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This thesis is based on the following articles, referred to in the text by
roman numerals:

I. Taskinen M, Saarinen-Pihkala UM. Evaluation of muscle protein
mass in children with solid tumors by muscle thickness
measurement with ultrasonography, as compared with
anthropometric methods and visceral protein concentrations. Eur J
Clin Nutr 1998; 52: 402-406.

II. Taskinen M, Saarinen UM. Skeletal muscle protein reserve after
bone marrow transplantation in children. Bone Marrow Transplant
1996; 18: 937-941.

III. Taskinen M, Saarinen-Pihkala UM. Increase in height during the
first year after bone marrow transplantation reflecting nutritional
status of children. Bone Marrow Transplant 1998; 22: 689-692.

IV. Taskinen MH, Antikainen M, Saarinen-Pihkala UM. Skeletal muscle
            protein mass correlates with the lipid status in children with solid
            tumors and before bone marrow transplantation. Eur J Clin Nutr
            2000; 54: 219-224.

V. Taskinen M, Saarinen-Pihkala UM, Hovi L, Lipsanen-Nyman M.
Impaired glucose tolerance and dyslipidemia as late effects after
bone marrow transplantation in childhood. Lancet 2000;  356: 993-
997
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ALL acute lymphoblastic leukemia
AML acute myeloid leukemia
BMI body mass index
BMT bone marrow transplantation
BSA body surface area
CBSC cord blood stem cell
CI confidence interval
CML chronic myeloid leukemia
CT computerized tomography
F fat tissue
FI fat index
FSH follicle-stimulating hormone
GH growth hormone
GHbA1c glycosylated hemoglobin A1c

GvHD graft-vs-host disease
HDL high-density lipoprotein
HLA human leukocyte antigen
HOMA homeostasis model assessment
IDL intermediate-density lipoprotein
IFN-γ gamma interferon
IGT impaired glucose tolerance
IL interleukin
LDL low-density lipoprotein
LH luteinizing hormone
LPL lipoprotein lipase
MAC mid-arm circumference
MAMA mid-arm muscle area
MI muscle index
OGTT oral glucose tolerance test
QM quadriceps muscle
SDS standard deviation score
TBI total body irradiation
TG triacylglycerol
TNFα tumor-necrosis factor α
TPN total parenteral nutrition
TSF triceps skinfold
URD unrelated donor
VLDL very-low-density lipoprotein
W% relative weight
WHR waist-hip ratio
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The supportive care, including the nutrition, of the child with cancer became
a focus of research in late 1970s along with the  increasing numbers of
patients surviving  cancer. Compared to adults with cancer, children are at
even greater risk of nutritional depletion because of their more rapid
metabolic rates and greater caloric needs for growth and development.

Until the early 1990s, the diagnosis of malnutrition in children with cancer
was based mainly on weight records. The target has been to develop
nutritional  measurements which are both accurate and easy to perform at
the bedside, and which measure the functionally important part of the body,
the body cell mass, and the largest component of this, the skeletal muscle.

The causes of  the poor nutritional status in cancer patients are multiple, and
include metabolic disturbances. The metabolic abnormalities observed in
cancer subjects involve protein, carbohydrate, and lipids. However,  the
clinical implications of these metabolic disturbances have seldom been
discussed.

The purpose of the present study was to evaluate the nutritional status of
children with cancer during the different phases of treatment. Special
emphasis was placed on comparison of the methods available for bedside
measurement of nutritional status. Skeletal muscle protein reserves,
measured by ultrasonography, turned out to be a key parameter for
assessment of  nutritional status of children with cancer. In addition,
disturbances in lipid and insulin-related metabolism were studied, focusing
on the clinical consequences, particularly in the long-term survivors after
bone marrow transplantation.  Our new finding was that a great number of
the BMT long-term survivors are at substantial risk of developing the
metabolic syndrome.
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Body composition is a reflection of the entire metabolism of the  organism.
The two-compartment model, the most popular and simplest way to
determine body composition, divides the body into fat mass and fat-free
mass (lean body mass).  Fat-free mass can further be divided into body cell
mass, extracellular fluids, and bone mineral. Body cell mass, consisting of
the fat-free part of the muscles, the viscera and the immune system,
comprises the functionally most important compartment of the body.

The tissues included in the body cell mass are responsible for most of the
energy expenditure and protein needs and for the metabolic responses to
physical stress and immunologic events (Roubenoff �����, 1997). Body cell
mass also has an implication for survival. Human beings do not survive
once their body cell mass has fallen below 60% of the reference range
(Kotler �����, 1989).

Body cell mass can be lost without any loss of weight; weight gain is even
possible. The terminology for changes in body composition has thus been
confusing and overlapping. According to a recent report, involuntary loss of
body cell mass with and without weight loss should be called wasting and
cachexia, respectively (Roubenoff ��� ��, 1997). Thus, wasted patients all
have cachexia, but not vice versa. Sarcopenia would indicate particularly
involuntary loss of muscle mass.

Cachexia and wasting are not caused by the same pathophysiologic
processes. In cachexia the major problem seems to be the development of a
metabolic stress response mediated by catabolic cytokines (Roubenoff �����,
1997). Thus, loss of body cell mass may occur despite a nearly normal
energy intake. In contrast, anorexia has been considered to be essential for
the development of wasting.

�'���������! ��
Skeletal muscle is the largest component of fat-free mass and body cell
mass (Wang �����, 1992). Skeletal muscle is made up of individual muscle
fibers,  which are multinucleated cells composed of a number of fibrils and
surrounded by a membrane, the sarcolemma. Each muscle fibril is
surrounded by a sarcoplasmic reticulum, an essential part of the signal
transmission between depolarization of a single muscle fiber and muscle
contraction.

Twenty percent of muscle tissue is composed of proteins. The muscle
proteins are functional proteins, such as mitochondrial, sarcoplasmic and
myofibrillar (mainly myosin and actin) proteins, and connective tissue
proteins, such as collagen. Nearly 80% of skeletal muscle protein is of
myofibrillar origin. Physical activity increases protein synthesis in skeletal
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muscle. After resistance exercise, the stimulation of protein synthesis
persists up to 48 h (Phillips �����, 1997). Even though exercise also increases
protein breakdown, the net effect is anabolic (Phillips �����, 1997). Muscle
protein synthesis decreases during prolonged bed rest (Ferrando ������ 1996),
as well as with aging (Balagopal ��� ��, 1997). In addition, protein
degradation increases in bed rest, in sepsis and during glucocorticoid
treatment (Mitch and Goldberg, 1996).

���1��!�#������!���������#����0� ��"�!�����
Methods for use in research

���	
������� The oldest method for determination of body composition is
measurement of body density by underwater weighing. Whole-body density
is the sum of the proportional densities of the fat and the fat-free mass. By
assessing whole body density it is mathematically possible to derive the
amounts of fat and fat-free masses. The assessment of whole-body density is
based on measurements of body weight and body volume (Akers and
Buskirk,1969), and on the assumption that the actual densities of the fat-free
mass and the fat mass are constant (Mendez �����, 1960). Body volume is
measured according to Archimedes’ principle: the amount of water displaced
during submersion of a mass gives the volume. The technique of underwater
weighing and the assumptions included in the calculations, i.e. the constant
chemical composition of the fat-free mass, a constant level of hydration and
a constant proportion of bone mineral to muscle in the fat-free mass, make
densitometry feasible only for the measurement of healthy subjects
(Lukaski, 1987).

�����������������  The assessment of body composition by measurement of
total body water is based on the assumptions that water is present only in the
fat-free tissue and that the hydration fraction of the fat-free tissue is
relatively constant (Motil, 1998). Total body water can be estimated by an
isotopic dilution technique. Dilution of ingested water labeled with isotopes
of either hydrogen (deuterium,

 2H
2
O) or oxygen (H

2

18
O) corresponds to the

amount of the fat-free mass (Schoeller �����, 1980). The subject is given a
known amount of labeled water, and after a period of equilibration, the
isotope enrichment of the water is measured in breath, urine, saliva or
plasma. Measurement of total body water is now considered to be the gold
standard for determining the fat-free mass of the body (Motil, 1998). It
should be remembered, however, that the hydration fraction of the fat-free
mass (0.732) has been derived from animal studies (Pace and Rathbun,
1945) and from cadaver analyses (Elia, 1992), and that the constantly
changing hydration status in diseases, including cancer (Heymsfield and
McManus, 1985), may interfere with the results obtained by this method.

������ ����� ����		
���  Measurement of total body potassium, as well as
measurement of total body water, is considered to be the gold standard of
the assessment of body composition (Motil, 1998). Potassium is essentially
an intracellular cation not present in the fat tissue (Lukaski, 1987). Skeletal
muscle includes 60% of the whole body potassium (Heymsfield �����, 1995).
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Quantification of total body potassium  is based on detection of the
characteristic gamma ray of naturally occurring potassium-40 (Forbes �����,
1961; Boddy �����, 1973). Detection of total body potassium is noninvasive
and safe. Absolute measurement of total body potassium requires a shielded
whole body counting system with control of background radiation
interference (Lukaski,1987), which places the costs of the technique beyond
clinical resources.

������γ������������
���
���������	
	�  Total body nitrogen can be assessed
with neutron activation analysis. Neutron activation systems deliver a beam
of fast neutrons to the subject (Lukaski, 1987). Capture of neutrons by
atoms of the target elements, such as nitrogen, creates unstable isotopes,
which emit one or more gamma rays of characteristic energy when they
revert to a stable condition. Processing the data mathematically from total
body nitrogen measurement gives an accurate estimate of muscle and
protein mass. In weight-losing cancer patients, the neutron activation
method combined with other methods has revealed loss of muscle tissue, but
preservation of non-muscle soft lean tissues (Cohn �����, 1981). The major
disadvantages of this method  are the high cost and use of irradiation.

�������
���� ��
��� ���������� ��� � ���� ������
�� �	������� 
���
��
	����
��� Theoretically, computerized axial tomography and magnetic
resonance imaging scans, with many sequential images of the body, would
provide accurate and anatomically relevant data of the total body skeletal
muscle mass. Whole-body studies have been done with CT (Sjöström, 1991;
Wang ��� ��, 1996), but despite its accuracy, CT scanning is of limited
clinical value, particularly in children, because of exposure to ionizing
radiation. However, both whole body CT (Wang ��� ��� 1996) and CT
scanning of the extremities (Heymsfield ��� ��, 1979; Lerner ��� ��, 1986;
Koskelo �����, 1991) have been used  for research purposes as a reference
method for skeletal muscle mass. CT has been used in cancer patients to
determine regional body composition, such as changes in muscle and
adipose tissue volumes of  the extremities (Koskelo ��� ��, 1991), and
changes in visceral organ size (Heymsfield and McManus, 1985).

��������������	���
������ Dual-photon absoptiometry uses a gadolinium-
153 source that emits energy at two levels. The attenuation of the x-ray
energy signals is proportional to the elemental composition of the target
(Heymsfield ��� ��, 1990). Dual-photon absorptiometry distinguishes
between bone mineral and the rest of the fat-free mass. The method has
been used to determine the skeletal muscle of extremities, which  forms
75% of the total skeletal muscle mass (Heymsfield �����, 1995). The dual-
photon technique is considered to be safe, despite the exposure to radiation
(Motil, 1998).

Methods for clinical use

!���������
�� � ���	������	. Body weight, skinfold thicknesses, and
extremity circumferences have classically been used as a clinical tool for
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estimation of body composition. Body weight is the easiest way to measure
and follow up  an individual’s body cell mass at the whole-body level, and it
has been the method most commonly used in the clinical set-up for children
with cancer (Rickard �����, 1979; Smith �����, 1991; Delbecque-Boussard ��
��, 1997; Elhasid �����, 1999). However, no information on the proportions
of fat and fat-free mass can be gathered from the measurement of body
weight alone. In children with leukemia, body weight increased, but skeletal
muscle mass (measured by ultrasonograpy) decreased (Koskelo �����, 1990).
In addition, in 20% of children with cancer weight-for-height was normal
although mid-arm circumference and triceps skinfold were reduced (Smith
��� ��, 1991). No changes in body weight were observed during induction
therapy in children with leukemia (Delbecque-Boussard �����, 1997).

The body mass index (BMI), calculated from the formula BMI=weight
/stature2, is a slightly more accurate estimate of fat mass and fatness than
body weight (Cronk and Roche, 1982). The normal range of BMI for adults
is 19-25 kg/m

2
. BMI gives no direct information about the muscle mass of

the body. In contrast, in muscular individuals BMI overestimates the fat
mass.

The thickness of the subcutaneous fat tissue can be estimated by measuring
skinfolds. For the use of skinfolds in the assessment of body composition
the essentials are calibrated equipment and standardized sites of
measurement. The sites most commonly used are on the brachial triceps
muscle, on the brachial biceps muscle, below the inferior angle of the
scapula, and at the top of the anterior superior iliac spine. The skinfold
thickness is measured by grasping the skin and subcutaneous tissue between
the thumb and forefinger, excluding the underlying muscle, and allowing
the jaws of the caliper to impinge on the skin. Duplicate readings should be
taken.

With the help of the skinfold thicknesses, it is possible to calculate body
density and the amounts of fat tissue and fat-free tissue (Slaughter ��� ��,
1988). From the upper midarm circumference and the triceps skinfold
measurement it is possible to calculate the cross-sectional fat and muscle
areas of the arm (Frisancho, 1974). In comparison with computerized axial
tomography, the anthropometric measurements overestimated the midarm
muscle area by 15-20%, while fat area agreed within 10% (Heymsfield �����,
1979). In children, the mid-arm muscle area correlated moderately well with
the muscle mass calculated from 24-h urinary creatinine excretion (r=0.86)
(Trowbridge �����, 1982), and from ultrasonography (r=0.81) (Chiba �����,
1989). Observer-dependent intra- and interindividual errors in
anthropometric measurements may be as high as 20% (Burkinshaw ��� ��,
1973).

����
�
��"��
���� 
����� Creatine is mostly (98%) located in skeletal
muscle, and creatinine is formed by nonenzymatic hydrolysis of free
creatine  (Borsook and Dubnoff, 1947). Urinary creatinine excretion  is
directly proportional to body creatine (Hoberman �����, 1948), and is thus
acknowledged to represent skeletal muscle mass (Forbes and Bruining,



14

1976). However, the taking of 24-hour urinary creatinine excretion as
proportionate to height  is prone to errors caused by diet (Calloway and
Margen, 1971), and inaccurately timed collection (Forbes and Bruining,
1976).

#�$������
	�
�
��� 3-methylhistidine is produced during catabolism of
myofibrillar proteins. It is neither reutilized nor metabolized, but excreted in
the urine in proportion to the catabolized myofibrillar proteins (Lukaski,
1987). The skeletal muscle mass derived from the data of endogenous
urinary 3-methylhistidine excretion has correlated well with the muscle
mass derived from total body nitrogen and potassium analyses (Lukaski ��
��, 1981). The drawback of the methylhistidine method is the need for
consumption of a relatively controlled diet and complete and accurate urine
collection.

%���� ����
�	� The measurement of concentrations of serum visceral
proteins (albumin, prealbumin and transferrin) is based on the assumption
that in malnutrition a reduced supply of substrate limits production of these
proteins by the liver. However, the syntheses of albumin and prealbumin
are also decreased during acute-phase reactions, i.e. infection and trauma.

The biologic half-life of visceral proteins is of major importance for their
value as nutritional parameters. Albumin with its long biologic half-life (19
days) (Laurell ��� ��, 1980) is a better indicator of protein reserves in
clinically stable chronic starvation than in severely ill patients with daily
changes in nutritional supply and in water balance.

The concentration of serum transferrin (half-life of 7 days) falls early in
malnutrition (Laurell ��� ��, 1980). A fall in serum transferrin indicates
protein-energy malnutrition in patients with sufficient iron stores and
without any acute illness. The serum prealbumin (biologic half-life 2 days)
level reflects rather the amount of substrate, amino acids, delivered for liver
protein synthesis than of tissue protein reserves (Ingenbleek �����; 1972).

While, at diagnosis of solid tumors, only 2.7% of children had serum
albumin below the cut-off point, serum prealbumin was pathologically low
in 36% of the patients (Elhasid �����, 1999).

&
������
���� 
������������������������������
�����������
�
��� In a living
organism, the fat-free mass contains virtually all the water and electrolytes
which can behave as electrical conductors. Conductivity is greater in the fat-
free mass than  in the fat mass. Measurement of the fat-free mass by
bioelectrical impedance  includes delivery of excitation current at the distal
electrodes of hand and foot, and detection of the voltage drop at the
proximal electrodes (Lukaski �����, 1986). Fat-free mass is calculated from
the conductance derived from these measurements. Bioelectrical impedance
is a noninvasive and painless method for evaluation of body composition
and easy to perform. The accuracy of bioelectrical impedance in estimating
the body fat-free mass is comparable to densitometry with an error of 2.7%
(Lukaski �����, 1986).
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The total body electrical conductivity method differs from the bioelectrical
impedance method in that the subject is passed through a magnetic field to
produce a phase curve representing the amount of conductive material (Van
Loan �����, 1987).

'�(���� 
����������. The infrared interactance method is based on
mathematical processing of the data gathered from the characteristic
absorption, scattering and transmission of an electromagnetic energy
delivered to a selected site of the body (Conway �����, 1984).  The energy
transmitted at two different wavelengths between 700 and 1100 nm is
scattered and the spectrum reflected back contains information about the
chemical composition of the underlying tissue. When compared with the
total body water dilution method for detection of  percentage of fat tissue,
infrared interactance had a good correlation coefficient (r=0.94).

)���	��������� Ultrasonographic estimation of tissue composition is
based on regional transmission of high-frequency ultrasonic energy  and
visualization of the energy reflected back from the interfaces of tissues with
different acoustic properties.  Ultrasonography has proven suitable for
estimating the thicknesses  of thigh muscle (Koskelo �����, 1991) and upper-
arm skeletal muscle (Weiss and Clark, 1987; Koskelo ��� ��, 1991). In the
former study, comparison of ultrasonography with CT scans of the
quadriceps muscle of the thigh and the biceps muscle of the arm gave
almost identical results (r=0.98 and r=0.99, respectively) (Koskelo ��� ��,
1991). In addition, ultrasonography correlated well with the
creatinine:height index in the assessment of  muscle mass (Chiba ��� ��,
1989)

The reproducibility of ultrasonography has been adequate,  the coefficient of
variation being 2.8% for the measurement of thigh muscles (Koskelo �����,
1991). The drawback of the method is, as with anthropometric
measurements, that body skeletal muscle mass is estimated from a regional
measurement of muscle. In inexperienced hands, the pressure caused by the
scanner may also alter the thickness of the fat and muscle layers. As a
noninvasive and familiar method, however, ultrasonography is eminently
suitable for nutritional evaluation of children, not least because of the
avoidance of radiation.

����	����������
��
�����������

Malnutrition is one of the most common complications of neoplastic
diseases. Of major importance for the complex development of malnutrition
are malignancy-induced disturbances in the host´s metabolism combined
with inadequate intake of nutrients, later arising as a result of treatment-
related factors. At the individual level, the causes of cachexia and
malnutrition are usually multiple.
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�� ��� � 1�2��
The word cachexia, derived from the Greek words kakos  and hexis
meaning "poor condition", has become the most common term used to
describe the mixture of metabolic abnormalities and nutritional deprivations
associated with cancer. Clinically cachexia in cancer is characterized by
anorexia and involuntary host tissue loss, including loss of adipose tissue,
visceral protein, and skeletal muscle (Tisdale, 1997).

Cachexia associated with malignancies differs from simple starvation. In
early starvation the energy substrates utilized are glycogen from the liver
and muscle tissues and  glucose derived from gluconeogenesis in the liver.
The glycogen reserves supply energy for 6-12 hours, and by then
gluconeogenesis, producing glucose from lactate, glycerol and alanine, has
taken over. In long-term starvation (>1-2 days), free fatty acids from
adipose tissue are converted into ketone bodies in the liver and utilized for
energy to conserve muscle mass. This is also largely true of the extreme
starvation of anorexia nervosa (Moley ��� ��, 1987). In cancer cachexia, in
contrast,  fat and muscle tissues are equally lost, making the loss of muscle
disproportionate to the loss of adipose tissue. Accordingly, in the literature,
protein-energy malnutrition has commonly been used as the clinical
equivalent for cancer cachexia.

In the first (Warren, 1932), as well as in more recent (DeWys �����, 1980;
Albrecht and Canada, 1996) evaluations of the nutritional status of cancer
patients, cachexia  was observed in as many as two thirds of adult cancer
patients. The incidence of malnutrition at diagnosis in children with
neuroblastoma has ranged up to 50% (Rickard �����, 1985), whereas children
with acute leukemia at diagnosis have had normal nutritional status (Uderzo
�����, 1996; Delbecque-Boussard �����, 1997). Even though cachexia may be
a very early symptom of cancer (Brennan, 1977), the patients presenting
with signs of cachexia usually are those with advanced metastatic disease,
such as children with advanced neuroblastoma (Rickard ��� ��, 1985) or
Ewing’s sarcoma (van Eys, 1979).

���1�"10!����$0��#� �� ��� � 1�2��
Anorexia of malignancy

Anorexia is frequently present in cancer patients, but it  is seldom the sole
factor underlying cancer cachexia. The mediators of reduced appetite in
cancer patients are still unknown. Altered taste perception, such as an
increased threshold for sucrose and a decreased threshold for urea
recognition (DeWys, 1974), may induce anorexia in patients with cancer,
although this is a matter of controversy (Brown �����, 1986). Interestingly,
two of the cytokines, tumor necrosis factor α (TNFα) and interleukin-1 (IL-
1), may induce taste aversions mediated by the vagal nerve (Goehler �����,
1995).

TNFα (Oliff ��� ��, 1987; Mahony ��� ��, 1988) and IL-1 (Moldawer ��� ��,
1988; McNamara ��� ��, 1992) induce anorexia and weight loss in
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experimental animals. However, rather than by inducing anorexia directly,
these cytokines may act by altering the balance between anorexigenic and
feeding-stimulating neuropeptides (Inui, 1999).

The disturbances in the normal control of feeding behavior possibly caused
by the hypothalamus have been of major interest. Neuropeptide signaling
cascades that both depress and stimulate food intake have been described in
healthy humans (Inui, 1999). Leptin, secreted by adipose tissue in response
to weight gain, is of fundamental importance as an afferent signal from
adipose tissue to the hypothalamic appetite-regulating nuclei. Leptin reduces
appetite and increases energy expenditure (Friedman and Halaas, 1998). The
most potent feeding-stimulatory mediator downstream of leptin signaling is
neuropeptide Y, which is activated by a fall in serum leptin (Inui, 1999).
Corticotropin-releasing factor is a member of the anorexigenic signaling
pathway. The abnormalities of appetite regulation in tumor-bearing animals
are decreased activity of the neuropeptide Y feeding-stimulating pathway,
and increased activity of the corticotropin-releasing factor feeding-
depressing signal pathway (McCarthy �����, 1993). In  experimental animals
(Chance �����, 1998), however, and also in patients with cancer (Simons ��
��, 1997), serum leptin levels have been normal.

Another appetite-depressing neurotransmitter is serotonin (Leibowitz �����,
1988). Increased concentrations of tryptophan (the precursor of serotonin)
and 5-hydroxyindoleacetic acid (a metabolic product of serotonin) have
been detected in the brains of weight-losing tumor-bearing animals (Krause
��� ��, 1981). Increased levels of free tryptophan have been detected in
plasma of anorectic cancer patients. However, administration of a serotonin
receptor antagonist, ondancetron, failed to prevent weight loss or alter
laboratory parameters of protein nutrition in elderly cancer patients
(Edelman �����, 1999).

Carbohydrate metabolism in cancer

In normal metabolism, glucose ingested from food is transported to the liver
and muscle tissue either to be used as an energy substrate or to be stored as
glycogen. Hepatic gluconeogenesis produces glucose from alanine, lactate,
and glycerol. Glucose is transported into cells by facilitated diffusion, which
requires the action of  the insulin-stimulated transporter proteins GLUT 1-5
(Shepherd and Kahn,1999).  Uptake into the cell is the rate-limiting step for
glucose metabolism (Cline �����, 1999). In the cell, glucose is degraded by
aerobic glycolysis to pyruvic acid, which enters the citric acid cycle and
undergoes further oxidative phosphorylation to produce phosphated high-
energy metabolites. If there is an insufficient supply of O2, pyruvic acid is
reduced to lactic acid (anaerobic glycolysis), with energy production of 1/19
that of aerobic glycolysis.

Impaired glucose tolerance means that clearance of glucose from the blood
is defective and, at the cellular level, there is a shortage of the glucose
derived energy substrate. Impaired glucose tolerance has frequently been
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observed in cancer patients  (Marks and Bishop, 1957; Holroyde �����, 1984;
Norton �����, 1984), even before signs of weight loss (Norton �����, 1984).
Impaired glucose tolerance in cancer subjects has been attributed to reduced
tissue sensitivity to insulin, diagnosed by a reduced glucose response to
exogenous insulin (Bishop and Marks, 1959; Lundholm �����, 1978) and by
decreased glucose clearance from the blood in the minimal model insulin
sensitivity test (Heber �����, 1986).

Hepatic gluconeogenesis has been found to be increased in tumor-bearing
subjects (Waterhouse ��� ��, 1979; Shearer ��� ��, 1983; Roh ��� ��, 1984),
primarily because of the  increased amount of substrate available. Anaerobic
glycolysis of tumor cells (Shearer ��� ��, 1983; Holroyde ��� ��, 1984) and
increased host muscle protein breakdown (Lundholm ��� ��, 1976) provide
excessive amounts of lactate and alanine for production of glucose in the
liver.

In addition to increased hepatic gluconeogenesis and glucose intolerance, an
increased glucose utilization rate has also been observed in cancer patients
(Heber �����, 1986; Holroyde �����, 1984).

Protein metabolism in cancer

In tumor-bearing subjects the most prominent  feature of protein metabolism
is loss of protein mass in the host skeletal muscle. Decreased skeletal
muscle mass in cancer is a result of decreased protein synthesis (Lundholm
��� ��, 1976; Dworsak ��� ��, 1998), and of increased muscle protein
breakdown (Lundholm �����, 1976 and 1982a; Norton �����, 1981a). Indeed,
a glycoprotein with proteolysis-inducing activity has been detected and
purified in weight-losing tumor-bearing subjects (Todorov ��� ��, 1996).
TNFα  may also induce proteolysis in cancer (Flores �����, 1989), but this is
a matter of controversy (Moldaver �����, 1987). In experimental animals, IL-
1  decreases protein synthesis and increases proteolysis (Moldawer ��� ��,
1988; McNamara �����, 1992).

In cachectic cancer patients, hepatic protein synthesis, including secretory
proteins (Warren �����, 1987) and albumin (Fearon �����, 1998), is increased.
However, the degradation of  proteins is increased, as well (Kien and
Camitta, 1987; Andersson ��� ��, 1991). In contrast to normal metabolic
adaptation, this futile protein turnover continues in some cancer patients,
regardless of starvation (Norton ��� ��, 1981b), thus impairing the host’s
energy balance. To some extent, the amino acids mobilized and processed in
the host´s liver are used by the tumor cells at the expense of the host (Stein
�����, 1976; Lowry �����, 1977).
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Lipid metabolism in cancer

In healthy humans, lipids ingested from food are released from the liver as
triacylglycerols, which  are transported in the circulation in lipoproteins. In
the liver, triacylglycerols and apolipoprotein-B form very low-density
lipoprotein (VLDL) particles (Thompson, 1989). Triacylglycerols in mature
VLDL particles are hydrolyzed by the enzyme lipoprotein lipase (LPL) to
free fatty acids, which are taken into the cells and either stored or used as an
energy substrate.

In the circulation, the VLDL remnants accept cholesterol to form first
intermediate-density lipoprotein (IDL) and later low-density lipopotein
particles (LDL), which then transport cholesterol to tissues for synthesis of
cell membranes, bile acids and sex hormones (Thompson, 1989). High-
density lipoprotein (HDL), synthesized from apolipoprotein A, cholesterol
esters and phospholipids, incorporate cholesterol and triglycerides in the
circulation and transport them to the liver.

Lipoprotein lipase catalyzes the uptake of triacylglycerols particularly into
adipose tissue and muscle cells (Eckell, 1989). Insulin stimulates the
activity of LPL, and thus also the storage of lipids (Eckell, 1989). During
fasting,  storage triacylglycerols are degraded to free fatty acids (lipolysis),
which are mobilized  from adipose tissue and oxidized in other tissues for
energy.  The amount of adipose tissue is regulated by leptin (Friedman and
Halaas, 1998).

The most frequent abnormality of lipid metabolism in both tumor-bearing
animals and patients is the depletion of adipose tissue (Kralovic �����, 1977;
Shizgal, 1985; Heymsfield and McManus, 1985).  The loss of adipose tissue
results from increased lipolysis (Devereaux �����, 1984, Hansell �����, 1986)
combined with decreased lipid storage due to decreased activity of LPL
(Vlassara �����, 1986). In addition, lipid oxidation is increased in cancer, and
is related to the severity of weight loss (Hansell �����, 1986). Cancer patients
oxidize fatty acids in combination with glucose in the fasting state, but, in
contrast to healthy controls, also after a glucose load (Waterhouse and
Kemperman, 1971).

Increased lipolysis and decreased storage of lipids supplies the circulation
with an excess of triacylglycerols and free fatty acids (Brenneman ��� ��,
1975; Dilman �����, 1981; Spiegel �����, 1982, Dessi �����, 1995). On account
of the increased catabolism of HDL particles in hypertriglyceridemia
(Nikkilä �����, 1987), low levels of serum HDL-cholesterol have also been a
constant finding in malignancy (Brenneman �����, 1975; Dilman �����, 1981;
Spiegel ��� ��, 1982; Dessi ��� ��, 1995). The hypertiglyceridemia and low
serum levels of HDL-cholesterol observed at diagnosis of cancer have
normalized in remission (Spiegel  �����, 1982; Dessi �����, 1995).
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Host energy metabolism in cancer

Studies of host energy metabolism show that cancer patients may have
decreased (Knox �����, 1983), normal (Knox �����, 1983; Hansell �����, 1986)
or increased (Bozzetti �����, 1980; Lundholm �����, 1982b; Knox �����, 1983;
Peacock ��� ��, 1987) resting energy expenditure. Cancer patients with
elevated resting energy expenditure lost vital body cell mass before any
detectable weight loss (Peacock �����, 1987). Host wasting may thus begin
early, at low tumor burdens.

This futile substrate turnover may be responsible for increased energy
expenditure in cancer. Utilization of lactate and alanine for glucose
production (Waterhouse �����, 1979; Roh �����, 1984) and increased  protein
turnover (Norton ��� ��, 1981b; Kien and Camitta, 1982) are energy-
consuming processes, which may contribute to the inappropriate high
energy expenditure seen in some cancer patients (Lundholm �����, 1982b).

��������!��#� �� ��� � 1�2��
It has been suggested that the tumor tissue attempts to guarantee its own
supply of essential nutrients by secreting factors that degrade host tissue
(Beck and Tisdale, 1987; Toomey �����, 1995). The studies of Norton and
coworkers (Norton ��� ��, 1985) strongly support the possibility of a
circulating mediator of cancer cachexia. These researchers implanted a
methylcholanthrene-induced sarcoma subcutaneously in one partner of a
parabiotic pair of rats. Cachexia was detected not only in the tumor-bearing,
but also in the non-tumor-bearing partner. During the past 15 years, several
candidates for cachexia mediators have been studied, but the results have
not been conclusive.

Cytokines

����� ����	
	� (����� α ��*+α�� �������
� . Tumor necrosis factor α has
been extensively studied as a mediator of anorexia and  cachexia in cancer.
TNFα is a polypeptide secreted by activated macrophages (Beutler and
Cerami, 1987). It induces anorexia and weight loss in tumor-bearing
animals (Oliff ��� ��, 1987; Mahony ��� ��, 1988). TNFα  increases serum
triacylglycerol levels by stimulating hepatic lipid secretion (Feingold �����,
1989, Feingold and Grunfeld, 1992), and by affecting triacylglycerol
clearance from the blood to the adipocytes by inhibiting lipoprotein lipase
enzyme (Kawakami ��� ��, 1982). TNFα  has also been shown to be a
proteolytic factor in skeletal muscle (Flores �����, 1989), but this is a matter
of controversy (Moldaver ��� ��, 1987). Its role in human cancer cachexia,
however, is still unknown. Serum TNFα levels have been undetectable in
cancer patients with weight loss (Selby �����, 1987; Socher �����, 1988). Nor
has therapy with the TNFα  downregulator, pentoxifylline, been of benefit
to cachectic cancer patients (Goldberg �����, 1995).
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'������,
��-� �'.�-). Interleukin-1 is an anorectic agent which, in
experimental animals, is capable of inducing metabolic changes consistent
with cancer cachexia, such as increased lipolysis, decreased protein
synthesis, and increased proteolysis (Moldawer ��� ��, 1988; McNamara ��
��, 1992). Tumor-bearing animals, when treated with anti-IL-1 receptor
monoclonal antibody, preserved their fat stores and the development of
anorexia was attenuated (Gelin �����, 1991). However, circulating levels of
IL-1 have been undetectable in tumor-bearing animals (McNamara ��� ��,
1992). In addition, the doses of IL-1 needed to provoke weight loss in an
experimental setting have been  high.

'������,
��/� �'.�/ �� Both interleukin-6 and IL-1, are produced by
macrophages. Increased circulating levels of IL-6 have been detected in
tumor-bearing mice with weight loss (Black ��� ��, 1991), and in patients
with cancer (Okada �����, 1998). The use of anti-IL-6 monoclonal antibodies
has prevented the development of cachexia in tumor-bearing mice
(Strassman �����, 1992).

'���(�����γ��'+*�γ� .  Interferon- γ  is a product of activated T lymphocytes
with effects on lipid metabolism similar to those of TNF-α, such as
increased lipolysis and inhibition of LPL (Patton �����, 1986). IFN- γ also
induces anorexia and weight loss in tumor-bearing animals (Langstein �����,
1991; Matthys �����, 1991).

Other mediators

.
�
�����
�
�
��� (����. Several studies have demonstrated tumor-induced
lipid-mobilizing activity in vitro (Kitada �����, 1982), and in vivo in sera of
tumor-bearing animals (Beck and Tisdale, 1991), as well as in cancer
patients (Groundwater �����, 1990). In these studies, the loss of fat tissue has
been remarkable compared to the normal amounts of food consumed by the
host (Beck and Tisdale, 1991). Interestingly, the effect of lipid mobilizing
factor on lipolysis has been attenuated by a high-fat diet (Tisdale ��� ��,
1987; Tisdale and Beck, 1991) as well as by a supply of eicosapentaenoic
acid (Tisdale and Beck, 1991).

�������	
	�
����
��� (����� Skeletal muscle proteolysis-inducing activity
was first shown in cachectic tumor-bearing mice (Beck and Tisdale, 1987)
and in sera of cancer patients with weight loss (Belizario �����, 1991). Some
of the activity could be counteracted by anti-interleukin-1 antibodies
(Belizario �����, 1991), but more recently, a glycoprotein with proteolysis-
inducing activity has been purified both from experimental animals and
cancer patients (Todorov �����, 1996). In addition to skeletal muscle protein
proteolysis, proteolysis-inducing factor has been shown to induce
hypoglycemia (Todorov ��� ��, 1996; Hussey and Tisdale, 1999) and to
interfere with glucose utilization by the host (Hussey and Tisdale, 1999).
Proteolysis-inducing factor induced an increase in utilization of glucose by
the brain, heart, and brown fat, but a decrease in utilization of glucose by the
kidney, white fat, and skeletal muscle (Hussey and Tisdale, 1999). The
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effects of proteolysis-inducing factor on both protein (Lorite �����,1997) and
carbohydrate metabolism (Hussey and Tisdale, 1999) were counteracted by
eicosapentaenoic acid.

���������%���� ���������������
Surgery

Tumors affecting the alimentary tract, fortunately rare in children, are a
major cause of surgery related nutritional problems in adults. Radical
resections of malignancies in the oropharynx, stomach, small intestine,
colon, and pancreas frequently result in limitation of food intake,
malabsorption and malnutrition (Kokal, 1985). In addition, increased
gastrointestinal losses may contribute to the development of malnutrition
after gastrointestinal surgery. In children, nutritional support is most often
needed during recovery from surgery of tumors in abdominal cavity and
head (Donaldson, 1982).

Chemotherapy

Nausea and vomiting are well-known side-effects of chemotherapeutic
agents. The anticancer drugs most commonly associated with nausea and
vomiting, in children also, are cisplatinum, alkylating agents such as
cyclophosphamide and ifosfamide, nitrogen mustard derivatives, and
doxorubicin (Kokal, 1985; Donaldson, 1982). The new antiemetic agents,
the inhibitory serotoninergic drugs, have greatly improved the nutritional
prospects of patients receiving chemotherapy.

Anorexia may also be due to learned food aversions resulting from
unpleasant symptoms associated with chemotherapy (Bernstein and
Bernstein, 1981) and irradiation (Smith and Blumsack, 1981). These learned
aversions seem to develop very rapidly and are most likely to develop to the
most novel food consumed around the time of discomfort (Bernstein and
Bernstein, 1981).

Anorexia may result from the therapy-related changes in the gastrointestinal
mucosa and gut motility (Donaldson, 1982; Kokal, 1985), The rapidly
proliferating cells of the gastrointestinal mucosa are particularly prone to the
desquamative toxic effects of anticancer drugs, such as methotrexate,
doxorubicin and actinomycin D (Mitchell and Schein, 1982). Mucosal
infections may further prolong the effects of chemotherapy on the
gastrointestinal mucosa and subsequently on nutrition. Dysmotility of the
gut is most commonly due to autonomic nervous system dysfunction after
treatment with Vinca-alkaloids (Holland �����, 1973).
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Radiotherapy

Radiation effects on nutritional status are dependent on the site, field size,
total dose and fractionation of the radiation administered. Problems
observed early during therapy, such as mucositis, diarrhea, and alterations in
taste, may later be followed by mucosal ulcerations and, if the alimentary
tract is involved in the radiation field, also by strictures and obstruction
(Donaldson, 1982). In children with ongoing growth and development, the
late consequences of radiation may have long-lasting nutritional effects. An
increased risk of late effects involving the gastrointestinal tract has been
observed in children who already had gastrointestinal symptoms during
radiation therapy (Donaldson �����, 1975).


��!�3��� �!��#����������������� �� ���"������!
Immunologic impairment

In children with protein-energy malnutrition, the immunologic memory
responses and responses to new antigens are impaired as measured by the
delayed type hypersensitivity skin response test (Sorensen ��� ��, 1993). In
children with solid tumors, lymphocyte reactivity to mitogens has been
correlated with height-related weight (Ramirez �����, 1985). In patients with
anergy in hypersensitivity skin response test, there is a defect in the cascade
of T-cell sensitization, cytokine production, and migration of inflammatory
cells to the skin. Of 18 children with newly-diagnosed cancer, 17 showed
decreased activity in delayed type hypersensitivity skin response test, but
after an episode of 4 weeks’ total parenteral nutrition this was reversed in 7
of 9 retested subjects (Rickard �����, 1979). An effect of anticancer therapy
on conversion of the skin test results cannot be excluded in this study.
However, in 15 newly diagnosed adult cancer patients, the anergy in the
skin test was reversed by  nutritional support alone before the introduction
of any antineoplastic therapy (Daly �����, 1980).

In patients with protein-energy malnutrition and single nutritient
deficiencies, in contrast to cell-mediated immunity, antibody-mediated
immunity is generally unaltered (Sorensen ��� ��, 1993). Defects in the
bactericidal function of leukocytes have been described in children with
malnutrition (Selvaraj and Bhat, 1972). More infectious complications have
been detected in malnourished than in well-nourished children with cancer
(van Eys �����, 1980; Taj �����, 1993). In addition, patients with malnutrition
seem to be prone to ��������	�
	���
�

  infections (Hughes �����, 1974).

Treatment tolerance and outcome

Malnutrition may reduce tolerance to chemotherapy. Hematological
recovery has been better in well-nourished children with cancer. Children
with advanced neuroblastoma and optimal nutritional status at diagnosis had
fewer delays and reductions of chemotherapy than their counterparts with
poor nutritional status (Rickard ��� ��, 1983). Treatment tolerance benefits
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have been reported in patients with neuroblastoma (Rickard �����, 1985) or
Wilms’ tumor (Rickard ��� ��, 1989), with chemotherapy-integrated
nutritional evaluation and parenteral nutrition support, but the number of
patients included in these studies was low.

Weight loss at diagnosis of cancer has been associated with a poor outcome
both in adults (DeWys �����, 1980) and in children (Donaldson �����, 1981).
However, poor nutritional status had a prognostic effect only in patients
with localized malignancy: the survival of patients with advanced disease
was poor no matter what their nutritional status was. Protein-energy
malnutrition has also been shown to impair prognosis during anticancer
therapy. Malnutrition was a frequent complication in hospitalized adult
cancer patients and was associated with poor survival (Nixon �����, 1980). In
addition, underweight patients, including children, were at increased risk of
death during the first 5 months after bone marrow transplantation (BMT)
(Deeg �����, 1995). In this study the major cause of death in children with
poor nutritional status was relapse of the malignancy.

Long-term consequences

In  the long run, malnutrition in general may result in growth retardation
(Briers �����, 1975) and in delays in the onset of puberty (Kulin �����, 1982).
Malnutrition has the most profound effect on growth in children under 2
years of age at the time of deprivation (Briers �����, 1975). Restoration of
nutritional supply results in catch-up growth, but this may not be complete
(Lewinter-Suskind ��� ��, 1993). There are no studies on the effects of
malnutrition on growth in children with cancer, even though malnutrition
has been included among the factors causing growth retardation in this
patient group (Sklar, 1997). The effect of malnutrition is difficult to
distinguish from that of therapy. Growth velocity of less than 5 cm/year
after 2 years of age may indicate chronic malnutrition in children with
cancer (Motil, 1998).

�	����������	�����,�
��
�����������

���� �����!�#���������������!�""���
There is no consensus as to the variables to be used in the evaluation of  the
nutritional status in children with cancer, or about the indications for
nutritional support. The classical criteria for malnutrition and for need of
nutritional support have been a low concentration of serum albumin (below
32 g/L), a weight-for-height less than the 5th percentile, or a weight loss
greater than 5% of body weight (Rickard �����, 1979). These criteria for the
introduction of nutritional intervention were integrated in the treatment
protocols of children with newly-diagnosed neuroblastoma (Rickard ��� ��,
1985) and Wilms’ tumor (Rickard �����, 1989).
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In children with cancer, height and weight are still regarded as the mainstay
of clinical nutritional assessment, despite the development of  more accurate
methods (Motil, 1998). Weight and height deficits can be calculated,
according to Waterlow by dividing the actual weight (kg) or height (cm) by
expected weight (kg) for actual height or expected height (cm) at the 50th
percentile for chronologic age, respectively (Waterlow, 1972 and 1973).
The result is multiplied by 100 to obtain percentages of the weight and
height deficits. This parameter can be read directly  from the Finnish growth
charts (Sorva �����, 1984). The child is considered to have first-, second- or
third-degree acute malnutrition if the weight-for-height estimate is less than
90%, 80% or 70%, respectively, of that expected (Waterlow, 1972 and
1973; Motil, 1998). Correspondingly, the child has first-, second-, or third-
degree chronic malnutrition if the height-for-age estimate is less than 95%,
90% or 85%, respectively (Waterlow, 1972 and 1973; Motil, 1998).
According to these criteria, feeding with a nasogastric tube or gastrostomy
button should be considered for patients with second-degree acute or
chronic malnutrition, whereas any patient with third-degree malnutrition
should receive total parenteral nutrition.

In an analysis of 173 pediatric oncology patients referred for nutritional
support, the best predictor of need for nutritional support was poor oral
intake during the past one month before referral (Tyc �����, 1995). Seventy
percent of the patients referred for nutritional support in this study were
adequately nourished according to the criteria presented by Rickard
(Rickard ��� ��, 1979), despite the fact that only 50% of their caloric and
protein needs were met by their oral diet. The authors therefore concluded
that routine documentation of changes in a child’s eating patterns should be
used as an indicator of the need for nutritional intervention.

�������#�������������!�""���
Nutritional support of children with cancer should consist of the simplest
method that will be effective (van Eys, 1998). In general, enteral nutrition
either via a nasogastric tube or a gastrostomy tube has been recommended
as the method of choice for nutritional support of children during anti-
cancer therapy (Bowman ��� ��, 1998; van Eys, 1998; Mercadante, 1998).
However, patients with severe mucositis or disturbances in intestinal
motility due to gut graft-vs-host disease, radiation enteritis, or strictures are
candidates for parenteral rather than enteral nutrition (Bowman �����, 1998).
Enteral nutrition may prevent mucosal atrophy and bacterial translocation
that may be triggered by several precipitating factors, including endotoxin,
radiation therapy, cytotoxic and immunosuppressive drugs, bowel and
biliary obstruction, broad-spectrum antibiotics, and the tumor itself
(Mercadante, 1998). However, not all the studies have shown a beneficial
effect of enteral nutrition on the intestinal mucosa (Reynolds, 1997). The
overall costs of enteral nutrition are lower than those of parenteral nutrition
(Mercadante, 1998).

Since the introduction of central venous catheters, total parenteral nutrition
(TPN) has become an essential part of  supportive care after stem cell
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transplantation (Hickman ��� ��, 1979; Brennan, 1981). With hyper-
alimentation, it has been possible to achieve improvements both in the
nutritional status and in the long-term outcome after BMT (Weisdorf �����,
1987). However, several reports have challenged the adequacy and
effectiveness of TPN during BMT  (Cheney �����, 1987; Szeluga �����, 1987;
Lama �����, 1995).

.���#��!��#������������������*���������� �� ��
Few studies have evaluated the benefits of parenteral nutrition in cancer
patients, and the conclusions have been controversial. Evaluation of the
effects of nutritional interventions has been complicated by the
heterogeneity of cancer diagnoses, and treatment protocols, as well as by the
severity of malnutrition in the patients. In addition, the multiple metabolic
disturbances associated with cancer malnutrition may contribute to the poor
success of the conventional nutritional support in cancer patients. TPN and
enteral nutrition usually prevent further deterioration of the nutritional
status, but they do not fully reverse a state of depletion in cancer patients.
Weight gain has been observed in patients receiving TPN, but it has mainly
been from increases in body water and fat content, not from an increase in
body muscle mass (Donaldson �����, 1982; Shike �����, 1984; Cheney �����,
1987).

In a meta-analysis of  28 papers, TPN was beneficial in reducing surgical
complications and operative mortality in both adults and children (Klein ��
��, 1986). No benefit could be demonstrated in survival, treatment tolerance,
treatment toxicity, or tumor response in patients receiving chemotherapy or
radiotherapy. In patients receiving chemotherapy, TPN was associated with
an increased number of infectious complications. In contrast, others have
demonstrated reductions in the number of cases of sepsis and increased
responsiveness to chemotherapy in patients receiving TPN (Ng and Lowry,
1991). Parenteral nutrition prevented delays in scheduled chemotherapy in
children treated for neuroblastoma (Rickard �����, 1985) and Wilms’ tumor
(Rickard �����, 1989). Improvement in performance status was reported in
severely malnourished children receiving TPN (Donaldson �����, 1982).

��-%����� �	������� �,���� .��+� �� ���
���� ���-��
,���	�����������	����

Utilization of bone marrow transplantation in the treatment of congenital or
acquired disorders of the hematopoietic system and for chemo- and
radiosensitive malignancies has increased in Europe ever since the
foundation of the European Group for Blood and Marrow Transplantation
(EBMT) in 1973 (Gratwohl �����, 1998). During a single year, 1996, a total
of about 40000 transplantations were performed worldwide
(IBMTR/ABMTR, 2000), 14593 of them in the EBMT countries (Gratwohl
�����, 1998). By August 2000, 185 allogeneic BMTs had been performed in
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children at the Hospital for Children and Adolescents, University of
Helsinki (Pihkala U, personal communication).

The chemotherapy and radiation used in the preparation for BMT induce
late effects involving the functioning of several organs. Nutritionally, high-
dose chemotherapy and total body irradiation (TBI) introduce a major
challenge to the recipient of a stem cell transplant. Anorexia, mucositis,
diarrhea and  dysmotility of the gastrointestinal tract are the factors
impairing nutrition of the recipient during the first few weeks after BMT.
Later, after discharge home, graft-versus-host disease (GvHD) of the
intestine and the immunosuppressive therapy used for GvHD may result in
additional deterioration of the  nutritional status. With increasing numbers
of long-term BMT survivors, an increasing number of patients with
persistent  nutritional problems will also  exist.

-�������������##� �!��#����.��
Growth impairment

Some height and weight problems are common during standard therapy for
acute lymphoblastic leukemia (ALL). Chemotherapy in ALL causes
reduction in height gain during treatment, which persists when
chemotherapy has been combined with cranial irradiation (Birkebaek and
Clausen, 1998). The patients treated with chemotherapy alone reach their
pretreatment height scores after cessation of the treatment. Loss of relative
height in patients with chemotherapy and cranial irradiation combined has
been as much as 1 standard deviation scores (SDS). In addition, both
chemotherapy alone and in combination with cranial irradiation leads to a
weight gain, which continues after the end of treatment (Birkebaek and
Clausen, 1998).

Growth impairment is a well-established late effect after BMT (Sanders ��
��, 1986;  Leiper �����, 1987; Hovi �����, 1990, Cohen �����, 1998). Growth
hormone deficiency associated with  irradiation (Hovi �����, 1990) is one of
the major factors inducing growth impairment. However, growth hormone
therapy has not always resulted in (Cohen �����, 1998) or been needed for
(Cohen ��� ��, 1996) a favorable response in growth velocity after BMT.
Thus, gonadal damage, hypothyroidism or lesions of the vertebral bodies
may be of importance (Thomas �����, 1993) .

The major risk factors for long-term height loss have been single-dose total
body irradiation, male gender, and young age at BMT. However, after BMT
the majority of children reach adult height within the normal range of the
general population (Cohen �����, 1999)

Other endocrine late effects

After BMT, endocrine functions are particularly affected. Total body
irradiation  (Sklar ��� ��, 1982; Leiper ��� ��, 1987; Borgstrom and Bolme,
1994) and utilization of busulfan (Cohen �����, 1998) in preparative therapy
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have been associated with the development of either overt primary or
subclinical compensated hypothyroidism. The incidence of hypothyreoidism
after BMT has varied between 14.7% (Boulad ��� ��, 1995) and 89%
(Borgstrom and Bolme, 1994). Hypothyroidism may develop as soon as 0.5
years after BMT (Cohen �����, 1998).

Gonadal dysfunction after BMT in men may be induced by a direct injury to
the gonads (hypergonadotropic hypogonadism) and, less probably, by
neuroendocrine injury to the hypothalamo-pituitary axis (hypogonadotropic
hypogonadism) (Sanders �����, 1988; Cohen �����, 1991). Testicular failure,
following bilateral testicular irradiation, results in reduced spermatogenesis
with increased basal FSH concentrations (Cohen �����, 1998). Damage to the
Leydig cells results in normal to low serum testosterone levels with
increased LH blood levels (Cohen ��� ��, 1998). In addition to irradiation,
cyclophosphamide, cytosine arabinoside, and busulfan may be toxic to the
germinal epithelium of the testis.

The ovaries are less vulnerable to irradiation than the testes. Ovarian failure
results in sex hormone deficiency, amenorrhea and premature menopause
and with increased serum levels of FSH and LH (Cohen �����, 1998). It is
possible, however,  to retain adequate ovarian function to enter puberty and
menstruate normally after BMT by increasing the number of fractions of
irradiation delivered to the BMT recipients (Sarafoglou ��� ��, 1997).
Younger women tolerate higher doses of irradiation without ovarian damage
(Cohen �����, 1998).

Hypogonadotropic hypogonadism may result from high-dose cranial
irradiation given for prophylaxis or treatment of central nervous system
leukemia. Precocious puberty has been associated with cranial irradiation
(Cohen �����, 1998).

Late effects of other organ systems

After BMT, cardiac dysfunction in children has been documented by
electrocardiogram, echocardiography and the exercise test (Pihkala ��� ��,
1994; Eames ��� ��, 1997). Pulmonary changes, such as restrictive and
obstructive pulmonary diseases and diffusion disorders, have been observed
as a consequence of irradiation or GvHD (Gore �����, 1996). Furthermore,
recipients of BMT may have difficulties in learning and memory functions
later in their life (Arvidson ��� ��, 1999). Liver dysfunction (McKay ��� ��,
1996), glomerular and tubular dysfunction of the kidney (Miralbell ��� ��,
1996), hypoplastic changes in developing teeth (Dopfer and Niethammer,
1993),  as well as cataracts due to irradiation and sicca syndrome due to
GvHD (Al-Tweigeri ��� ��, 1996), are well-documented late effects after
BMT.
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                   Clinical and pathophysiologic aspects of chronic GvHD

Graft-vs-host disease is the clinical end-point of the immunologic cascade
of events resulting from the response of immunologically competent graft
cells to the foreign alloantigens presented by an immunocompromised
recipient of BMT. Acute GvHD, with skin, liver and/or gastrointestinal
involvement, develop within the first 100 days after allogeneic BMT.
Chronic GvHD was initially defined as GvHD presenting symptoms more
than 100 days after BMT, but diagnosis of clinically and histologically
chronic GvHD is possible even earlier. About 30% of recipients of  HLA-
identical sibling transplants, and 80% of recipients of HLA-nonidentical
unrelated grafts show signs of chronic GvHD (Flowers ��� ��, 1999). The
incidence of  chronic GvHD in children transplanted with T-depleted grafts
ranges from 8% (Oakhill �����, 1996) to 75% (Casper �����, 1995), whereas
with nondepleted grafts the incidence has ranged up to 65% (Balduzzi �����,
1995). In Finland, the incidence of severe chronic GvHD among children
transplanted with HLA-identical sibling grafts in 1974-1992 was 10%
(Mäkipernaa ��� ��, 1995). According to recent Nordic data,  including
transplants from unrelated donors, 57% of children transplanted for ALL in
second remission later develop chronic GvHD,  22% of them having
extensive GvHD (Nordic data, U. Pihkala, personal communication). In
contrast to acute GvHD, the incidence and severity of chronic GvHD after
sibling transplants has remained almost unchanged since the early 1980s
(Flowers �����, 1999; Nordic data, U. Pihkala, personal communication).

Clinically and pathophysiologically, chronic GvHD seems to be a distinct
process from acute GvHD (Flowers ��� ��, 1999). Thymic atrophy,
lymphocyte depletion, and loss of thymic epithelial secretory function may
result in elimination of self-tolerance, and further contribute to the
development of  autoimmune-like clinical symptoms of chronic GvHD
(Flowers �����, 1999). Furthermore, an increased incidence of autoantibodies
has been found in patients with chronic GvHD (Parkman, 1998).
Histologically, chronic GvHD is characterized by deposition of collagen in
the target organs.

 The incidence of chronic GvHD increases with HLA disparity, prior acute
GvHD, and increased donor and recipient age (Parkman, 1998). The
presence of acute GvHD is a major predictor of chronic GvHD. Only 10%
of the BMT patients develop chronic GvHD ��� ���� (Parkman, 1998). In
addition, a history of herpesvirus infections in the donor and/or recipient
increases the risk of chronic GvHD (Niederwiser �����, 1989).

Chronic GvHD resembles the  naturally occurring autoimmune diseases,
including clinical manifestations of sclerodermatous skin changes with or
without hypo- and hyperpigmentation, lichenoid atrophic oral mucositis,
and chronic keratoconjunctivitis with dry and irritated eyes. More severe
manifestations of chronic GvHD are cholestatic liver disease,
bronchodilator-resistant obstructive lung disease with characteristic
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histological lesions of obliterative bronchiolitis, and neuromuscular signs,
such as muscular cramping and myositis (Flowers �����, 1999).

The gastrointestinal manifestations of chronic GvHD may be insidious.
Gradual wasting due to malabsorption rather than chronic diarrhea is a
typical sign of chronic gastrointestinal GvHD. In addition, dysphagia due to
decreased esophageal motility and dryness of the mucosal membranes, as
well as dryness and a burning sensation of the oral cavity due to decreased
salivary secretion emphasize the sclerodermatous nature of chronic GvHD
(Parkman, 1998; Flowers ��� ��, 1999). Logically, the gastrointestinal
manifestations of chronic GvHD may result in severe longterm nutritional
defects.

The severity of chronic GvHD has been graded as subclinical, limited, and
extensive disease. Patients with limited chronic GvHD have a single organ
manifestation, whereas patients with extensive disease present with findings
from two or more organ systems (Ringdén and Deeg, 1996). In case of
extensive chronic GvHD, up to 80% of the patients die.

Treatment of chronic GvHD

A prophylactic combination therapy with cyclosporin and methotrexate has
significantly decreased the incidence of acute but not of chronic GvHD
(Parkman, 1998). So far,  no adequate drug for prophylaxis of chronic
GvHD has been introduced. Thalidomide, although effective as treatment of
some patients with chronic GvHD, has been a disappointment as a general
GvHD prophylactic agent (Flowers �����, 1999).

The therapy of extensive chronic GvHD remains one of the major
challenges in the treatment of BMT patients. Steroids with or without
azathioprine have improved the survival of patients with chronic GvHD, but
severe functional disabilities still exist (Parkman, 1998). Thus, supportive
care has an essential role in the treatment of chronic GvHD. In addition to
treatment of dermal  lesions, topical steroids have been used in the treatment
of oral and vaginal manifestations of chronic GvHD. Other agents used in
the supportive care of chronic GvHD have been artificial tears for dry eyes,
clonazepam for muscular cramps, and ursodeoxycholic acid for bile acid
displacement therapy.

New treatments currently being tested for steroid-refractory GvHD include
thalidomide, chloroquine, and extracorporeal phototherapy of circulating
leukocytes combined with psoralen (Flowers ��� ��, 1999). Furthermore,
therapies directed at the inhibition of collagen synthesis may have a
potential role in the treatment of chronic GvHD in future.

���$%����������������� ��!�3��� �!��#����.��
Studies dealing with the nutritional aspects of the care of long-term cancer
survivors are few in number. The nutritional late effect most frequently
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reported  has been overweight (Talvensaari ��� ��, 1996, Birkebaek and
Clausen6� 1998; Nysom ��� ��, 1999). Obesity was associated with
disturbances in insulin-related  metabolism in one study (Talvensaari �����,
1996), but in the others this aspect had not been addressed.  Talvensaari and
coworkers demonstrated the combination of obesity, hyperinsulinemia, and
low HDL cholesterol in 16% of long-term survivors of childhood cancer.

The long-term nutritional and metabolic consequences after BMT have been
poorly documented so far. Untreated gastrointestinal chronic GvHD may
lead to major nutritional problems with malabsorption and wasting in
patients after BMT. Fortunately, in chronic GvHD, gastrointestinal, in
contrast to oral, involvement is rare (Ringden and Deeg, 1996). Metabolic
aspects after BMT have been discussed in a study of 34 children studied 9
months to 10 years posttransplant. The mean serum insulin during the iv
glucose tolerance test was higher in BMT survivors than in controls  (Lorini
��� ��, 1995). However, these hyperinsulinemic patients did not have
impaired glucose tolerance or dyslipidemias.

*������!��*�*����#����.��
For many years after transplantation, the mortality among BMT patients is
higher than that in the normal population (Socie �����, 1999). In this study of
6691 patients surviving for  at least two years after transplantation, the death
rate more than 2 years after allogeneic marrow transplantation was
compared with the death rate in the general population. The probability of
living for 5 more years was 89% among the BMT patients. Recurrence of
the original disease was the cause of death in the patients with leukemia,
whereas the patients with aplastic anemia died of complications of  severe
GvHD. The role of cardiovascular morbidity and mortality among long-term
BMT survivors has not been reported.

��������.��
��/�����

The metabolic syndrome (also called the insulin resistance syndrome,
Reaven’s syndrome, syndrome X) classically includes  the clustering of
hyperinsulinemia, glucose intolerance, increased levels of serum
triacylglycerols, a decreased serum level of HDL-cholesterol and
hypertension (Reaven, 1988). In insulin resistance, the  biologic response to
insulin is impaired in the skeletal muscles, liver, and adipose tissue. This
translates into hyperinsulinemia to sustain normoglycemia, and into
hypertriglyceridemia due to impaired catabolism and increased production
of triacylglycerol-rich very low density lipoprotein particles (Laws and
Reaven, 1993). Increased hepatic glucose production with an excess of
serum free fatty acids further impairs the glycemic control, and eventually
this later leads to pancreatic islet cell exhaustion and type-2 diabetes (Laws
and Reaven, 1993; American Diabetes Association, 1998).
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The other abnormalities included in the metabolic syndrome have been
increased serum concentration of small dense LDL particles, hyperuricemia,
a raised concentration of plasminogen activator inhibitor 1, overweight,
abdominal obesity (Vanhala �����, 1998), and microalbuminuria (Kuusisto���
��, 1995).

Diagnosis of the metabolic syndrome depends largely on the measurement
of the insulin resistance. Three methods have been used: the euglycemic
insulin clamp, the minimal model, and the serum insulin level after an
overnight fast (American Diabetes Association, 1998). The gold standard
has been the euglygemic insulin clamp technique (DeFronzo ��� ��, 1979).
Exogenous insulin is infused to maintain a constant serum insulin level,
while blood glucose is fixed at a basal level by infusing glucose. The total
amount of glucose infused over time indicates insulin action on glucose
metabolism. The less the amount of glucose that has to be infused, the less
sensitive the subject is to the action of insulin. In the minimal model
technique, blood glucose and insulin levels are measured frequently during
an intravenous glucose tolerance test, and the results are entered into a
computerized model to generate the insulin sensitivity index (Bergman �����,
1987). The costs and complexity limit the use of the euglycemic insulin
clamp and minimal model techniques in the clinical set-up. Insulin
resistance can also be estimated by  homeostasis model assessment
(HOMA) with the help of serum fasting insulin and the blood glucose level
(Haffner ��� ��, 1996) or by measurement of serum insulin during an oral
glucose tolerance test (Tritos and Mantzoros, 1998). Measurement of  serum
insulin concentration after an overnight fast is easy to perfom, and it
correlates with the insulin action as measured by the euglycemic clamp
technique. Although there is considerable overlap in the fasting serum
insulin level between insulin-resistant and normal subjects, the fasting
insulin level has been considered to be suitable as a practical screening tool
of insulin resistance in population studies (Laakso, 1993).

The prevalence of  the classical metabolic syndrome (hyperinsulinemia,
glucose intolerance, an increased level of serum triacylglycerols, a
decreased serum level of HDL-cholesterol, and hypertension), the core signs
of the metabolic syndrome (dyslipidemia and insulin resistance) and
hyperinsulinemia in the Finnish population in the age group  36-51 years are
3%, 4%, and 7%, respectively (Vanhala ��� ��, 1998). In subjects with
abdominal obesity the prevalence figures have been 22%, 46% and 58%,
respectively.

Of major importance is the fact that the metabolic syndrome has been
asssociated with an increased risk of cardiovascular disease (Reaven, 1988).
Insulin resistance probably combines with dyslipidemia in contributing to
the greater risk of cardiovascular disease (Laws and Reaven, 1993;
American Diabetes Association, 1998), but there is some evidence that
hyperinsulinemia may also play an independent role in the development of
coronary heart disease (Pyörälä �����, 1998). The strongest associations have
been detected between insulin resistance and microvascular angina (Dean ��
��, 1991) and hypertension (Reaven, 1988; Laws and Reaven, 1993).
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The purpose of the present study was to evaluate the nutritional and
metabolic status in different phases of anticancer therapy in children.
Specifically, the following objectives were set:

1. to evaluate the validity of skeletal muscle protein reserves and other clinical
methods for assessment of nutritional status in children with cancer;

2. to evaluate the changes in nutritional status during anticancer therapy, with
special emphasis on the BMT patients;

3. to evaluate the effect of nutritional status on outcome in children with
cancer;

4. to evaluate lipid metabolism in the different phases of anticancer therapy;
and

5. to evaluate the lipid and glucose metabolism in the long-term survivors after
BMT.
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The solid tumor study group (I) consisted of 19 consecutive patients newly
diagnosed at the Hospital for Children and Adolescents, University of
Helsinki, Finland, between September 1992 and May 1995. Characteristics
of the patients in the solid tumor study group are presented in Table 1.

Table 1. �������
	�
�	��(����
���	��
���������
�
����	���	��
������	
_____________________________________________
�� 19
�$�, years, median (range)  3.8  (0.8-14.1)
-������(M/F) 8/11
���$��!�!�(n)
  Neuroblastoma 3
  Wilms’ tumor 6
  Rhabdomyosarcoma 5
  Hepatoblastoma 1
  Ewing´s sarcoma 2
  Osteosarcoma 2
______________________________________________
M, male; F, female

Ten of the patients with solid tumors were included in the analysis of
plasma lipids (IV). The diagnoses in this group were Wilms’ tumor in 4,
malignant bone tumor in 3, rhabdomyosarcoma in 2 and neuroblastoma in 1
patient.

����� ��������!"������� �"����!�5��6����6���7
For the nutritional evaluation (II) we studied 42 consecutive stem cell
transplant recipients, who were transplanted between September 1992 and
December 1994. All the grafts, with the exception of the 3 cord blood stem
cell transplants, were harvested from the bone marrow. Of the 23 allogeneic
donors 1 was a single-locus mismatch sibling, and 6 were matched unrelated
donors (URD) from the Finnish national registry. Of the 3 cord blood stem
cell transplants (CBSC), 2 were from HLA-identical and 1 from a haplo-
identical sibling. Three of the 19 autologous patients underwent a double
transplant program, but only the first transplant was eligible for evaluation.
Characteristics of the BMT patients in the nutritional follow-up study group
are presented in Table 2.

The height velocity during the first year after  BMT was studied in 59 BMT
patients transplanted between January 1991 and March 1996 (III).  Twenty-
two were excluded: 7 patients had reached their final height, 1 patient had
undergone a double transplant program, and 14 were not sampled according
to schedule. Twenty-two of the remaining 37 were included in the
nutritional follow-up study group (II), as well. Characteristics of these BMT
patients in the height velocity study group are presented in Table 2.
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Thirty-three BMT patients, transplanted between September 1992 and May
1995, were analyzed in respect of their plasma lipid status (IV).
Characteristics of this patient group are also presented in Table 2.

Table 2. �������
	�
�	��(�����&$�����
���	�
�����
�
((�����	���������	

______________________________________________
                                       II                 III                 IV
______________________________________________
��                               42                 37                 33
�$�, years               4.7               5.0                5.2
median (range)           (1.3-17.1)   (1.4-12.4)    (1.3-17.1)
-������(M/F) ������������24/18�����������19/18������������19/14
	�����0��$���!��!�
  ALL               11                  8                    8
  AML                              5               5               2
  CML                              4                  3                    3
  Neuroblastoma              7                  5                    7
  Wilms´tumor                 3                  3                    3
  Rhabdomyosarcoma      2                  1                    1
  Other tumors                 4                  2                    3
  Nonmalignant                6             10                    7
�����!
  Sibling               14             15             10
  Parental                 -               2               -
  URD                              6                  5               7
  CBSC                 3               2               1
  Autologous                  19             13             15

�.���������������������������������32                25                 20
______________________________________________
 M, male; F, female; ALL, acute lymphoblastic leukemia;
AML, acute myeloid leukemia; CML, chronic myeloid leukemia;
URD, unrelated donor; CBSC, cord  blood stem cell ; TBI, total
body irradiation

���$%�����!��*�*��!��#��������$���� �.���5�7
This study group consisted initially of all (n=39) surviving allogeneic BMT
patients who had been transplanted during 1980-1995, and were more than
10 years of age at the time of the present study. Three patients were
excluded: 1 because of steroid medication during the study, 1 because of
lysosomal storage disease, and 1 because of diabetes type 1 already
diagnosed before the BMT. In total, 23 patients (14 females, 9 males), aged
10.9-32.7 (median 20.4) years participated in the study. They had been
transplanted 3-18 (median 10.8) years earlier at ages between 1.1 and 16.3
(median 10.2) years. The underlying diseases were acute leukemia (n=15),
severe aplastic anemia (n=7) and thalassemia major (n=1). In addition to
conventional chemotherapy, 4 ALL patients had received prophylactic
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cranial irradiation of 18-24 Gy. The donors were 18 HLA-matched siblings,
3 matched unrelated donors, and 2 parental donors.

Ten of the long-term BMT survivors still had signs of chronic GvHD at
study, but none of them was on corticosteroid or cyclosporin medication9�In
all of them, GvHD was limited to the skin and oral mucosa. The signs were
considered to be mild and did not indicate the use of immunosuppressive
medication except in 1 patient who received azathioprine.�All the 10 patients
who had previously received corticosteroid treatment (median duration of
the treatment 9 months, range 0.5-23 months), had been off steroids for a
minimum of a year.

Five of the long-term survivors received thyroxin substitution for subclinical
hypothyroidism. Primary hypogonadism, confirmed by subnormal serum
estradiol or testosterone levels and supranormal gonadotropin levels, was
documented in 11 patients (8 females, 3 males). Seven of the hypogonadal
patients (6 females, 1 male) were on standard hormone replacement therapy.
Six patients had been on growth hormone therapy. Growth hormone
deficiency had been established in each of them auxologically by decreasing
growth velocity, having been biologically confirmed by the insulin-arginine
test in 4. Three of the patients were still growing and on growth hormone
therapy; in 3, therapy had been discontinued 3-8 years earlier. Three patients
were using oral contraceptives.

���� �� ����1���"0
The patients with stage IV neuroblastoma were treated preoperatively with
cyclophosphamide, dacarbazine and vincristine, followed by a combination
of cisplatin and doxorubicin (Saarinen ��� ��, 1996). The patients with
Wilms’ tumor were treated according to the National Wilms’ Tumor Study
protocols III-IV, the patients with Ewing’s sarcoma according to the
Intergroup protocol for Ewing’s sarcoma of bone (CCG-7881), and the
osteosarcoma patients were on a modified Rosen T10 protocol. None of
these protocols included corticosteroids. The patients with leukemia were
treated according to the Nordic treatment protocols prior to BMT. The
chemotherapy protocols are presented in Table 3.

Table 3. !��
��������������(�����	��������
���	
000000000000000000000000000000000000000000000000000000000000000

Neuroblastoma (Saarinen �����, 1996)
Wilms´tumor NWTS III-IV (Green �����, 1995)
Rhabdomyosarcoma IRS-III-IV (Crist �����, 1995)
Hepatoblastoma SIOPEL-1 (Ninane �����, 1991)
Ewing´s sarcoma VAC/IE (Wexler �����, 1996)
Osteosarcoma T-10, modified (Rosen �����, 1982)
Acute lymphoblastic leukemia NOPHO-ALL (Gustafsson �����, 1998)
Acute myeloid leukemia NOPHO-AML (Lie �����, 1996)
____________________________________________________
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The conditioning regimens of the BMT patients were similar in the studies
II, III, IV. Of the 42 BMT patients (II), 32 were primed with regimens
including fractionated TBI. Cyclophosphamide, either with (n=7) or without
busulfan (n=11), and high-dose cytarabine (n=6) were the drugs most
commonly used as conditioning chemotherapy in allogeneic
transplantations. The chemotherapy in autologous settings included either
melphalan (n=11) or thiothepa (n=6).

TBI (10-14 Gy) was included in the conditioning regimens of 18 patients in
the long-term survivor study group (V). Four of them had received TBI as a
single fraction treatment. Cyclophosphamide was given as conditioning
chemotherapy to most of  these patients (n=20). The chemotherapeutic
agents in the BMT conditioning setting are presented in Table 4.

Table 4. ����
�
��
�����
���	��(������&$�����
���	
_________________________________________________________________________
                                 Dosage  Total dosage    Duration of TBI

        per day                                      chemotherapy
                          (days)

_________________________________________________________________________
!�������
�
1. Cyclophosphamide  (mg/kg)    60              120 2                   +

2. Cyclophosphamide (mg/kg) 50   200 4                      -

3. Cyclophosphamide (mg/kg) 50  200            4 -
    Busulphan (mg/kg)   4   16 4

4. Cytarabine (mg/m2)               3000                  36 000 6 +

!��������	
5. Etoposide (mg/m2)                  250 750 3 -
    Carboplatin (mg/m2)               500                      1500 3
    Thiotepa (mg/m2)                    300 900 3

6. Cisplatin (mg/m2)                     90   90                    1               +
           Etoposide (mg/m2)                  150                        300                    2

 Melphalan (mg/m2)          140+70 210                    2

7. Melphalan (mg/ m2)          140+70   210  2                     -
_________________________________________________________________________

������������!�""���������$����� �� ������������
In all the BMT patients, total parenteral nutrition was instituted on day +1
posttransplant. The duration of parenteral nutrition varied, the median in the
42 patient study group (II) being 29 days  (range 18-99) after an allogeneic
and 20 days (range 8-93) after an autologous BMT.

Of the 19 patients with solid tumors (I), 6 needed parenteral nutritional
support during their preoperative treatment. Three patients were fed through
nasogastric tube with a supplemented tube formula.
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The guidelines for parenteral nutrition were the same in all the study groups.
Parenteral nutrition was administered as solutions containing 20-30%
glucose, 20% lipids and 9% amino acids. The patients also received
parenteral electrolytes, vitamins, and trace elements. Throughout the
posttransplant period, they were encouraged to feed orally, as well.
Nasogastric tubes were not used during the posttransplant neutropenia.
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The thicknesses of the femoral quadriceps muscle and the fat tissue on the
quadriceps muscle were measured with ultrasonography in 58 healthy
children (median age 6.1 y, range 1.2-15.9 y), who had attended the hospital
for minor elective surgery and mild traumas (IV). Anthropometric
measurements, including weight, height, triceps skinfold, and mid-arm
circumference, were assessed, as well. Nineteen of them served as age- and
sex- matched controls for the solid tumor study patients (I).

The controls for the plasma lipid study (IV) were 23 healthy children (aged
1-3 years), who were admitted to the hospital for minor surgery. The normal
ranges for lipid and lipoprotein levels in this group have been published by
Antikainen (Antikainen, 1993)

The healthy controls for the long-term BMT survivors (V) were 23
individually age- and sex-matched volunteers, who were recruited by an
open recall among young students, hospital personnel and their families.


�������"������!�&��1�����5�7
The controls for long-term follow-up BMT patients were 13 patients with
ALL who had received conventional chemotherapy and continued in
primary remission >3 years after completion of chemotherapy. Their median
age was 13.9 (range 10.8-23.6) years. Four had received prophylactic
cranial irradiation of 18 Gy.

������
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During anthropometric measurements the patients were allowed to wear
light underwear and thin socks. Height was measured with a wall-mounted
Harpenden stadiometer to the nearest 0.1 cm. Relative height was estimated
from the Finnish growth charts and expressed as +/- SD (Sorva �����, 1984).
Body weight was measured on an electronic scale to the nearest 0.1 kg.
Relative body weight (W%) was recorded the subject´s weight as a
percentage of the expected weight for height derived from the Finnish
growth charts (Sorva �����, 1984). With the help of height (m) and weight
(kg) body mass index (BMI, kg/m2) was calculated (Cronk and Roche,
1982). A patient with a BMI > 25 kg/ m2 was considered overweight
(Prentice, 1998).
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Upper mid-arm circumference (MAC) was measured to the nearest mm with
a cloth tape at the midpoint between the acromion and the tip of the elbow
(Neuman �����, 1982). The triceps (TSF) skinfold thickness was measured
with a Harpenden skinfold caliper (John Bull, British Indicators Ltd, St
Albans, Herts, United Kingdom) at the midpoint of the left upper arm
(Neuman �����, 1982). Skinfold measurements were performed in triplicate.
With the help of the triceps skinfold thickness and upper mid-arm
circumference measurements, the mid-arm muscle area (MAMA) was
calculated according to the formula MAMA=[MAC-π  x TSF]2/4π
(Frisancho, 1974).

The circumferences of the waist and hip were measured with a cloth tape at
midway between the lowest rib margin and the iliac crest and at the level of
the greater trochanters, respectively (Vanhala ��� ��, 1998). The waist-hip
ratio (WHR) was calculated, and males having a WHR >1.00 and females
>0.88  were considered to suffer from abdominal obesity (Vanhala ��� ��,
1998).

	����!���$��"10�5�6���6����6���6��7
Ultrasonography (Aloka Echo Camera, model SSD-210 DXII, Aloka Co.,
Tokyo, Japan) was used to measure the thicknesses of the left femoral
quadriceps muscle (QM, cm) and the fat tissue on the muscle (F, cm) at the
midpoint between the distal border of the patella and the superior spine of
the anterior iliac crest (Figure 1) (Koskelo ��� ��, 1991). Ultrasonographic
measurements were performed in triplicate, and the median of the three
measurements was used in the calculations. To make it possible to compare
the muscle thicknesses of children of different sizes and ages, the
ultrasonographic muscle thickness was related to the body surface area
(BSA) derived from the formula BSA (m2)=(weight x height/3600)½

(Mosteller, 1987). The muscle index (MI), as an estimate of skeletal muscle
protein reserves, was calculated from the formula MI=QM2/BSA (Koskelo
�����, 1991). The reference range of the muscle index for children 1-14 years
old (7.5-10.5 cm2/m2) was derived from the study of Koskelo and coworkers
(Koskelo �����, 1991), and was confirmed by ultrasonography of the control
group of 58 healthy children.

The fat mass was estimated from the formula FI= (2QM+F2)/BSA, where FI
=  the fat index. The cross-section of the thigh has been approximated as a
circle in formulas for muscle and fat indexes. The formula for FI has been
derived mathematically from the remainder of two circular surface areas, i.e.
the surface areas formed by the quadriceps muscle, and the muscle and the
fat tissue together (Figure 1). In the literature, no reference range for FI is
available. The FI of 58 healthy children measured for this study was 6.7
cm2/m2 (CI 6.0-7.3 cm2/m2).

Throughout the study, both the anthropometric and the ultrasound
measurements were performed by the author.
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with immunoturbidometric assays (Orion Diagnostica, Espoo, Finland). The
normal ranges for serum albumin, prealbumin, and transferrin in our
laboratory are 34-45 g/L, 170-420 mg/L, and 1.75-3.13 g/L, respectively.

Plasma lipids and lipoproteins (IV, V)

Plasma lipoproteins were separated by sequential ultracentrifugation using a
TFT 45.6 rotor (Kontron, Zurich, Switzerland) (IV). Chylomicrons, very-
low-density lipoprotein (VLDL), intermediate-density lipoprotein (IDL),
low-density lipoprotein (LDL), and high-density lipoprotein (HDL) were
isolated at the densities of 1.006 (13,000 rpm/30 min), 1.006 (35,000
rpm/18 h), 1.019 (35,000 rpm/18 h), 1.063 (35,000 rpm/24 h) and 1.21
(35,000 rpm/48 h) g/mL, respectively. An enzymatic assay was used for
measuring the cholesterol and triacylglycerol (TG) concentrations in the
plasma and in the lipoprotein fractions (kits from Boehringer Diagnostica
GmbH, Mannheim, Germany).

Enzymatic assays were used for measuring plasma total cholesterol,
cholesterol in HDL fraction, and plasma total triacylglycerol in the  follow-
up study of the long-term BMT survivors (V) (kits from Boehringer
Diagnostica GmbH, Mannheim, Germany). In this study, LDL cholesterol
was calculated according to the Friedewald formula (Friedewald ��� ��,
1972).

For defining the metabolic syndrome, the cut-off point for
hypertriglyceridemia was TG >1.70 mmol/L, and the cut-off point for a low
concentration of  serum HDL-cholesterol was < 1.00 mmol/L for men and
<1.20 mmol/L for women (Vanhala �����, 1998) (V).

Oral glucose tolerance test (OGTT) (V)

The oral glucose tolerance test was performed in the morning after a 12-
hour overnight fast. The BMT patients and the leukemia controls were given
glucose at 1.75 g/kg (maximum 75 g) as an oral glucose challenge
(American Diabetes Association, 1996). Samples for blood glucose (glucose
oxidase reaction) and serum insulin measurements (radioimmunoassay)
were drawn at 0, 30, 60, 120 minutes in order to evaluate the degree of
glucose tolerance and the insulin response to the glucose load. (For ethical
reasons, the healthy controls only had a single blood sample drawn for
blood glucose and serum insulin in the morning.)

Hyperinsulinemia was diagnosed either as a serum insulin concentration
exceeding 20 mU/L after an overnight fast (Rönnemaa �����, 1991), or as a
peak concentration of serum insulin exceeding 150 mU/L during the OGTT
(Tritos and Mantzoros, 1998). Insulin resistance was further estimated by
the homeostasis model assessment (HOMA). The HOMA index of insulin
resistance was derived from the formula Insulin resistance=fasting glucose
(mmol/L) x fasting insulin (mU/L)/22.5 (Haffner �����, 1996).
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Impaired glucose tolerance (blood glucose 5.6-6.0 mmol/L after an
overnight fast, or 6.7-9.9 mmol/L at 120 minutes in OGTT) and diabetes
(blood glucose after an overnight fast >6.1 mmol/L,  or blood glucose > 10
mmol/L at 120 minutes in OGTT) were diagnosed according to the new
criteria (American Diabetes Association, 1997)

Other laboratory parameters (V)

The other parameters measured were glycosylated hemoglobin (GHbA1c),
serum leptin (radioimmunoassay), serum uric acid (enzymatic method, cut-
off points >450 µmol/L for men, >340 µmol/L for women) (Vanhala ������
1998), serum alanine aminotransferase (kinetic method), serum γ-
glutamyltransferase (kinetic method), free thyroxin (chemiluminometry),
thyrotropin (chemiluminometry), and urine microalbumin
(immunoturbidometry, cut-off point >20 µg/min) (Kuusisto �����, 1995).

Serum levels of luteinizing hormone (LH), follicle stimulating hormone
(FSH), testosterone and estradiol were measured. These data, together with
knowledge of the serum level of  these parameters before the introduction of
hormone substitution, and a history of  lack of menstrual cycles, as well as
the results of semen analyses (if performed during the clinical follow-up)
were the basis of the diagnosis of hypogonadism. Eleven patients were
hypogonadic by these criteria (V).

����0�"���� ��!
Study I
Anthropometric measurements and ultrasonography were performed on
admission, monthly during preoperative chemotherapy, 1-3 d before
surgery, and 1 to 2 months after surgery. Blood samples for visceral protein
assessment were drawn at the same time points.

Study II
Anthropometric measurements and ultrasonography were performed before
BMT, and 1, 3, 6, and 12 months posttransplant. Blood samples for visceral
protein assessment were drawn at the same time points.

Study III
Weight and height were measured and blood was drawn for visceral protein
analyses before BMT and at 6 and 12 months posttransplant.
Ultrasonography and anthropometry were performed at the same time points
on 26 and 20 of the 37 study patients, respectively. Relative height velocity
was expressed as a standard deviation score (SDS), and is based on data
from a Swedish population (Rikken and Wit, 1992). In this model the effect
of puberty on height velocity was minimized.
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Study IV
Anthropometry and ultrasonography were performed and blood samples
drawn for analyses of plasma lipids and serum visceral proteins at diagnosis
of a malignant tumor, and later in remission, i.e. 1-2 months
postoperatively. BMT patients were evaluated before BMT and at 1 and 3
months post-transplant.

Study V
The 23 long-term survivors after an allogeneic BMT and the leukemia
controls went through OGTT, and anthropometric and ultrasonographic
measurements. In addition, physical examinations were performed with
special attention to the chronic GvHD status and blood pressure. The
healthy controls had a blood sample drawn in the morning after an overnight
fast in addition to anthropometric measurements. The self-reported amount
of exercise during one week, and a history of diabetes, hypertension or
serum lipid pathology in first-degree relatives were recorded in both patients
and controls.

��������
�������/���
Weight (Sorva, �����, 1984), mid-arm circumference (Karlberg �����, 1976)
and mid-arm muscle area (Frisancho, 1974) and triceps skinfold are
presented as means of the percentages of the age-specific standards with
95% confidence intervals (CI). The muscle index and the concentrations of
the laboratory parameters are presented as means with 95% CI. In view of
the different durations of the pre- and postoperative follow-up of patients in
study I, anthropometric measurements and muscle indexes were calculated
individually as areas-under-the-curve, and then standardized according to
the time in months (Matthews �����, 1990). Analysis of variance (ANOVA,
Statview II program) was used in the analyses of repeated measurements (I,
II, III, IV).

%������1	 paired t test was used to compare the mean values of
anthropometric and ultrasonographic measurements of patients and controls
(study I), and plasma lipids between patients and controls (study IV).  The
χ2-test was used to study the associations between the nutritional parameters
and patient outcome (II)

In study V, all measurements were expressed as means with standard
deviations (SD). The differences in laboratory parameters between  BMT
patients, leukemia patients, and healthy controls were analyzed by one-way
ANOVA. The variables associated with hyperinsulinemia after BMT were
analyzed by a generalized Fisher’s exact test for categorical variables ( sex,
priming with and without TBI, hypogonadism, occurrence of acute and
chronic GVHD, and a positive family history of diabetes, lipid pathology, or
hypertension), and by one-way ANOVA for continuous variables, (age at
BMT, time passed after BMT). A linear correlation was formed between the
HOMA index and the time elapsed after BMT. The statistical analyses were
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run with the Statview II program (Abacus Concepts, Inc, 1988), and by
Statxact 4 (Cyntel Software Corporation, 1999).

����
���
�����������
The study protocol was approved by the Institutional Review Board of the
Hospital for Children and Adolescents, University of Helsinki, Finland. Oral
witnessed informed consent was obtained from the parents and from age-
appropriate patients and controls.
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The relative weight (W%) (p= 0.93, ANOVA) and triceps skinfold thickness
(p=0.16, ANOVA) of patients with solid tumors at diagnosis did not differ
from those of age- and sex-matched healthy controls (Figure 2). The
patients with solid tumors showed a trend toward a smaller mid-arm
circumference (MAC) (p=0.07, ANOVA) and mid-arm muscle area
(MAMA) (p=0.08, ANOVA) than the healthy controls. However, the mean
relative MAC (Karlberg �����, 1976) and relative MAMA (Frisancho, 1974)
of the controls were as much as 110% and 130% of age- and sex-specific
reference values, respectively (Figure 2). Relative triceps skinfold thickness
did not differ between the patients with solid tumors  and the healthy
controls (p=0.17, ANOVA). However, the mean muscle index (MI) of the
patients with solid tumors was significantly lower than that of the healthy
controls (p=0.0007, ANOVA) (Figure 2). The mean MI was 83% of the
reference mean (Koskelo ��� ��, 1991). MI was the only parameter that
differed between patients and controls.
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Triceps
skinfold

MI Weight MAC MAMA

% of reference

,�$����(9 ���1��"������ ����!�������!�������! �������2���
 1�������&��1�����$�����!����������!�������$��!�!����������������$�%
��� 1���  ������!. Triceps skinfold, muscle index (MI), weight, mid-arm
circumference (MAC) measurements and mid-arm muscle area (MAMA) are indicated as
percentages of  the age- and sex-specific reference values (Karlberg �����, 1976¸ Koskelo ��
��, 1991; Sorva �����, 1984; Frisancho 1974 ) in tumor patients (white boxes) and in healthy
controls (shaded boxes). The box plot indicate the medians and the 10th,  25th, 75th, and 90th

percentiles. The shaded area highlights the MI in relation to the other parameters.
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In comparison with ultrasonograpy of the femoral muscle as the baseline
standard, the sensitivities, specificities, and predictive values of both
anthropometric and visceral protein measurements were poor in detecting
reduced skeletal muscle protein mass (Table 2 in the original publication
#I). The classic criteria used for evaluation of the nutritional status of
children with cancer (weight for height below 5th percentile of the age-
specific standard, weight loss of  at least 5%, or serum albumin below 32
g/L) were sensitive enough to detect 69% of the patients with reduced
skeletal muscle protein mass.
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Nutritional status of children with solid tumors (I)

Eleven of the 19 children with a newly-diagnosed solid tumor had lost
weight before diagnosis of the malignancy.  The mean weight loss was 3%
(CI –7-0%), but there were 7 patients with weight losses exceeding 5% of
body weight.

The mean MI of the patients with solid tumors at diagnosis was significantly
lower than that of the healthy controls (5.6, CI 4.5-6.7 cm2/m2 vs 8.5, CI
7.7-9.3 cm2/m2) (p=0.0007, ANOVA) (Figure 2). No significant change in
MI was observed during the preoperative or early postoperative period. The
mean W% at diagnosis was 99% (94-103%), and weight loss was observed
1-2 months after surgery, with a mean W% of 95% (CI 91-99%) (p=0.004,
ANOVA). Other anthropometric measurements did not show significant
changes during the course of treatment.

The mean concentrations of serum prealbumin (140, CI 111-170 mg/L) and
albumin (33, CI 31-37 g/L) were low at diagnosis, but increased
significantly during the preoperative and early postoperative follow-up. The
concentration of serum transferrin was low-normal at diagnosis (1.9, CI 1.6-
2.2 g/L), and decreased slightly during the follow-up.

Nutritional status after BMT (II)

The mean W% was 102% (CI 98-106%) of  the height related expected
weight before BMT. The mean W% increased significantly during the first
posttransplant month (106, CI 101-111%) (p=0.01, ANOVA), to return to
the pretransplant level by 6 months after BMT.

Before BMT, the mean MAMA was 113% (CI 106-121%) of the age- and
sex-specific reference, and no significant change in MAMA was observed
during the first 12 months after BMT.
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The mean MI (5.9, CI 5.1-6.6 cm2/m2) was below the reference range (9.0,
CI 7.5-10.5 cm2/m2) before BMT, and decreased during the first
posttransplant month (p=0.01, ANOVA) (Figure 1 in the original
publication #II). The mean reduction in the MI was 11% ( CI 21-1%). In the
patients with an autologous transplant, the recovery of MI began during the
second posttransplant month, whereas the MI of patients with an allogeneic
transplant did not show recovery until first after 3 months posttransplant.

The concentrations of  serum transferrin (p=0.0001, ANOVA) and
prealbumin (p= 0.07, ANOVA) decreased during the first month after BMT,
and returned to the pretransplant level gradually during the first
posttransplant year (Table 5). The concentration of serum albumin  did not
vary during the first posttransplant year (Table 5).

Table 5. %�������������
����(��
	���������
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������(���&$�

Time post BMT
months               0                 1               3                 6                 12
__________________________________________________________
�������          38                37               38             39                40
g/L                (36-40)        (35-39)        (36-40)      (37-41)       (38-42)
����������   237              200              233          217              222
mg/L           (198-276)    (172-228)    (191-274)  (179-255)   (193-250)
����!#�����    1.9               1.5              1.6            1.6                2.0
g/L                (1.7-2.0)      (1.4-1.6)      (1.4-1.8)    (1.4-1.9)     (1.7-2.3)

___________________________________________________________
Mean (95% confidence intervals) are indicated

Nutritional status of the long-term survivors after BMT (V7

The mean W% and the mean BMI of  the long-term BMT survivors were
comparable to the W% and BMI of both the leukemia controls and the
healthy controls. However, 6/23 (26%) of the BMT patients were
overweight, as determined by BMI, compared to 1/13 (8%) of the leukemia
controls and 1/23 (4%) of the healthy controls (p=0.10, ANOVA). In
addition, the obesity tended to be of abdominal type with abnormal waist-
hip ratios in 8/23 BMT patients, 2/13 leukemia controls, and 2/23 healthy
controls (p=0.07, ANOVA).

The mean MIs of the BMT patients and the leukemia controls were within
the normal range (Koskelo ��� ��, 1991). However, in 11 of the 23 BMT
survivors the MI was below the reference range compared to none of the
leukemia controls or healthy controls.
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No significant change in relative height was observed during the first
posttransplant year (from –0.4 to –0.5 SD) (p=0.21, ANOVA). Mean height
velocity was 5.2 cm/year (CI 4.4-6.1 cm). However, mean relative height
velocity was –1.6 SDS (CI –2.2- -1.0 SDS) of the mean height velocity for
prepubertal children. Use of TBI in the conditioning regimen tended to
result in a lower mean relative height velocity even during the first year
after BMT (-1.7, CI -2.3 – -1.0 SDS  vs -0.8, CI -1.8 – 0.1 SDS) (p=0.06,
ANOVA).

A multiple regression model for evaluating the factors contributing to the
relative height velocity during the first posttransplant year included
pretransplant MI as a representative of nutritional status, use of TBI,
diagnosis (malignant vs nonmalignant) and duration of posttransplant
parenteral nutrition. These parameters explained a significant part of the
posttransplant variance detected in relative height velocity (R= 0.65,
p=0.04). In this model, the strongest single factor was the MI.

Of the nutritional parameters, MI had the strongest association with relative
height velocity (r= 0.54, p= 0.004) (Figure 1 in the original publication
#III). Other indicators of nutritional status that showed associations with
posttransplant relative height velocity were mid-arm circumference (r= 0.45,
p=0.04) and the pretransplant concentration of serum transferrin (r= 0.33,
p=0.05) (Figure 1 in the original publication #III).

�'���������! ���"���������!��*�!�������� �����#����.���5��7
The median pretransplant MI of the 42 BMT patients was 6 cm2/m2, and
values below that level were considered to represent severely reduced
skeletal muscle protein reserves. The patients who already had MI <6
cm2/m2 before the conditioning treatment were at higher risk of succumbing
after BMT than the better nourished patients (p= 0.01, ANOVA). The
difference in the death rate was not explained by the prior duration of the
underlying disease, the use of TBI in the conditioning treatment, or the
length of parenteral nutritional support after BMT (Table 2 in the original
publication #II). The patients with a poor skeletal muscle protein reserve
were at greater  risk of dying of a relapse than those with better protein
reserves (8/21 vs 0/15, p=0.01, χ2). No difference in the toxic death rate was
observed between the patients with reduced and with adequate protein
reserves.

������� ������� ���� ����������� ��� 
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The concentrations of  fasting plasma total triacylglycerols were higher in
the tumor patients than in the reference group (0.96, 95% CI 0.82-1.1
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mmol/L), both at diagnosis (1.3, 95% CI 1.0-1.5 mmol/L) (p<0.01,
%������1	�t test), and in remission (1.5, 95% CI 1.2-1.9 mmol/L) (p<0.001),
%������1	�t test) (Figure 2 in the original publication #IV). This was due to
triacylglycerol enrichment in VLDL and LDL particles (p<0.01, and
p<0.001, %������1	� t test, respectively). The concentration of HDL
cholesterol was lower in the patients (at diagnosis 1.01, 95% CI 0.88-1.14
mmol/L) than in the reference group (1.38, 95% CI 1.26-1.50 mmol/L)
throughout the study period (p<0.001, %������1	� t test � Plasma total
cholesterol and the concentration of plasma apolipoproteins were within the
reference range.

���!�����"��!�������"�"������!������$��1��#��!��8�����1!��#����.���5��7
The pretransplant concentrations of plasma total triacylglycerols were
higher in the patients (1.32, 95% CI 1.09-1.55 mmol/L) than in the reference
group (0.96, 95% CI 0.82-1.10 mmol/L) (p<0.02, %������1	�t test), because
of the accumulation of triacylglycerols in VLDL, IDL and LDL lipoprotein
fractions (Figure 2 in the original publication #IV). The concentration of
plasma total cholesterol was within the reference range before
transplantation (3.92, 95% CI 3.65-4.20 mmol/L vs 4.04, 95% CI 3.66-4.42
mmol/L in the controls). The concentration of HDL cholesterol was lower in
the patients (1.08, 95% CI 0.98-1.17 mmol/L) than in the reference group
(1.38, 95% CI 1.26-1.50 mmol/L) (p<0.001, %������1	� � t test.) (Figure 2 in
the original publication #IV).

The seven patients on steroid treatment for GvHD were excluded from the
analyses of changes in plasma lipids after BMT. Plasma total
triacylglycerols did not change significantly during the first 3 months
posttransplant, but there was an increase in triacylglycerols in the LDL
particles during the first posttransplant month (p=0.04, ANOVA), and in the
HDL particles from 1 to 3 months after transplantation (p=0.01, ANOVA)
(Figure 2 in the original publication #IV). The concentration of plasma total
cholesterol did not change during the study period.

The concentrations of apolipoprotein AI and apolipoprotein AII were within
the reference range before transplantation. During the first posttransplant
month these concentrations decreased (p=0.001, ANOVA), but normalized
again during the next 2 months (Figure 2 in the original publication #IV).

The effect of cyclosporin was evaluated by comparing the concentrations of
plasma lipoproteins after allogeneic transplants without GVHD or steroid
treatment (routine cyclosporin prophylaxis, n=11), and after autologous
transplants (no cyclosporin, n=15). The concentrations of triacylglycerol
and cholesterol in the various lipoprotein fractions did not differ between
the patients with or without cyclosporin during the first 3 months
posttransplant.
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The mean concentration of plasma triacylglycerols in the long-term
survivors after BMT was 1.89 mmol/L (CI 1.02-2.75) compared to 0.86
mmol/L ( CI 0.56-1.16) in the former leukemia patients and 0.91 mmol/L in
the healthy controls (p=0.02, ANOVA) (Table 2 in the original publication #
V). The mean plasma concentrations of total cholesterol  and of cholesterol
in LDL and HDL fractions in  the three groups were comparable (Table 2 in
the original publication #V).

Eleven of the BMT patients were hypertriglyceridemic (TG >1.70 mmol/L),
and 8 patients were hypercholesterolemic (serum total cholesterol >5.0
mmol/L). Low levels of serum HDL cholesterol (HDL-cholesterol <1.00
mmol/L for males and <1.20 mmol/ for females) were observed in 6 patients
(Tables 2 and 3 in original publication #V).

���!�����"��!6���"�"������!6�����!'���������! ���"���������!��*�!�5��7
An increase in plasma total triacylglycerol concentration was a constant
finding both in the tumor and in the BMT  patients. A multiple regression
model was made for the two patient groups separately to discover the
factors contributing to the increase. Variables included in the regression
model of the tumor patients were gender, muscle index, and age, because all
but one of the patients were prepubertal. In the BMT patients the variables
were gender, pubertal development (prepubertal vs any pubertal advance;
Tanner, 1969), and muscle index. In both patient groups, the strongest single
factor in stepwise regression analysis was the muscle index. In the BMT
patients another factor was pubertal development. However, the effect of
puberty was stronly influenced by one 30% overweight pubertal patient with
plasma total triglycerides of 4.2 mmol/L before transplantation. Exclusion
of this patient eliminated the effect of puberty, but not the effect of the
muscle index.  Her exclusion did not abolish the significant difference in
plasma total triacylglycerol between the patients and the controls.

Because the results of multivariant analyses were similar in the patients with
solid tumors and the patients  before BMT, the two groups were combined
for analyses of the association between plasma lipids and indicators of
protein metabolim. The exceptional pubertal patient was excluded from
these analyses. There was an inverse correlation between MI and plasma
total triacylglycerol concentration (r=0.35, p=0.02). None of the other
nutritional parameters, (i.e. W%, TSF, fat index measured by
ultrasonography, and concentrations of serum transferrin, albumin, and
prealbumin), was correlated with plasma triacylglycerol concentration. The
concentration of serum prealbumin correlated with the plasma levels of total
cholesterol (r=0.47, p=0.002). W%, TSF, and the concentrations of serum
transferrin and albumin were not correlated with the plasma total cholesterol
concentration.
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The mean serum insulin concentration after an overnight fast of the long-
term survivors after BMT was 21 mU/L (CI 14-27) compared to  10 mU/L
(CI 7-13) in the former leukemia patients and 7 mU/L (CI 6-8) in the
healthy controls (p=0.0001, ANOVA). Twelve of the BMT patients (52%),
but none of the healthy controls, were hyperinsulinemic (0.0001, Fisher’s
exact test) (Figure 3).

Mean blood glucose after an overnight fast was 5.4 mmol/L (CI 4.7-6.0) in
the BMT patients, 4.7 mmol/L (CI 4.6-4.9) in the leukemia patients, and 4.5
mmol/L (CI 4.3-4.6) in the healthy controls (p= 0.01, ANOVA). Four (17%)
of the BMT patients had type 2 diabetes and 7 had impaired glucose
tolerance.

The mean HOMA index, an indicator of insulin resistance, was 5.5 (CI 3.2-
7.8) in the BMT patients compared to 2.2 (CI 1.6-2.9) in the leukemia
patients and  1.5 (CI 1.2-1.7) in the healthy controls (the remainder of the
means 4.0, CI 1.8-6.3, p=0.001, ANOVA). The incidence of insulin
resistance increased with time (Figure 2 in the original publication #V).

Despite their hyperinsulinemia, the 12 BMT patients did not differ from the
healthy controls regarding a family history of diabetes, lipid pathology, or
hypertension. Physical activity was similar among the BMT patients and the
healthy controls. Neither skeletal muscle mass estimated by MI, nor liver,
nor thyroid function differed between the BMT patients and the healthy
controls.

10

20

30

40

50

60

%

12/23

4/13

0/23

10/23

1/13

0/23

9/23

1/13 1/13 1/13 1/13
1/23 1/23 1/23 1/23

Hyper
triglyceridemia

Low
 HDL-CH

Hyper
uricemia

Hyper
insulinemia IGT Micro-

albuminuria
Over-
weight

Abdominal
obesity

6/23

7/23

2/23

6/23

8/23

2/23

2/13
4/23

p=0.0002

p=0.001

p=0.01

p=0.07

p=0.10
p=0.14

p=0.10

p=0.34

0/13

,�$���� 89 ����#�!������!� �#� �1���������� � !0������� ��� .��� "������!
5��#�� �����!76�#���������'�����"������!�5������� �����!7�����1����10
 ������!� 5��$1��  �����!79� For cut-off points used, see text. The p values were
obtained with Fisher’s exact test. IGT, impaired glucose tolerance; HDL-CH, high-density
cholesterol



52


��������10"����!�������������10"�����$�0 ���������5�7
The combination of hyperinsulinemia and hypertriglyceridemia was
observed in 9 of 23 BMT patients (39%) and in one of  the 13 former
leukemia patients (8%), but in none of the 23 healthy controls (p<0.0001,
generalized Fisher’s exact test).  The combination of hyperinsulinemia and
hypertriglyceridemia was also present in subjects with normal BMI (Tables
1 and 2 in the original publication #V). However, 6 of the 9 patients with
hyperinsulinemia and hypertriglyceridemia combined had abdominal
obesity indicated by abnormal waist-hip ratios (Figure 3).

,� ���!��!!� ������&��1�10"����!���������������!�������!�!��� ��5�7
The variables associated with hyperinsulinemia were the time passed from
BMT (p=0.01, ANOVA), the presence of chronic GvHD (p=0.01,
generalized Fisher´s exact test), and hypogonadism (p=0.04, generalized
Fisher´s exact test). There was a linear correlation between the HOMA
index and time passed after BMT (r=0.51, p=0.01).
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The study was carried out in the Hospital for Children and Adolescents,
University of Helsinki, where we diagnose approximately  40-50  of  the
130-140 novel childhood cancers seen annually in Finland. Except for
excluding patients with brain tumors (who were treated without neoadjuvant
chemotherapy), the main diagnostic groups of childhood malignancies were
well represented in the study population in accord with registrations in
Finland and in the other Nordic countries (NOPHO, 2000). The main
diagnoses of the patients in the BMT study groups were leukemia and
aplastic anemia, which is usual worldwide (IBMTR/ABMTR, 2000).

The study groups in our single institution research setting were small, which
may influence the power of this study. However, all anthropometric and
ultrasonographic measurements were performed by  the same person, which
increases the reproducibility of the methods. This advantage would have
been lost in a multicenter setting.

In the evaluation of BMT long-term survivors (V), the proportionate number
of refusers was high. Neverthless, even if all the 13 refusers had had normal
glucose and  insulin metabolism, there  still would have been 11/36 (= 30%)
patients with hyperinsulinemia and 9/36 (25%) patients with the core signs
of the metabolic syndrome. This still exceeds the prevalence of  7% and 4%
in  Finnish middle-aged population, respectively (Vanhala �����, 1998)9

The controls were age- and sex-matched in studies I and V. In contrast, the
study patients were older than the control subjects in the evaluation of
plasma lipids (IV), which is a shortcoming of the study. We ended up to use
historical controls due to the difficulty to get a fasting blood samples from
healthy children under school age for research use only. The reference range
of serum lipids is highly age- and sex-dependent. Serum lipid concentrations
vary with age over three phases. From birth to 2-3 years of age, the serum
total cholesterol level approaches the level of young adults. Puberty induces
a decrease in the concentrations of serum total, LDL- and HDL-cholesterols.
After the second decade of life, the concentrations of serum total and LDL-
cholesterol tend to increase, whereas the level of HDL-cholesterol remains
unchanged (Porkka ��� ��, 1994). The concentration of serum total
triacylglycerols is lower in toddlers and young school-agers than in children
under 2 years of age or in adolescents (Boulton �����, 1995). Thus, the use of
children below age of 3 as a reference group does not overestimate the
pathology observed in serum total triacylglycerol levels in children with
cancer. Furthermore, in our study population, the patients under age of 2,
the toddlers and the patients at early school age, as well as the pubertal
patients did not differ from each other in respect of serum levels of total
triacylglycerols, total cholesterol and HDL-cholesterol.
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The methods employed for assessing skeletal muscle protein reserves have
been classified according to a five-level model: atomic, molecular, cellular,
tissue-system, and whole-body levels (Wang ��� ��, 1992). Assessment of
total body potassium, dual-photon absorptiometry, and urinary creatinine
measurements represent atomic, molecular, and cellular level methods,
respectively (Wang, �����, 1992).  Computerized tomography and magnetic
resonance imaging of the whole body or extremities assess skeletal muscle
mass at the tissue level (Heymsfield ��� ��, 1995, Wang ��� ��, 1992).
Anthropometric measurements estimate skeletal muscle mass at either the
regional level (mid-arm muscle area based on mid-arm circumference and
triceps skinfold measurements) or at the whole body level (weight).
Ultrasonography of a muscle gives an estimate of skeletal muscle mass at
the regional level.

Computerized tomography of extremity muscle mass can be regarded as a
reference method in the assessment of skeletal muscle protein reserves,
because of the good correlation with methods for estimating muscle mass at
cellular (urinary creatinine excretion) and molecular (dual-photon
absorptiometry) levels (Heymsfield ��� ��, 1995). Ultrasonography has
correlated well with computerized tomography in measurements of skeletal
muscle of an extremity (Lerner ��� ��, 1986; Koskelo ��� ��, 1991): the
correlations coefficients were 0.99 for mid-arm and 0.98 for mid-thigh
muscle thicknesses (Koskelo �����, 1991). Accordingly, our choice for the
present study was the ultrasonographic method, the additional benefits being
the avoidance of ionizing radiation, the ease of bedside practice, and the
familiarity of ultrasonography to the children with cancer.
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Use of weight and other anthropometric measurements for accurate
assessment of nutritional status in patients with cancer is problematic.
Weighing, on the other hand, is easy to perform, and is familiar to both
patients and personnel. In addition, there are population-based references
available for body weight. However, detection of protein-energy
malnutrition by anthropometry is unreliable. Relative body weight and limb
circumference did not reveal changes in the nutritional status of children
with newly-diagnosed leukemia, who lost muscle but gained  fat tissue
during the induction treatment (Koskelo ��� ��, 1990). In adult cancer
patients, a large tumor burden and fluid accumulation challenged the role of
weight as an indicator of nutritional status (Heymsfield and Mc Manus,
1985).

The problems related to the use of anthropometry were confirmed in our
studies. At diagnosis of a solid tumor, the relative body weight was within
the normal range, but both muscle reserves measured by ultrasonography
and fat reserves measured by the triceps skinfold thickness were reduced. In
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the BMT study group, there was even an increase in relative body weight in
patients with reduced muscle protein reserves during the first month
posttransplant. In addition to anthropometry��criteria included in some solid
tumor treatment protocols (weight loss more than 5%, weight below 5th

percentile of reference, or serum albumin less than 32 g/L; Rickard ��� ��,
1985; Rickard �����, 1989). These methods were able to identify only two-
thirds of our tumor patients with reduced skeletal muscle protein mass. The
discrepancy between a normal weight, but decreased muscle and fat reserves
in the tumor patients may be consistent with the presence of a sizable tumor
mass (mean 1400 ml) at diagnosis. Diffuse fluid accumulation might explain
the weight gain observed in patients after BMT (Cheney ��� ��, 1987).
Diffuse fluid accumulation could also affect the measurement of femoral
muscle. However, imbalance of fluid homeostasis due to corticosteroid
treatment and continuous fluid therapy could not mask changes in the
skeletal muscle mass in hypoalbuminemic patients with ALL (Koskelo �����,
1990, Koskelo ��� �� 1991). Thus, it seems that ultrasonography provides
more data about the nutritional status than the anthropometric methods.

The lack of population-based and current anthropometric reference values
for the anthropometric measurements created some problems. The mean
mid-arm muscle area in our healthy subjects was 130% of the reference
standard, which suggests that this particular reference may no longer be
valid. For lack of more recent population-based anthropometric data we
used 25-yr-old North-American (Frisancho, 1974) and Scandinavian
(Karlberg ��� ��, 1976) references. The anthropometric normal limits may
have changed during this time period. In calculations of specificity and
sensitivity in study I, we employed a reference cut-off limit of 116% for
mid-arm muscle area, based on the 25th percentile value of our own control
group on the old reference scale (Frisancho, 1974).

����������!��#������!���$��"10����"�� �� �
Reliable measurement of limb circumference and skinfolds and detection of
the thickness of muscle and fat tissue on the muscle by ultrasonography
require an experienced observer. However, both techniques are easy to
learn. The critical points in ultrasonography are the position of the limb and
the compression performed by the transducer during the measurement
(Koskelo ��� ��, 1991). During measurement of the femoral quadriceps
muscle, the tension in the muscle changes with the position of the limb,
which may affect the observed thickness of the muscle. The limb should be
fixed in the same position with a cardboard splint, which prevents changes
in the position of the limb during the examination (Koskelo ��� ��, 1991).
Compression of the tissues can be diminished by use of a standoff pad in
addition to the normal transmission gel, as was done in our study.
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As indicated by the reduced muscle mass shown by ultrasonography  and by
the low concentrations of serum albumin and prealbumin, the protein
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reserves of our patients were already reduced at the time of diagnosis of the
malignancy. This suggests that, during their initial growth, tumors had
induced a catabolic state in the patients, as was also documented in 57% (11
out of 19) of our patients with weight losses of >5% prior to diagnosis.
Cancer induces a shift of energy substrates from the tissues into inefficient
metabolic pathways (Langstein and Norton, 1991), often very early during
the development of malignancy (Inculet �����, 1987; Pisters and Pearlstone,
1993), which could be the case in our patients, as well.

There was no change in the muscle index during the early treatment phase
of anticancer therapy in the patients with tumors. In addition, the
concentrations of serum albumin and prelbumin normalized before any
increment in the muscle index was seen. Increased degradation (Kien and
Camitta, 1987; Andersson ��� ��, 1991) and decreased hepatic synthesis of
proteins (Warren �����, 1987), as well as a shift of amino acids to the tumor
tissue may result in low serum concentrations of visceral proteins at
diagnosis of malignancy. Anticancer therapy may be successful in
preventing further advances of the metabolic disturbances associated with
cancer but not in reverting the catabolism to anabolism, which would have
been seen as normalization of the muscle index.

�	�������������	��,�.������������5��6��7
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Skeletal muscle protein reserves were subnormal at the beginning of high
dose chemotherapy and stem cell transplantation, and further deterioration
was observed  during the first month after BMT. In addition, remodeling of
the muscle mass was a remarkably late event after BMT. The etiology is
evidently multifactorial. Fever and infections are common during the early
posttransplant period, contributing to the catabolic state (Hasselgren ��� ��,
1986). Nutritional support may be suboptimal: in small children, multiple
medications and administration of blood components require a relatively
large volume of intravenous fluids, usually at the expense of nutrition. In
our series, the basal energy requirements were barely met (Table 2 in the
original publication #II). This problem is shared with others (Mulder �����,
1989; Lama ��� ��, 1995). Weisdorf and coworkers (Weisdorf ��� ��, 1987)
succeeded in producing hyperalimentation of both adult and pediatric BMT
patients and reported a seemingly better outcome in the hyperalimentation
group. However, the only difference in nutritional status between the
nutritionally supported group and the controls was loss of weight in the
control group. In our study, we observed weight gain during parenteral
nutrition, but simultaneuosly there was loss of skeletal muscle. Because
administration of full nutritional support may be difficult during the early
posttransplant period, nutrition should be intensified in the pretransplant
period. Others have suggested that parenteral nutrition should be started
during conditioning treatment (Weisdorf ��� ��, 1987). Nutritional
preparation for transplantation could be started even earlier than that, as
soon as the decision to transplant is made. Intensive conventional
chemotherapy protocols hardly allow us to devote long periods to nutritional
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support. Therefore nutritional preparation for BMT should be a long-term
project.

Skeletal muscle mass recovered slowly during the first year after
transplantation. In the long-term survivors the mean muscle mass in the
whole group was within the reference limits. However, there were still some
individuals with subnormal skeletal muscle mass. A matter of concern is the
fact that the long-term BMT survivors had acquired central obesity; some
were even overweight. The relative preservation of fat tissue rather than
skeletal muscle, both measured by ultrasonography, was also seen in
patients with newly-diagnosed solid tumors. Excessive use of glucose and
amino acids compared to fat-derived substrates as a source of energy
(Young, 1977; Heber �����, 1986) may have resulted in loss of muscle and
preservation of fat tissue. Whatever the mechanism, it tended to continue
beyond the cancer treatment. Overweight as a late effect after anticancer
therapy is a recent observation (Talvensaari ��� ��, 1996, Birkebaek and
Clausen6� 1998; Nysom ��� ��, 1999). In these studies, obesity has been
related to cranial irradiation (Nysom ��� ��, 1999) and to growth hormone
deficiency (Talvensaari ��� ��, Nysom ��� ��, 1999). In our patients,
abdominal obesity was associated with disturbances  of  insulin-related
metabolism.
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Children in underdeveloped countries (Lopez-Jaramillo ��� ��, 1992) and
children with chronic diseases, such as inflammatory bowel disease
(Kleinman ��� ��, 1989), have shown retarded growth in association with
poor nutritional status. This was also the case in the children after BMT.
Parameters of nutritional status, such as pretransplant skeletal muscle mass,
mid-arm circumference, and the concentration of serum transferrin, all were
positively correlated with height velocity during the first year after BMT.

Retardation of growth was to be expected during the first posttransplant
year. The documented causes of growth retardation have been multiple,
including total body irradiation (Leiper ��� ��, 1987; Wingard ��� ��, 1992),
and corticosteroid treatment for graft-vs-host disease  (Sanders �����, 1986;
Unterman and Philips, 1985), but not poor nutritional status (Wingard �����,
1992; Cohen ��� ��, 1995). The mechanisms of TBI-related growth
retardation have been both hormonal (Sklar �����, 1982; Sanders �����, 1986;
Leiper �����, 1987; Hovi �����, 1990) and osseous (Herber ������ 1985). We
here point out that poor nutritional status should be included in the list of
factors affecting growth after BMT. Not even the effect of TBI outweighed
the impact of reduced pretransplant muscle protein reserves on growth
velocity during the first year after BMT, but the role of irradiation became
more evident in the long run.

The mechanism underlying the association between the nutritional status,
particularly of the muscle mass, and the growth velocity remains to be
discovered. The explanation might be as simple as mere lack of substrate for
protein synthesis at the tissue level. We did not monitor nutrition beyond the
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hospital stay, but there might well have been individuals who did not get
enough protein and energy in their daily nourishment. Disturbances in the
hormonal regulation of growth and nutrition may also have been involved.
Deficiency of insulin-like growth factor-1 (IGF-1), the mediator of growth
hormone action, may have resulted in impaired utilization of nitrogen, in
impaired muscle protein synthesis, and in impaired growth (Clemmons,
1992; Ling �����, 1995). However, serum IGF-1 levels have been normal, or
even increased in both adults (Kauppila �����, 1998) and children after BMT
(Brauner �����, 1997). The high or normal serum concentration of IGF-1 and
the low growth hormone peaks during provocative testing suggest that, in
some patients, resistance to the action of IGF-1 may have developed after
BMT (Brauner �����, 1997).

The parenteral nutrition given was not sufficient enough to overcome the
fundamental effect of  poor pretransplant nutritional status as an risk factor
for poor height velocity. The average duration of parenteral nutrition was 24
days (Table 2 in original publication #II).  A longer duration of nutritional
support might have been of benefit. Enteral nutritional support is available
for most patients after discharge home. Furthermore, in patients with
reduced skeletal muscle protein reserves, nutritional support should be
introduced sufficiently early before BMT.

�������!"�����������������!����!�������� �����#����.���5��7
Patients with poor skeletal muscle reserves were at increased risk of dying
during the first posttransplant year. Interestingly, more relapses were
encountered in the poorly nourished group. The higher relapse rate in the
poorly nourished patients is hard to explain and, since the groups were
heterogeneous, should be interpreted with caution. However, there were no
differences in prior duration of the underlying malignancy, conditioning
treatment, or supportive care. Some of our observations might be explained
by impairment in cell-mediated immunity in malnutrition. The patients with
relapsing malignancy may also have had a more aggressive disease from the
start, also responsible for the loss of skeletal muscle mass. Diagnoses of
acute leukemias and solid tumors were equally distributed between those
who died and those who survived, regardless of their pretransplant protein
reserve status. In addition, all the patients were in solid remission at the
beginning of  the BMT. Thus, a more aggressive disease appears unlikely to
be the explanation.

����,�����������	�
���������������������

�������������
��
���5�6���6����6���6��7

Body cell mass, consisting of the fat-free portion of the muscle, the viscera
and the immune system, is functionally the most important compartment of
the body. Skeletal muscle is the largest component of the fat-free mass and
the body cell mass (Wang �����, 1992), and the major repository of protein
in the body (Heymsfield �����, 1982a). Thus, methods for estimating skeletal
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muscle mass should reflect the protein reserves of the functionally important
organs of the body.

Maintenance of the fitness and effective metabolism of muscle depend on
physical activity (Booth, 1982, Phillips ��� ��, 1997). Muscle protein
synthesis decreases during prolonged bed rest (Ferrando ��� ��, 1996), and
even a short period of immobilization may cause muscle atrophy (Booth,
1977). The majority of our patients were minimally active during their
hospital stay. This may explain some of the  changes in skeletal muscle
mass during the treatment. However, a considerable number of patients
already had poor skeletal muscle protein reserves before they had any
chemotherapy or before the transplantation period. Thus, it seems that
immobilization is not the only factor reducing skeletal muscle mass.

The muscle index (MI) is a rather newly discovered parameter serving as an
indicator of  nutritional status. However, it has proved to be an accurate
estimate of the largest protein reserve in the body, the skeletal muscle
(Koskelo �����, 1991). A decrease in the MI reveals loss of skeletal muscle
protein reserves before the traditional anthropometric methods show any
change in nutritional status. Furthermore, in the present study, poor skeletal
muscle protein reserves were associated with impaired posttransplant
growth velocity, and with increased relapse mortality after BMT. There was
also a close correlation between lipid and protein metabolism when MI was
used as a parameter. Taken together, skeletal muscle, being a metabolically
active tissue, seems to serve as a more or less general reflection of welfare
of a subject during anticancer therapy. Furthermore, skeletal muscle protein
reserves offer both functional and metabolic dimensions for nutritional
evaluation, and in the present study they turned out to be the key parameter
in the measurement of nutritional status.
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The most constant abnormalities of lipid metabolism found in our pediatric
patients during anticancer therapy and several years after treatment as well,
were elevated triacylglycerol and decreased HDL cholesterol
concentrations. This has also been observed by others (Brenneman ��
��,1975; Dilman ��� ��, 1981; Spiegel ��� ��,1982, Dessi ��� ��,1995). In
contrast to others (Spiegel �����, 1982; Dessi �����, 1995), however, we did
not observe normalization of serum lipids and lipoproteins in remission.  As
a matter of fact, dyslipidemias tended to extend up to adulthood, as seen in
our long-term survivors.

Hypertriglyceridemia may result from either increased production or
decreased catabolism of triacylglycerol-rich particles, i.e. VLDL. In cancer,
both of these mechanisms may be involved. On the one hand, increased
influx of free fatty acids from enhanced lipolysis would result in increased
hepatic synthesis of VLDL particles (Reaven, 1983).  On the other hand,
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reduced activity of lipoprotein lipase, the key enzyme in the hydrolysis of
VLDL, would result in decreased catabolism of VLDL particles and in
hypertriglyceridemia (Eckel, 1989). In fact, decreased activity of lipoprotein
lipase has been documented in cancer (Vlassara �����, 1986). The low levels
of HDL cholesterol  observed in our patients are a more general phenomen,
on secondary to hypertriglyceridemia rather than a specific finding in cancer
patients. The proportionate catabolic rate of apolipoprotein AI, the main
apolipoprotein in the HDL particle, is elevated in hypertriglyceridemic
subjects (Nikkilä, 1987). Thus, there is a strong inverse correlation between
the plasma triacylglycerol concentration and the HDL cholesterol levels.

There was a positive correlation between the concentrations of serum
prealbumin and plasma total cholesterol in the tumor patients and in the
patients during the early follow-up after BMT. This positive correlation was
also observed by Feillet in marasmic children (Feillet ��� ��, 1993).
Prealbumin, because of  its relatively short half-life, represents substrate
available for protein synthesis rather than a body protein reserve
(Ingenbleek �����, 1972). Cholesterol is the substrate for the synthesis of cell
membranes and steroids (Eisenberg, 1990). The concentration of plasma
cholesterol increases rapidly, within a week, during refeeding after severe
protein-energy malnutrition (El-Harim �����, 1993). Serum prealbumin and
plasma cholesterol should be helpful as parameters of rapid nutritional
changes, and in the evaluation of the synthetic activity of the liver and the
delivery of substrate to the tissues. Disturbances in lipid and protein
metabolism should be considered as different sides of the same coin in
patients with poor nutritional status.

The metabolic disturbances underlying dyslipidemia in cancer patients
might be multifactorial. Poor nutritional status seems to be associated with
hypertriglyceridemia. In our patients, the higher the concentration of plasma
total triacylglycerols, the smaller were the MI and the muscle protein
reserves. In poorly developed countries, patients with severe protein-energy
malnutrition had hypertriglyceridemia (Devi �����, 1976). The link between
hypertriglyceridemia and muscle might be decreased activity of lipoprotein
lipase. LPL, a glycoprotein itself, is produced mainly by adipose tissue and
muscle (Reaven, 1983). Decreased synthesis of LPL protein results in low
plasma LPL activity (Antikainen ��� ��, 1996). In muscle tissue of cancer
patients, the synthesis of LPL might be impaired along with the overall
reduction of protein synthesis. In the present study, we did not measure the
LPL activity in the thrombopenic patients for ethical reasons: for the
analysis, the LPL would have had to be mobilized from the capillary walls
with a heparin injection. In addition to poor nutritional status, impaired
action of insulin on muscle and adipose tissue could result in dyslipidemias
similar to those observed in cancer patients (Reaven, 1983).
Hypertriglyceridemia and low levels of HDL cholesterol are characteristic
dyslipidemias of insulin resistance. Unfortunately, we do not have any data
on insulin-related metabolism in the solid tumor patients or in the patients
during early posttranplant period.
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Disturbances in insulin-related glucose metabolism were astonishingly
common among our long-term survivors after BMT. Four of  the 23 patients
(17%) had frank type 2 diabetes, and an additional 7 patients had impaired
glucose tolerance according to the new criteria (American Diabetes
Association, 1997). Half of the study group patients were hyperinsulinemic
either after an overnight fast or after a glucose challenge, which clearly
exceeds the prevalence of  7% in the Finnish middle-aged population
(Vanhala ��� ��, 1998). Hyperinsulinemia in conjunction with either
normoglycemia or hyperglycemia is considered to be the key manifestation
of insulin resistance  (Hunter and Garvey, 1998).

Insulin resistance is the primary abnormality in the evolution of type 2
diabetes, and in the insulin resistance syndrome, also including
dyslipidemia, hypertension and the development of atherosclerotic
cardiovascular disease. In addition, insulin resistance may be secondary to
both multiple human diseases, including obesity, liver cirrhosis,
hyperthyroidism and Cushing’s disease, and to physiologic conditions, such
as pregnancy and aging (Hunter and Garvey, 1998; Tritos and Manzoros,
1998). Of interest is the association of insulin resistance with genetic
syndromes, including Down’s and Turner’s syndromes, muscular
dystrophies, ataxia telangiectasia, and progeroid syndromes (Hunter and
Garvey, 1998).

The mechanism of insulin resistance may be multiple. To reach the target
cell, insulin has to circulate in the blood and traverse the capillary
endothelium and the interstitial fluid. Thus, insulin resistance could be
caused by processes limiting the delivery of insulin and glucose to target
cells, such as decreased capillary density in the skeletal muscle (Lillioja ��
��, 1987) or impaired transcapillary transport of insulin (Yang �����, 1989).
The roles of these mechanisms have been controversial, and the defects at
the receptor and the cellular levels are more likely to contribute to insulin
resistance (Hunter and Garvey, 1998). A defect in insulin-stimulated
glucose transport  has been considered to be the rate-limiting step for
glucose utilization in muscle (Hunter and Garvey, 1998).  Diminished
expression of the intracellular glucose transport protein (GLUT-4) in
skeletal muscle and adipose tissue cells  (Garvey �����, 1994, Baron �����,
1995, Dresner ��� ��, 1999), and an abnormal storage form of GLUT-4
(Garvey �����, 1998) may have a major impact on sensitivity to insulin.

The mechanisms of insulin resistance in children and young adults after
cancer therapy remain uncertain. Changes in body composition, such as
abdominal obesity and overweight, and in plasma lipids are similar in
patients with growth hormone deficiency and in patients with insulin
resistance (Bengtsson �����, 1992). Insulin resistance has been observed in
adults with growth hormone deficiency (O´Neal ��� ��, 1994). Growth
hormone therapy has diminished abdominal obesity and normalized plasma
lipids in adult growth hormone-deficient patients (Johansson and Bengtsson,
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1999). In some studies, insulin sensitivity has improved during growth
hormone therapy (Hwu ��� ��, 1997). However, this is a matter of
controversy, because growth hormone therapy ��� 	� has been associated
with insulin resistance (O´Neal �����, 1994; Alford �����, 1999; Cutfield ��
��, 2000). In a group of children after conventional anticancer therapy,
hyperinsulinemia and dyslipidemia correlated with low mean growth
hormone peaks in provocative testing (Talvensaari ��� ��, 1996). However,
only half of these patients had received cranial irradiation and were thus
clinically expected to be growth hormone deficient.�Of our patients, 6 had
received GH therapy, 3 of whom were still on replacement therapy during
the study. Two of the three had hyperinsulinemia; thus, regarding the role of
GH, our data are inconclusive.� Glucocorticoids are another group of
hormones associated with insulin resistance (Tappy, 1999). However, it
seems that the action of glucocorticoids does not extend far beyond the
cessation of the therapy (Tappy, 1999), thus leaving this group of drugs
outside the speculations. Of great interest is the observation that nutritional
stress very early in life, such as in babies born small for gestational age, is
associated with hyperinsulinemia and glucose intolerance in early adulthood
(Leger ��� ��, 1997), although this has not been confirmed in all studies
(Vanhala �����, 1999). The effect of severe malnutrition has not been studied
in respect of development of insulin resistance in later life. However, TNFα,
also associated with cachectic conditions and cancer, has now been
suggested as a mediator of insulin resistance and of obesity, both in animal
models and in humans (Hotamisligil, 1999). It is hard to understand that a
same factor would result in cancer cachexia in childhood, and in obesity
later in the life of the long-term survivors.

In our study, hyperinsulinemia was associated with chronic GvHD,
hypogonadism, and time elapsed after BMT. Chronic GvHD and
hypogonadism are clinical sequelae of different processes and yet both were
associated with hyperinsulinemia in these patients. We speculate that
hypogonadism and growth hormone deficiency emerge from the same basic
changes, eventually leading to cellular atrophy in the target organ. The
association with chronic GvHD, which has an immunological basis, is hard
to explain.However, the longer the follow-up time, the higher the percentage
of patients with hyperinsulinemia. This suggests that the development of
hyperinsulinemia is a process starting perhaps during anticancer therapy or
even during the development of cancer, but only reaching its full clinical
manifestations a number of years afterwards. Time, as observed in our
study, could serve as an adjunct to this process.

The overall long-term mortality of BMT patients is higher than that in the
normal population for several years after BMT (Socié ��� ��, 1999). The
association of insulin resistance and dyslipidemias with atherosclerotic
cardiovascular diseases (Laws and Reaven, 1993) raises the question of the
prevalence of cardiovascular mortality in BMT patients. Data on this subject
do not exist. There is one report of accelerated atherosclerosis 12 years after
BMT (Akasheh ��� ��, 1999). Of our patients, one female had already
suffered from a cerebrovascular attack at the age of 26. As the incidence of
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insulin resistance in our patients increased with time elapsed since BMT,
and the overall incidence of insulin resistance increases with aging (Tritos
and Mantzoros, 1998, Paolisso ��� ��, 1999), the risk of developing
cardiovascular disease may be of major concern to the BMT patients in the
future.
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Cancer and anticancer therapy are frequently associated with impairment of
nutritional status in both adults and children. The purpose of this study was
to evaluate the practicability and reliability of the clinical tools for assessing
of changes in nutritional status in children in the different phases of
anticancer therapy. In addition, special emphasis was placed on the
disturbances in lipid metabolism during anticancer treatment and on insulin-
related metabolism after the therapy.

We assessed the nutritional status of 42 bone marrow recipients (median age
4.7, range 1.3-17.1 years) and 19 patients with newly diagnosed malignant
solid tumors (median age 3.8, range 0.8-14.1 years) with anthropometric
measurements, ultrasonographic measurement of skeletal muscle protein
reserve (the muscle index), and with the measurement of serum visceral
protein levels. The same measurements were performed in 58 healthy
children who served as controls. Serum lipids and lipoproteins were also
assessed. In addition, we analyzed the association between nutritional
parameters and posttransplant growth-in-height in BMT patients. In the
metabolic follow-up study, the oral glucose tolerance test with measurement
of serum insulin was performed in 23 BMT long-term survivors (median
age 20.4, range 10.9-32.7 years) and 13 former ALL patients. Age- and sex-
matched healthy  young adults served as controls. In total 108 patients and
81 healthy controls participated in studies I-V.

The sensitivity, specificity and predictive value of the anthropometric
measurements and their derivatives, i.e. weight, triceps skinfold thickness,
and mid-arm circumference measurements, mid-arm muscle area, and the
body mass index, as well as serum visceral protein levels, were poor in
detecting reduced protein reserves in comparison with ultrasonographic
measurement of skeletal muscle. Accordingly, we advocate ultrasonography
as a more accurate bedside tool for measurement of nutritionally and
functionally important muscle protein reserves. The muscle index, but not
the anthropometric measurements, revealed loss of nutritional protein
reserves in both patients with newly-diagnosed tumors and in BMT patients.
The muscle index was also the key to connecting disturbances in lipid
metabolism with muscle protein reserves. In addition, normal skeletal
muscle protein reserves predicted better growth-in height, as well as a better
chance of surviving without a relapse during the first year after BMT.

The most common abnormalities of plasma lipids and lipoproteins in
children with cancer were hypertriglyceridemia and low levels of plasma
HDL-cholesterol.  These findings extended from early diagnosis to several
years after cessation of treatment. In young adults, with a median follow-up
time of 10 years after allogeneic BMT, the lipid pathology was associated
with glucose intolerance, hyperinsulinemia and abdominal obesity, all signs
of the metabolic syndrome. The core signs of the metabolic syndrome,
hyperinsulinemia and hypertriglyceridemia, were observed in 39% of the
long-term BMT survivors, but in none of the healthy age- and sex-matched
controls. Four of the 23 BMT long-term survivors (17%) had developed
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frank type 2 diabetes. These are novel findings. The incidence of the
metabolic syndrome increased with time elapsed since BMT. We emphasize
the importance of  regular and life-long follow-up of  insulin-related
metabolism in the long-term survivors after BMT
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