% and 15% in children with
newly diagnosed acute leukemia. To evaluate malnutri-
tion, weight, height or body mass index [1], arm an-
thropometry or bioelectrical impedance analysis [2-6]
or serum protein concentrations [3, 7] were used.
However, till now, factors that prevent or induce mal-
nutrition in acute leukemia are not well known. Virtual-
ly no information exists regarding the influence of sol-
uble tumor necrosis factor receptor II (sTNF-RII) and
interleukin-1 receptor antagonist (IL-1ra). They are
natural inhibitors of tumor necrosis factor-α (TNF-α)
[8] and interleukin-1 (IL-1) [9] that can induce tissue
wasting [10]. In addition, not much is known whether
tumor load and hypermetabolism induce malnutrition
in patients with leukemia. In 15 children studied, rest-
ing energy expenditure and anthropometric character-
istics were not different between leukemic children and
controls [4]. However, these 15 children had only low-
risk acute lymphoblastic leukemia. Stallings et al. [11]
showed that the three of nine examined children with a
high white blood cell count were hypermetabolic (ratio
of measured to predicted resting energy expenditure
>110%). However, they did not correlate tumor load
and hypermetabolism to nutritional parameters.

Therefore, we asked 1) whether serum levels of
sTNF-RII and IL-1ra are upregulated and may prevent
overt malnutrition and 2) whether tumor load and
severity of hypermetabolism induce overt malnutrition
in childhood acute leukemia. To answer these ques-
tions, we studied 31 children with newly diagnosed
acute leukemia and correlated sTNF-RII, IL-1ra, tu-
mor load and energy expenditure to anthropometric
characteristics (weight, weight for height, height, body
mass index, fat free mass) and serum protein concen-
trations (albumin, transferrin, prealbumin).

PATIENTS AND METHODS

PATIENTS

Thirty one children with acute leukemia (29 with acute
lymphoblastic leukemia [ALL], 3 with acute myelo-
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blastic leukemia [AML]) were investigated at first diag-
nosis of their disease and before initiation of hydration
and antineoplastic treatment (mean age ±SD: 7.3 ±
5.0 years, range: 0.23-15.5 years, 15 female). Exclusion
criterion was parental refusal to participate in the
study. Children with AML were included since both
entities, ALL and AML, develop as a consequence of
malignant transformation of a single hematopoetic
progenitor cell resulting in rapid proliferation of blasts
and therefore in rapid diagnosis. In all 31 children an-
thropometric characteristics were studied. Resting en-
ergy expenditure (metabolism) was measured in 15 of
the 31 children, while the other children refused the
procedure. sTNF-RII, IL1-ra and plasma protein con-
centrations could not be measured in all children be-
cause of limited volumes of blood samples available.
To determine that plasma proteins were not altered
due to other conditions, infections were excluded by
the absence of fever > 38.5 °C and/or positive blood
or urine cultures, changes in hydration by the presence
or absence of peripheral edema and liver diseases by
normal liver function tests.

CONTROLS

As controls for anthropometric characteristics, 68
healthy children (mean age ± SD: 8.2 ± 5.2 years,
range: 0.3-18.4 years, 28 female) were examined. In
these healthy children, blood sampling was not possi-
ble for ethical reasons. Therefore, as controls for cy-
tokine antagonist levels and biochemical indices, we
recruited 33 children attending our medical out-patient
department for diagnostic procedures without signifi-
cant acute or chronic illness (mean age ± SD: 9.4 ± 4.7
years, range: 0.8-16.4 years, 22 female). These controls
showed no significant differences in age, sex and an-
thropometry from the leukemic children. The
leukemia and control groups were evaluated at the
same time. Informed consent was obtained from the
parents of all children studied. 

METHODS

Serum levels of sTNF-RII and IL-1ra were measured
using an enzyme-linked immunosorbent assay method
(QuantikineTM human sTNF RII and QuantikineTM

human IL-1ra, R&D Systems, DPC Biermann, Bad
Nauheim, Germany) according to the manufacturer`s
instructions. All determinations were done in dupli-
cate. Fresh blood samples of patients and controls
were immediately centrifuged and serum samples were
stored at –80 °C until use.

To evaluate tumor load, the initial white blood cell
(WBC) count was measured. Children with a WBC
count greater than 100.000/mm3 were  considered to
have a high tumor load. 

Resting energy expenditure is defined as the mini-
mum energy expenditure for maintaining essential
body functions under standardised resting conditions,
12 hours postprandial in a neutral thermal environ-
ment. In this study, resting energy expenditure was de-
termined by indirect calorimetry using an open-circuit
ventilated-hood system (Deltatrac II; DATEX, Helsin-
ki). The measurements were conducted for a mini-

mum of 30 minutes after an overnight fast when stable
energy expenditure was achieved. Urine was collected
for 24 hours for determination of urinary nitrogen ex-
cretion. Resting energy expenditure was calculated
from VO2 consumption, VCO2 production and urinary
nitrogen excretion by using the formula: REE =
5.50*VO2 + 1.76 * VCO2 – 1.99*UN. The predicted
resting energy expenditure was calculated by formulas
according to Fleish [12] and for infants according to
Schofield [13]. Hypermetabolism was defined as the
percentage of the measured to the predicted resting
energy expenditure exceeding 110%. This level was
used because it has been demonstrated that 95% of
normal individuals have a measured resting energy ex-
penditure within 10% of that predicted by the Harris-
Benedict formulae, that means within a range of 90%
and 110% [14].

All patients and controls underwent detailed an-
thropometry. Weight was measured to the nearest of
0,1 kg using an electronic scale (SECA, Vogel &
Halke, Hamburg, Germany) and height (or supine
length for children < 2 years) to the nearest of 0,1 cm
using a stadiometer (System Dr. Keller I, Limbach-O,
Germany). Weight, height and weight for height are
expressed as mean percentages of the median refer-
ence values of age and sex specific growth charts for a
control European population [15]. For body mass in-
dex (= weight/height squared), reference values were
taken from the NHANES I and NHANES II surveys
compiled by Frisancho [16]. Fat free mass was deter-
mined by bioelectrical impedance analysis (BIA 2000-
M, Data-Input, Frankfurt, Germany) and was calculat-
ed by using the equation of Houtkooper et al. [17]. Fat
free mass is expressed in kg body weight. 

For the assessment of plasma protein concentra-
tions, albumin, prealbumin and transferrin were deter-
mined by standard methods on automated clinical
chemistry analyzers. In brief, albumin was determined
by the bromocresolgreen method on a Hitachi 917,
prealbumin and transferrin by immunoturbidimetry on
an Intergra 700 (both Roche Diagnostics, Stuttgart,
Germany) with reagents from the same supplier. The
following plasma protein concentrations were consid-
ered abnormal [3, 16]: albumin < 3.5 g/dl, prealbumin
< 16 mg/dl and transferrin < 200 mg/dl. Albumin
was measured in 23, transferrin in 19 and prealbumin
in 18 of the 31 children.

STATISTICAL ANALYSIS

Data are expressed as mean ± SD. Statistical signifi-
cance was examined by the Mann-Whitney-U test. The
Spearman correlation coefficient was used for correla-
tion analyses. Differences were considered significant
at P <0.05. The SPSS software (SPSS Inc., Chicago, Il,
USA) was used for statistical analyses.

RESULTS

The serum levels of both cytokine antagonists were
upregulated (Table 1). In 22 leukemic children, the
mean sTNF-RII level was 223% of the level in 25 con-
trol subjects (P<0.001). The mean level of IL-1ra was
113% of the level in 31 controls. There were no corre-
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lations between both cytokine antagonists and anthro-
pometric characteristics or plasma protein concentra-
tions. However, tumor load was significantly correlat-
ed to sTNF-RII (r = 0.44, P = 0.039) but not to IL-
1ra. The 6 children with >100.000/µl WBCs had a sig-
nificantly higher mean level of sTNF-RII than the 16
patients with a lower tumor load (7844 ± 3027 (SD)
vs. 4668 ± 2384 pg/ml, P = 0.013). In contrast, these
6 children with >100.000/µl WBCs had an even lower

mean level of IL-1ra than the 16 children with a lower
tumor load (194 ± 105 vs. 809 ± 2070 pg/ml). 

Hypermetabolism was present in 53% (8/15) of
leukemic patients. Mean resting energy expenditure,
expressed as percentage predicted, was 113 ± 17%
(range: 88-148%). However, although half of all
leukemic children were hypermetabolic, metabolism
did not influence anthropometric characteristics and
plasma protein concentrations. Again, tumor load cor-
related with hypermetabolism. There was a trend to a
higher mean level of measured to predicted resting en-
ergy expenditure in the 3 children with a high tumor
load than in the 12 children with a low tumor load
(119 ± 4% [range: 115-121%] vs. 111 ± 19% [range:
88-148%]). All 3 children with a high tumor load were
hypermetabolic, although not different in nutritional
indices from controls, whereas only 5 of 12 children
(42%) with a low tumor load were hypermetabolic. 

Mean weight, height, weight for height, body mass
index and fat free mass were not different between the
leukemic patients and the control group (Table 2). The
9 patients with a high tumor load had no different an-
thropometric characteristics than the 22 children with
lower leukemia load and the healthy control group.
Thus, children with acute leukemia independant of tu-
mor load do not present with overt malnutrition at di-
agnosis of their disease.

Mean levels of plasma protein concentrations (albu-
min, transferrin and prealbumin) were significantly
lower in the leukemia than in the control group (P <
0.001) (Table 3). The 9 children with a high tumor
load had similar mean plasma protein concentrations
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Table 1. Serum levels of sTNF-RII and IL-1ra in 31 children with acute leukemia and 33 controls. Data are expressed as means
± SD. The mean levels of sTNF-RII and IL-1ra were higher in the leukemia group than in the controls (* = P <0.001).

Leukemia group Control goup

No mean±SD (range) No mean ±SD range

Age 31 7.3 ± 5.0 y (0.2-15,5) 33 9.4 ± 4.7 y (0.8-16.4)

sTNF-RII 22 5534 ± 2887 pg/ml* (1132-11606) 25 1713 ± 713 pg/ml* (694-3308)

IL-1ra 22 641 ± 1773 pg/ml (4-8488) 31 300 ± 250 pg/ml (0.5-769)

Table 2. Anthropometric characteristics of 31 children with
acute leukemia and 68 healthy controls. Mean ±  SD is given.
Weight, weight-for-height, height and body mass index are
expressed as percentages of median reference values. Fat free
mass is expressed in kg body weight and was examined by
bioelectrical impedance analysis. No significant differences
were found for any of these parameters.

Leukemia Healthy 
children controls

Number 31 68

Sex (f/m) 15/16 28/40

Age (years) 7.3 ± 5.0 8.2 ± 5.2

Weight% 109 ± 22 106 ± 22

Weight-for-height% 106 ± 13 104 ± 15

Height% 102 ± 4 101 ± 6

Body mass index% 102 ± 14 100 ± 14  

Fat free mass (kg) 23.3 ± 13.8 24.6 ± 14.3

Table 3. Plasma protein concentrations in children with acute leukemia compared to healthy controls. Mean ± SD is given.The
number of children with abnormal plasma protein concentrations was significantly higher in the leukemia than in the control
group (+ = P< 0.001). In addition, the mean level was significantly lower in the leukemia than in the control group (* = 
P <0.001).

Leukemia group Control goup

abnormal No No mean±SD (range) No No mean±SD (range)
low low levels low levels

Age 31 7.3 ± 5.0 (0.2-15.5) 33 9.4 ± 4.7 (0.8-16.4)

Albumin <3.5 mg/dl 23 9 (39%)+ 3.6 ± 0.5* (2.9-4.7) 30 0 (0%)+ 4.4 ± 0,3* (4.0-4.9)

Transferrin <200 mg/dl 19 9 (47%)+ 212 ± 46* (128-284) 26 0 (0%)+ 280 ± 35* (203-335)

Prealbumin <16 mg/dl 18 12 (67%)+ 14.0 ± 3.9* (8.8-23.8) 32 3 (9%)+ 22.4 ± 4.6* (10.8-31.6)



than the other 22 children with a low tumor load, but
significantly lower concentrations than controls (P ≤
0.01). These decreased plasma protein concentrations
were not related to acute phase reactions: 5 of the 31
children had fever > 38.5 °C, but none had positive
blood or urine cultures. The plasma protein concentra-
tions were also significantly decreased when the 5 chil-
dren with fever were excluded from the analysis. In ad-
dition, no child had peripheral edema or liver failure as
evidenced by normal liver functions tests (data not
shown). 

DISCUSSION

This study shows that children with acute leukemia at
the time of diagnosis present with increased serum
levels of sTNF-RII and IL-1ra. Tumor load and severi-
ty of hypermetabolism are not associated with nutri-
tional status. We conclude that our patients presented
an early stage of malnutrition given the low mean plas-
ma protein concentrations but normal anthropometric
characteristics. There were no correlations between
sTNF-RII, IL-1ra, tumor load, hypermetabolism and
nutritional indices.

Both cytokine antagonists, sTNF-RII and IL-1ra,
may contribute to prevent overt malnutrition from al-
ready detectable mild malnutrition since both antago-
nize the tissue wasting cytokines TNF-a and IL-1 and
thus counteract wasting and cachexia [18, 19]. A vari-
ety of stimuli trigger the shedding of sTNF-RII from
the cell surface of stimulated monocytes or neu-
trophils into the circulation to suppress TNF-mediat-
ed responses [8]. In leukemia, sTNF-RII counteract
the effect of TNF-a on the proliferation of leukemia
cells [20] and prevent malnutrition. In accordance with
this hypothesis higher sTNF-RII levels were signifi-
cantly correlated with a high tumor load.

Il-1ra binds to the same receptors as IL-1 but is bi-
ologically inactive and therefore a competitive in-
hibitor of IL-1 [9]. IL-1ra mainly inhibits leukemia cell
proliferation in-vitro [21]. We found an even lower
mean serum level in the group with a high tumor load
than in the group with a low tumor load. Similarly, it is
reported that the marrow serum of AML patients con-
tains less IL-1ra protein than marrow serum of normal
individuals [22]. Perhaps, IL-1ra is upregulated in our
children to act mainly anti-inflammatory and anti-
cachectic and not primarily anti-leukemic. Further
studies are needed to determine the effect of the ele-
vated serum levels of sTNF-RII and IL-1ra in
leukemia on nutritional status.

The lack of an impact of tumor load and hyperme-
tabolism on nutritional status could be due to the gen-
erally early diagnosis of acute leukemia in children be-
fore malnutrition might occur. Accordingly, mean en-
ergy expenditure in our 15 patients was not signifi-
cantly increased. In other studies, measured resting en-
ergy expenditure was not different to controls in low-
risk children [4, 23] in contrast to children with a high
tumor load [11]. 

In accordance with our study, most other studies
also found that children with acute leukemia do not
present with overt signs of malnutrition at diagnosis
when anthropometric characteristics are used for as-

sessment [3-6]. In contrast, in a large retrospective
multicenter study of 1019 children, the prevalence of
malnutrition (defined as body mass index SDS ≤ 2)
was 7.6% of the boys and 6.7% of the girls [1], which
was approximately three times higher than expected.
Only one study from Birmingham reported malnutri-
tion in 15% of 33 leukemia children at diagnosis by
arm anthropometry (mid-upper arm circumference
and triceps skinfold thickness <5th percentile), but me-
dian indices were not different to controls [2]. 

Some studies proposed that anthropometric charac-
teristics are not sensitive enough to diagnose malnutri-
tion and suggested to evaluate patients based on plas-
ma proteins, especially prealbumin with its short half-
life [3,7]. In our study, the mean levels of prealbumin,
transferrin and albumin were significantly lower in
leukemia children than in controls. Yu et al. [3] found
similar results in a small series of 9 children with newly
diagnosed or relapsed leukemia compared to 16 chil-
dren under treatment with overall normal anthropo-
metric characteristics. These proteins are also acute-
phase reactants with decreased levels during stress sit-
uations, especially during fever and infections, changes
in hydration and in liver diseases, but, these factors
were excluded in our patients. Thus, the low plasma
protein concentrations can be attributed to mild mal-
nutrition. Mediators may induce mild malnutrition in
acute leukemia and cytokine antagonists like TNF-RII
and IL-1ra may then be upregulated to counteract the
mediators and thereby prevent progress to overt mal-
nutrition. 

We conclude that children with acute leukemia pre-
sent with mild malnutrition irrespective of high tumor
load or hypermetabolism. Both cytokine antagonists,
sTNF-RII and IL-1ra, are increased, which may con-
tribute to prevention of malnutrition. 
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