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Chapter 1

INTRODUCTION

1.1 Weight loss in cancer

Weight loss is a frequently occurring problem in cancer patients and is an early sign
of disease. Nearly every patient suffering from cancer will develop weight loss
during the course of disease (1-6). Data from die Eastern Cooperative Oncology
Group demonstrated that 50% of oncology patients will even have some weight loss
at the time of initial diagnosis and 16% will have lost more than 10'7 of their
prcillness weight at that time (1). Patients with breast cancer demonstrated the
lowest frequency of weight loss (14% losing more than 5% of their initial weight
during 6 months before diagnosis) whereas patients with lung and gastric cancer lost
the same amount of weight in 35% and more than 60% of the cases respectively (I).
The presence of weight loss has important consequences for therapeutic outcome. In
general, stable weight cancer patients have a better prognosis and a better response
to treatment than weight losing patients (1-6). As part of the so-called B symptom
complex in malignant lymphomas, weight loss can even result in a stage adapted
therapy (7). Cancer patients who have lost a significant percentage of their body
weight before surgical treatment are subject to a much greater risk of postoperative
mortality and morbidity (8-10). Weight loss has also an important prognostic impact
in lung cancer patients, especially in the non-small cell subtype group (reviewed in
11): loss of 5% of pre-illness weight in inoperable lung cancer patients reduced
survival ratios significantly compared to weight stable lung cancer patients (6,11-
13).

In general, weight loss can be considered as a disturbance of the energy balance,
resulting from a decreased energy intake, an increased energy expenditure or a
combination of both of them. Weight loss forms a major characteristic of the clinical
syndrome of cancer cachexia. The term cachexia is derived from the Greek words
fcafaw Aeww, meaning "bad condition". Cancer cachexia describes the syndrome that
consists of weight loss and abnormalities in carbohydrate, protein and lipid metabo-
lism. The metabolic changes include a reduction in body fat and muscle tissue,
hypoglycemia, anorexia, anemia and asthenia, resulting in a state of net negative
energy balance. Only surgical, radiotherapeutic or chemothcrapeutic control of the
tumor can completely reverse this syndrome of cachexia (2,4,14).
For a long time the cancer-induced reduction of energy intake or anorexia was
considered as the most important factor in the disturbance of the energy balance.
Anorexia refers to alterations in food perception, including alterations in taste and
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smell, that result in reduced food intake (2,15). In that sence, anorexia may be
caused by lack of appetite, premature satiety, reduced motor activity of feeding,
pain, averse taste perception or withdrawal. However, the characteristics of
anorexia are difficult to assess in practice and studies related to anorexia are difficult
to compare by the use of different methodologies. In addition, most studies are
performed in patients at a terminal phase of their disease. Only limited data are
available about the energy intake of patients in the early phase of cancer develop-
ment (16). Besides the presence of anorexia, reduced energy intake in cancer
patients can be a consequence of numerous clinical factors like intestinal obstruction
by the tumor, radiotherapy, chemotherapy-induced nausea and vomiting, oral
ulceration, atrophy of the gastrointestinal tract and depression or anxiety (2,17-19).
Different mechanisms have been proposed in the tumor-host relationship to explain
the reduced energy intake in cancer patients. Tumor produced factors like
serotonin, produced by bronchial and gastrointestinal carcinoid tumors and bombe-
sin, produced by small cell lung carcinomas, are reported to decrease energy intake
(3,20). Furthermore, changes in amino acid metabolism can influence the
neuroregulatory processes of energy intake in the hypothalamus of the host. The
essential amino acid tryptophan has been widely studied because it is the precursor
amino acid for synthesis of the neurotransmitter serotonin in the brain. Serotonin has
been associated with inhibitory control on food intake behavior and inhibition of
serotonin synthesis seemed to postpone the onset of anorexia (21). However,
blocking of serotonergic neurons, destroying serotonergic neurons and chemical
stimulation of the paraventricular hypothalamus in combination with manipulations
of the serotonin system, did not result in restoration of food intake in tumor bearing
animals to normal levels (22).

During the last years the involvement of cytokines in experimental cancer cachexia
has been a topic of extensive research. Cancer cachexia in these animal models is
considered to be mediated by complex interactions of cytokines. Cytokines are
polypeptide mediators produced by a variety of immune cells that are critical regula-
tors ol immune function. In addition, cytokines can also be produced by tumor cells
themselves. Pro-inflammatory cytokines like Tumor Necrosis Factor (TNF)-oc,
Interleukin (IL)-l, 11-6 and Interferon (IFN)-y influence the energy balance as has
been demonstrated in several animal studies (23-25). The direct administration of
TNF-oc in animals resulted in hypertriglyceridemia, hypoglycemia, anorexia and
weight loss (25). Further influences of cytokines on the energy balance will be
discussed later on.
Recently important information has become available on the regulation of food
intake. Glucagon-like peptide (GLP)-l was found to be an important inhibitor of
feeding in the brains of rats (26). GLP-1 is proteolytically derived from the
proglucagon molecule and expressed in both the pancreatic A-cells and the intestinal
L cells (27). GLP-1 modulates the glucose-induced insulin secretion and could
influence carbohydrate metabolism in that way. However, its role in man and
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especially its relation to cancer cachexia remains to be determined.
Besides quantitative assessment of total energy intake in cancer patients, qualitative
changes in substrate utilization have to be considered in the development of weight
loss. Experimental tumor-bearing animal studies have shown that energy-dependent
metabolic cycles are disturbed even before the manifestations of weight loss.
Changes in body composition occur due to changes in metabolism of fat, glucose
and protein. Many studies have shown that the major proportion of weight loss in
cancer is caused by depletion of fat (28-30). Triglyceride in adipocytes, which
represents the major storage form of fat. is mobilized by hydrolysis to glycerol and
free fatty acids that are released into plasma. Shaw et al. (31) demonstrated
increased turnover rates of glycerol and free fatty acids in weight losing patients,
l.ipoprotein lipase activity, the enzyme responsible for the clearance of (riglyccride
molecules from the plasma, was found to be decreased in cancer patients. In
addition, many studies indicated that fat is oxidized at an increased rate in cancer
patients (32-35). Increased glucose synthesis, decreased glucose tolerance and
turnover, insulin resistance, increased gluconeogenesis and increased Cori cycle
activity are among the known carbohydrate abnormalities found in cancer patients
(36-39). Disturbances in protein metabolism are reflected by increased rates of
muscle protein breakdown, increased whole body protein turnover, and increased
liver protein synthesis in combination with decreased rates of skeletal muscle protein
synthesis resulting in net host protein wasting (40-43).

Recently insight in the regulation of metabolism of adipose tissue has increased by
the discovery of the 06 gene product or leptin in adipose tissue of mice (44) and
subsequent cloning of its homologues in men and rats (45,46). l.eptin has been
demonstrated to regulate body weight homeostasis and energy balance by reducing
food intake and increasing energy expenditure (47,48). Changes in leptin levels are
considered to explain at least in part the observed alterations in body composition in
cancer patients. Injection of purified recombinant leptin dramatically reduced body
weight of o£/o£ and wild-type mice through an effect on insulin levels (46). The
putative involvement of leptin in energy expenditure needs to be further
investigated.
Although many investigators have observed changes in energy intake both in tumor
bearing animals and cancer patients, these data do not fully explain weight loss in
cancer. Several studies have even shown a similar energy intake for weight losing
patients compared to weight losing controls and weight stable cancer patients (49).
Therefore also energy expenditure needs to be investigated in order to understand
this complex problem of weight loss in cancer.
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1.2 Energy Expenditure in cancer patients

Total energy expenditure consists of resting energy expenditure (REE), diet-induced
thermogenesis and physical activities. REE is the major determinant of total energy
expenditure, amounting to about 70% in sedentary persons. REE comprises the
sleeping metabolic rate and the energy cost of arousal, which can be defined as the
minimum rate of energy expenditure in an awake, relaxed person, lying on a bed,
after an overnight fast (50,51). The introduction of equipment allowing
measurement of REE at the bedside has stimulated interest to measure REE in
different groups of patients. While REE normally decreases during starvation and
weight loss in healthy individuals or patients (52), conflicting studies about REE are
reported in malignant diseases. Reduced (53), normal (54-56) and increased REE
(57-59) are demonstrated in cancer patients in comparison with control groups.
Differences among these studies can be explained by the number of patients
investigated, the heterogenity of cancer patients with unspecified stages of disease,
the experimental methods used and the non-adjustment of REE for body
composition. However, different tumor types seemed to influence REE differently.
In general, an increased REE has been reported in lung cancer patients (54,59,60).
Hansell et al. (54) compared REE of 11 non-small cell lung carcinoma (NSCLC)
with values of gastric and colorectal cancer patients and found a significantly higher
REE in NSCLC patients when expressed in terms of body weight. However, when
corrected for body composition, no significant differences in REE were detected
between the groups. Russell et al. studied REE in small cell lung carcinoma (SCLC)
patients: REE measured by indirect calorimetry was 31% higher than the predicted
resting energy expenditure determined by the Harris Benedict (HB) formula (61).
Former studies of our group performed by Fredrix et al. demonstrated that 18 out of
30 patients with newly detected NSCLC were hypermetabolic (60). In a sub group,
REE was measured before and after surgical resection. NSCLC patients with no
evidence of tumor recurrence had a significant decrease in REE to a normal level
(62).
Although REE can be increased in some types of cancer patients, total energy
expenditure should be taken into account in the assessment of energy balance in
these patients. Until now only few studies on total energy expenditure have been
performed in heterogeneous groups of cancer patients with contradicting results
(63.64). To determine total energy expenditure, energy expenditure should be
measured over periods of days or at least 24 h. Respiratory chambers are used to
assess 24-h energy expenditure (50). Recently the doubly labelled water technique
has been introduced to measure total daily energy expenditure in free-living humans
(65). Studies on validation of this technique show an accuracy within 5-10% relative
to data derived by indirect calorimetry for subjects living in metabolic chambers
(66-68). Due to the high cost of oxygen-18, the doubly labelled water technique is
not suitable for large-scale epidemiological studies (67).
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While a lot of data are reported on measurement of resting energy expenditure in
cancer patients, only few studies are published in order to explain the possible
changes in metabolism. It will be evident mat body composition is the most
important determinant of REE (50,51). Therefore it is important to consider changes
in body composition induced by the presence of the tumor. Numerous studies were
performed to examine the relationship between REE and the 2 components of body
mass, namely the fat mass (FM) and the fat free mass (FFM). Overall, the variation
in the size of the FFM compartment explained 60-85% of the variation in RFF as
reviewed by Cunningham (69). Nelson et al. concluded (70) that I'M explained onlv
a small part of the variation remaining in REE after accounting for FFM bei.msc ot
its low specific rate of metabolic rate. Only when FM became large, it contributed
significantly to energy expenditure.
The presence of the tumor influences metabolism as has been demonstrated in
experimental animal studies (2.3). Specific tumor characteristics such as histology,
tumor size or stage were studied as possible determinants of REE. Arbeit ct al. (58)
demonstrated that cancer patients with localized and extensive disease had a
significantly enhanced REE compared to healthy controls. After tumor resection, all
patients had a postoperative drop in their REE, which was remarkably well
correlated with the measured tumor volume (58). However, the size of the tumor is
a poor parameter for tumor growth rate and activity: tumor growth is the net result
of cell formation and cell loss. Not only cell formation, but also the rate of cell loss
is a major determinant of clinical growth rate (71). Fredrix el al. investigated the
influence of tumor stage and tumor localization on REE. No significant differences
in tumor stage or localization were demonstrated between hypermetabolic and
normometabolic lung cancer patients by Fredrix et al. (60). She also investigated
REE in patients with newly detected gastrointestinal tumors (62). There was no
evidence that tumor type (gastric or colorectal) or tumor stage was important in
relation to an increase in REE in these cancer patients. No data have been published
until now about the influence of histology on REE.

Especially in lung cancer patients, pulmonary function has to be considered to
explain the elevation of REE. Smoking behavior is an important risk factor for the
development of lung cancer. A subgroup of smokers will develop airflow
obstruction as well (72). Elevation of REE has been described in patients with
disturbed pulmonary function (73-75). Patients with chronic obstructive pulmonary
disease (COPD) appeared to have an increased REE:. Several studies investigated the
hypothesis that hypermetabolism in COPD patients is due to an increased energy
consumption of breathing but convincing evidence has not yet been provided
(76,77). However, Fredrix et al. (60) did not find any significant influence of
pulmonary function on REE in lung cancer patients.
Conflicting studies have been published about smoking behavior and the effects on
energy expenditure. Hofstetter et al. suggested that smoking would influence energy
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expenditure by stimulation of the sympathic nervous system. A significant elevation
of 24-h energy expenditure was associated with smoking but no effects on REE were
seen the morning after a day with cigarette smoking (78). Some studies reported a
decrease of REE after smoking cessation (79,80), while others found no effect
(81,82). The increase in REE in lung cancer patients could not be explained by
smoking behavior as demonstrated by Fredrix et al. (60).
In conclusion, an increased REE has been demonstrated in lung cancer patients.
However, only limited data are available about the prevalence of an enhanced REE
in lung cancer patients. Moreover, there are limited data on energy intake in lung
cancer patients related to energy expenditure. Therefore both energy intake and
energy expenditure need to be investigated in a large group of lung cancer patients.
Until now no explanation has been found for the disturbed energy balance in lung
cancer. Based on experimental studies, the influence of inflammatory mediators e.g.
cytokines on metabolic derangements has been suggested. Further studies are needed
to investigate a possible relationship between energy expenditure and inflammatory
state in cancer patients.

2. Inflammation and metabolic derangements in animals

Experimental studies have demonstrated a possible role for inflammatory mediators
on metabolic derangements in tumor bearing animals. Key roles are attributed to the
pleiotropic cytokines Tumor Necrosis Factor (TNF)-a, Interleukin (IL)-l, IL-6 and
Interferon (IFN)-y (83-103). These four cytokines often share common sites of
biosynthesis as well as overlapping biologic functions.
Cerami et al. (104) initially isolated TNF-cc when studying why rabbits with
trypanosomiasis developed a marked hypertriglyceridemia together with a marked
loss of body weight. The native structure of TNF consists of a trimer with a total
molecular mass of 52 kDa (105). TNF-a was shown to effectively inhibit the
enzyme lipoprotein lipase in adipocytes (106). The metabolic derangements of
cancer patients could be reproduced by injecting rats with sublethal doses of
recombinant human TNF twice daily (107). Anorexia, weight loss, depletion of
whole body protein and lipid stores, reduction of red blood cell mass, leucocytosis
and tissue inflammation occurred in the TNF-injected rats, while sham-injected pair-
fed controls lost weight but did not develop these clinical features. However, with
continued administration, the animals became resistant or tolerant, to the cachectic
effects and regained normal food intake and gained weight (108.109). When TNF-a
was administered by either continuous infusion or by implanting a tumor genetically
engineered to continually produce TNF-a. progressive cachexia and death were
observed (107,108). More recent studies have shown that hypertriglyceridemia is the
result of the stimulation of hepatic lipogenesis. rather than the inhibition of
lipoprotein lipase (110). TNF-a together with IL-1 increased plasma triglycerides by
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stimulating hepatic lipogenesis and the production of very-low-density lipoprotein
(83.111). Other cytokines, including lL-lct, Interferon-y, Leukaemia Inhibiting
Factor (LIF) and IL-6 have been demonstrated to decrease lipoprotein lipase activity
in adipose tissue (84-85). while IL-1, IL-6 and IFN-a were demonstrated to increase
hepatic lipogenesis as well (87,88).
Chronic administration of IL-1 also produces body wasting (89,90). Like TNF-o,
IL-1 has been shown to enhance hepatic protein synthesis and acute phase responses.
Along with the cachectic changes seen with IL-1 this may support its role in the
pathogenesis of cachexia. Gelin et al. (90) noted that an anu-IL-1 receptor
monoclonal antibody in tumor bearing animals decreased tumor growth, attenuated
anorexia and preserved body fat stores. Moldawer et al. (91) reported that doses of
IL-1 one tenth of that required to cause pyrexia were capable of reducing food
intake in mice. However, these authors were unable to demonstrate elevated levels
of either TNF-a or IL-1 in tumor bearing animals. Convincing evidence for the
involvement of IL-6 in experimental cancer cachexia in adenocarcinoma bearing
mice was presented by Strassmann et al. (92,93). Increasing levels of II. 6
correlated with the development of cachexia in mice with colon-26 adenocarcinoma.
The cachectic syndrome was prevented when IL-6 monoclonal antibodies were
injected (92). The colon-26 adenocarcinoma cells produced large quantities of IL-6
in vivo and their production was IL-1 dependent. Infiltrating cells reacting to the
tumor margins produced IL-1 locally, which in turn stimulated the tumor cells to
release IL-6. Thus a positive feedback was observed between host macrophages and
tumor cells resulting in increased systemic IL-6 release and consequently in
metabolic effects (102). Further research by Strassmann et al. (94) revealed effects
of suramin on IL-6 levels. Suramin inhibits the binding of IL-6 to its cell surface
receptor and the cancer associated wasting in mice with the colon-26
adenocarcinoma. In line with these data it was shown that mice injected with IL-6
cDNA transfected Lewis lung carcinoma cells, showed an unaltered net tumor
growth rate but IL-6 release from the Lewis lung carcinoma cells caused weight loss
and shortened survival compared to mice transplanted with wild type Lewis lung
carcinoma cells (95). Animal studies have also indicated a role for IFN-y in
producing cachexia (96,97). However, its effects were only transient. Matthys ct al
(98,99) demonstrated mat fat loss was enhanced by IFN-y and antagonized by anli-
IFN-y antibody. Anti-IFN-y treatment inhibited tumor growth and counteracted the
cachectic wasting syndrome. Taken together these data demonstrate that a complex
network of cytokines is responsible for the development of metabolic derangements
and subsequent weight loss in animals. The cytokines have multiple physiologic
effects both as cellular regulators involved in the inflammatory response and host
defense against the tumor as well as stimulation of tumor growth.
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3. Measurement of inflammation in humans

3.1 TNF-o and TNF-receptors ;

Based on the experimental animal studies, many investigators have tried to detect
TNF-o in peripheral blood of cancer patients. However, conflicting results are
reported regarding the presence of TNF-a in peripheral blood (100-102).
Biologically active TNF-a is difficult to detect because of its short half-time in the
circulation (T'/i = ± 10 min.) which makes detection dependent on frequency of
sampling. In addition, the inconsistency in observed TNF data can be explained by
formation of complexes of TNF with TNF-receptors (103,111). TNF-receptors are
present on the majority of cells, except for erythrocytes and unstimulated T-lympho-
cytes (105). Two distinct types of TNF-receptors have been fully identified: one
receptor of 55 kDa (TNF-R55) and a 75 kDa receptor (TNF-R75). There is no
homology between the intracellular parts of these two TNF receptors, which
suggests that the signal pathways are different (105,112). Although the presence of
the TNF receptor is a prerequisite for a biological effect of TNF-a, there is no
correlation between the number of receptors and the magnitude of the response, or
even the direction of response. The use of agonistic antibodies or high concentrati-
ons of h'I'NF muteins suggests that, in most cases, only TNF-R55 triggering is
responsible for cytotoxic activity or enhanced expression of adhesion molecules on
endothelial cells (113-116). However, Heller et al. suggested that TNF-R75 might
be involved in the process of cytotoxicity as well (117) and others demonstrated the
involvement of both TNF-receptors in the regulation of intercellular adhesion
molecule (ICAM)-l expression by HL-60 human promyelocytic leukaemia cells in
vitro (118). Recent data indicate that TNF-R75 plays a central role in responses to
membrane-bound TNF (119).
Soluble forms of the extracelluar domain of these TNF-receptors are shed by
proteolytic cleavage of the membrane receptor and have been found in human
serum, urine and other body fluids (105). TNF administration induces increased
shedding of the receptors. Soluble (s) TNF-receptors reflect inflammatory activity.
These molecules are considered to function as anti-inflammatory agents since they
are able to catch free circulating TNF-a in plasma and to neutralize it.
Enhanced levels of both sTNF-receptors have been described in patients with
various types of cancer (120-124). Both the incidence and the extent of increase of
both sTNF-receptors was correlated with the stage of disease (120). Enhanced levels
of sTNF-R55 were related with weight loss in haematological malignancies (122).
l.angkopf et al. (124) demonstrated that renal cell carcinoma patients with low pre-
treatment levels of sTNF-receptors had a longer progression-free survival compared
to patients with high levels of sTNF-receptors. The source of these enhanced levels
of both sTNF-receptors is still unknown. Gatanaga et al. (125) reported that TNF-
R55 was the predominant form of the TNF-receptors spontaneously released by a
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human ovarian tumor cell line. Shedding of TNF-receptors by tumor cells could
enhance the systemic levels of both sTNF-receptors and could function in
counteracting the antitumor effects of TNF-o (125,126). Another explanation for
enhanced levels of circulating TNF-receptors could be the release of low amounts of
pro-inflammatory cytokines by tumor cells into the circulation leading to systemic
release of sTNF-receptors. »

3.2 Interieukin-6

IL-6 is a cytokine with plurifold properties and with a molecular mass of
approximately 26 kDa. IL-6 can be produced by T-cells, fibroblasts, monocytes and
endothelial cells upon stimulation with a variety of stimuli. These stimuli include
LPS. TNF-a. IL-1. 11-2, IFN-6 and various viruses (127,128). IL-6 is involved in
the regulation of immune responses, the acute phase response and hacmalopoiesis
(129). IL-6 is related to other cytokines mat include leukaemia inhibitory factor
(LIF), oncostatin M (OSM), ciliary neutrophic factor (CNTF). II. 11 and
cardiotrophin-1 (CT-1). All these cytokines possess a similar helical structure (130).
The human IL-6 receptor complex consists of an 80 kDa 11-6 binding molecule
termed IL-6Ra and a signal transducer, gpI30, which functions by associating with
IL-6Rcc upon the binding of IL-6 to IL-6Ra (129). The gpl30 is a common subunit
and signal transducer among the IL-6 family of cytokines.
Enhanced levels of IL-6 in serum have been reported in patients with ovarian
cancer, renal cell carcinoma, gastric carcinoma, various T-cell malignancies and
lung cancer (131-136). Not only in serum, but also in ascites of ovarian cancer
patients high levels of IL-6 were detected (137). IL-6 levels were related with stage
of disease and prognosis in ovarian cancer and renal cell carcinoma (131-134),
however Yanagawa et al. (135) could not detect differences in IL-6 levels in lung
cancer patients with or without metastases, but IL-6 levels were related with the
presence of the acute phase response.

3.3 Interleukin-8

Interleukin (IL)-8 is an 8 kD chemokine, originally isolated from LPS-stimulated
peripheral blood mononuclear cells. 11-8 belongs to the family of chemokines,
among these are monocyte chemoattractant proteins (MCP-1,2 and 3) and RANTHS
(138-140). IL-8 is produced by alveolar macrophages, endothelial cells, monocytes,
fibroblasts, T-lymphocytes and epithelial cells in response to a variety of stimuli,
including LPS. TNF-a, IL-1, IL-7 and hyperoxia (138-142). In addition to these
cellular sources. IL-8 is also produced by a variety of tumors, both constitutively
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and in response to cytokines (143,144). IL-8 has both a chemotactic and angiogenic
function. IL-8 is chemotactic for neutrophils as well as for T-lymphocytes and
stimulates the release of superoxide anions and lysosomal enzymes from neutrophils.
IL-8 was recently found to be a mediator of angiogenesis (145,146). By using
neutralizing antibodies. Smith et al. demonstrated that IL-8 accounted for 42% to
80% of the angiogenic activity in the NSCLC specimens investigated (145).
IL-8 downregulates its own receptor expression. More than 90% of IL-8 receptors
are internalised within 10 minutes of IL-8 binding. Following internalisation the IL-
8 molecule is slowly degraded by lysosomal enzymes and the digested form is
exocytosed from the cell. By liberating the receptors from IL-8, the downregulated
IL-8 receptors are quickly re-expressed on the cell membrane. This rapid turnover
may be important for the chemotactic responses of neutrophils (147).
Increased levels of IL-8 have been demonstrated in several pulmonary diseases e.g.
pneumonia, sarcoidosis, idiopathic pulmonary fibrosis, asthma, adult respiratory
distress syndrome and COPD (148).

3.4 Adhesion molecules

Adhesion molecules expressed on vascular endothelium and on circulating
leucocytes play an important role in the inflammatory response by regulating
adhesion of leucocytes to vascular endothelial cells, transmigration through
endothelium and cell-cell interactions in the immune response (149-151). Three
groups of adhesion molecules mediate the adhesive interactions: the selectins, the
integrins and the immunoglobulin supergene family. E-selectin (or Endothelial
Leucocyte Adhesion Molecule-1) is a member of the selecun family of adhesion
molecules and is expressed upon cytokine stimulation, both in vitro and in vivo, on
endothelial cells only (152). The ligands for E-selectin include sialyl Lewis X
(sLeX), present on neutrophils and macrophages, and a similar if not identical
carbohydrate on a subset of memory T-cells (153,154). Besides membrane bound E-
selectin, also soluble E-selectin exists. Endothelial cells expressing E-selectin were
shown to shed the extracellular part of E-selectin molecules (152). sE-selectin was
found to be constitutively present in plasma of healthy individuals. Intercellular
Adhesion Molecule (ICAM)-l and Vascular cell Adhesion Molecule (VCAM)-l
belong lo the immunoglobulin supergene family (149,151). ICAM-1 binds to two
integrins belonging to the 6, subfamily. CD1 Ia/CD18 (leucocyte function-associated
antigen (l.FA)-l) and CDIl"b/CDI8 (MAC-1). both expressed by leucocytes (155),
while the ligand for VCAM-1 is the integrin, very late antigen (VLA)-4. The cell
surface expression of ICAM-1 and VCAM-1 is upregulated following activation
during inflammatory responses. ICAM-1 is expressed on endothelial cells, epithelial
cells, fibroblasts, leucocytes and many tumor cells (149,151). VCAM-1 is also
widely distributed on endothelial cells, epithelial cells, macrophages and dendritic
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cells (149.151). The adhesion molecules ICAM-1 and VCAM-l are shed by cells
expressing these molecules and sICAM-1 and sVCAM-1 are present in plasma of
healthy individuals (156.157). u^i , * s^s * ^io#
Flevated levels of sICAM-1 and normal levels of sE-selectin in cancer patients htvt
been demonstrated in several studies (158-164), but mere is limited information on
levels of soluble VCAM-l in blood of cancer patients (164). The significance of
adhesion molecule shedding is not clear but it may have profound implications for
tumor metastasis. Shedding of ICAM-I by circulating tumor cells may allow their
escape from surveillance by cytotoxic T cells and natural killer cells and thus
promote metastasis. Odierwise shedding of adhesion molecules by activated
endothelial cells may prevent the adhesion of tumor cells to cndothelium at
metastatic sites (164).

3.5 Acute Phase Proteins

The systemic acute phase response involves a complex cascade of synthesis and
secretion of both cytokines and hepatocyte-derived acute phase proteins. Normally
the acute phase response lasts only a few days, but in cases of chronic or recurrent
inflammation, a continuation of the acute phase response may contribute to the
underlying tissue damage that accompanies the disease, and may also lead to further
complications, for example cardiovascular diseases or protein deposition diseases
such as reactive amyloidosis (165). The tissue macrophage or blood monocyte is
commonly associated with the cascade of events during the acute phase response.
Activated macrophages produce the cytokines IL-1, IL-6 and TNI'-ct which are the
most important inducers of the acute phase response (166). Other inducers of the
acute phase response are IFN-y, leukaemia inhibitory factor (I.IF'), oncostatin M
(OSM), ciliary neutrophic factor (CNTF). transforming growth factor (5 (TGI-p"),
glucocorticoids and IL-11 (165). Most acute phase proteins are induced between
50% and several-fold over normal levels. The changes in plasma proteins arc
variable and probably reflect differences in the amount of each protein that is
necessary to participate effectively in the acute phase response. Two acute phase
proteins have been investigated in the present study, namely C-reactive protein
(CRP) and lipopolysaccharide-binding protein (LBP).
CRP is a pentraxin, a protein with a characteristic pentameric organization of
identical subunits arranged as single and double annular pentagonal discs,
respectively (167). CRP was originally named for its ability to bind the C-
polysaccharide of Pneumococcus and has a number of calcium-dependent binding
specificities (165). It acts as an opsonin for bacteria, parasites and immune
complexes, and can activate the classical pathway of complement. IL-6 is the main
inducer of CRP mRNA transcription in the liver (168).
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LBP is a 60 kDa glycoprotein which facilitates binding of lipopolysaccharide (LPS)
to CD14, a newly described receptor for LPS (169,170). LBP is found in normal
serum or plasma in the 5-10 jig/ml range. LBP has a binding site for lipid A, thus
binding with high affinity to LPS from rough and smooth form bacteria. The lipid A
portion of LPS is responsible for most of the biological effects of LPS (171). LBP is
mainly produced by hepatocytes, but has also been demonstrated in lung, kidney,
heart and spleen tissue (172). In serum or plasma, the association of LPS with LBP
is transient (173). Binding of the LPS-LBP complex to CD14 on
monocytes/macrophages results in an enhanced release of inflammatory mediators.
An enhanced acute phase response has frequently been observed in patients with
cancer. It has long been recognized that with tumor progression an acute phase
response may develop. However, not all patients with metastatic disease have an
increased acute phase response (174). Fearon et al. found that the strongest predictor
of shortened survival was the degree of acute phase response at the time of diagnosis
in colon cancer patients (175). Fearon also observed in weight losing cancer patients
that the presence of an acute phase response was associated with an accelerated loss
of the vital body cell mass (174). The present study will further investigate the role
of the acute phase response in lung cancer patients and the possible relationship with
the disturbed energy balance.
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Aim of the study < • • -. .. ^

The aim of the present study was to assess the disturbed energy balance in lung
cancer patients and to investigate the putative relationship between metabolic
parameters and inflammatory mediators in lung cancer. To this end, the following
studies were performed.
1. The incidence of the disturbed energy balance was investigated in patients

with newly detected lung cancer. Possible determinants were investigated.
2. The presence of intlammation was assessed in patients with newly detected

lung cancer. To this end inflammatory mediators were measured in plasma,
in bronchoalveolar lavage fluid and the expression of inflammatory mediators
was investigated on resection specimens of NSCI.C patients.

3. A possible relationship between the metabolic disturbances and inflammatory
mediators in NSCLC patients was investigated.

4. Metabolic parameters were investigated in NSCLC patients before and 3, 6
and 12 months after surgery.

5. Metabolic parameters and inflammatory mediators were assessed in SCLC
patients before and after chemotherapeutic treatment.
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Chapter 2

ANALYSIS OF THE ENERGY BALANCE IN LUNG
CANCER PATIENTS

Abstract

Previous studies have shown that an elevated resting energy expenditure (REE)
frequently occurs in lung cancer patients. The aim of the present study was to assess
the balance between REE and dietary intake and to analyse the contributing factors
of elevated REE in newly detected lung cancer patients. Hundred newly detected
lung cancer patients were evaluated. Measured values of REE were adjusted for the
values predicted by the Harris-Benedict (HB) formula and for Fat-Free Mass (FFM)
assessed by the bio-electrical impedance method.
Dietary intake was measured using a dietary history.
A substantial number of patients (30%) had a weight loss of 10% or more from their
pre-illness stable weight. An elevated REE was found in 74% of the patients.
Stratification by tumor localization revealed that patients with a central tumor had a
significantly higher REE (121 ± 13% versus 110 ± 10% of predicted, p<0.001)
and significantly higher level of C-reactive protein (35 ± 35 mg/l versus 16 ± 26
mg/1, p=0.006) compared with patients with a peripheral tumor. Dietary intake was
significantly lower in the weight losing group (1872 ± 542 kcal/day versus 2169 ±
782 kcal/day, p<0.05) compared with the weight stable group. We conclude that
both elevated REE and decreased dietary intake contribute to weight loss in lung
cancer patients. Tumor localization and inflammation were found to be contributing
factors to the elevated REE.
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Introduction

Weight loss is a frequently occurring problem in patients with lung cancer and is an
early sign of disease. Different studies have shown that stable weight cancer patients
have a better prognosis and a better response to treatment than weight losing patients
(1,2,3). In general, weight loss can be considered as a disturbance of the energy
balance, resulting from a decreased energy intake, an increased energy expenditure
or a combination of both of them. Resting energy expenditure (REE), which
comprises the sleeping metabolic rate and the energy cost of arousal, can be defined
as the minimum rate of energy expenditure in an awake, relaxed person, lying on a
bed, after an overnight fast (4,5). REE is the major determinant of total energy
expenditure, amounting to about 70% in sedentary persons. Elevation of REE in
lung cancer patients has been described in earlier studies (6-8), but limited
information is available regarding the prevalence and determinants of the increased
REE. Various factors have been suggested to influence REE, such as smoking, type
of tumor, tumor stage or lung function. No data are available however regarding the
balance between REE and dietary intake in a representative group of lung cancer
patients.
The aim of the present study was to assess the prevalence and contributing factors of
a hypermetabolic state in newly detected lung cancer patients and to assess the
energy balance in order to improve our knowledge about weight loss in these
patients.

Materials and methods

Hundred newly detected primary lung cancer patients were consecutively included in
the study between March 1992 and May 1993. All patients had histologically
documented tumors. The exclusion criteria for the study were: previous treatment
with chemotherapy or radiotherapy, treatment with high doses of steroids, severe
endocrine abnormalities (insulin dependent diabetes mellitus, hyper/
hypothyroidism) and body temperature exceeding 37.7 °C. Tumor stage was
assessed according to the new international staging system for lung cancer. The
TNM-classification was used for non-small cell lung cancer and the two-stage
classification system was used for small-cell lung cancer (9,10). Smoking habits of
the lung cancer patients were recorded on admission. The patient population was
divided into a group of non-smokers, smokers and ex-smokers defined as refraining
from smoking for more than 6 months before entering the study. The study was
approved by the medical ethical committee of the University hospital of Maastricht.
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REE was measured by indirect calorimetry using a ventilated IHXKI system (Oxycon
B. Mijnhardt. Bunnik. The Netherlands). After an overnight last in hospital and
while at complete rest, a measurement was made on the metabolic ward over a 20
minute period between 7 a.m. and 9 a.m. under quiet circumstances. I-low through
the canopy was kept constant during measurements and was adjusted to the weight
of the patient, ranging from 35 to 45 L/min. The equipment was calibrated at the
start of every experiment. The precision of the device was checked monthly by
burning methanol with a theoretical RQ of 0.667 during complete combustion. The
REE measurement is very reproducible. Several studies have shown that the wilhin-
subject variation in REE for healthy persons and patients with stable disease is
smaller than 1,5 % (p > 0.05) when measurements are repeated (11-13). The
adjustment of REE for the metabolically active tissue mass or fat-free mass (FFM) is
indicated for a correct interpretation of the variations in REE (14-16).

fltx/v tt

Body height was measured with the subject standing barefoot and determined to the
nearest 0.5 cm. Body weight was measured with a beam scale, with the subject
standing without shoes in underwear, to the nearest 0.1 kg. Actual body weight was
expressed as a percentage of ideal body weight (PIBW). Ideal body weight was
determined as the midpoint of the weight range for a given height and frame size.
Frame size was determined by wrist circumference (17). Mid arm circumference
was measured halfway between the coracoid process and olecranon, using a llexible
measuring tape.FFM was assessed using the single frequency bioelectrical
impedance (BI) analysis (RJL-Systems, BIA-101, Detroit. M l ) . Resistance was
measured with the subject in supine position on the right side, as described by Lu-
kaski (18). FFM was calculated using a patient specific regression equation,
TBW = 8.9 + 0.5*(height-/resistance). FFM = TBW / 0.73 (19). The BI method
is a non-invasive, safe, rapid and reproducible technique (20.21). FFM was
measured in the early morning after REE measurement to avoid influence of exe-
rcise or eating (22,23). FFM was not measured in patients with signs of edema
(n = 3) (24). Fat mass (FM) was determined by substracting FFM from body weight.

Dietary intake during the period prior to admission was estimated using the diet
history method (25). All interviews were performed by two trained dieticians within
the first week after admission to the hospital. Dietary intake was calculated using the
computer with the nutrient data base derived from the Dutch food composition tables
(NEVO) (26).
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Forced expiratory volume in one second (FEV,) and inspiratory vitaJ capacity (IVC)
were measured with a wet spirometer (Pulmonet III", Gould Godart, Bilthoven, The
Netherlands); the highest value of at least three technically acceptable spirometric
manoeuvres being used. The lung function variables were expressed as percentages
of the reference values (27).

Serum albumin and prealbumin, suggested to act as negative acute phase proteins
(28), were assessed with the photometric method, thyroid stimulating hormone
(TSH) was assessed with an immuno radiometric assay, cortisol with a radio
immuno assay and C-reactive protein (CRP) by the turbidemetric method.

Measured RFE was compared to predicted REE using the Harris Benedict (HB)
equations (29). Subjects with a measured REE above 110% of that predicted by the
HB formula were considered hypermetabolic. This definition of hypermetabolism
was based on Boothby's finding that 95% of normal individuals exhibit a measured
REE within 10% of the predicted value (30). REE was expressed in absolute terms
(REE), per kg body weight (REE/BW), per kg FFM (REE/FFM) and as a
percentage of HB (REE/HB). The percentage weight change from pre-illness stable
weight reported by the patient was used to divide the patient population into a
weight stable (< 10% weight loss) and a weight losing group (> 10% weight loss).
The patient population was also divided by tumor localization: central versus
peripheral. A central tumor was defined as an endoscopically visible tumor mass.
The group of patients with a central tumor was further subdivided according to the
radiological findings on the chest x-rays: group A had no signs of an obstruction
infiltrate, while group B had infiltrative changes with or without signs of atelectasis.

Statistical analyses were performed using Student's t-test when appropriate. The
Mann Wlutney-U test was used for the statistical analysis of nonparametric data.
Frequency data were compared using the Chi-square test. Correlations were
determined using the Pearson correlation coefficient. Multiple regression was
applied to analyse determining factors of the increase in REE. Results are presented
as mean ± SD. P-values <0.05 were defined as statistically significant. The
statistical calculations were performed by the SPSS/PC + 4.0 package (31).
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Physical Characteristics

Lung Function

Histology

Tumor stage : NSCLC

SCLC

male/temale —

Age (year)

Weight (kg)

Height (cm)

FFM (kg)'

IVC(X)

FEV,(%)

Adenocarcinoma

Squamous cell

Large cell

Small cell

Others

Stage 1

Stage II

Stage MIA

Stage 1MB

Stage IV

Limited disease

Hxieasive disease

82/18

65 ± 9

70 2 ± 14.3

170.8 ± 8.7

50.4 ± 5.9

90 ± 22

76 ± 2 3

Number

21

32

27

17

3

21

3

19

13

27

7

10

api>a/or)' m / v.
± «/.

Results

The patient characteristics of the study group are summarized in Table I. Eighty-
two men and 18 women with newly detected lung cancer were included in the study
(age 65 ± 9 y). The group consisted of 17 patients with small cell lung cancer and
83 patients with non-small cell lung cancer. Tumor stage and histology are shown in
Table 1.
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cancer pan>n/.f

0 / energy fcnteen a/w/

Weight loss < 10%
(n = 70)

Weight loss> 10%
(n = 30)

P-value

Weight loss (kg)

PIBW (kg)

FFM (kg)

REE (kcal/day)

REE(%HB)

REE (kcal/kg BW)

REE (kcal/kg FFM)'

El (kcal/day)

El/REE

1.7 ± 3.3

106.7 ± 15.5

51.3 ±6 .7

1637 ± 207

115 ± 13

23.4 ± 3.3

32.9 ± 4.2

2169 ± 782

1.32 ±0.59

10.8 ± 2.8

97.9 ± 14.2

48.5 ± 6.0

1697 ±311

123 ± 12

25.3 ± 2.8

33.9 ± 3.7

1872 ± 542

1.16 ± 0.34

± .«/. /j-Ma/iwv * / > < 0 05.
mcu5, flW = fltx/y WM W, £ /

Data on body composition and energy balance of the weight stable and weight-losing
patients are shown in Table 2. Mean reported weight loss in the weight-losing group
was 10.8 ± 2.8 kg over the last 6 months. In the weight-losing group REE
adjustedfor HB (123 versus 115 %HB, p = 0.01) and REE adjusted for BW (25.3 ±
2.8 versus 23.4 ± 3.3 kcal/kg, p<0.005) were significantly higher. This significant
difference in REE disappeared after correction for FFM (33.9 versus 32.9 kcal/ kg).
Dietary intake in absolute terms was significantly lower (1872 versus 2169 kcal/day,
p<0.05) in the weight-losing group.
A striking difference in tumor localization was found between the weight-losing
group and the weight stable group. The weight-losing group was found to include
significantly more patients with a central tumor than patients with a peripheral tumor
(26 central tumors versus 4 peripheral tumors for the weight-losing group,
p=0.009). No differences in inflammatory markers, tumor stage, pulmonary
function or histology were found between both groups. Thereupon, patient
population was divided according to tumor localization. Patients with a central
tumor had a higher REE adjusted for HB (121 versus 110 %HB, p<0.001) and a
higher REE adjusted for FFM (33.8 versus 32.0 kcal/FFM, p=0.015) than patients
with a peripheral tumor (Table 3). Patients with a central tumor lost more weight
than those with a peripheral tumor (5.8 versus 1.6 kg, p = 0.08). Dietary intake was
slightly higher in patients with a central tumor (2140 versus 1952 kcal/day),but
comparable results were found when dietary intake was related to REE.
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Tumor localization

Body composition

Weight loss (kg)

PIBW (%)

FFM (kg)*

Energy balance

REE (kcal/day)

REE(%HB)

REE (kcal/ffm)'

E l (kcal/day)

E.I./REE

Biochemical parameters

CRP (mg/l)

Albumin (g/l)

Prealbumin (g/l)

Comsol (nmol/l)

TSH (mu/l)

Lung function

IVC(%)

FEV,(%)

Histology

SCLC

NSCLC

Central
(n = 68)

5.8 ±5.1

101.7 ± 14.0

50 4 ±6 .3

1711 ±295

121 ± 13

33.8 ± 4 5

2140 ± 796

1.27 ±0.53

35 ±35

34.1 ±5.6

0.20 ± 0.08

560 ± 160

2.0 ± 1.8

85 ±22

73 ±23

17 pat.

51 pat.

Peripheral p-value
Ui-32)

1.6 ± 4 3

109.2 ± 17.2 •

50.4 ± 7 4

1612 ± 250

110 ±10 • • •

32.0 ± 2.7 •

1952 ± 549

1.29 ±0.60

16 ± 26 •

37 7 ± 3.8 • • •

0.25 ± 0.06 • •

484 ± 147 •

2.5 ± 2 1

101 ± 17 • • •

83 ± 22 •

0 pal. • •

32 pat.

= /Vr<rwajf idea/ /wd>' neijf/u,
maw, £./. = Energy

Forced «p*>a/o / 1 , pa/.

/'«', WB = Warm Bewd«7,
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SCLC
NSCLC

Group A
n - 4
n = 13

Group B
n = 13
n = 38

p-value

REE (kcal/day)

REE(%HB)

REE (kcal/tim)'

CRP (mg/l)

1790 ± 396

123 ± 13

33.7 ± 4.7

19 ± 20

1682 ± 256

120 ± 14

33.8 ± 4 5

42 ± 35

Group /4 «
o/ta/rurrion

/uwwr uir/icu/ tin ofevrrur/ion /'n/i//ru/«r, Group fl = cen/ru/ rwwr vw/A U/I
a.v /wan ± .«/. p-ua/uf.v: * * / J < 0.005. ' n = 97, /?££ =

mavv. C/fP =

Several factors suggested to contribute to an elevation of REE were investigated
between both groups. Serum CRP was significantly higher in the group of patients
with a central tumor (35 versus 16 mg/1, p = 0.006). Serum albumin and prealbumin
levels were significantly lower in the group of patients with a central tumor
localization, while serum cortisol levels were significantly higher. TSH levels were
not significantly different between both groups (Table 3). Lung function tests
showed significant differences between the two groups. IVC and FEV, were lower
in the group of patients with a central tumor localization, in accordance with a more
restrictive loss of lung function (Table 3). 7 Patients in the central group and 3
patients in the peripheral group were known with COPD prior to their diagnosis of
lung cancer. There was no difference in smoking behavior between the groups of
patients with a central or peripheral tumor localization (p = 0.36). Small cell lung
cancer only occurred in the group of patients with a central tumor localization.
Therefore the group of patients with a central tumor was further subdivided
according to histology: small cell lung cancer (SCLC) versus non-small lung cancer
(NSCLC). REE adjusted for FFM was significantly higher in the group of patients
with SCLC (36.4 ± 4.1 versus 32.9 ± 4.4 kcal/kgFFM. p<0.01). All the other
metabolic parameters analysed were not signifcantly different between the groups of
SCLC and NSCLC.
To evaluate the possible influence of infiltrative abnormalities of the lung, the group
of patients with a central tumor localization was subdivided on the basis of
radiological findings on the chest x-ray. REE, whether expressed in absolute terms
or adjusted for HB and FFM, was not different for the two groups with or without
an obstruction infiltrate (Table 4). A 2-fold increase in CRP however was found in
the group of patients with an obstruction infiltrate on the chest x-ray (p< 0.005).
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Possible determinants on the elevation of REE adjusted for HB were further
analysed by multiple regression analysis (Table 5). Tumor stage, tumor histology,
tumor localization. CRP, lung function and smoking behavior were chosen as
possible determining factors. Tumor localization (p<0.05) and CRP (p< 0.005)
contributed significantly to the explained variation in REE/HB. When REE in
absolute terms was considered as dependent variable and tumor localization. CRP,
FFM and FM were included in the regression analysis, the tumor localization was
still a significant contributor (p<0.05) in addition to FFM (p< 0.001) and I'M
(p<0.001).

REE adjusted for HB as dependent variable:

Variable

Tumor stage

Tumor histology

Tumor localization

CRP (mg/l)

FEV,(% )

rvc(%)
Smoking behavior

B

.039

-.051

-.242

.125

-.154

-.174

.143

SEB

.040

-.054

-.242

.042

-.174

-.174

.150

TSig

.334
-456

-2.105

3.003

-1 488

-1 488

1.276

p-value

.739

.630

.039

.004

.141

.141

.206

R- = 0.111. F = 9.016, Significance of F = 0.004

REE as dependent variable:

Variable

FFM (kg)

FM (kg)

CRP (mg/l)

Tumor localization

B

26.800

10.917

.717

-97.254

SEB

2.800

2.080

.591

39.328

TSig

9.570

5.249

1.213

-2.473

p-value

000

.000

.228

.015

R" = 0.56. F = 28.167. Significance of F < 0.001

ro<rj0fri>nr /
. SF. fl =

error o/ r/ie
error

V, = Forced
FM = Ftw mar5

in / v., /VC = /rup/ra/ory vi/a/ cqparify.

«/fr"f.«M»i

, f - mean
C-reacritv
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Discussion • •' • *• *

The present study clearly shows that the energy balance in newly detected lung
cancer patients is disturbed in a high proportion of patients: An REE > 110 % of
predicted occurred in 74% of the patients. A substantial number of patients (30%)
had a weight loss of 10% or more from their pre-illness stable weight. The energy
balance data indicate that both an elevated REE and a decreased dietary intake
contribute to weight loss. Central tumor localization and inflammation, reflected by
C-reactive protein values, were found as contributing factors to the increase in
resting energy expenditure.
In general, energy expenditure data are related to prediction formulae including
weight, height, age and gender. The formulae however do not take differences in
body composition between individuals into account. It is generally acknowledged
that in the absence of excessive fluid shifts, a useful estimate of the metabolically
active tissue mass is given by FFM. Recently bioelectrical impedance was
introduced as an easy and reliable measurement of FFM (20,21). In an earlier study,
we have validated this method in lung cancer patients by comparing the results with
deuterium dilution as a reference method for the measurement of total body water
(19). It appeared that measurement of resistance gave a reliable estimation of FFM
in lung cancer patients. Indeed in the present study, differences were seen between
metabolic data adjusted for FFM and expressed as percentage of the prediction
formula.
Besides a high prevalence of hypermetabolism in our group of lung cancer patients,
REE in weight losing patients tended to be higher compared to the weight stable
group. This finding is in contrast with the decrease in metabolic rate which normally
occurs during starvation and weight loss in healthy individuals or patients (32). The
tumor related increase in REE was not balanced by an increase in dietary intake:
dietary intake in absolute terms as well as dietary intake expressed as a ratio of
measured resting energy expenditure were markedly lower in the weight losing
group. No difference in histology or tumor stage was found between the weight
losing and weight stable group.
Tumor localization was found to play a determining role in the metabolic
derangements in lung cancer patients. The weight losing group consisted of far more
patients with a central tumor localization than the weight stable group. Moreover,
the patients with a central tumor localization had also a signifi-cantly higher REE
adjusted for body weight and FFM than patients with a peripheral tumor
localization. The stratification for histology in the group of patients with central
tumor localization revealed that patients with SCLC had a significantly higher REE
adjusted for FFM. The presence of post-obstructive infiltrative radiological changes
could not explain the increase of REF. The pattern of negative and positive acute
phase proteins however reflected a marked inflammatory response in patients with a
centrally located tumor. The cortisol levels were also elevated in the central group.
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Possible determinants on the elevation of REE adjusted for HB were further
analysed by multiple regression analysis. CRF and umor localization were found to
influence REE adjusted for HB significantly. The present study did show that neither
tumor stage, tumor histology, lung function nor snicking behavior were significant
determinants for the elevation of REE adjusted for MB. Conflicting studies on
smoking behavior and increased energy expenditure have been reported. Hofstettcr
et.al. reported a significant elevation of 24-h energy expenditure to be associated
with smoking, but no effects on REE the morning after a day with cigarette smoking
(33). Some studies reported about a decrease of REE after smoking cessa-tion
(34,35). while others found no effect (36,37). The present study confirms previous
reported findings that the increase in REE cannot be explained by (umor stage,
histology, pulmonary function or smoking behaviour (7). When REE in absolute
terms was considered as dependent variable and body composition in addition to
(umor localization and CRP was included into the multiple regression analysis, li'M
and EM were significantly related to the increase in REE next to tumor localization,
which remained an independent contributor to the explained variation.
In conclusion, the present study demonstrates a disturbed energy balance in 70% of
the lung cancer patients. Tumor localization and level of inflammation were found lo
be determining factors of the increase in resting energy expenditure. I urther
analysis is required to assess the interesting relationship between the localization of
the lung tumor, the presence of acute-phase proteins and the concomitant metabolic
disturbances. Unraveling the pathogenesis of weight loss as a constitutional effect of
bronchogenic carcinoma can give insights into the metabolic response of the host to
the tumor.
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Chapter 3

HYPERMETABOLISM IS MORE PRONOUNCED IN SMALL
CELL LUNG CARCINOMA COMPARED TO NON-SMALL
CELL LUNG CARCINOMA AND HEALTHY CONTROLS

Abstract

Weight loss is a frequently occurring problem in lung cancer patients. Both an
increased resting energy expenditure (REE) and a decreased energy intake contribute
to weight loss in lung cancer patients. The central localization of the tumour and
enhanced systemic levels of inflammatory mediators were found to be contributing
factors to the elevated REE in a previous study. The aim of the present study was to
evaluate the metabolic and inflammatory characteristics of small cell lung carcinoma
(SCLC) patients and non-small cell lung carcinoma (NSCLC) patients. The
metabolic parameters of the lung cancer patients were compared to a healthy control
group. REE was measured in 66 patients with lung cancer subdivided according to
histology and in 33 healthy controls, matched for sex. age and fat free mass (FTM).
Inflammatory mediators were measured in plasma of the lung cancer patients.
An increased REE adjusted for FFM was found in the lung cancer patients. Patients
with SCLC had an increased REE adjusted for FFM (1925 ± 238 kcal/day)
compared to patients with NSCLC (1789 ± 162 kcal/day, p<0.01). FFM explained
69% and 48% of the interindividual variation in REE in controls and NSCLC
respectively, while FFM explained only 25% of the variation in REE in SCLC. In
SCLC, also fat mass (FM) contributed significantly with 28% to the explained
variation in REE. Increased concentrations of soluble TNF-receptor 75 (sTNF-R75)
and cortisol were found in SCLC compared to NSCLC. Cortisol levels were within
the normal range. LPS-binding protein (LBP) and sTNF-R55 were significantly
related to plasma cortisol.
In conclusion, an enhanced REE adjusted for FFM occurred in SCLC compared to
NSCLC. These data cannot be explained by differences in inflammatory
mechanisms.

45



Introduction

Weight loss is a frequently occurring problem in patients with lung cancer (1-3).
Weight loss can be considered as a disturbance of the balance between energy intake
and energy expenditure. In a former study we have demonstrated that both an
increased resting energy expenditure (REE) and a decreased energy intake relative
to energy expenditure contribute to weight loss in lung cancer patients (4). The
central localization of the tumor and enhanced systemic concentrations of
inflammatory mediators were found to be contributing factors to the elevated REE
(4).
Lung cancer can be subdivided into two groups according to histology: small cell
lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC). SCLC
belongs to the group of neuroendocrine tumors (5). The presence of neurosecretory
granules and the ability to secrete a variety of polypeptide hormones are
characteristics of the SCLC cells. SCLC is the most aggressive tumor among the
different types of lung cancer. Hypermetabolism has been described in patients with
SCLC (6,7) and patients with NSCLC as well (8,9).
Tumor-induced hypermetabolism may be caused by a direct effect of the tumor
itself, but can also be the consequence of secretion of hormones or cytokines.
Cytokines are involved in metabolic derangements as has been demonstrated in
experimental animal studies (10-18). In a previous study we described a relationship
between the presence of a systemic inflammatory response with weight loss and
hypermetabolism in NSCLC patients (19). The systemic inflammatory response was
assessed by measurement of both soluble (s) TNF-receptors and the acute phase
proteins C-Reactive Protein (CRF) and LPS-Binding Protein (LBP). STNF-receptors
are considered to be the natural inhibitors of TNF-a and enhanced concentrations of
tlie sTNF-receptors in plasma reflect a systemic inflammatory response (20,21).
Since SCLC and NSCLC have different characteristics, we hypothesized that the
determinants of the enhanced REE, specifically tlie influence of inflammatory
mediators, might be different for both groups. Therefore the aim of the present
study was to evaluate the metabolic and inflammatory characteristics of SCLC and
NSCLC patients. In addition, metabolic parameters of the lung cancer population
were compared to a healthy control group.

Subjects «uid methods

33 SCLC patients, 33 NSCLC patients and 33 healthy controls were included in the
study. The three groups were matched for sex, age and fat free mass (FFM). All
patients had historically documented tumors and had not yet received treatment.
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The exclusion criteria for the study were: previous treatment with chemotherapy or
radiotherapy, treatment with high doses of corticosteroids. severe endocrine
abnormalities (insulin dependent diabetes mcllitus, hyper/hypothyroidism) and body
temperature exceeding 37.7 ~'C. Tumor stage was assessed according to the
international staging system for lung cancer. The TNM-classification was used for
non-small cell lung cancer and the two-stage classification system was used for
small-cell lung cancer (22,23). Healthy controls had a stable weight for more than
one year, a Body Mass Index (BM1) <30 kg/nv, a normal body temperature, and
no evidence of physical or mental disease as assessed by physical examination. The
study was approved by the medical ethical committee of the university hospital of
Maastricht. Informed consent was obtained from all patients and controls.

v expimtou/r

REE was measured by indirect calorimetry using a ventilated hood system (Oxycon
B*. Mijnhardt. Bunnik, The Netherlands). Flow through the canopy was kept
constant during measurements and was adjusted to the weight of the patient, ranging
from 35 to 45 L/min. The equipment was calibrated at the start ol every experiment.
The precision of the device was checked monthly by burning mclhanol with a
theoretical RQ of 0.667 after complete combustion. After an overnight fast in the
hospital and while at complete rest, a measurement was made on the metabolic ward
over a 20 minute period between 7 a.m. and 9 a.m. under quiet circumstances.
Measurements in control subjects were performed similarly but on an outpatient
basis. Fredrix et al. (24) showed that variations due to limited physical activities,
including a short travel from home to the hospital, do not significantly influence the
measurement of REE.

Body height was measured with the subject standing barefoot and determined to the
nearest 0.5 cm. Body weight was measured with a beam scale (SECA, Germany),
with the subject standing without shoes in underwear, to the nearest 0.1 kg. The
adjustment of REE for the metabolically active tissue mass or FFM is indicated for a
correct interpretation of the variations in REE (25-27). FFM was assessed using the
single frequency bioelectrical impedance (BI) analysis (RJL-Systems, BIA-101,
Detroit, M.I.). Resistance was measured with the subject in supine position on the
right side, as described by Lukaski (28). FFM was measured in the early morning
after REE-measurement to avoid influence of exercise or eating (29,30). The BI-
method is a non-invasive, safe, rapid and reproducible measurement of body
composition (31,32). In an earlier study we established a good correlation between
height/resistance and total body water (TBW), as assessed by deuterium dilution in
elderly cancer patients (33). Based on this study the following patient specific
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regression equation was used: TBW = 8.9 + 0.5*(heighrV resistance) ;
FFM = TBW / 0.73 (33). Fat mass (FM) was calculated as body weight minus
FFM. : ? ••:;.

Blood was obtained by venepuncture from patients before breakfast. Blood was
collected in evacuated blood collection tubes (Sherwood Medical, St. Louis, MO)
containing 50 III Heparin* (Leo Pharmaceutical Products B.V., Weesp, The
Netherlands). Plasma was separated from blood cells by centrifugation at 1000 G for
5 minutes within I hour alter collection. Plasma samples were stored at -70" C until
analysis.

Af auu/wnem o/ //i/fo/n/na/ory wttfia/orr

Inflammatory mediators were measured using sandwich ELISA as described
elsewhere (34-36). In short, for measurement of sTNF-R55 and sTNF-R75, MAbs
MR I I and MR2-2 were used respectively for coating. Specific biotin labelled
polyclonal rabbit anti-sTNF-R IgG were used as detector reagents. The standards
used were recombinant human sTNF-R55 and sTNF-R75. The detection limit of
both assays was 100 pg/ml. Polyclonal rabbit anti-human recombinant LBP IgG was
used as coating for the LBP ELISA and biotin labelled polyclonal rabbit anti-human
recombinant LBP IgG was used for detection of LBP. The standard used was
recombinant human LBP. Washing and dilution was performed in buffer containing
40 niM MgCI for preventing disturbance by LPS of LBP recovery in the ELISA.
The detection limit of the assay was 200 pg/ml. The TNF-cc ELISA consisted of
61E7I as coating Mab and polyclonal rabbit anti-human TNF-a Abs. TNF-a could
be detected with a lower detection limit of 20 pg/ml. The standard used was
recombinant human TNF-a. Immuno assay plates (Nunc-Immuno Plate Maxisorp,
Roskilde. Denmark) were used for the ELISA assays. Biotinylated samples were
detected with streptavidin-peroxidase conjugate (Dako, Glostrup, Denmark), while
peroxidase-conjugated goat anti-rabbit IgG (Jackson Immunoresearch, West Grove,
PA) was used in the TNF-a ELISA. TMB (3.3',5.5'-tetramethylbenzidine,
Kirkegaard & Perry Lab., Gaithersburg. MD) was used as a substrate.
Photospeciometry (450 nm) was performed using a micro ELISA auto-reader.
CRP was measured by turbidimetry. The detection limit of the assay was 5 /zg/ml.

In order (o exclude hyper/hypothyroidism. TSH was assessed with an immuno-
radiomctric assay. Cortisol was determined in order to evaluate adrenal function and
possible ectopic cortisol production as observed in SCLC (37-39). Cortisol was
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measured with a radioimmunoassay. Plasma creatinine was used as a renal function
parameter and detected by the modificated Jasse-reaction (Dimension, Dupont,
France) (40).

An elevated REE has been described in patients with disturbed lung function such as
COPD (41.42). Also in lung cancer patients, pulmonary function can be reduced
because of the presence of the tumor or preexisting pulmonary dysfunction.
Therefore Forced Expiratory Volume in I sec (FEV,) and Inspiratory Vital Capacity
(IVC) were determined. Both FEV, and IVC were measured with a wet spirometcr
(Pulmonet III*; Gould Godart, Bilthoven, the Netherlands); the highest value of at
least three technically acceptable spirometric manoeuvres being used. The lung
function variables were expressed as percentages of the reference value (43).

Weight loss was calculated as the difference between reported prcillncss stable
weight minus actual weight. The control group had been weight stable for more than
1 y before measurement. REE was expressed in absolute terms (RKE) and adjusted
for FFM according to Ravussin (44). The adjusted REF. was calculated as the group
mean REE plus measured REE minus predicted REE. The group REE is the mean
absolute REE (n = 99), the measured REE is the resting metabolic rate in each
subject, and the predicted REE is the calculated energy expenditure obtained by
using the individual FFM in the linear regression equation of REF on FFM
generated in the control group. Measured REE was also compared to predicted REE
using the Harris Benedict (HB) equations (45) in order to allow comparison between
this study and previous studies on REE in cancer patients. Subjects with a measured
REE above 110% of that predicted by the HB formula were arbitrarily considered
hypermetabolic.
Statistical analyses were performed using Student's / test when appropriate. The
Mann-Whitney £/ test was used for the statistical analysis of nonparametric data.
Since impaired renal clearance leads to increased sTNF-receptor concentrations
(46.47). the plasma concentrations of sTNF-R55 and sTNF-R75 were analyzed
together with serum creatinine. Therefore an analysis of covariancc was performed,
using plasma creatinine as covariable, and considering sTNF-R55 and sTNF-R75 as
factors in the statistical model. Frequency data were compared using the chi-square
test. Correlations were determined using the Pearson correlation coefficient. Results
are presented as mean ± standard deviation (SD). P-values <0.05 were defined as
statistically significant. The statistical calculations were performed by the
SPSS/PC + 4.0 package (48).
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SCLC
(n = 33)

NSCLC
(n = 33)

Controls
(n = 33)

male/female

age (y)

FFM (kg)

FM (kg)

weight loss > 10% (n)

BMI (kg/m')

weight loss (%)

TSH (mU/l)

Cortisol (nmol/l)

FEV, (X)

Tumor stage (NSCLC)
stage I and II (n)

stage IDA

stage 1MB

stage IV

Tumor stage (SCLC)

limited

extensive

24/9

63 ± 10

48.6 ± 6.0

21.1 ± 8.4

10

24.4 ± 3.2

6.2 ± 6.0

3.3 ± 3.6

569 ± 179*

86.6 ± 23.4

76.3 ± 24.8

24/9

65 ± 8

48.7 ± 5.9

20.3 ± 7.8

II

23.8 ± 3.6"

5.0 ± 7.1

2.6 ± 2.3

470 ± 170

93.2 ± 18.8

75.3 ± 23.2

13

4

5

24/9

66 ± 8

51.0 ± 7.1

22.7 ± 7.5

0

25.4 ± 3.2

0 ± 0

NT.

NT.

NT.

NT.

10

NSCLC. / J < 0 . 0 5 .

/«n^ cumw.
inc/r.v;

av /nra/t ± .«/. /J-MJ/IMUV "MSQ.C vmn.v ron/wiv, / J < 0 . 0 5 . 'SCZ,C vmur
T = mtf ;«•«</. SCLC = ww// <e// /wi« twrd/io/rw, N5CLC = non-vffw// « / /

/J / w,- FAf = /i« m m ; n = nwnAer o/ .?«*/>CM; flM/ = frody mo.v.v
x ormriw; A'C =

/v.

Results

The characteristics of the study population are summarized in Table 1. Each group
consisted of 24 men and 9 women. No differences were found in body weight
among the 3 groups, but BMI was significantly lower in the NSCLC group
compared to the healtliy controls (p<0.05). Part of the patients with SCLC (n= 10)
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REE (kcal/day)

Adjusted REE
(kcal/day)

REE(«5HB>

Dow arc «/>«
5C/.C i m u M!

Tout group
(n=66)

1691 ± 255*

1857 ± 213"

120 ± 14"

w.v«/ OJ mfon ± ii
JCLC*/><0.0J. * •
'/><0 00/. / * £ £ - /

PaticnLs

SCLC
(n-33)

1758 ± 270*

1925 ± 238~"

124 ± 14—

rf; p-vo/u^y. ftMi/ f̂«
> < 0 0/. 5C/,C vmi

NSCLC
(n-33)

1624 ± 224

1789 ± 162*

116 ± 14

Controls

Conines
(n-33)

1546 ± 248

1643 ± 138

105 ± 9

« )̂ Mprvitf <Y»n/rr</.v ' /><0.0/,** p<0.007;
IM (iwroiv */><0(W5. *' / '<0.00/. ' WSCZ.C
<rc. Wfl - Murn.v S^nct/ic/

and NSCLC (n= I I ) presented with more than 10% weight loss of their preillness
weight. No significant differences in lung function parameters were found between
SCLC and NSCLC patients. Cortisol concentrations were significantly enhanced in
SCLC patients compared to NSCLC patients (Table I), although the mean
concentration of cortisol was within the normal range (200-700 nniol/l).
Data on REE are shown in Table 2. REE adjusted for FFM was significantly higher
in lung cancer patients compared to healthy controls (p<0.00l). Fifty-two of the 66
lung cancer patients were hypermetabolic when compared to the prediction equations
of Harris Benedict versus 8 of the 33 healthy controls (p<().()()I). When the lung
cancer population was divided according to tumor type, REE adjusted for FFM was
significantly higher in SCLC patients than in NSCLC patients (p<().()I).
FFM explained 69% (p<0.001) and FM explained 7% (p<().()I) of the
interindividual variation in REE in the healthy control group. In the NSCLC
population. FFM explained 48% (p<0.001) and FM explained 3% (p>0.05) of the
interindividual variation in REE. However, in the SCLC population the prediction
of REE by body composition showed a different pattern; FFM explained only 25%
(p = 0.0l) of the interindividual variation in REE. while FM explained 28%
(p<0.001). The relationship between REE and FFM as well as REE and FM is
shown in scatterplots in Figure 1 for the three groups. Analysis of covariance taking
FFM and FM as covariates, revealed that in the comparison between NSCLC and
control subjects only FFM was a significant determinant, whereas in the comparison
between SCLC and NSCLC, FFM (p<0.00l) and FFM(P = 0.03) were significant
independent determinants.
To investigate the influence of tumor stage within SCLC, patients were divided into
a population with limited disease (n= 10) and a population with extensive disease
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Male, female

Weight loss (kg)

FFM (kg)

FM(kg)

BMI (kg/m-)

REE (kcal/day)

Adjusted REE (kcal/day)

limited dis.
(n«10)

5/5

4.7 ± 4 . 7

45.7 ± 7.2

21.0 ± 10.4

23.2 ± 3.7

1670 ± 247

1920 ± 206

extensive dis.
(n-23)

19/4

4.8 ± 4.7

49.8 ± 5 . 1

21.1 ± 7.7

25.0 ± 3.0

1796 ±277

1927 ± 255

p-value

005

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

± n/.- /V.S = no/ w#m/fran/, Ami/A/<&v. •» /i/n/7«/ <&vfti.ve,
FFM = Jitf /r« mais. FM - Jb/ mavv. BM/ - Brxfy Maw

(n = 23) (Table 3). There were significantly more women in the population with
limited disease compared to the population with extensive disease (p<().()5), but no
differences were found in metabolic parameters between both populations. In
addition multiple regression was applied in order to analyse the influence of sex on
tumor stage and metabolic parameters, but no significant influence could be
demonstrated.
The influence of the presence of systemic inflammation on the metabolic
derangements was investigated by measuring inflammatory mediators in peripheral
blood of the lung cancer patients (Table 4). We were not able to measure
inflammatory mediators in plasma of the present control group. In a previous study
however, control samples were obtained from 26 healthy, elderly individuals (19).
The mean values (± sd) of the inflammatory mediators in plasma of healthy controls
were as follows: sTNF-R55 1.0 ± 0.3 ng/ml; sTNF-R75 1.1 ± 0.4 ng/ml; LBP 8.6
± 3.1 /ig/ml and CRP < 5 jig^m' TNF-cc was not detectable in plasma of healthy
individuals and lung cancer patients. STNF-R75 was significantly elevated in the
SCLC population compared to the NSCLC population, but no difference was found
for sTNF-R55 (Table 4). Both acute phase proteins LBP and CRP were equally
elevated in the SCLC and NSCLC population in comparison to healthy controls.
STNF-R55 and LBP were significantly related with cortisol (r=0.42, p < 0.01) and
(r=0.52, p < 0.001) respectively. No significant correlation was found for sTNF-
R75 (r=0.20) and CRP (r=0.33).
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»TNF-R55 (ng/ml)'

ITNF-R75 (ng/ml)'

LBP (/ig/ml)

CRP (/ig/ml)

SCLC (n = 23)

1.6 ±0.9
1.4

2.3 ± 1.3
2.0

18.9 ± 8.0
18.1

34 ± 36
17

NSCLC (n = 23)

1.2 ±0 .7
1.0

1.6 ±0 .4
1.5

17.4 ± 12.1
15.1

34 ± 36
13

p-value

<0.05

a/? a.v mewi ± « / a/ia" /niaYa/t;
.55,

/Ina/y.v/'.v 0 / «)vwM/ue aayitfrca' Jfor p/tu/na

Discussion

The aim of the present study was to compare the metabolic and inflammatory
characteristics of lung cancer patients, subdivided according to tumor type. An
enhanced REE adjusted for F'EM was found in SCLC patients compared to NSCLC
patients, matched for sex, age and FFM. In addition, lung cancer patients had an
elevated REE adjusted for FFM compared to healthy controls who were matched for
sex, age and FFM as well.
An increased REE compared to predicted has been reported in lung cancer patients
before (4,6-9). In addition to body composition, both tumor localization and
elevated concentrations of systemic inflammatory mediators were contributing
factors to the variation of REE as assessed in former studies (4,19). Lung function,
smoking behaviour and tumor stage on the other hand did not significantly influence
the variation in REE (4). Although total energy expenditure is the sum of REE, diet
induced thermogenesis, and activity related energy consumption, most studies have
focussed on REE measurements.
Until now. only few authors have paid attention to the occurrence of
hypermetabolism in SCLC (6.7). Jebb et al. (7) recently demonstrated an enhanced
REE adjusted for FFM in SCLC but they did not investigate possible determinants
of the enhanced REE.. In the present study. SCLC patients had an increased REE
adjusted for FFM compared to NSCLC patients and healthy controls. Subdivision of
SCLC according to tumor stage revealed that tumor stage did not influence
metabolic parameters in SCLC as confirmed by Russel et al. (6). To investigate the
clinical relevance of the observed elevation of REE in the pathogenesis of weight
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loss in lung cancer, the expected weight loss over 6 month period time was
calculated. A recently developed computer simulation model was used (49)
calculating the expected weight change in a male subject, aged 65 y, height 170 cm
and weight 65 kg with REE amounting to 113% of predicted. It was found thai this
degree of REE elevation would result in 7 % weight loss, which corresponds
remarkably well with the results of the present study.
In order to explain the differences in REE, contributing factors of REE were
investigated. First, the influence of body composition on REE was analyzed. FFM
explained 69% and 48% of the interindividual variation in REE in controls and
NSCLC respectively, while FFM explained only 25% of the variation in REE in
SCLC. FM, however, explained 28% of the variation in REE in SCLC and was a
significant covariate in the significant difference in REE observed between NSCI.C
and SCLC. These findings could indicate changes in carbohydrate cq fat metabolism
specifically related to SCLC. Further, the influence of systemic concentrations of
inflammatory mediators on REE was investigated. TNF-a, Intcrlcukin (1L)-1 and
IL-6 were detected in animal models with cachcxia (10-18) Biologically active
TNF-a is difficult to delect because of its short half-time and the formation of
complexes with the sTNF-receptors (36,50). Therefore both s IN I--receptors were
investigated in plasma. Both sTNF-receptors appeared to be elevated in NSCLC
patients (19). In the present study, the systemic concentrations of sTNE-R75 were
enhanced in SCLC compared to NSCLC, while no differences for sTNF-R55
concentrations could be demonstrated. In addition to the sTNF-receptors, we
determined the acute phase proteins LBP and CRP. An enhanced acute phase
response, manifested by significant elevated concentrations of CRF and LBP, was
described in a previous study (19). In the present study, no differences between
SCLC and NSCLC could be detected but the acute phase proteins were enhanced in
both groups. An enhanced acute phase response also occurred in other groups of
cancer patients (51,52) which suggests that the presence of the tumor probably
induces a general inflammatory response irrespective of tumor type. Another
explanation for the small differences of inflammatory mediators, might be the
enhanced concentration of cortisol in SCLC compared to NSCLC. Cortisol
concentrations rise during periods of stress and inflammation and can attenuate the
inflammatory response (53.54). Enhanced concentrations of inflammatory mediators
in SCLC could therefore be reduced by cortisol. Evidence for this relationship could
be derived from the significant correlation between plasma cortisol concentrations
and sTNF-R55 and LBP in the present study.
In conclusion, an elevated REE adjusted for FFM occurred in SCLC patients
compared to NSCLC patients. Tumor stage did not influence the metabolic
parameters in SCLC. The inflammatory mediators were enhanced in both SCLC and
NSCLC patients compared to healthy controls. These data suggest that the metabolic
disturbances in both SCLC and NSCLC are influenced by similar inflammatory
mechanisms.
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Chapter 4

INCREASED RESTING ENERGY EXPENDITURE
AND WEIGHT LOSS ARE RELATED TO A
SYSTEMIC INELAMMATORY RESPONSE

IN LUNG CANCER PATIENTS

Abstract

The aim of the present study was to determine whether an increased resting energy
expenditure (REE) and weight loss in lung cancer patients are related to a systemic
inflammatory response. To this end REE was measured by indirect calorimctry
using a ventilated hood system. Soluble Tumor Necrosis Factor Receptor 55 (sTNF-
R55) and sTNF-R75, soluble Intercellular Adhesion Molecule (sICAM)-l, sE-sclcc-
tin, LPS-binding protein (I.BP). Interleukin (IL)-6 and TNF-o were measured using
sandwich ELISA and C-reactive protein (CRP) was measured by turbidimetry. A
cross-sectional study was performed to compare inflammatory mediators between I)
hypermetabolic (REE/HB > 110%) versus normometabolic (REE/HB < 110%)
patients and 2) weight losing (more than 10% weight loss of pre-illness weight)
versus weight stable patients. Eighty-seven patients with primary non-small cell lung
cancer were consecutively included into the study. Mean REE expressed as a
percentage of the Harris Benedict reference values was 118 ± 12 % of predicted
and 67 patients were considered hypermetabolic. 26 Patients had a substantial
weight loss of more than 10% of their pre-illness weight. Hypermetabolic patients
were found to have significantly elevated levels of sTNF-R55, sE-selectin, LBP and
CRP in comparison with normometabolic patients. Weight loss was related with
increased levels of the soluble TNF-receptors, sICAM-1, IL-6. LBP and CRP. In
conclusion, hypermetabolism and weight loss are related to the presence of a
systemic inflammatory response as reflected by enhanced levels of inflammatory
mediators and acute phase proteins in patients with primary non-small cell lung
cancer.

59



Introduction

Neoplastic diseases are frequently associated with metabolic alterations resulting in
the clinical syndrome of cancer cachexia (1-3). Weight stable cancer patients have a
better prognosis and a better response to treatment than weight losing patients (4-6).
In general, weight loss is considered to be caused by energy imbalance, resulting
from a decreased energy intake, an increased energy expenditure or a combination
of these. An increased resting energy expenditure (REE) has been described for
patients with various tumor types including lung cancer (7-10). Insight into the
pathophysiology of these metabolic changes is essential for future interventions
directed at reducing weight loss and improving survival in cancer patients.
Inflammatory mediators have been suggested to be involved in the metabolic
derangements of cancer patients based on experimental animal studies (11-13). Key
roles have been attributed to the inflammatory cytokines Tumor Necrosis Factor
(TNF)-a, Interleukin (IL)-l and IL-6 (14-22). Increased IL-6 levels are reported in
different malignancies (23,24) whereas conflicting results are reported regarding the
presence of TNF-a in peripheral blood of cancer patients (25-27). Moreover, recent
data provide evidence for the involvement of IL-6 in experimental cancer cachexia
in adenocarcinoma bearing mice (20-22).
In the present study we have investigated whether the metabolic derangements in
lung cancer patients are related to a systemic inflammatory response in these
patients. To this end we have investigated the relationship between the increase in
energy expenditure, weight loss and the inflammatory response assessed by
measurement of plasma levels of soluble TNF-receptor 55 (sTNF-R55) and sTNF-
R75, soluble intercellular adhesion molecule (sICAM)-l, sE-selectin, TNF-a, IL-6
and the acute phase proteins LPS-binding protein (LBP) and C-reactive protein
(CRP).

Materials and methods

The study population consisted of 87 patients with primary non-small cell lung
cancer consecutively evaluated between March 1992 and March 1994. The patients
were admitted to the hospital for evaluation of the abnormalities on the chest X-ray.
The exclusion criteria of the study were: previous treatment with chemotherapy,
radiotherapy or surgery, treatment with high doses of steroids, severe endocrine
abnormalities (insulin dependent diabetes mellitus, hyper/hypothyroidism), presence
of manifest infections and body temperature above 37.7" C. The TNM-classification
was used for staging of non-small cell lung cancer (28,29). Plasma samples of 26
healthy, age matched individuals (13 m/13 ft were used for control values of the
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inflammatory mediators. The study was approved by the medical ethical committee
of the University Hospital of Maastricht. Written informed consent was obtained
from all patients.

om/ ftorfv

REE was measured by indirect calorimetry using a ventilated hood system (C)xycon
B*. Mijnhardt, Bunnik. The Netherlands). After an overnight fast and while at
complete rest, VO, and VCCh were measured during a 20-minute period Mow
through the canopy was kept constant during measurements and was adjusted to the
weight of the patient ranging from 35 to 45 L/min. The equipment was calibrated at
the start of every experiment. The within-subject variation in RKK for healthy
persons and patients with stable disease is smaller than 1.5 % (p > 0.05) when
measurements are repeated (30-32). The precision of the device was checked
monthly by burning methanol with a theoretical RQ of 0.667 after complete
combustion. Body height was measured bare foot standing and determined to the
nearest 0.5 cm. Body weight was measured to the nearest 0.1 kg.

Blood was obtained by venepuncture from patients before breakfast. Blood was
collected in evacuated blood collection tubes (Sherwood Medical, St Louis, MO)
containing 50 IU Heparin* (Leo Pharmaceutical Products B.V., Weesp, The Nether-
lands). Plasma was separated from blood cells by centrifugation at 1000 G for 5
minutes within I hour after collection. Plasma samples were stored at -70° C until
analysis.

Inflammatory mediators were measured using sandwich ELISA that have been
described elsewhere (33-37). In short, for measurement of sTNF-R55 and sTNF-
R75. MAbs MR1-1 and MR2-2 were used respectively for coating. Specific biotin
labeled polyclonal rabbit anti-sTNF-R IgG were used as detector reagents. The
standards used were recombinant human sTNF-R55 and sTNF-R75. The detection
limit of both assays was 100 pg/ml. Polyclonal rabbit anti human recombinant LBP
IgG was used as coating for the LBP ELISA and biotin labeled polyclonal rabbit anti
human recombinant LBP IgG was used for detection of LBP. The standard used was
recombinant LBP. Washing and dilution was performed in buffer containing 40 mM
MgCI for preventing disturbance by LPS of LBP recovery in the ELISA. The
detection limit of the assay was 200 pg/ml. For slCAM-1 ELISA. mAb HM.2 was
used for coating and recombinant human ICAM-1 was used as a standard.
Biotinylated Mab HM. I was used for detection. The detection limit of the assay was
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400 pg/ml. For sE-selectin ELISA, plates were coated with Mab ENA1 and biotin
labeled Mab ENA2 was used as detector reagens. 4 Mm Ca** and 2.5 Mm Mg**
was added to the buffers in this assay since binding of ENA1 and ENA2 to sE-
seleclin is Ca-dependent. Standard used was recombinant human sE-selectin. The
detection limit of the assay was 1 ng/ml. The TNF-a ELISA consisted of 61E71 as
coating Mab and polyclonal rabbit anti-human TNF-a Abs. TNF-a could be
detected with a lower detection limit of 20 pg/ml. IL-6 was caught by mAb 5E1 and
detected by polyclonal rabbit anti-human 11-6 Abs. IL-6 could be detected with a
lower detection limit of 10 pg/ml.
Immune) assay plates (Nunc-Immuno Plate Maxisorp, Roskilde, Denmark) were
used for the ELISA assays. Biotinylated samples were detected with streptavidin-
peroxidase conjugate (Dako, Glostrup, Denmark), while peroxidase-conjugated goat
anti-rabbit IgG (Jackson Immunoresearch, West Grove, PA) was used in the TNF-a
and IL-6 ELISA. TMB (3,3',5,5-tetramethylbenzidine, Kirkegaard & Perry Lab.,
Gaithersburg, MD) was used as a substrate. Photo-spectometry (450 nm) was
performed using a micro ELISA auto-reader.
CRP was measured by turbidimetry. The detection limit of the assay was 5 /ig/ml.

Serum creatinine was used as a renal function parameter and detected by the
modificated Jasse-reaction (Dimension, Dupont, France) (38).

Measured REE was compared to predicted REE using the Harris Benedict (HB)
equations (39). Subjects with a measured REE above 110% of predicted were
considered hypemietabolic. This definition of hypermetabolism was based on
Boothby's finding that 95% of normal individuals exhibit a measured REE within
10% of predicted (40) and confirmed by measurement of energy expenditure in
healthy elderly people (41,42).
The percentage weight change from pre-illness stable weight (6 months before
admission to the hospital) reported by the patient was used to divide the group of
lung cancer patients into a weight stable (< 10% weight loss) and a weight losing
group (• 10% weight loss).
Groups were statistically compared using analysis of variance or the Mann-Whitney-
U test when appropriate. Since impaired renal clearance leads to increased sTNF-
receptor levels (43,44). the plasma levels of sTNF-R55 and sTNF-R75 were
analysed together with serum creatinine. Therefore an analysis of covariance was
performed, using plasma creatinine as covariable, and considering sTNF-R55 and
sTNF-R75 as factors in the statistical model. Correlations were determined using the
Pearson's correlation coefficient. Frequency data were compared using the Chi-

62



/{££ and m/lawwarion « N5CZ.C

square test. Results were presented as metfe ± SD. P-values <O.O5 were defined as
statistically significant. The statistical analyses were performed using the SPSS/PC +
4.0 package (45).

Results

ParrVnr

Patient characteristics are summarized in Table I. 68 Men and 19 women were
included into the study. 35 Patients were classified as stage 1 and 2, 31 patients as
stage 3 and 21 patients as stage 4. Mean REE/HB for the whole group was 118 ±
12% of predicted: 67 patients were hypermetabolic (REE/HB > 110%). Mean
weight loss was 3.5 ± 4.9 kg for the whole group, while 26 of the 87 patients had a
substantial weight loss of more than 10% of their pre-illness weight. All weight
losing patients were hypermetabolic except for one (mean REI-VHR 124 ± 12%).
Tumor stage was significantly different between weight losing and weight stable
patients: 12 of the 26 patients (46.2%) were considered stage IV in the weight losing
group compared with 9 of the 61 patients (14.6%) in the weight stable group
(p=0.006).

/. rtaraewwriev o/rt?

m/f

age (y)

weight (kg)

height (cm)

weight loss (kg)

REE (kcal/day)

REE(%HB)

NSCLC
(n=87)

68/ 19

67 ± 10

67.8 ± 14.1

168.7 ± 7.8

3.5 ± 4 . 9

1616 ± 252

118 ± 12

Controls
(n-26)

13/ 13

59 ± 5

75.1 ±9.8

166.0 ± 8.1

0

n.t.

n.i.

Da/a art «pr«.r«/ ai mea/i ± jo", n.r = no/ /wred". /?££
Warm
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sTNF-R55'(ng/ml)

STNF-R75' (ng/ml)

CRP (/*g/ml)

LBP (/ig/ml)

slCAM-l (ng/ml)

lE-seleclin (ng/ml)

REK/HB < 110
(n = 20)

1.2 ± 1.0
1.0

2.1 ± 1.2
1.7

15 ± 23
5

10.8 ± 6.5
85

64 4 ± 29.2
57.7

26.4 ± 12.7
2: .9

REE/HB > 110
(n = 67)

1.8 ± 1.3
1.3

2.3 ± 1.6
1.8

41 ± 36
34

19.4 ± 10.4
19.3

71.7 ± 29.1
660

35.9 ± 23.7
30.3

[i \.iluc

<0.005 :-,

Ifck.

<0.001

<0.001

N.S.

<0.05

Daw urr ex/v?.v.v«/ a.v m?a/i ± .vrf. m^dfan: n..v.
= rft7m
-/f75 = 75.

= a/ia/y.vu o/ cowurwnce

Control samples were obtained from 26 healthy, age matched individuals. The mean
values (± sd) of the inflammatory mediators in plasma of the lung cancer patients in
comparison with the healthy controls were as follows: sTNF-R55 1.7±1.3 versus
l.0±0.3 ng/ml (p = 0.01); sTNF-R75 2.3± 1.5 versus l.l±0.4ng/ml (p=<0.001);
sICAM-l 70.0±29.1 versus 42.9± 17.0 ng/ml (p=<0.001); sE-selectin 33.7±
22.0 versus 36.3± 14.4 ng/ml (p=0.2); CRP 36±35 versus <5 /il/mJ(p= <0.001)
and l.BF 17.4± 10.3 versus 8.6±3.1 /xg/ml (p=<0.001). TNF-a was not
detectable with our assay in the plasma of the healthy individuals and the lung
cancer population. II.-6 was not detectable in plasma of 23 healthy individuals
(88.5%). while 11.-6 was only detectable in plasma of 41 lung cancer patients
(47.1 %). Mean level for IL-6 in the lung cancer population was 40 ± 70 pg/ml.
In order to investigate the relationship between hypermetabolism and the enhanced
inflammatory response observed in the lung cancer population, we divided the
patient population arbitrarily into a hypermetabolic (REE/HB > 110%) and a
normometabolic (Rl'l! MB < 110*r) group. Significantly elevated concentrations of
the inflammatory mediators sTNF-R55 and sE-selectin were found in the
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hypermetabolic group (Table 2). Also both acute phase proteins LBP and CRP were
significantly elevated in the hypermetabolic group Whereas the differences for
sTNF-R55 and sE-selectin were small, the levels of the acute phase proteins in the
hypermetabolic group were 2 to 3 times larger than in the normometabolic group.
STNF-R75 and slCAM-1 showed no significant differences between both groups.
Significant correlations existed between REE adjusted for HB and LBP (r» 0.37,
p<0.001) and CRP (r = 0.43, p<0.001). No significant correlations were found for
sTNF-R55. sTNF-R75, sE-selectin and sICAM-1. Mean levels of IL-o for patients
with detectable levels were 46±72 pg/ml for the hypermetabolic group versus 38 ±
70 pg/ml for the normometabolic group (p=0.20). The patients with non detectable
levels of IL-6 (n=46) were equally divided among the hypermetabolic and
normometabolic group (p=0.24). Normal renal function according to plasma
creatinine (84.6±26.2 ^mol/l) was found in the lung cancer patients.

/Vift>/r/.r wwn toi.v « / more rta/i /0% «rij<wia/ /ewit « /

REE(%HB)

STNF-R55' (ng/ml)

sTNF-R75" (ng/ml)

CRP Oig/ml)

LBP (/ig/ml)

sICAM-l (ng/ml)

sE-seleclin (ng/ml)

Weigh! loss < 10%
(n = 61)

115 ± II
112

1.4 ± I.I
I I

2.1 ± 1.4
1.7

26±30
9

15.1 ± 9.4
12.5

64.5 ± 22.8
61.1

31 8 ± 15 4
27.9

Weight loss > 10%
(n - 26)

124 ± 12
125

2.3 ± 1.5
2.3

2.8 ± 1.7
2.3

57 ± 38
55

22.7 ± 10.3
23.1

82.8 ± 37.5
71.5

38.2 ± 32.6
32.5

p-viilue

0.001

<000l

<0.00l

<0O0l

0.001

<0 05

n s

art

/?55 =

OJ mean ± vd, median, n.r
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Next the putative relationship between the elevated inflammatory mediators and
weight loss, an important clinical parameter of metabolic derangement in cancer
patients, was investigated. To this end the lung cancer population was arbitrarily
subdivided into a weight stable and a weight losing group (weight loss >10% of
their pre-illness weight) (Table 3). The patients in the weight losing group were
more hypermetabolic than patients with stable weight (124±12 versus 115±11
%REL7HB, p = 0.001). Furthermore significantly elevated levels of sTNF-R55,
sTNF-R75 and sICAM were found in the weight losing group. The acute phase
proteins were also significantly more elevated in the weight losing group in
comparison with the weight stable group. In contrast, sE-selectin levels were not
statistically different for both groups. Significant correlations existed between
percentage weight loss and sTNF-R55 (r=0.32, p<0.01) , sICAM-1 (r=0.29,
p < 0 . 0 l ) and the acute phase proteins LBP (r=0.40, p<0.001) and CRP (r = 0.41,
p<().()()I). Mean levels for detectable IL-6 were significantly elevated for the
weight losing group (62±93 pg/ml) in comparison with the weight stable group (37
±59 pg/ml) (p<0.05). Patients with detectable levels of IL-6 occurred more in the
weight losing group than in the weight stable group (p = 0.01).

Discussion

Elevated REE reflecting metabolic derangement in lung cancer patients as well as in
patients with other types of cancer has been well established (7-10). This study is the
first to describe the presence of elevated levels of inflammatory mediators in
patients with primary lung cancer. Significantly elevated levels of both sTNF-
receptors. sICAM-1 and the acute phase proteins LBP and CRP were found in
plasma of lung cancer patients in comparison with healthy individuals. Increased
RKE. present in 77% of the lung cancer patients, was significantly related with
enhanced levels of sTNF-R55, sE-selectin, CRP and LBP. Moreover, when patients
were divided into a weight losing and a weight stable group, the weight losing group
showed significantly enhanced plasma levels of the sTNF-receptors. sICAM-1, IL-6,
LBP and CRP in comparison with the weight stable group.
In a former study, we have found that enhanced plasma levels of CRP in
combination with tumor localization contribute to the elevated REE in lung cancer
patients (10). These data and also data of others implicate the role of inflammatory
processes in the metabolic derangements in cancer patients (13,46). The purpose of
the present study was to investigate the possible relationship between weight loss or
hypermetabolism and the presence of cytokines, soluble adhesion molecules and the
acute phase response in patients with primary lung cancer.
TNF-a is shown to cause anorexia and weight loss and is reported to be an
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important mediator in the clinical syndrome of cachcxia in animals (14-18). Gelin
e.a. (19) described the involvement of both IL-I and TNF-ct in tumor growth and
resulting weight loss in mice. Contradicting studies have been reported on the
presence of TNF-o and 1L-1 in plasma of patients (25 27). Biologically active TNF-
a was not detectable in our patient population. Biologically active TNF-a is difficult
to detect because of its short half-time and the formation of complexes with the
sTNF-receptors (36.47). Since the presence of circulating TNF-o is reflected by
enhanced levels of sTNF-receptors, we postulated that measurement of the sTNF-
receptors would either indicate the presence of produced but not detectable levels of
TNF-o or merely reflect the enhanced inflammatory status of the patient. Therefore
we investigated the sTNF-receptor levels in plasma. The sTNF-reccptors are
considered to be the natural inhibitors of TNF-o (48,49). The regulatory
mechanisms of both sTNF-receptors, however, are different for the different cell
types (33.50).
Our data show that both sTNF-receptors are related with weight loss in cancer
patients, but only sTNF-R55 is significantly related with hypermetabolism. These
data are supported by the reported relationship between sTNF-R55 and weight loss
in patients with haematological malignancies (46). For both IN I-receptors, it
should be recognized that they are not only elevated by inflammation, but also by
impaired renal clearance since the kidney is reported to be the principal clearance
organ for both sTNF-receptors (43,44). All patients had normal renal function
according to plasma crealinine thus excluding elevation of sTNI-'-receptors due to
kidney dysfunction. Moreover, plasma creatinine was used as covariable in the
analysis of covariance considering sTNF-R55 and sTNF-R75 as factors in the
statistical model.
Recently, the inflammatory mediator IL-6 was also found to be involved in cachexia
in mice bearing the colon 26 adenocarcinoma (20-22). In our patient population, we
observed no differences for IL-6 levels between the hypermetabolic and the
normometabolic group. However, the weight losing group showed enhanced levels
of IL-6 in comparison with the weight stable group. These data are supported by
reported elevated levels of IL-6 in plasma of weight losing patients with renal cell
carcinoma (23).
The cytokines TNF-a, II-1 and especially IL-6. are well known as pro-inflammatory
cytokines responsible for the hepatic acute phase response. The observed enhanced
levels of the acute phase parameters CRP and LBP in the hypermetabolic and weight
losing patients strongly suggest that the inflammatory response is related with the
metabolic derangements.
The presence of enhanced levels of the soluble adhesion molecules in the
inflammatory process has been demonstrated in patients with haematopoietic tumors
and gastrointestinal, ovarian and breast cancer (51,52). The circulating adhesion
molecules can either function by competing in cell-cell adhesion or merely represent
an enhanced production. While E-selectin is only produced by activated
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endothelium, ICAM-1 is produced by many cell types and can be induced by
cytokine stimulation (34). Hypermetabolic patients showed enhanced levels of sE-
selectin in comparison with normometabolic patients, while sICAM-1 was
significantly elevated in the weight losing group in comparison with the weight
stable group. Although several studies have reported elevated levels of the
inflammatory mediators in cancer patients, only few studies have reported the
possible association between weight loss or hyper-metabolism and the presence of
cytokines and the acute phase response in cancer patients (13,23,46). No other
studies have reported elevated levels of soluble adhesion molecules in cancer
patients in association with weight loss or hypermetabolism.
Further studies are needed to investigate whether the tumor itself is the origin of
elevated levels of both TNF-receptors and/or adhesion molecules or the systemic
inflammatory response of the patient is enhanced in response to the presence of the
tumor. Moreover it remains to be elucidated whether the tumor itself or the response
of the patient to the presence of the tumor is responsible for the metabolic disorders
resulting in weight loss in cancer patients.
In conclusion, increased resting energy expenditure, present in 77% of the patients,
was significantly related with elevated levels of sTNF-R55, sE-selectin, LBP and
CRP. Besides, the sTNF-receptors, sICAM-1, LBP, CRP and IL-6 were significant-
ly elevated in the group of patients with more than 10% weight loss of their pre-
illness weight in comparison with the weight stable group. These data provide
clinical evidence for the role of inflammation in the metabolic derangement in lung
cancer patients.
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Chapter 5

THE EXPRESSION OF TNF-RECEPTORS AND CYTOKINES
IN NON-SMALL CELL LUNG CARCINOMA

Abstract

Both systemic and local inflammatory responses are observed in several types of
cancer. It is assumed that the presence of tumor cells induces an inflammatory
response leading to sequestration and activation of immune cells of the host. Tumor
cells themselves and immune cells are able to produce different inflammatory
cytokines. The aim of the present study was to investigate the local inflammatory
response in non-small cell lung carcinoma (NSCLC) by examining cytokine
expression of different cell types. Immunoreactivity for TNF-a, both TNF-receptors
(TNF-R), IL-6 and IL-8 was examined in and around the NSCLC cells. Cytokine
patterns were related to the presence of inflammatory cells. Tumor cells showed
slight to moderate staining for cytokines and both TNF-receptors independent of
tumor type or differentiation grade. Normal bronchial epithelium showed similar
staining patterns for TNF-a, IL-6 and IL-8 as the tumor cells, but did not show
detectable staining for both TNF-receptors. The monocyles in tumor stroma and
pneumocytes type II showed immunohistochemical staining for TNF-a, IL-6 and IL-
8. while lymphocytes were positive for TNF-R75. The staining patterns observed
indicate an activated status of only a minority of the inflammatory cells in tumor
stroma. TNF-receptors could be demonstrated in NSCLC cells in contrast to normal
bronchial epithelium.
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Introduction

Both systemic and local inflammatory responses are observed in several types of
cancer (1-3). Inflammatory cells, consisting of monocytes and lymphocytes, form
part of the tumor stroma surrounding the tumor cells (4,5). It is assumed that the
presence of a tumor induces an inflammatory response characterized by
sequestration and activation of the inflammatory cells of the host (6,7). These
activated cells produce different inflammatory cytokines. Moreover, tumor cells
themselves are also able to produce inflammatory cytokines (3,7-9). However, it is
unknown whether tumor cells produce cytokines constitutively or as response to the
presence of the inflammatory cells.
A key mediator of the inflammatory response is Tumor Necrosis Factor (TNF)-a
(10,11). The presence of TNF-a has been demonstrated in stroma of colorectal,
renal cell, ovarian and breast carcinomas and in tumor cells by mRNA and protein
studies (12-16). However, in most carcinomas only few tumor infiltrating mononu-
clear cells expressed genes for TNF-a in comparison to the abundant production of
TNF-a in sites of chronic inflammatory lesions. TNF-a exerts its biological effects
by binding to specific cell-surface receptors. Two distinct TNF-a binding molecules
have been identified, the TNF-receptor 55 (TNF-R55) and TNF-R75. Both TNF-
receptors are present on a broad range of cell types (17-19) and are upregulated and
shed during inflammation (11,19). Gatanaga e.a. (20) reported spontaneous release
of both IN F-receptors by a human ovarian tumor cell line.
The presence of the pleiotropic cytokine IL-6 has also been reported in tumors. IL-6
mRNA has been detected in tumor cells of mice bearing the MCA/76-9
rhabdomyosarcoma (9). The involvement of IL-6 in experimental cancer cachexia
has been demonstrated in adenocarcinoma bearing mice (21,22). IL-6 also induces
the production of acute phase proteins in the liver as observed in malignancy (23-
26). Recently, Xing e.a. (27) demonstrated that IL-6 caused profound local
lymphocytic hyperplasia and massive lymphocytic infiltration in the pulmo-nary
parenchyma of Sprague-Dawley rats after administration of a recombinant human
type 5 adenovirus with rat IL-6 cDNA incorporated. IL-8 is another important
chemokine for the lung (28-30). mRNA for IL-8 and IL-8 protein have been
detecied in lung cancer cell lines (31). Both IL-6 and IL-8 are potential important
parameters in the chemotactic process underlying sequestration of inflammatory
cells into tumor stroma. In a previous study we investigated the systemic inflamma-
tory response in NSCLC patients (32). Enhanced levels of sTNF-receptors and acute
phase proteins in plasma were demonstrated in NSCLC patients. These data are in
line with observations in other types of cancer patients (1,2,33-36). The source,
however, of these enhanced levels of sTNF-receptors is still unknown, but they
appear to reflect a systemic inflammatory process in NSCLC.
The purpose of the present study was to investigate the local inflammatory response
in non-small cell lung carcinoma (NSCLC) by examining cytokine expression of
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different cell types. To this end immunoreactivity for TNF-a, TNF-R55. TNF-R75,
11-6 and IL-8 was examined in and around the tumor. This cytokine pattern was
related to the presence of the inflammatory cells.

Materials and methods

Tissues were consecutively collected from resection specimens of 48 NSCLC
patients during thoracotomy. Tissue samples were selected from each specimen,
fixed in 4% neutral buffered formaldehyde and embedded in paraffin (n = 48). In
addition, samples were frozen in isopentane, immersed in liquid nitrogen and stored
at -70°C. Cryostat sections were available from 43 patients.

The antibodies used for staining of cytokines and their receptors are shown in Table
1. TNF-a, IL-6 and IL-8 staining was performed on paraffin sections, while the
staining for both TNF-receptors was performed on cryostat sections. Paraffin
sections were dewaxed with xylene and rehydrated through graded concentrations of
ethanol. To prevent endogenous peroxidase activity, sections were immersed in
0.6% hydrogen peroxide in methanol for 5 minutes. Pepsin (0.1 % pepsin in

7;
receptors

/or

Antibody (origin) Antigen Section Source

mAb52B83 (murine IgGl)

pAb a-h-IL-6 (sheep)

pAb a-h-IL-8 (rabbit)

mAb MR 1-2 (murine IgGl)

mAb MR 1-3 (murine IgGl)

mAb MR2-1 (murine IgGl)

mAb UTR-4 (murine IgGl)

TNF-a

IL-6

IL-8

TNF-R55

TNF-R55

TNF-R75

TNF-R75

Paraffin

Paraffin

Paraffin

Frozen

Frozen

Frozen

Frozen

(37)

L. v. Aarden (38)

R. Stricter (39)

(40)

(41)

(40)

M. Brockhaus (42)
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0.1 N HCL) was used as proteolytic enzyme for the IL-6 sections. Cryostat sections
were cut at S /xm and taken up on poly-L-lysine coated slides. Slides were air dried
and fixed in acetone at -20°C.
The following procedures were the same for both paraffin and cryostat tissues.
Sections were incubated with the primary antibody diluted in Tris-buffered saline
(TBS) with I % BSA and 0.1 % Twecn 20 for 45 minutes at room temperature. After
rinsing with TBS, rabbit-anti-mouse biotin (F413, Dako, Glostrup. Denmark),
swine anti rabbit biotin (F.431, Dako) or rabbit-anti-sheep biotin (313-065047,
Jackson Immunoresearch, Westgrovc, P.A.) was used. Subsequently, slides were
incubated with streptavidin biotin horseradish peroxidase complex (Dako) for 30
minutes. Feroxidase activity was visualized in a substrate solution containing
diaminobenzidine (DAB) and Immidazole (0.1 M in Tris/HCL) to enhance the
staining intensity. After optimal color development, sections were counterstained
with Mayer's haematoxylin Human tonsil was used as a positive control. For
negative controls, primary antibodies were omitted and replaced by normal serum of
mice, sheep or rabbit as control. The negative controls of the cryostat sections,
which were not immersed in hydrogen peroxide, showed only distinct isolated
staining in some macrophages. To ascertain the specificity of TNF-R55 and R75,
immunostaining was evaluated in 10 parallel NSCLC sections through the use of two
other monoclonal antibodies MR 1-3 against TNF-R55 and UTR-4 against TNF-R75
in addition to MR 1 1 and MR2-1.

The antibodies used for cell identification are shown in Table 2. Subsequent slides
were cut and investigated for the specific markers of macrophages/monocytes, T-
and B lymphocytes and cytokines.
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Antibody

DAKO-MAC

Pan-B

OKT-3

Dako-HLA-DR

CD

CD68

CD20

CD3

NC

Section

Paraffin

Paraffin

Paraffin

Paraffin

Source

Dako. Glostrup. Denmark

Dako

Dako

Dako
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The distribution and intensity of immunohistochemical staining with the various
antibodies were assessed semi-quantitatively in two ways: a) percentage of each cell
type showing immunoreactivity absent, < 25%, 25-75%, >75% and b) amount of
staining product divided arbitrarily in absent, slight, moderate and strong immunore-
activity.

Results

Specimens of 48 NSCLC patients were examined for immuno- reactivity. The group
consisted of 35 men and 13 women with a mean age of 66 y (range 43-81 y). The
distribution of the histologic classification was as follows: 19 patients with squamous
cell carcinoma, 21 patients with adenocarcinoma, 2 patients with adenosquamous
LCll irilUlKIIIIri rtliU Cl |Mtlclll.i willl l<tl£C cell idllillullld. Tile JifTciclllidliuil glddc of

squamous cell carcinoma was: well n = 2, moderately n = 10 and poorly
differentiated n = 7, the differentiation grade of adenocarcinoma: well n = 8,
moderately n= 2, poorly differentiated n = 11 and adenosquamous carcinoma was
moderately differentiated (n = 2).

r<7/s

In order to differentiate the inflammatory infiltrate around the tumor cells, specific
markers for T- and B-lymphocytes and macrophages/monocytes were used on
paraffin sections. In general, lymphoid aggregates were present to a variable extent
at the edge of the NSCLC fields or in between the outer fields of carcinoma cells.
The aggregates consisted mainly of B-lymphocytes with scattered T-lymphocytes.
Lymphocytes were found in tumor stroma of NSCLC. Most of them were T-
lymphocytes. except for areas with a very dense lymphocytic infiltrate where
occasionally B-lymphocytes were demonstrated. In some sections, T-lymphocytes
were focally present in between carcinoma cells.
CD68 reactive monocytes were present in great numbers in tumor stroma. CD68
was also detected on small cells in between carcinoma cells and on macrophages in
alveolar compartments. HLA-DR positivity was found in tumor stroma and in
between carcinoma cells as well. Also pneumocytes type II were frequently positive
for HI.A DR. Follicular aggregates were heterogeneously stained, sometimes
aggregates were strongly positive, other times aggregates were negative.
Occasionally. HLA-DR positivity was found on tumor cells.
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In general, immunohistochemical staining for TNF-a wu diffuse hut weak in (he
cytoplasm of 25-75% of tumor cells in 31 out of 48 sections (Fig I) Distribution
according to tumor type or differentiation grade did not reveal differences in staining
patterns between the different tumor types or grades. Bronchial epithelium of large
and smaller airways showed slight staining in 27 (out of 29) sections while (lie
pneumocytes type II were moderate positive for TNF-a in 27 (out of 28) sections
(Fig 1). Alveolar macrophages showed a heterogeneous staining pattern for TNF-a,
varying from none to strong intensity. A minority of the plasma cells and monocytcs
in tumor stroma showed slight to moderate staining for TNF-a, but lymphocytes did
not demonstrate immunoreactivity for TNF-a. No immunoreactivity for TNF-a was
found in endothelium. All immunohistochemical findings for the cytokines and their
receptors are clustered in Table 3.
Evaluation of TNF-R55 expression revealed a diffuse slight to moderate cytoplasmic
staining in the NSCLC cells in 33 out of 43 sections (Fig I) independent of tumor
type or differentiation grade. In contrast to (he tumor cells, bronchial epithelium and

II rliH not show immnnnrrswttvitv for TNF-R5V
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Tumor

Br.Epith.

Pneum. II

AlvMacr.

Monncyt

Lymph

PI cell

Emkxh.

TNF-a

Int

± / +

±/ +
+ /+ +
+ /+ +
+ / + +

--

± / +

n.

65%

55%

55%

82%

82%

-

82%

TNF-R55

Int. n.

± / + 79%

-

-

_

-

TNF-R75
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The inflammatory cells were negative for TNF-R55. However, if lymphoid
aggregates with germinal centers were present, a moderate staining for TNF-R55
was visible in the germinal centers (Fig 1). Endothelium did not show
immunoreactivity forTNF-R55.
A diffuse, weak cytoplasmic staining for TNF-R75 was found for the tumor cells in
19 out of 43 sections (Fig 1). No relationship between staining and tumor type or
differentiation grade was found for TNF-R75 as well. Bronchial epithelium of the
large and smaller airways and pneumocytes type II did not stain for TNF-R75. Less
than 25 % of the lymphocytes stained moderately for TNF-R75 with a membraneous
pattern (Fig I), while no other inflammatory cells in the stroma showed TNF-R75
expression. Staining of sections of 10 patients with another mAb to TNF-R55 (MR1-
3) and mAb to TNF-R75 (UTR-4) resulted in identical staining patterns as obtained
with mAb MR I-2 and mAb MR2-1.

A weak cytoplasmic staining for IL-6 was found in the NSCLC cells in 12 sections.
However, the majority of tumor cells lacked immunoreactivity for IL-6. Bronchial
epithelium showed moderate positive staining for IL-6 in 25-75% of the cells (10 out
of 38) and pneumocytes type II (24 out of 28) stained moderately to strongly (Fig
1). Alveolar macrophages showed a heterogeneous staining pattern for IL-6 as
reported above for TNF-cc. However, a higher number of alveolar macrophages was
positive for IL-6 than for TNF-a. Plasma cells showed moderate to strong staining
for IL-6 in 42 sections, while lymphocytes did not stain. A minority of monocytes
compared to the total number of CD68 positive cells in tumor stroma were
immunoreactive for IL-6. No staining for IL-6 was found in endothelium.

IL-8 staining was demonstrated in the majority of the tumor cells with a slight to
moderate intensity (n = 35). Bronchial and bronchiolar epithelium showed a different
staining pattern. Bronchial epithelium was more diffusely stained with a slight
tomoderate intensity in 28 (out of 34) sections while bronchiolar epithelium (23 out
of 25) showed a distinct supranucleolar staining with a moderate to strong intensity.
Pneumocytes type II. when present, were slightly to moderately stained for IL-8. In
almost every section, part of the alveolar macrophages were strongly positive for
IL-8. Therefore, they were used as internal controls for the assessment of staining
intensity. Less than 25% of the monocytes were recognizable in the stroma between
the tumor cells in 28 sections and stained with a moderate to strong intensity (Fig 1).
Less than 25% of plasma cells were moderately positive for IL-8 while lymphocytes
and cndothelial cells did not stain for IL-8.
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Discussion

The present study describes cytokine expression of the different cell types in
NSCLC. The tumor cells showed slight to moderate staining for the cytokines and
both TNF-receptors independent of tumor type or differentiation grade. Normal
bronchial epithelium showed similar staining patterns for TNF-o, 1L-6 and 11.-8 as
the tumor cells, but lacked immunoreactivity for both TNF-receptors. Pncumocytes
type II and less than 25% of the monocytes in tumor stroma showed immunohis-
tochemical staining for TNF-a, IL-6 and II.-8, while less than 25% of the lympho-
cytes were positive for TNF-R75. This staining pattern supports the viewpoint that
only a minority of the inflammatory cells in tumor stroma are in an activated status
as shown for the markers investigated.
Evaluation of both TNF-receptors in tumor tissue revealed diffuse slight to moderate
cytoplasmic staining of the tumor cells. TNF-R55 staining of the tumor cells was
present in more sections and staining was more intense than for TNF-R75. The
diffuse cytoplasmic staining pattern of tumor cells strongly suggests enhanced TNF-
receptor production by tumor cells, but mRNA studies are needed to ascertain local
production. Our data are in line with an in vitro study of Gatanaga e.a. (20) who
reported that TNF-R55 was the predominant form of the TNF-receptors
spontaneously released by a human ovarian tumor cell line. Shimomoto et al. (43)
demonstrated TNF-R75 mRNA in 40% of the lung cancer cell lines. However their
immunohistochemi-cal data differed from our data since they were not able to detect
TNF-R75 expression on NSCLC cells (43). TNF-a has been demonstrated to
enhance the release and production of TNF-receptors (11,19). Both the presence of
activated inflammatory cells and the local presence of TNF-o might be responsible
for increased expression of both TNF-receptors on NSCLC cells. Shedding of TNF-
receptors by tumor cells could function in counteracting the antitumor effects of
TNF-a (20,44).

It is assumed that NSCLC cells arise from bronchial epithelium (45). Bronchial
epithelium showed the same staining patterns for TNF-a, IL-6 and IL-8 as the
NSCLC cells and these data are supported by others (39,46,47). Bronchial
epithelium, however, lacked detectable immmunoreactivity for both TNF-receptors,
while NSCLC cells showed substantial staining for both TNF-receptors. Both tumor
cells themselves and the surrounding inflammatory cells could be responsible for the
upregulation of TNF-receptors by local enhanced TNF-a levels. Shimomoto et al.
(43), however, was able to detect TNF-R55 expression on bronchioles but not on
alveolar epithelial cells with the use of different antibodies.

The cells in the environment of the tumor cells which represent an inflammatory
status can be subdivided into monocytes. lymphocytes and pneumocytcs type II.
Less than 25% of the monocytes in tumor stroma showed immunostaining for TNF-
a, IL-6 and IL-8 indicative for an activated status. The tumor cells might be
responsible for induction of activation of the inflammatory cells since both activating
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and inhibiting factors are produced by tumor cells as reported before (3,6-8).
Beissert et al. demonstrated that only a small proportion of tumor infiltrating
monocytes produce TNF-a in colorectal cancer, while macrophages in surrounding
tissues lacked TNF-a mRNA (15). Immunosuppressive molecules such as Nitric
Oxide, Proslaglandin Lj and IL-10 are produced by macrophages in the environment
of the tumor (48-50). These immunosuppressive molecules could contribute to the
reduced expression of cytokines by the inflammatory cells in tumor stroma. In
addition, TNF-a mediates both cytotoxicity and suppression of antitumor
lymphocyte responses as well (8).
Tumor growth is highly dependent of the process of angiogenesis in and around the
tumor. TNF-a is angiogenic in vivo as has been demonstrated before (51,52). Local
enhanced production of TNF-a by tumor cells itself or inflammatory cells could
thus play a role in tumor growth by enhancing angiogenesis. IL-8 has also been
shown to be a primary mediator of angiogenesis in bronchogenic carcinoma (53). In
this way, 11-8 could influence neovascularization and stroma formation of the tumor
necessary for the growth of tumor cells (54).
IL-6 has only recently been discovered as a chemokine for lymphocytes in the lung
(27). In line with these data, we demonstrated large numbers of T-lymphocytes in
NSCLC tumor stroma. In the present study, part of the tumor infiltrating
lymphocytes showed enhanced expression of TNF-R75. Other studies demonstrated
thai most resting B- and I-lymphocytes expressed small amounts of TNF-R75 and
that TNF-R75 was markedly upregulated after activation (55-57). Our data suggest
therefore that part of the lymphocytes around the tumor cells are activated.
Cytotoxic I-cells form the majority of the tumor infiltrating lymphocytes along with
helper T-cells and B-cells in the lung as reported before with immuno-phenotypic
studies (58,59). TNF-R55 expression was confined to germinal centers with a
characteristic staining pattern (56). Local production of TNF-a by dendritic
rcliculum cells has been detected in the germinal center (60). The presence of TNF-
ct could thus induce TNF-R55 expression in the germinal center and regulate the
immune response.
Pncumocytes type II increase in number under inflammatory conditions (61).
Pneumocytes type II stained positive for TNF-a, IL-6 and IL-8. Our IL-6 and IL-8
data are supported by Crestani e.a. who demonstrated that pneumocytes type II
produce IL-6 and IL-8 in vivo and in vitro under appropriate conditions (62) and by
Nash e.a. (63) who reported immunohistochemical staining for TNF-a in
pneumocytes type II of patients with ARDS. The positive staining pattern of
pneumocytes type II for the cytokines and HLA-DR are suggestive for an active role
of pneumocytes type 11 in the local inflammatory process around the NSCLC cells.
We were not able to relate the systemic plasma levels of the inflammatory mediators
in NSCLC patients with the local expression of these inflammatory mediators in and
around the NSCLC cells (data not shown).
In conclusion, NSCLC cells show immunohistochemical staining for TNF-a. IL-6,
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IL-8 and both TNF-receptors. Bronchial epithelium shows similar staining patterns
for the cytokines, but lacks TNF-receptor staining. Pneumocytes type II and part of
the monocytes in tumor stroma showed immunohistochemical staining for TNF-o,
IL-6 and IL-8, while less than 25% of the lymphocytes were positive for TNF-R75.
These staining patterns reflect the activated inflammatory status of inflammatory
cells (monocytes. lymphocytes and pneumocytes type II) and the uprcgulation for
TNF-receptors in NSCLC.
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Chapter 6

EXPRESSION OF E-SELECTIN, INTERCELLULAR
ADHESION MOLECULE (ICAM)-1 AND VASCULAR CELL

ADHESION MOLECULE (VCAM)-l IN NON-SMALL
CELL LUNG CARCINOMA

Abstract

Vascular cell adhesion molecules play an important role in the regulation of
inflammation and are considered to be important for the process of malignant tumor
growth. The present study describes the immunohistochemical staining patterns of
E-selectin, ICAM-1 and VCAM-1 on endothelial cells of the vessels in tumor
stroma and other cell types in non-small cell lung carcinoma (NSCLC) (n=43) in
association with inflammatory cells.
E-selectin expression was dominant on endothelial cells in the stromal areas of the
tumor, especially in the borders of the tumor. E-selectin expression was confined to
endothelial cells. Moderate to strong staining for ICAM-I was demonstrated on
endothelial cells irrespective of size or localization of the vessels. Compared to
ICAM-1, less vessels stained positive for VCAM-1 with less intensity as well.
ICAM-I expression was demonstrated on NSCLC cells, the basal cells of bronchial
epithelium, pneumocytes type II, lymphocytes and fibroblasts. VCAM-1 was
expressed distinctly on NSCLC cells in 4 out of 43 cases, on lymphocytes and
fibroblasts. The staining patterns observed on endothelial cells support the viewpoint
of an active status of NSCLC vessels. This phenotypic pattern looks similar to the
vascular component of inflammation. The presence of ICAM-1 and VCAM-1 on
NSCLC cells suggests a functional role in the process of chemotaxis for tumor cells
as well.
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Introduction

Vascular cell adhesion molecules play an important role in the regulation of
inflammatory processes. Adhesive interactions between cells and extracellular
matrix arc necessary for the adhesion and extravasation of leukocytes. The
upregulation of adhesion molecules on endothelial cells is a characteristic feature for
the inflammatory status (1,2). Adhesion and transmigration of leukocytes is a
multiple step process consisting of rolling of leukocytes, triggering by chemokines
and strong adhesion of the leukocytes to the endothelial cells, followed by
transendothelial migration of the leukocytes as reviewed by many authors (3-5). E-
selectin, belonging to the family of the selectins, is involved in the process of rolling
of the mononuclear cells. E-selectin is expressed on vascular endothelial cells, but
only when the latter are activated by inflammatory processes in vivo or by bacterial
endotoxin and/or cytokines in vitro (6-8). Intercellular Adhesion Molecule (ICAM)-
I (CD54) and Vascular Cell Adhesion molecule (VCAM)-l belong to the
immunoglobulin supergene family and are both involved in the process of strong
adhesion of mononuclear cells to the endothelial cells (1-5). ICAM-1 is
constitutively expressed on endothelial cells and is upregulated in response to
endotoxin, TNF-cx, IL-I or IFN-t (1,8,9). It is also present on the surface of
mononuclear phagocytes and other non-immune cells such as fibroblasts and
epithelial cells (1,8,9). VCAM-1 is not constitutively expressed on endothelial cells,
but can be induced in the presence of IL-1, TNF-a or IL-4 (10-12). VCAM-1 is
expressed on several non-vascular cell types, including populations of dendritic cells
found in lymph node and skin, bone marrow, stromal cells and synovial cells in
inflamed joints (I).
Adhesive interactions between tumor cells and adjacent cells or extracelluar matrix
are considered to be important for the process of malignant tumor growth. The
activation of endothelial cells by inflammatory cytokines causes an increase in
adhesion of tumor cells in vitro (13-15). Alterations in expression of vascular cell
adhesion molecules have been reported in a variety of malignant tissues in vivo (16-
20). E-selectin is absent in normal skin, but is strongly expressed by dermal
endothelium in both squamous cell carcinomas and basal cell carcinomas (16,17).
Increased ICAM-1 expression is correlated with melanoma tumor progression and
an increased risk of metastases (18). while VCAM-1 expression has been
demonstrated in nasopharyngeal carcinomas with a lymphoepi-thelioma aspect and
in melanomas (19,20).
In a former study we have investigated the systemic inflammatory response in non-
small cell lung carcinoma (NSCLC) patients (21). Enhanced levels of soluble (s)
Tumor Necrosis Factor (TNF)-receptors and acute phase proteins in plasma were
demonstrated in NSCLC patients. In addition we found elevated levels of sICAM-1
in peripheral blood of NSCLC patients, sE-selectin levels were not different from
healthy controls.
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The aim of the present study was to investigate the expression of adhesion
molecules, as parameter of immune activation, on endothelial cells in tumor stroma,
on NSCLC cells and other cell types in the environment of the tumor. To this end
the expression of E-selectin. ICAM-1 and VCAM-1 in association with
inflammatory cells was investigated.

Materials and methods

Tissues were consecutively collected from resection specimens of 43 patients
undergoing thoracotomy for non-small cell lung carcinoma in the University
Hospital of Maastricht. TNM-classification was used for staging of the patients (22).
Tissue samples were selected from each specimen and frozen in isopentane. Samples
were immersed in liquid nitrogen and stored at -70"C.
Paraffin sections were dewaxed with xylene and rehydrated through graded
concentrations of ethanol. To prevent endogenous peroxidase activity, sections were
immersed in 0.6% hydrogen peroxide in methaiiol for 5 minutes. Cryostat sections
were cut at 5 îm and taken up on poly-L-Lysine coated slides. Slides were air dried
under a fan for 15 minutes and fixed in acetone at -20"C. Sections were not
immersed in hydrogen peroxide. Consecutive sections were immunostained with
monoclonal mouse antibodies directed against the following adhesion molecules: E-
Selectin (ENA-1) 1:25 dilution (20), ICAM-1 (RR I. a kind gift of Dr. R. Rothlcin.
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield CT) 1:800 dilution (30) and
VCAM-1 (1G11, kindly provided by Dr. DO. Haskard, Rheumatology Unit,
Hammersmith Hospital, London, U.K.) 1:25 dilution (40). Polyclonal rabbit-anti-
factor VIII (A082, Dako. Glostrup, Denmark) at 1:2000 dilution was used to detect
vessels in the sections. The antibodies were diluted in Tris-buffered saline (TBS)
with 1 % BSA and 0.1 % Tween. Sections were incubated with the primary antibody
for 45 minutes. After rinsing with TBS, rabbit-anti-mouse biotin (F4I3, Dako)
incubation was performed for 30 minutes. Subsequently slides were incubated with
streptavidin-biotin-horseradisch-peroxidase complex (Dako) for 30 minutes.
Peroxidase activity was visualized in a substrate solution containing
diaminobenzidine (DAB). Immidazole (0.1 M in Tris/HCI) was added to enhance
staining intensity. After optimal color development, sections were counterstaincd
with Mayer's haematoxylin. For negative controls, primary antibodies were omitted
and replaced by normal serum of mice as control. Negative controls showed only
distinct isolated staining in some macrophages (see Fig. Id).
The following antibodies were used for cell identification: DAKO-MAC (Dako),
1:100 dilution for CD68. Pan-B (Dako), 1:1000 dilution, for CD20, OKT-3 (Dako),
1:200 dilution for CD3 and Dako-HLA-DR (Dako) 1:50 dilution. Subsequent
paraffin slides were cut and investigated for the specific markers of
macrophages/monocytes and T- and B-lymphocytes.
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The distribution and intensity of immunohistochemical staining with the various
antibodies were assessed semi-quantitalively in two ways: a) percentage of each cell
type showing immunoreactivity; absent, <25%, 25-75%, >75% and b) amount of
staining product divided into; absent, slight, moderate and strong immunoreactivity.
The number of vessels staining positive for the adhesion molecules was subjectively
compared with the number of vessels detected with Factor VIII in consecutive
sections.
The relation between immunohistochemical staining patterns of the different cell
types and tumor stage or histologic differentiation was tested using the Friedman test
for non-parametric data. The statistical analyses were performed using the
SPSS/PC + 4.0 package (37).

FoMr /. C7J/U(

Clinical characteristics

Histologic type

Squamous cell carcinoma

Adenocarcinoma

Adenosquamous carcinoma

Large cell carcinoma

male / female

age (mean ± sd)

Differentiation grade

writ
moderately

poorly

wen
moderately

poorly

moderately

poorly

3 4 / 9

65 ± 10

N

3

9

S

6

2

10

1

7

A/ - numArr o//xj/i«u.v

Results

Forty-three NSCLC specimens were examined for immunoreactivity with E-
Selectin, ICAM-1 and VCAM-I. The clinical characteristics and the distribution of
the histological classification are summarized in Table I.
To differentiate the inflammatory infiltrate around the tumor cells, specific markers
for T- and B-lymphocytes and macrophages/monocytes were used on paraffin
sections. In general, lymphoid aggregates were present to a variable extent at the
edge of the NSCLC fields or in between the outer fields of carcinoma cells. The
aggregates consisted mainly of B-lymphocytes with scattered T-lymphocytes.
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Lymphocytes were found in tumor stroma of NSCLC. These lymphocytes consisted
usually of T-lymphocytes, except for areas with a very dense lymphocytic infiltrate
where occasionally B-lymphocytes were demonstrated. In some sections, T-lympho-
cytes were locally present in between carcinoma cells.
CD68 reactive monocytes were present in great numbers in tumor stroma. CD68
was also detected on small cells in between carcinoma cells and on macrophages in
alveolar compartments. Hl.A-DR positivity was found in tumor stroma and in
between carcinoma cells as well. Also pneumocytes type II were frequently positive
for HI A DR. F-ollicular aggregates were heterogeneously stained for HI.A-DR.
Some aggregates with germinal centers were strongly positive, while the majority of
aggregates, showing no germinal centers, were negative. Occasionally, HLA-DR
positivity was found on tumor cells.
Immunoreactivity for H-selectin in the different cell types is summarized in Table 2.
E-Sclcctin expression was confined to endothelial cells (see Fig. la). No other cell
types expressed F-selectin. Twenty-five to 75% of the vessels showed strong
immunostaining for F-selectin in 34 out of 43 sections. In all sections there were
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more vessels positive for factor VIII than for E-selectin. Differences in size were
arbitrarily made between capillaries on the one hand and larger vessels containing at
least one layer of smooth muscle cells in the wall on the other hand. There was no
difference in staining intensity for E-selectin between the smaller or larger vessel
sizes. E-selectin expression was dominant in the stromal areas of the tumor,
especially in the borders of the tumor. E-selectin expression on cndothclial cells was
independent of tumor type or tumor stage.
ICAM-1 was demonstrated on endothelial cells. NSCLC cells, basal cells of
bronchial epithelium, pneumocytes type II, lymphocytes and fibroblasts (Table 2).
More than 75% of the endothelial cells of vessels stained moderate to strong for
ICAM-1 (see Fig. lb) irrespective of the central or peripheral localization of the
vessels in the tumor. Moderate to strong immunohistochemical staining for ICAM-1
was found in >75% of the tumor cells in 30 out of 43 sections (see Fig. Ic).
ICAM-1 expression on NSCLC cells was independent of tumor type (p = 0.44) or
stage (p=0.81). When bronchial epithelium was present (n = 7), ICAM-1 expression
(moderate to strong) was demonstrated in the basal layer of bronchial epithelium.
Pneumocytes type II were present in 8 sections and showed slight to moderate
staining (see Fig. lg). Fibroblasts in tumor stroma were positive for ICAM-1 in all
sections. Twenty-five to 75% of the lymphocytes were positive for ICAM-1 and had
a typical membranous staining pattern with a strong intensity. These staining
patterns were also demonstrated in the germinal centers when present. The other
cells of the mononuclear infiltrate did not express immunostaining for ICAM-1.
Next to the endothelial cells, immunohistochemical staining for VCAM-I was
demonstrated on NSCLC cells, lymphocytes and fibroblasts (Table 2). Endothelial
cells of the capillaries were slightly to moderately stained for VCAM-I, while larger
vessels showed immunoreactivity for VCAM-1 in 25-75% of the vessels with a
slight to strong intensity (see Fig. lc). In comparison with the staining of
endothelium for ICAM-1, less vessels stained positive for VCAM-1 and the staining
intensity for VCAM-I was also less than for ICAM-1. No correlation between
VCAM-I expression on endothelial cells and tumor stage or histologic type could be
demonstrated. The majority of tumor cells did not show immunoreactivity for
VCAM-1. However, distinct immunostaining for VCAM-I could be demonstrated in
4 NSCLC cases (see Fig. 10- Bronchial epithelium and pneumocytes type II did not
show any immunoreactivitiy for VCAM-I. Fibroblasts in tumor stroma were
positive for VCAM-1 in all sections. Twenty-five to 75% of the lymphocytes were
positive for VCAM-1 and had a typical membranous staining pattern with a strong
intensity (see Fig. Ih). These staining patterns were also demonstrated in the
germinal centers when present. The monocytes and alveolar macrophages did not
express immunostaining for VCAM-1.
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Discussion

The present study describes the immunohistochemical staining patterns of E-selectin,
ICAM-1 and VCAM-1 on endothelial cells of the vessels in tumor stroma of
NSCLC. In addition, the expression of ICAM-1 and VCAM-1 was demonstrated on
NSCLC cells and other cell types in the vicinity of the tumor cells.
The contribution of tumor blood vessels to the process of immune cell infiltration
and host immune response is considered to be essential for the process of growth
and metastasis. In the absence of local capillary proliferation and delivery of oxygen
and nutrients, neoplasms cannot grow. The density of vessels in the tumor is of
importance for the rapidity of growth of the tumor (25-27). The tumor vessels, in
contrast to normal blood vessels, have been reported to be fragile, thin walled and
devoid of normal supportive nervous and muscular components essential for normal
vasomotor responses (28). In addition to being irregular in size, shape and
distribution, tumor blood vessels are lined by highly proliferative immature
endothelial cells (28). E-selectin and VCAM-1 are normally not expressed on
endothelial cells in the lung, but are upregulated during inflammatory conditions
(2,10-12). The active participation of blood vessels in the local inflammatory
process around tumor cells is supported by the present finding of expression of E-
selectin and VCAM-1 on endothelial cells. No differences for VCAM-1 and ICAM-
1 expression on the vessels are found with regard to the central or peripheral
localization of the vessels in the tumor. However, several sections show more
immunostaining for E-selectin on vessels in the borders than in the center of the
tumor. E-selectin is more involved in the acute phase of inflammation and VCAM-1
and ICAM-1 are more prominent in the chronic phase of the inflammatory process
as has been demonstrated in other studies (1-5).
We hypothesize that the vascular outgrowth in the periphery of NSCLC is related to
the vascular process of acute inflammation and likewise the activation status of
endothelial cells in the center of tile tumor may be similar to the status as present in
chronic inflammation.
In a former study, we investigated the immunohistochemical staining pattern of
cytokincs and cytokine receptors on both NSCLC cells and immune cells of the host.
Both NSCLC cells and monocytes/alveolar macrophages showed immunoreactivity
for the cytokines TNF-ot, IL-6 and IL-8, but only a minority of the mononuclear
cells in tumor stroma were in an activated status (Staal, submitted). In general,
mononuclear cells are responsible for the upregulation of adhesion molecules on
endothelial cells and for the attraction of other immune cells to the site of inflamma-
tion (1-5). However, the tumor cells themselves could by secretion of chemotactic
cytokines also be responsible for the upregulation of the adhesion molecules E-
selectin and VCAM-1 on endothelial cells and attraction of immune cells (29-32). In
addition, the tumor cells could promote angiogenesis by production of IL-8 known
as an angiogenic factor and thus favour the growth of the tumor (33).
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Next to endotheliuni. the expression of adhesion molecules on NSCLC cells and
other cell types in the environment of the NSCLC cells was investigated. E-selectin
expression was confined to endothelium only, while ICAM-1 and VCAM-1 were
also expressed on NSCLC cells and other cell types. ICAM-1 positivity was demon-
strated in >75% of the NSCLC cells irrespective of tumor stage or histological
type. Other studies, however, demonstrated differences in ICAM-1 positivity accor-
ding to tumor histology. Ruco et al. (20) and Vitolo et al. (34) found more ICAM-1
expression on squamous cell carcinoma cells compared to adenocarcinoma cells,
while Passlick et al. (35) found increased ICAM-1 expression in adenocarcinoma
cells compared to squamous cell carcinoma cells of the lung. An explanation for
these variations in outcome might be the use of different antibodies. Although
controversy is present for the relationship between ICAM-1 staining and histologic
type, the bottom line is that ICAM-1 has been demonstrated in several cases of
NSCLC of all histologic types. Moreover ICAM-1 expression was also found on
other types of tumor cells such as lymphomas. melanomas, pancreas and colon
carcinomas (12,16.36-38) suggesting a similar pattern of activation in the different
tumors. The inability to detect immunoreactivity for ICAM-1 in some cases of
NSCLC could be explained by reduced ICAM-1 expression on these NSCLC cells.
Further studies are needed to answer the meaning of reduction or absence of ICAM-
1 expression on tumor behavior in NSCLC patients.
VCAM-1 was expressed distinctly by NSCLC cells in 4 different cases. Sofar Ruco
et al. (20) showed VCAM-1 expression in nasopharyngeal carcinomas, while other
authors have not been able to demonstrate VCAM-1 expression on epithelial tumors.
Recently Cunningham et al. demonstrated VCAM-1 expression on normal bronchial
epithelium and isolated pneumocytes type II (39). The role of VCAM-1 and ICAM-
1 expression on NSCLC cells might be explained by the active participation of
NSCLC cells in inflammatory processes including the function of chemotaxis of
mononuclear cells of the host.
The third group of cells investigated were the immune cells. The inflammatory
infiltrate around the NSCLC consists predominantly of monocytes and lymphocytes.
The latter are mainly T lymphocytes, while B-cells are a minor proportion as
demonstrated in the present study and by others (35,40). A typical membranous
staining pattern for ICAM-1 and VCAM-1 expression was found on lymphocytes in
tumor stroma. The staining patterns of ICAM-1 and VCAM-1 on lymphocytes and
in germinal centers were similar with staining patterns seen at sites of chronic
inflammation in tonsils and reactive lymph nodes (41.42). These data together
support the viewpoint of an activaied status of lymphocytes and germinal centers in
ihe environment of the NSCLC cells. Tumor infiltrating monocytes did not express
any immunohistochemical staining for the vascular cell adhesion molecules and
reflect a reduced state of activation as supported by other studies (1,8,9).
Fibroblasts were immunostained for ICAM-1 and VCAM-1. Human fibroblasts do
not constitutively express ICAM-1 in the lung, but ICAM-1 expression is induced by
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stimulation with II.-1, TNF-a or IFN-t (8). The observed VCAM-1 expression on
fibroblasts was also shown by Vitolo et al. in NSCLC (34). The increased
expression of ICAM-1 and VCAM-1 on fibroblasts surrounding the tumor nests
might promote the adhesion of different inflammatory cells to fibroblasts and could
thus direct the immune cells to the tumor cells (43,44).
In conclusion, the presence of both E-selectin, ICAM-1 and VCAM-1 on endothelial
cells in tumor stroma supports the viewpoint of an active status of NSCLC vessels.
This phenotypic pattern looks similar to the vascular component of inflammation.
The presence of ICAM-1 and VCAM-1 on NSCLC cells suggests a functional role
in the process of chemotaxis for tumor cells as well. >
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Chapter 7

THE ENHANCED INFLAMMATORY RESPONSE IN
NON-SMALL CELL LUNG CARCINOMA IS NOT

REFLECTED IN THE ALVEOLAR COMPARTMENT

Abstract

The inflammatory response has been observed in cancer both locally and systemically.
The aim of the present study was to investigate whether the alveolar compartment was
involved in the inflammatory response in non-small cell lung carcinoma (NSCLC). Both
inflammatory mediators in bronchoalveolar lavage fluid (BALF) and cytokines
produced by alveolar macrophages (AM) were investigated. Twenty patients with newly
detected NSCLC and 9 control subjects were studied. BAL was performed in the
affected lung as well as in the contralateral lung of NSCLC patients and only
unilaterally in control subjects. Comparable results were demonstrated for the levels of
the inflammatory mediators TNF-cc, Interleukin (IL)-6, IL-8, both soluble TNI--
receptors and the soluble adhesion molecules E-selectin and Intercellular Adhesion
Molecule (ICAM)-l between the affected lung and the contralateral lung in the NSCLC
population as well as between the NSCLC population and the control subjects.
Moreover, no significant differences in cytokine profiles of AM were found between
AM obtained from the affected lung and from the contralateral lung, respectively.
These data suggest that the enhanced inflammatory state, as reported in plasma and in
the interstitial compartment around the tumor cells in NSCLC before, is not reflected
in the alveolar compartment in NSCLC patients.
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Introduction

Neoplastic diseases induce profound changes in the mononuclear phagocyte system:
both local and systemic inflammatory responses are observed in the presence of the
tumor (1-7). The local inflammatory response is characterized by the accumulation of
mononuclear cells in stroma around the tumor cells (1-7). The presence of
inflammatory cells that produce cytokines such as TNF-a, Interleukin (IL)-6 and IL-8
can be seen as both advantageous and harmful for the tumor (8-10). The angiogenic
properties of both TNF-a and IL-8 can be favourable for the growth of the tumor (11-
13). However, the cytokines IL-6 and IL-8 attract other mononuclear cells that are
known to interfere with tumor growth (8.9). In addition, IL-6 is well known as an
inducer of tlie protective acute phase response of the host (14). In a former study of our
group, we showed the presence of immunohistochemical staining patterns for TNF-a,
IL-6, IL-8 and enhanced expression of both TNF-receptors in tissue samples obtained
from resection specimens of non-small cell lung carcinoma (NSCLC) patients
(submitted). These data combined with the enhanced expression of the adhesion
liuilixulci L sclcclin, inlciicllulai itJhcsiun molecule (ICAM) 1 and vascular coll

adhesion molecule (VCAM)-l (15) reflect the presence of the local inflammatory
response around the tumor cells in NSCLC.
We also observed the presence of the systemic inflammatory response in NSCLC.
F.nhanccd levels of both soluble (s) TNF-receptors, the acute-phase proteins C-reactive
protein (CRP) and LI'S-binding protein (LBP). and sICAM-1 were demonstrated in
plasma of patients with NSCLC (7). The soluble forms of both TNF-receptors, the
adhesion molecules and both acute phase proteins are considered to reflect
inflammatory activity (16-18). Metabolic disturbances were found to be related to the
presence of these enhanced levels of inflammatory mediators in patients with NSCLC
(7). Our data were supported by others who found the same relationship between
metabolic disturbances and inflammatory parameters in patients with pancreas
carcinoma and haematological malignancies (4-6).
In the present study, we investigated whether the inflammatory process in the interstitial
compartment of the affected lung extends into tlie alveolar compartment of the lung in
NSCLC The bronchoalveolar lavage (BAD is an important tool to assess the
inflammatory state in the alveolar compartment of the lung. During different acute
inflammatory reactions, cellular changes in BALF (influx of neutrophils or
lymphocytes) occur and alveolar macrophages (AM), the major cellular component of
(he alveolar compartment, can be activated (19). Besides these cellular changes, the
presence of an inflammatory state in the alveolar compartment is reflected by increased
levels of the pro inflammatory cytokines TNF-a, IL-6 and IL-8 or soluble adhesion
molecules in BALF as has been demonstrated in several pulmonary diseases (20-26).
The aim of the present study was to investigate whether the alveolar compartment was
involved in the inflammatory response in NSCLC. To this end the pro-inflammatory
cytokines. both soluble TNF-receptors and soluble adhesion molecules were assessed
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in BALF and the production of cytokines by AM was deiemiined in vitro BALF
obtained from the tumor site was compared with BALF obtained from the contralateral
lung as well as with BALF obtained from control subjects.

Subjects and methods

rwjfro/

The characteristics of the study population are shown in Table 1. Twenty patients with
primary NSCLC (12 patients with squamous cell carcinoma and 8 patients with
adenocarcinoma) and 9 control subjects were included in the study. All patients had
histologically documented tumors. Fourteen tumors were located in the upper lobes, 3
tumors were located in the middle lobe or lingula and 3 tumors were located in the
lower lobes. All tumors were located peripherally. All patients and control subjects
were current smokers (n= 18) or had stopped smoking during the last 6 months (n= 11).

FoMe / . Gfai/YjfCTU'Ncv tf/"/ne ««</>'

NSCLC Control subject*
(n = 20) (n = 9)

male/female 14/6 7/2

age (y) 63 ± 2 55 ± 3

years of smoking 43 ± 3 33 ± 4

FEV,(%) 88 ± 5 95 ± 4

IVC(%) 105 ± 3 103 ± 5

Tumor suge (n)

Suge I and II 12

Suge IMA 5

Suge NIB I

Sugc IV 2

a/* Mpmicc/ 05 mean ± rtanaard' error o//ne /wan. Afo wg/u/fcan/ df/fere/u e.» nave fcen/aund'
Arrwren fne to/i# (urn er /v>putoiV;n un^/ron/ro/i«/»/erM, FEVy = /erred* M^/rotary v%*/ume /n / t
A'C = irt
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The patients had not been treated with chemotherapy, radiotherapy or with corticoste-
roids. The new international staging system for lung cancer was used to assess tumor
stage (27). Control subjects were selected out of the smoking patient population who
underwent a bronchoscopy for several reasons, but finally no pathology was
demonstrated.
The study was approved by the medical ethical committee of the University Hospital
of Maastricht. Written informed consent was obtained from all patients and control
subjects.

BAI. was performed during fibreoptic bronchoscopy. After premedication (atropine 0.5
mg i.m. and diazepam 10 mg p.o. I h before bronchoscopy) and local anaesthesia of
the larynx and bronchial tree (lidocaine 10%), a flexible, fibreoptic bronchoscope was
introduced and placed in wedge position in the segment with tumor localization as well
as in cither tlie lingula or the middle lobe of the contralateral lung. Accordingly, BAL
was performed by standardized washing of these segments. Four aliquots of 50 mJ
sterile saline (0.9% NaCl) at 37 "C were used for each lung. In control subjects, BAL
was performed unilaterally either in the lingula or right middle lobe. The first aliquot
of recovered BALI- was discarded and the last 3 aliquots were pooled. BALF was
collected in polypropylene tubes (Greiner, Alphen a/d Rijn, the Netherlands) and kept
on ice in order to minimize AM adherence. Cytospin slides of BALF cells were stained
with MayGriinwald-Giemsa (MGG; Merck, Darmstadt, Germany) for cell
differentiation. At least 1.000 cells were counted. Cytologic examination of the BALF
revealed no malignant cells. Next cells were separated from BALF by centrihjgation
at 500 x g for 5 minutes after cell differentiation. Cell free BALF was filtered through
a layer of gauze to remove mucus strands. BALF was concentrated by lyophilization
and resuspcndcd in distilled water to 10% of tlie original volume before determinations
and stored at 70"C until analysis. No significant positive bacterial cultures were found
in any of the BALI samples investigated. Blood was obtained by venepuncture and
collected in evacuated blood collection tubes (Sherwood Medical, St Louis, MO)
containing Heparin* (Leo Pharmaceutical Products B.V., Weesp. The Netherlands).

After centrifugation, cells obtained from BALF were washed twice and filtered through
a modified transfusion system (N.P.B.I., the Netherlands). Cells were cultured in
medium consisting of RPMI 1M0 (Gibco, Paisley. U.K.) supplemented with antibiotics
and IO'T bovine calf scrum (Hyclone. Logan. UT). Bovine calf serum was heated at
56 "C for 30 minutes before storage at 4 T and contained < 5 pg ml endotoxin as
determined in tlie /J'WH/M5 assay (Coatest. Kabi Vitrum. Stockholm, Sweden). Cells,
consisting for more than 90 percent of AM. were cultured at a number of 5.0 *
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in 24-wells plates (Costar. Cambridge. MA) and stimulated in duplo with LPS (E. Coli
055:B5, Sigma. St. Louis. MO); in concentrations of 0. 10 ng/ml, 1 /ig/ml and 100
jig/ml. After 20 h of stimulation, which was found to be the optimum for TNI- a. 11.-6
and IL-8 production by AM as determined (data not shown), plates were centrifuged
at 500 x g., supernatant was collected and stored at -70 "C until analysis.

Inflammatory mediators were assessed using sandwich ELISA as described previously:
(28-32). In short, the TNF-a ELISA consisted of 61E71 as coating mAb and polyclonal
rabbit anti-human TNF-a Abs. TNF-a could be detected with a lower detection limit
of20pg/ml. For measurement of sTNF-R55 and sTNIR75. MAbs MRI I and MR2 2
were used respectively for coating. Specific biotin labelled polyclonal rabbit ami human
sTNF-R IgG were used as detector reagents. The detection limit of both assays was 50
pg/ml. IL-6 was caught by mAb 5EI and detected by polyclonal rabbit anti-human 11-6
Abs. IL-6 could be detected with a lower detection limit of 10 pg/ml. The IL-8 El.ISA
consisted of HM5 as coating mAb and biotinylated polyclonal rabbit anti-human IL-8
Abs. The detection limit of IL-8 was 20 pg/ml. For sICAM-l ELISA. mAb MM.2 was
used for coating. Biotinylated mAb HM. 1 was used for detection. The detection limit
of the assay was 400 pg/ml. For sE-selectin ELISA. plates were coated with mAb
ENA1 and biotin labelled mAb ENA2 was used as detector reagent. Since binding of
ENA1 and ENA2 to sE-selectin is Ca-dependent, 4 mM Ca* * and 2.5 mM Mg' * were
added to the buffers in this assay. The detection limit of the assay was I ng/ml.
Immuno assay plates (Nunc-Immuno Plate Maxisorp. Roskilde, Denmark) were used
for the ELISA assays. Biounylated samples were detected with streptavidin-peroxidase
conjugate (Dako. Glostrup. Denmark), while peroxidase-conjugated goat anti rabbit
IgG (Jackson Immunoresearch. West Grove. PA) was used in the TNF-a and IL-6
ELISA. TMB (3,3'.5.5'-tetramethylbenzidine. Kirkegaard & Perry Lab., Gaithersburg,
MD) was used as a substrate. Photospectometry (450 nm) was performed using a micro
ELISA autoreader.

? rs

Serum urea and albumin have been determined on a Synchron CX-7 analyser (Beckman
Instruments Inc. USA, California) using test kits from Beckman Instruments Inc. For
the determination of urea in both serum and BALF an enzymatic conductivity rate
method (testkit 443350) was used. For the determination of serum albumin the
bromcresol purple method (testkit 442765) was used. In BALF albumin was determined
on an Array 360 System for immunochemisiry (USA, California), using a
microalbumin method (testkit P/N 441450). BALF total protein was measured with the
pyrgallol method described by Watanabe et al. (33). Lactate dehydrogenase (LDH)
activity was measured by an enzymatic rate method, using pyruvate as a substrate.
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Alkaline phosphatase (ALP) was measured by an enzymatic rate method using p-
nitrophenylphosphate as a substrate.

Data are expressed as mean ± standard error of the mean (SEM) and, if appropriate,
as median with range. Groups were statistically compared using analysis of variance
or the Mann-Whitney U test. The BALF/blood ratios were calculated for albumin and
urea in order to get insight in possible leakage between the alveolar compartment and
the blood compartment. BALF/blood ratios for albumin and urea were calculated as
follows: BALi'/blood ratio for albumin = [albumin level in BALF]/[albumin level in
blood|. The same calculation was used for urea. Probability values less than 0.0S were
considered to be significant. The statistical analyses were performed using the
SPSS/PC + 4.0 package (34).

7<jMr 2. CW/Mfar pro/Hi «

NSCLC patients
(n=20)

Tumor site Contralateral

Control subjects
(n = 8)

recovery (ml) 60.3 ± 4.5

Total cell count (*10Vml) 33.6 ± 5 9

AM (%) 89.3 ± 2.7

PMN(%) 2.5 ± 0.9

Lymphocytes (%) 8.0 ± 2.3

71.6 ± 5.

31.8 ± 5.

91.1 ± 2.

1.5 ±0.4

7.8 ± 2.3

1

3

3

77.6 ±

18.5 ±

91 7 ±

1.7 ±C

6.5 ± 3

8.3

4.2

3.9

1.8

1.2

<« mcwi ± vto/idurd frrw o//Ae mean, HM = /̂wro/ur Mimjp/iag«'.

Results

First the systemic and local inflammatory response was assessed in our patient
population. Thirteen out of the 20 NSCLC patients demonstrated an acute phase
response (CRP level: 20± 18 /ug/ml . range 7-57 ^g/ml), while no enhanced levels of
CRP were detected in control subjects (CRP <5 Mg/ml) (7). The local inflammatory
response could be investigated in the resection materials of 12 out of the 20 NSCLC
patients as described in previous studies (15.submitted). An accumulation of
moiumuclcar cells around the tumor cells was demonstrated in all specimens
investigated. These findings indicate the presence of a local inflammatory response.
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A4L in NSCLC

i: Afan-rWAiiir rwirnr«fn/5 of rt* AronrAooAvr><or favugr /Iwd in \SCLC and o w w / tufyVftr

Albumin (mg/l)

Tm. Protein (mg/l)

Urea (mmol/1)

BALF/Mond ratio
for Albumin

BALF/blood ratio
tor Urea

NSCLC patients
(n-20)

Tumor site

33 5 ± 4.2
27.0(13.0-75.0)

50 ± 10
40(10-180)

0 46 ± 0 05
0 50 (0 10-0.70)

0 09 ± 0.01
0.07(0.03-0.21)

0 09 ± 0.01
0 08(0 01-0 18)

ContralatentI

27.6 ± 3.6
22.0 (8.0-58.0)

40 ± 10
30(10-80)

0.48 ± 0.04
0.50 (0.10-0.90)

0.07 ± 001
0.06(0.02-0.15)

0.09 ± 0.01
0 08(0 02-0 19)

Control subjects
(n-9)

30 3 ± 4.5
29.0(11.0-59 0)

40 ± 10
30 (20-80)

0.37 ± 0.07
0.40 (0 10-0 70)

0 08 ± 0.01
0.07(0.03-0.15)

0.08 ± 0.02
0.06 (0.02-0 19)

M> di/^rrmrrr wrr*_/bun</ /vrvurcn //i? dr/frrtw .w/w i Tor

In order to investigate the inflammatory response in the alveolar compartment in
NSCLC, the cellular profile of BALF was assessed (Table 2). The data show mat the
total cell count and the differential cell count did not show significant differences
between the BALF obtained from patients suffering from NSCLC and control subjects.
In line with these data, we observed also no differences in cellular profile between the
affected lung and the contralateral lung of the NSCLC patients. In case of damage to
the alveolar-capillar membrane and edema, one would expect increased levels of the
non-cellular constituents total protein, albumin and urea in BALI-. Hqual levels of the
non-cellular constituents were demonstrated in BALF obtained from the lung cancer
population and from control subjects (Table 3). Moreover, the levels were also similar
between the affected lung and the contralateral lung in NSCLC patients. In order to
assess the degree of dilution of BALF, BALF/blood ratios for albumin and urcum were
determined. The data showed that these ratios were similar for both the tumor lung and
contralateral lung and for the lung cancer population and control subjects. No
differences in degree of dilution could therefore be detected among the three groups.
Next the levels of inflammatory mediators in BALF of both NSCLC patients and
control subjects were determined. The data are summarized in Table 4. Comparable
results were found for both soluble TNF-receptors. sICAM-1. sE-selectin and the pro-
inflammatory cytokines IL-6 and IL-8 between patients suffering from NSCLC and
control subjects. TNF-a was not detectable in any of the BALF samples investigated
(data not shown). Only small amounts of sTNF-R55, sE-selectin and IL-6 were present
in BALF. The mean levels were near the detection limit of the ELISA which explains
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NSCLC patienLs
(n = 20)

Control subjects
(n = 9)

Tumor Site Contralateral

»TNF-R55 (ng/ml)

»TNF-R75 (ng/ml)

iICAM-1 (ng/ml)

sB-selectm (ng/ml)

IL-6 (ng/ml)

IL-8 (ng/ml)

0.08 ± 0 02
0 04(0.01-0.40)

0.37 ± 0.07
0.32(0.01-1.10)

103 6 ± 19.6
66 9(19 0-326 0)

0.12 ± 0.01
0 10 (0 10-0.31)

0.04 ± 0.01
0.05(0.01-0.13)

0 36 ± 0 16
0.15(0.01-3 1)

0.08 ± 0.02
0.04(0.01-0.48)

0.30 ± 0.05
0.26 (0.02-0.87)

96.0 ± 19.4
87 0(20 6-410.2)

0.10 ±0.10
0 10 (0.10-0.14)

0.04 ± 0.01
0.03 (0.01-0.11)

0.14 ± 0 03
0.11 (0.02-0.39)

0.07 ± 0.03
0.03(0.01-0.27)

0.21 ± 0.05
0.11 (0.07-0.48)

120.3 ± 44.0
94 0 (28.0-462.0)

0.10 ±0.02
0.10(0.10-0.25)

0.04 ± 0.01
0.04 (0.02-0.08)

0.26 ±0.11
0.11 (0.01-0.93)

<J.V emir <>/' rtc mtwi,
f/ie

i.v #j iwi HIV/I rt

w/f.v i/iv?.vrij;<i/<u/. i
in

the narrow range observed for these parameters. In accordance with other studies,
larger ranges were detected for the other inflammatory mediators. In order to
investigate whether tumor characteristics could influence levels of inflammatory
mediators in BALI-, patients were divided according to tumor stage or histology of the
tumor. These analyses revealed no differences in levels of inflammatory mediators (data
not shown).
11K local inflammatory response was further investigated by measuring LDH and ALP
in BALF as indicators of cell death and injury (35.36). Mean levels for LDH in the
lung cancer population were 28 ± 3 11/1 in the affected lung and 29 ±2 U/l in the contra-
lateral lung while mean level for LDH in control subjects was 31 ±4 U/l (normal range
10-50 U/l). ALP was neither detectable in BALF of patients suffering from NSCLC nor
in BALF of control subjects (normal range 0-25 U/l).
Finally, the ability of AM to produce cytokines in vitro was determined. AM were
obtained from both ilw affected and the contralateral lung of the lung cancer population
and were activated in culture with different concentrations of LPS. Comparable results
were demonstrated in cytokine production between AM obtained from the tumor lung
and AM obtained from the contralatcral lung either with or without stimulation of LPS
(Figure 1).
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7

Discussion

Bronchoalveolar lavage is nowadays a widely accepted tool for both diagnostic and
research purposes to investigate the alveolar compartment. Enhanced levels of
inflammatory mediators in BALF reflect the inflammatory state in the alveolar
compartment of several pulmonary diseases such as pulmonary sarcoidosis, idiopathic
pulmonary fibrosis. HIV-infected patients, chronic obstructive pulmonary disease, adult
respiratory distress syndrome and pneumoconiosis (20-26). Previously we demonstrated
increased plasma levels of inflammatory mediators in NSCLC patients (7). In addition,
a local inflammatory response around the tumor cells was demonstrated in tissue
samples obtained from resection specimens of NSCLC patients (15. submitted). In the
present study, however, the levels of inflammatory mediators in BALF of NSCLC
patients were comparable with those in control subjects. In addition, no differences in
levels of inflammatory mediators in BALF and cytokine profiles of AM were found
between the affected and the contralateral lung in patients with NSCLC. Our data are
in contrast with Arias-Diaz et al. (37) who found increased levels of TNF-a and IL-6
in BALF obtained from 22 patients with bronchogenic squamous carcinoma. Plumb et
al., however, supported our data (38): they reported no differences in cytokine profiles
(IL-I ;uid TNF-a) in BALF between lung cancer patients and control subjects. Further
we observed that the levels of the chemotactic cytokines IL-6 and IL-8 in BALF were
similar between the NSCLC patients and control subjects. Since the expression of both
TNF-receptors on NSCLC cells was enhanced (submitted), both sTNF-receptors were
determined in BALI-. Comparable results for both sTNF-receptors were demonstrated
in BALI obtained from the tumor lung and the contralateral lung as well as from the
lung of control subjects. In addition, we determined the soluble adhesion molecules E-
selectin and ICAM-1 in BALF. An enhanced expression of these adhesion molecules
was observed in NSCLC (15). The soluble forms of these adhesion molecules are
considered to represent inflammatory activity as well (18). No differences were found
for sE-seleclin and sICAM-l in BALF between NSCLC and controls either.
The present study did not demonstrate an enhanced inflammatory state in the alveolar
compartment of NSCLC patients. These data suggest that no damage of the alveolar
membrane was present and, as a consequence, no leakage of inflammatory mediators
occurred. This hypothesis is supported by the absence of signs of cell damage in BALF:
no enhanced levels of LDH or ALP, known as parameters for cell damage or cell
death, were detected. Comparable results were found in cellular distribution of BALF
samples obtained from the 3 groups. Moreover, no malignant cells were found in
BALF obtained from the tumor site.

Another explanation for the absence of an inflammatory state in the alveolar
compartment might be that the tumor itself or the infiltrating cells produce immuno-
suppressive molecules that affect the production of cytokines by AM in the alveolar
compartment. Immunosupprcssive molecules such as IL-10. Nitric Oxide, Prostag-
landin E, and sTNF-receptors are produced by tumor cells and macrophages in the
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environment of the tumor (39-45). TNF-receptors can have an immunosuppressive
function by binding to biologically active TNF-cc. However, we observed an enhanced
expression of both TNF-receptors in the interstitial compartment, but not in the alveolar
compartment. Increased levels of nitrite/nitrate and Prostaglandin F_< have been
demonstrated in BALF of patients with primary lung cancer (37, 45).
Beside these possible explanations for the absence of an enhanced inflammatory state
(as reflected by BALF analysis) in the alveolar compartment next to the tumor,
smoking behavior needs to be taken into account as well. Smoking can affect the total
and differential cell count of the BALF and changes the viability and cytokine
production of AM. Reduced production of TNF-a, IL-1II and IL-6 by AM has been
demonstrated in smokers by several authors (46-48). In the present study all patients
and control subjects were smokers or stopped smoking recently and no significant
differences were detected in smoking behavior between patients suffering from NSCLC
and control subjects.

In conclusion, comparable results in levels of inflammatory mediators in BALI- were
found between NSCLC patients and control subjects. In addition, no differences in
cytokine profiles of AM were found between the affected lung and the contralateral
lung in patients with NSCLC. These data suggest that the enhanced inflammatory state,
as reported in plasma and in the interstitial compartment around the tumor cells in
NSCLC before, is not reflected in the alveolar compartment in NSCLC patients
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Chapter 8

ENERGY BALANCE IN NON-SMALL CELL LUNG CANCER
PATIENTS BEFORE AND AFTER SURGICAL RESECTION

OF THE TUMOR

Abstract

The purpose of this study was to investigate whether surgical removal of the tumor
influences energy baJance, body weight and body composition of lung cancer patients.
In 53 non small cell lung cancer (NSCLC) patients resting energy expenditure (REE;
ventilated hood), energy intake (El: diet history), body weight and body composition
(fat free mass (FFM); bioelectrical impedance analysis) were determined before tumor
resecuon. In 39 (out of 53) patients REE, El, body weight and body composition were
also measured 3, 6 and 12 months after tumor resection.
Sixty-eight percent (36 out of 53) of the patients were hypermeubolic. Fourteen
patients were excluded from the repeated measurements. Patients with curative tumor
resecuon (n = 30) showed an increase in body weight over a one year period, in contrast
to patients with tumor recurrence (n = 9) who lost weight (+3.5 vrowi -3.6 kg, p <
0.005). The weight gain consisted predominantly of fat mass (FM), while the weight
loss consisted for more than half of FFM. Body weight was increased in
hypermetabolic (n = 20) as well as in normomeiabolic patients (n= 10) one year after
successful removal of the tumor. However, while El/REE was significantly increased
in hypermetabolic patients (106 versus 140%, p<0.05) . it was not changed in
normometabolic patients.
Hypermetabolic NSCLC patients undergoing curative resection show an improvement
in energy balance caused by both a decreased REE and an increased Eil. This positive
energy balance results in weight gain, which consists predominantly of FM.
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Introduction

Weight loss frequently occurs in patients with lung cancer (1). Both increased energy
expenditure (EE) and decreased dietary intake have been incriminated as causative
factors for the observed weight loss. Several authors have found an elevated resting
energy expenditure (REE) in lung cancer patients (2-4), while others have found no
change (5-7). Recently, it has been shown that both an increased REE and a decreased
energy intake (El) relative to EE contribute to weight loss in lung cancer patients. The
central localization of the tumor and enhanced systemic concentrations of inflammatory
mediators were found to be contributing factors to the elevated REE (8).
To assess the effect of the tumor-bearing state on energy balance it is important to
compare the results of cancer patients with control data. Several studies have been
published in which small cell lung cancer (SCLC) patients functioned as their own
controls by measurement of REE and/or El before and after chemotherapy (2,4,9).In
a pilot study with 14 non small cell lung cancer (NSCLC) patients we measured REE
before and after surgical resection of the tumor. NSCLC patients with no evidence of
tumor recurrence had a significant decrease in REE to a normal level (10). This
finding, however, needs to be confirmed in a larger group of patients.
Ilie aim of the current study was to investigate the influence of surgical removal of the
tumor on body weight, body composition, and energy balance in NSCLC patients.

Materials and methods

Eifty-three newly detected primary NSCLC patients were consecutively included in the
study. All patients had histologically documented tumors. They all underwent surgical
resection of the tumor. The exclusion criteria for the study were: previous treatment
with chemotherapy or radiotherapy, treatment with high doses of steroids, severe
endocrine abnormalities (insulin-dependent diabetes mellitus, hyper/hypothyroidism),
and body temperature exceeding 37.7 o c . Baseline measurements of energy balance
(REE, El, body weight and body composition) prior to the start of treatment
(•operation) were made in all fifty-three patients. Repeated measurements were made
3, 6 and 12 months after tumor resection in 39 patients. Fourteen patients were
excluded from the repeated measurements, because they died (n = 6). they were in a bad
physical condition (n = 6) or they refused (n=2). The remaining 39 patients were
categorized into 30 patients in which tumor recurrence was not likely within 12 months,
and nine patients with signs of tumor recurrence during this follow-up period of one
year. Presence of recurrence was established by examination of medical records
(including chest X-rays) produced during routine follow-up on an outpatient basis.
Tumor stage was assessed according to the tumor-nodes-metastasis (TNM)
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classification for NSCLC based on pre- and postoperative data ( I I ) . The study was
approved by the medical ethical committee of the university hospital of Maastricht.
Informed consent was obtained from all patients.

REE was measured by indirect calorimetry using a ventilated hood system (Oxycon b;
Mijnhardt. Bunnik, the Netherlands). Flow through the canopy was kept constant
during measurements and was adjusted to the body weight of the patient, ranging from
35 to 45 liters/min. The equipment was calibrated at the start of every experiment. The
precision of the device was checked monthly by burning methanol with a theoretical
respiratory quotient of 0.667 after complete combustion. REE was calculated using the
abbreviated Weir formula (12). Before surgery, patients stayed in the hospital and RHE
was measured between 7 a.m. and 9 a.m after an overnight fast. Alter surgery, RHE
was measured on an outpatient basis. Patients visited the hospital at 9 a.m. They had
fasted for at least 10 h and had travelled by car or bus. In an earlier study we showed
that variations due to limited physical activities, including a short travel from home to
the hospital, do not significantly influence the measurement of REE (13). On both
occasions REE was measured on the metabolic ward while at complete rest over a 20-
min period.

Body height was measured with the subject standing barefoot and determined to the
nearest 0.5 cm. Body weight was measured with a beam scale (SECA, Germany), with
the subject standing without shoes, to the nearest 0.1 kg. Triceps skinfold thickness was
measured in triplicate to the nearest 0.2 mm with a Harpenden skinfold caliper
according to Dumin and Womersley (14). Fat free mass (FFM) was assessed using the
single frequency bioelectrical impedance analysis (BIA-101; RJL-Systems, Detroit,
MI). Resistance was measured with the subject in the supine position on the right side,
as described by Lukaski et al (15). The BIA-method is a noninvasive, safe, rapid, and
reproducible technique. FFM was measured in the early morning after REE
measurement to avoid influence of exercise or eating. In an earlier study we established
a good correlation between height'/resistance and total body water (TBW), as assessed
by deuterium dilution in elderly cancer patients (16). Based on this study the following
patient specific regression equation was used:

TBW = 8.9 + 0.5 (height-/ resistance) ; FFM = TBW / 0.73.

Fat mass (FM) was calculated as body weight minus FFM.
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D/efary

Dietary intake of the period before admission was estimated using the diet history
method with cross-check (17). All interviews were performed by two trained dietitians
within the first week after admission to the hospital. Dietary intake was estimated once
again using the diet history method by the same dietitian at 3, 6 and 12 months after
surgery. El was calculated using the computer with the nutrient data base derived from
the Dutch food composition tables (NEVO) (18).

Forced expiratory volume in 1 s (FEV,) was measured with a wet spirometer (Pulmonet
III; Gould Godart, Hikhoven, the Netherlands); the highest value of at least three
technically acceptable spirometric manoeuvres being used. FEV, was expressed as a
percentage of the reference value (19).

Weight loss was calculated as the difference between reported pre-illness stable weight
minus actual weight. REE was expressed in absolute terms (REE), and per kg FFM
(REE/FFM). Measured REE was also compared to predicted REE using the Harris
Benedict (MB) equations (20). Subjects with a measured REE above 110% of that
predicted by the HB formula were arbitrarily considered hypermetabolic.
Statistical analyses were performed using one way analysis of variance followed by the
Tukey pairwisc multiple comparison procedure. Student's paired t-test was used when
appropriate The Mann-Whitney U test and the Wilcoxon matched-pairs signed-ranks
test were used for the statistical analysis of nonparametric data. Frequency data were
compared using the c2 test. Results are presented as mean± SD. P-values < 0.05 was
defined as statistically significant. The statistical calculations were performed by the
StatView SH+ package for the Macintosh (21).

Results

The pre-treatment characteristics of patients with curative resection (n = 30), and those
with tumor recurrence or a new primary tumor (n = 9) are summarized in Table 1.
Fourteen patients had no follow up. These patients with no follow-up were older (70
imitv 63 years, p<0.05) and had a more advanced tumor stage (6 stage III A tumors
\r/mv 2, p<0.05) than patients with repeated measurements and curative tumor
resection. REE was not significantly different between the groups. Mean REE/HB of
the whole group of 53 patients was 114%. Sixty-eight percent (36 out of 53) of the
patients were hypermetabolic.
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Male temale

Age (y)

Tumor stage (I/II/IIIA)

FEV, (%pred)

body weight (kg)

weight loss (kg)

FFM (kg)

Triceps (mm)

REE (kcal/day)

REE (kcal/kg FFM)

Follow-up

No tumor recurrence
(n=30)

20/ 10

63 ± 10

2 5 / 2 / 3

80 ± 21

73.4 ± 14.7

1.6 ±4.9

51.2 ± 7.8

12.9 ± 6 . 0

1671 ± 277

32.6 ± 3 . 1

tumor recurrence
(n = 9)

8/ 1

68 ± 9

7 / 0 / 2

74 ± 22

75.8 ± 13.5

2.3 ± 3.0

52 9 ± 7 0

11.0 ± 2.9

1731 ± 372

32.4 ± 3 6

Da/a are ei/vmea' a.v mean ± «/.

In Table 2 changes in body weight, body composition and REE in patients with curative
tumor resection are compared with the results in patients with tumor recurrence These
changes are measured over a period of one year except for the patient group with signs
of tumor recurrence. In this group of nine, three patients dropped out at 6 months, and
only three patients were measured at 12 months. So, the changes in body weight, body
composition and REE in patients with tumor recurrence are measured over a period of
one year (n = 3) or less (n = 6). Patients with no signs of tumor recurrence showed an
increase in body weight, in contrast to patients with tumor recurrence ( + 3.5 vmwj -
3.6 kg. p<0.005). This weight gain consisted predominantly of I'M, while the weight
loss consisted for more than half of FFM. Both groups of patients showed a decrease
in REE. which was not significantly different between the two groups.
Patients with no signs of tumor recurrence (n = 30) had a significant increase in body
weight one year after tumor resection (73.5 versus 77.0 kg, P < 0.01). FFM showed

121



2: Cta j?« m Awrfy VWH#/W, /wrfy roff^po«rion and m«a/w/jV ra/e wi vw'di am/

Curative tumor resection Tumor recurrence p-value
(n = 30) ( n = 9 )

A body weight (kg) +3.5 ± 5 6

A FFM (kg) +0.5 ± 3.0'

AFM(kg) +3.4 ± 6 . 1 '

A REE (kcal/day) -7.1 ± 174

AREE(kcal/kgFFM) -I.I ± 3.3'

-3.6

-2.2

-1.4

-132

-I.I

±

±

±

±

±

7.5

3.4

6.2

178

1.6

< 0.005

n.s.

<0.05

n.s.

n.s.

Do/a fl« «pr«.wd or m«wi ± 8, n.i.

no significant changes during this year. FM, however, did change, as has been shown
by an increase in triceps skinfold (12.9 vm«.s 15.2 mm, p<0.01). These patients
showed a significant reduction in REE after 6 (1676 vmitf 1607 kcal/day, p<0.05)
and 12 months (1676 versus 1608 kcal/day, p<0.05). EI/REE was higher after tumor
resection than before. However, this difference was not significant.
Body weight, body composition, and REE in hypermetabolic patients with curative
tumor resection (n = 20) are presented in Table 3. One year after tumor resection mean
body weight has increased by 3.8 kg (from 74.7 kg (t=0) to 78.5 kg (t = 3)). FFM
showed IK) significant changes during this year. FM, however, did change, as has been
shown by an increase in triceps skinfold (12.6 vmjts 15.5 mm, p<0.05) as well. The
hypermetabolic patients showed a significant reduction in REE after 3 (1650 versus
1764 kcal/day, p<0.0l), 6 (1660 vroiw 1764 kcal/day. p<0.05) and 12 months (1653
versus 1764 kcal/day, p<0.05). REE adjusted for FFM was also lower after tumor
resection than before. However, this difference was not always significant.
Body weight, body composition, and REE in normometabolic patients with curative
tumor resection (n= 10) are presented in Table 4. One year after tumor resection mean
body weight has increased by 2.7 kg (from 70.7 kg (t=0) to 73.4 kg (t=3)). FFM
showed ix) significant changes during this year. FM, however, significantly increased
after one year (22.2 vmitf 20.0 kg, p<0.05). REE did not change significantly after
curative resection in normometabolic patients, except for the measurements after 3
months.
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m/nor

Tumor resection:

Before
(t=0)

3 mo after
( t = l )

6 mo after
(1-2)

12 mo after
• • «

body weight (kg) 74.7 ± 13.1 74.5 ± 13.5 76.5 ± 12.6 78.5 ± 14.2*

FFM(kg) 51.5 ± 5.5* 52.1 ±5.5 51.4 ± 5.5 51.5 ± 6.0*

FM(kg) 23.9 ± 9 . 4 ' 22.4 ±11.3 25.1 ± 1 0 7 26.3 ± 12.4*

Triccps(mm) 12.6 ± 5.7 12.5 ±4 .1 12.6 ±5.1 15.5 ± 6.7*

REE (kcal/day) 1764 ± 215 1653 ± 183"* 1660 ± 153* 1650 ±215*

REE (kcal/kgFFM) 34.3 ± 2.3' 31.9 ± 3.0** 32.5 ± 3.9 32.0 ± 3.3'

Dura are mtwi ± vrf, ' n = /9, • /><0.05 a /=0 , • * /><0.0 / <f - 0

in

weight (kg)

FFM (kg)

FM(kg)

Triceps (mm)

REE (kcal/day)

REE (kcal/kgFFM >

Before
(t=0)

70.7 ±

50 7 ±

20.0 ±

14.0 ±

1484 ±

29.5 ±

18.3

114

9.9

6.7

303

17

Tumor

3 mo after
( t= l )

71.0 ± 17.9

51 0 ± 10 2

20 0 ± 8 9

12 6 ± 6 . 5

1564 ± 273**

30 9 ± 2 6

Resection

6 mo after
(t = 2)

73.5 ± 17.6*

49.5 ± 10.5

24 0 ± 9.5

10.9 ± 3.0

1502 ± 302

30 5 ± 3 7

12 mo after
(t-3)

73.4 ± 17.3*

51.2 ± 113

22.2 ± 8.6*

15 8 ± 6 . 3

1502 ± 300

29 6 ± 2 7

ai wan ± .t. * p < 0.05 i ft * * /»< 0.0/ r - 0
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Data on all components of energy balance before and 3, 6 and 12 months after curative
tumor resection in hypeimetabolic as well as in normometabolic patients are shown in
Table 5. Body weight has increased in both groups of patients one year after successful
removal of the tumor ( + 3.8 and +2.7 kg, respectively). However, while EI/REE was
significantly increased in hypermetabolic patients (106 verms 140%, p<0.05), it was
not changed in normometabolic patients.

5.- fiwj?y /w/amr /*/Sw and J, 6 am/ /2 mon/n.v a/ter rurariv* rumor r«*rrion in ny/wwi«a<>o/;r

Before
(t=0)

Tumor

3 mo after
(t=D

Hypermetabolic patients (n=20; REE/HB = 121 ± 9 %)

body weight (kg)

REE (kcal/day)

El (kcal/day)'

EI/REE(%)'

74.7 ± 13.1

1764 ± 215

1796 ± 362

106 ± 27

74.5 ± 13.5

1653 ± 183**

2122 ± 646

130 ± 41

Normometabolic patients (n-10; REE/HB = 102 ± 6%)

body weight (kg)

REE (kcal/day)

El (kcal/day)"

El / REE (%)"

70.7 ± 18.3

1484 ± 303

1727 ± 379

110 ± 27

/d.vfiwwi ± vd. '

71.0 ± 17.9

1564 ± 273**

1783 ± 485

110 ± 32

n = 9. " n = 6 . p-iuAie

resection

6 mo after
0 - 2 )

76.5 ± 12.6

1660 ± 153*

2079 ± 806

128 ± 53

73.5 ± 17.6**

1502 ± 302

1884 ± 537

120 ± 35

,...,<aOI«*w.

12 mo after
(t=3)

78.5 ± 14.2*

1650 ±215*

2235 ± 755

140 ± 51*

73.4 ± 17.3**

1502 ± 300

1833 ± 512

117 ± 37

•d«r=0. **p<0 0/
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Discussion

It has been suggested that an increased EE and a decreased El contribute to the weight
loss commonly seen in lung cancer patients (8). To assess the effects of the tumor-
bearing state on energy balance it is important to compare the results of cancer patients
with control data. Therefore, in the current study NSCLC patients functioned as their
own controls by measurement of body weight, body composition, REE and El before
and after surgical resection of the tumor.
The present study shows that hypermetabolic NSCLC patients have an elevated REE
which returns to a normal level within three months after curative surgery. A decrease
in REE of the order found in this study ( > 100 kcal/day) is definitely of significance,
because it can account for a weight gain of about 1 kg in 3 months. REL- in
normometabolic patients did not change after curative surgery. In addition, REE in
patients with tumor recurrence was also unchanged. ITiese results are in agreement with
the results of our previous study in 14 NSCLC patients (10).
Measurements of REE in cancer patients before and after (unsuccessful treatment have
been described in earlier studies. In some of these studies only a few patients were
measured, and none of them had lung cancer (22-24). In others, SCLC patients were
measured before and after chemotherapy (2,4.9). Luketich et al. prospectively studied
a heterogenous group of 68 cancer patients (of whom six had lung cancer) by measuring
REE before and five days after lumor resection (25) In all but one of these studies a
reduction in REE was found in patients with successful treatment. In contrast, patients
who did not respond to chemotherapy or patients who had palliative resection showed
no significant change in REE or even an increase. Furthermore, the present study
shows that El relative to REE was significantly increased in hypermetabolic patients
after 12 months, while it was not changed in normometabolic patients. This increase
in EI/REE is caused by both a reduction in REE and an increment in HI. These results
are in agreement with the study of McR Russell et al. in which hypermetabolic SCLC
patients with complete response to therapy had a reduced REE and an increased El (2).
The changes in REE and El in hypermetabolic patients with successful removal of the
tumor resulted in a positive energy balance. Indeed, body weight increased by 3.8 kg.
This weight gain completely consisted of FM. In contrast, the normometabolic patients
who were treated successfully showed no change in energy balance. Surprisingly,
however, mis group had an increase in body weight of 2.7 kg, also consisting
predominantly of FM.
An explanation for this controversy may be related to the methods for measuring the
two components of the energy balance. The measurement of REE with the ventilated
hood systemhas proven to be accurate and precise (26). So, the observation that REE
changes did occur in hypermetabolic patients is important. However, there is some
discussion on the reliability of the results of self-reported food intake as a measure for
El (26). El in the normometabolic patients exceeded REE by only 10-20%. According
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to the criteria of the World Health Organization (WHO) energy requirement of a
healthy, retired elderly man equals 1.51 times REE (27). Since the introduction of the
doubly-labelled water method, which allows validation of data on El in subjects who
are in energy balance, it is generally believed that self-reported dietary intake
underestimates the energy needs, even when a reliable method is used (26). One can
only speculate on the reasons for underreporting in normometabolic patients.
Furthermore, it has to be emphasized that El was measured in only 6 normometabolic
patients.
Normally, when HI exceeds EE, ±75% of excess energy is stored as FM (28,29). This
finding is in agreement with the results of this study in successfully treated NSCLC
patients in which weight gain also predominantly consists of FM. Patients with tumor
recurrence were apparently in a negative energy balance, since body weight decreased
by 3.6 kg. This weight loss consisted for more than half of FFM.
When II is lower than HE, energy deficit is covered from both FFM and FM. This
energy-partitioning between FFM and FM during weight loss depends on body
composition of the subject, the relative size of the energy deficit, and the effects of
disease. Severe energy deficits in lean subjects, with catabolic illnesses will produce
proportionally the greatest loss in FFM (28-30). In this study patients with tumor
recurrence showed a mean body fat% of 30.0% and a mean El relative to REE of
130% (n = 5; data not shown), which suggests that the substantial loss of FFM is
determined by the tumor-bearing state. It has to be emphasized that the number of
measurements in patients with tumor recurrence was small (n=9, n = 6 and n = 3 at 3,
6 and 12 months, respectively). Therefore, before definite conclusions can be made,
more longitudinal data are needed in this group of patients.
It is suggested in literature that cigarette smoking influences energy metabolism.
Conflicting results on smoking behaviour and increased EE have been reported.
Hofstetter et al. reported a significant elevation of 24-h EE to be associated with
smoking (31). Some studies reported a decrease of REE after smoking cessation (32,
33), while others found no effect (34,35). In earlier studies we found that the increase
in REE in lung cancer patients cannot be explained by smoking behaviour (8,10). In the
present study seventeen (out of 30) patients with curative tumor resection were smokers
before diagnosis of their disease. Thirteen of them stopped smoking after tumor
resection. When this group of 30 patients with curative tumor resection was subdivided
according to smoking behaviour: stopped smoking vroos no change in smoking
behaviour, the decrease in REE/FFM after surgical removal of the tumor was not
significantly different between the two groups (data not shown). Therefore, we
conclude that the fall in REE in lung cancer patients is rather the result of successful
removal of the tumor than of cessation of smoking.
In conclusion, the results of the present study suggest that NSCLC patients undergoing
curative resection slww an improvement in energy balance caused by both a decreased
REE and an increased El. This positive energy balance results in weight gain, which
consists predominantly of FM.
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Chapter 9

THE EFFECTS OF TREATMENT WITH CHEMOTHERAPY
ON ENERGY METABOLISM AND INFLAMMATORY
MEDIATORS IN SMALL CELL LUNG CARCINOMA

Abstract

A disturbed energy balance has been demonstrated in lung cancer patients. Both an
enhanced resting energy expenditure (REE) and a decreased energy intake contribute
to weight loss. Enhanced systemic levels of inflammatory mediators were found to
be related to the enhanced REE in lung cancer. The aim of the present study was to
investigate energy metabolism and systemic levels of inflammatory mediators in
small cell lung carcinoma (SCLC) patients before and after treatment with chemo-
therapy.
To this end twelve newly diagnosed SCLC patients were consecutively included in
the study. REE was measured by indirect calorimetry and body composition was
determined by bioelectrical impedance (BIA) before and I month after treatment. To
assess the inflammatory state the acute phase proteins, C-reactive protein (CRF) and
lipopolysaccharide binding protein (LBP), both soluble TNF-receptors, (sTNF-R)-55
and sTNF-R75, and soluble intercellular adhesion molecule (slCAM)-l were measu-
red in plasma before and I month after treatment. CRP was assessed by
turbidemetry. while the other inflammatory parameters were measured by ELISA. A
significant reduction in REE was found irrespective of therapeutic outcome while
body weight and body composition remained stable. The acute phase proteins CRF
and LBP reduced significantly after treatment with chemotherapy, while both sTNF-
receptors and sICAM-l remained enhanced. No correlation, however, existed
between the decrease in REE and the decrease of the acute phase proteins. In
conclusion, chemotherapeutic treatment attenuates the tumor related metabolic
derangements and acute phase response.
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Introduction

Weight loss is a frequently occurring problem in lung cancer patients. Severe weight
loss (% 10% weight loss) has been found in 30% of the patients with newly detected
lung cancer (I). Both an increased resting energy expenditure (REE) and a
decreased energy intake contribute to weight loss in lung cancer patients (1-4).
Besides body composition, the localization of the tumor in the central airways and
enhanced systemic levels of inflammatory mediators were found to be determining
factors of an increased REE in lung cancer patients (1,5). The involvement of in-
flammatory mediators in metabolic derangements has been demonstrated in
experimental animal studies as well as in oncological patients with different tumor
types (5-8).
Next to general tumor characteristics, histology has to be considered as a factor
related to energy metabolism in lung cancer patients. Lung cancer can be divided
into small cell lung carcinoma (SCLC) and NSCLC (9). About 20% of the patients
with lung cancer have SCLC. SCLC has different characteristics compared to
NSCLC of which the presence of neurosecretory granules, a more aggressive
behavior and a good response to chemotherapy are the most important (10).
An enhanced Rill- adjusted for FFM was demonstrated in SCLC patients compared
to NSCLC patients in a former study of our group (11). Limited data are published
about the effects of treatment on REE in SCLC (4,12). No follow-up data are
available at present about the effects of treatment on REE in relation to levels of
inflammatory mediators in SCLC. The aim of the present study was to assess energy
metabolism and systemic levels of inflammatory mediators in patients with SCLC
before and after standard treatment with chemotherapy. The acute phase response
was assessed by C-reactive protein (CRP) and lipopolysaccharide binding protein
(LBP), while inflammation was evaluated by measurement of both soluble TNF-
receptors, sTNF-Receptor (sTNF-R)-55 and sTNF-R75, and soluble intercellular
adhesion molecule (slCAM)-l, a member of the immunoglobulin supergene family.

Subjects and methods

Twelve newly diagnosed SCLC patients were consecutively included into the study.
All patients had histologically documented tumors and had not yet received
treatment before the first measurements. The exclusion criteria for the study were:
previous treatment with chemotherapy or radiotherapy, treatment with high doses of
corticostcroids. severe endocrine abnormalities (insulin dependent diabetes mellitus,
hyper/hypothyroidism) and body temperature exceeding 37.7 *C. The two-stage
classification system was used for SCLC (13,14). Staging procedures consisted of
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physical and neurological examination, bronchoscopy to collect materials for
histologic examination, echoscopy of abdomen. CT-scan of the thorax and abdomen,
CT-scan and MRI of the brain and a bonescan. Patients were treated with 5 courses
of chemotherapy consisting of Cyclophosphamide 1000 mg/nr on day 1,
Adriamycine 45 mg/nr on day 1 and Etoposide KX) mg on day 1.3 and 5 with dose
reduction of 25% if necessary. Approximately one month after the end of treatment,
patients were restaged. Tumor responses were defined according to accepted criteria
(13.14). The study was approved by the medical ediical committee of the university
hospital of Maastricht. Written informed consent was obtained from all patients.

REE was measured by indirect calorimetry using a ventilated hood system (Oxycon
8', Mijnhardt, Bunnik. The Netherlands). Flow through the canopy was kept
constant during measurements and was adjusted to the weight of the patient, ranging
from 35 to 45 L/min. The equipment was calibrated at me start of every experiment.
The accuracy of the procedure was checked monthly by burning methanol (RQ of
0.667 after complete combustion). After an overnight fast in the hospital and while
at complete rest, the pre-treatment REE measurement was made on the metabolic
ward over a 20 minute period between 7 a.m. and 9 a.m. under quiet circumstances.
The post-treatment measurement was performed similarly but on an outpatient basis.
I redrix et al. (15) showed that variations due to limited physical activities, including
a short travel from home to the hospital, did not significantly influence the
measurement of REE.

Body height was measured with the subject standing barefoot and determined to the
nearest 0.5 cm. Body weight was measured with a beam scale (SECA, Germany),
with the subject standing without shoes in underwear, to the nearest 0.1 kg. Fat free
mass (FFM) was assessed using the single frequency bioelectrical impedance (BI)
analysis (RJL-Systems, BIA-101, Detroit, M l ) . Resistance was measured with the
subject in supine position on the right side, as described by Lukaski (16). FFM was
measured in the early morning after REE-measurement to avoid influence of exe-
rcise or eating (17,18). The Bl-method is a non-invasive, safe, rapid and
reproducible measurement of body composition (19,20). In an earlier study, a good
correlation was established between heighr/resistance and total body water (TBW),
as assessed by deuterium dilution in elderly cancer patients. The patient specific
regression equation used was based on that study (21). Adjustment of REE for the
metabolically active tissue mass or FFM is indicated for a correct interpretation of
the variations in REE (16-18). Fat mass (FM) was calculated as body weight minus
FFM.
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Dietary intake during the period prior to admission and after treatment was
estimated using the diet history method (22). All interviews were performed by the
same trained dietician within the first week after admission to the hospital and after
the chemotherapeutic regimens. Dietary intake was calculated based on the nutrient
data base derived from the Dutch food composition tables (NEVO) (23).

Blood was obtained by venepuncture from patients before breakfast at the same day
of the REE measurement. Blood was collected in evacuated blood collection tubes
(Sherwood Medical, St. Louis, MO) containing 50 IU Heparin* (Leo Pharmaceutical
Products B.V., Weesp, The Netherlands). Plasma was separated from blood cells by
centrifugation at 1000 G for 5 minutes within 1 hour after collection. Plasma
samples were stored at -70° C until analysis.

In order to assess inflammation, a series of inflammatory mediators were determined
in plasma. Both soluble INF--receptors, sICAM-1 and the acute phase proteins CRP
and LBP were measured using sandwich ELISA as described elsewhere (24-26).
CRP was determined as described below. In short, for measurement of sTNF-R55
and sTNF-R75, MAbs MR 1-1 and MR2-2 were used respectively for coating.
Specific biotin labelled polyclonal rabbit anti-sTNF-R IgG were used as detector
reagents. The standards used were recombinant human sTNF-R55 and sTNF-R75.
The detection limit of both assays was 100 pg/ml. For sICAM-1 ELISA, mAb
MM.2 was used for coating and recombinant human ICAM-1 was used as a
standard. Biotinylated Mab HM. 1 was used for detection. The detection limit of the
assay was 400 pg/ml. Polyclonal rabbit anti human recombinant LBP IgG was used
as coating for the LBP ELISA and biotin labelled polyclonal rabbit anti human
recombinant LBP IgG was used for detection of LBP. The standard used was
recombinant IBP. Washing and dilution was performed in buffer containing 40 mM
MgOl for preventing disturbance by LPS of LBP recovery in the ELISA. The
detection limit of the assay was 200 pg/ml. Immuno assay plates (Nunc-Immuno
Plate Maxisorp, Roskilde. Denmark) were used for the ELISA assays. Biotinylated
samples were detected with streptavidin-peroxidase conjugate (Dako, Glostrup,
Denmark). TMB (3.3'.5.5'-tetramethylbenzidine. Kirkegaard & Perry Lab.,
Gaithersburg. MD) was used as a substrate. Photo-spectometry (450 nm) was
performed using a micro ELISA auto-reader.
CRP was measured by turbidimetry. The detection limit of the assay was 5 /xg/ml.
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In order to exclude hyper/hypothyroidism. thyroid stimulating hormone (TSH) was
assessed with an immunoradiometric assay. Cortisol was determined in order to
evaluate adrenal function and possible ectopic cortisol production as could be
observed in SCLC (27,28). Cortisol was measured with a radioimmunoassay.
Plasma creatinine was used as a renal function parameter and detected by the
modificated Jasse-reaction (Dimension, Dupont, France) (29).

Weight loss was calculated as the difference between reported preillness stable
weight minus actual weight. REE was expressed in absolute terms and adjusted for
FFM according to Ravussin (30). Statistical analyses were performed using the
paired Students / test when appropriate. The Wilcoxon test was used for analysis of
non-parametric data. Since impaired renal clearance leads to increased sTNF-
receptor concentrations (31,32), the plasma concentrations of sTNF-R55 and sTNF-
R75 were analyzed together with serum creatinine. Therefore an analysis of
covariance was performed, using plasma crealinine as covariable, and considering
sTNF-R55 and sTNF-R75 as factors in the statistical model. Frequency data were
compared using the chi-square test. Results are presented as mean ± standard
deviation (SD). P-values <0.05 were defined as statistically significant. Tlie
statistical calculations were performed by the SPSS/PC + 4.0 package (33).

Results

The pre-treatment characteristics of the SCLC patients are summarized in Table I.
Ten men and 2 women were included in the study (age 62 ± 10 years). Mean
weight loss for the whole group was 4.0±4.5 kg. Five patients were current
smokers, while 7 patients stopped smoking during the last six months. Mean levels
of TSH were 1.4±0.8 mU/1 and mean levels of cortisol were 588± 130 nmol/l.
Both TSH and cortisol levels were within the normal range (TSH normal range 0.4-
3.5 mU/1 , Cortisol normal range 200-700 nmol/l). Normal renal function according
to plasma creatinine was found in the SCLC patients before (83±22 /xmol/l) and
after treatment (76± 14 /xmol/1). All patients showed tumor reduction after treatment
and could be classified as partial or complete remission. Four patients showed a
complete remission, while 8 patients showed a partial remission of the tumor after
treatment with chemotherapy.
Data on body composition and energy balance of the SCLC patients before and after
treatment are given in Table 2. Body weight and body composition of the patients
remained stable. REE expressed in absolute value (1628±219 kcal/day vmus
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Physical characteristics

M:F

Age (yr)

Weight (kg)

Height (cm)

FFM (kg)

PIBW(%)

Weight loss (kg)

Tumor Stage (n)

Limited disease

Extensive disease

10:2

62 ± 10

63.7 ± 9.5

168.1 ± 6.4

48.2 ± 5.8

97.7 ± 111

4.0 ± 4.5

4

8

a/r M/W.V.V«/ w.v

n — rtttm/w r »//)U/IC/I/.V

; FFAf = ma.v.v ,• P/flW = Borfy

2 G>«yxirtwn o / /wrfy rwnpaw'rio/i anrf
/XWKW.V

Aatoitr ftf/bre a/irf in 5CLC

Visit I
(N=I2)

Visit 2
(N = 12

p-value

Weight (kg)

FFM (kg)

FM (kg)

REE (kcal/day)

adjusted RKt- (kcal/day)

63.7 ± 9.5

48.2 ± 5.8

15.5 ± 7.5

1628 ± 219

1807 ± 226

65.5 ± 10.0

49.1 ±6.0

16.4 ± 7.3

1475 ± 130

1629 ± 160

v mcun ± vd . />- •p<0.0Q5. . FAf

I475±13O kcal/day, p=0.01) and REE adjusted for FFM (1807±226 kcal/day
verms 1629± 160 kcal/day, p<0.005) decreased significantly after treatment.
Energy intake was measured in a subgroup before and after treatment and did not
change significantly (2156±444 versus 2154±391 kcal/day).
When the patients were divided according to tumor response after treatment,
complete remission versus partial remission, no significant differences were found in
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.?: 5>'.vwmir feveto 0 / Mi/lawnaft>ry m«fia/orr in SCLC: /w/br* and a/ter rrwvmrw vu'/A

Visit 1
(n=12)

Visit 2
(n=12)

p-value

STNF-R55 (ng/ml)

STNF-R75 (ng/ml)

sICAM-1 (ng/ml)

CRP (ug/ml)

LBP (ug/ml)

1.6 ± 0.6

2.0 ± 1.0

78.0 ± 40.4

33 ±41

23.0 ± 10.9

1.5 ±0.5

2.0 ± 0.8

76.8 ± 27.8

15 ±20

16.3 ± 8.5

Du/u aj mean ± « / , />-wa/u«. * p < 0 . 0 5 , j77VF-rt55 55

em

5CLC
remission vn7/i c

Visit 2 - visit 1

6Weight (kg)

6FFM (kg)

6FM (kg)

flREE (kcal/day)

6 adjusted REE (kcal/day)

Complete remission
(n = 4)

3.8 ± 3.4

0.0 ± 1.3

3.8 ± 3.8

-124 ± 37

-124 ± 7 1

Partial remission
(n = 8)

0.7 ± 5.7

1.3 ± 34

•0.5 ± 4.5

-168 ± 214

-205 ± 194

nnn ±

the decrease of the metabolic parameters between the two groups. The 6 REF, for
patients with complete remission (n=4) was -124±37 kcal/day verms -168±214
kcal/day for patients with partial remission (n = 8), while the 6 adjusted REE was -
124±71 kcal/day for patients with complete remission ver$«5 -205±194 kcal/day
for patients with partial remission (Table 3).
The systemic levels of inflammatory mediators are summarized in Table 4. Both
acute phase proteins CRP (33±41 ptg/ml vmos 15±20 Mg/ml, p<0.05) and LBP
(23.0± 10.9 /xg/ml vmwj 16.3±8.5 pig/ml, p<0.05) decreased significantly after
treatment with chemotherapy, while sTNF-R55 (1.6±0.6 ng/ml verij« 1.5±0.5
ng/ml), sTNF-R75 (2.0± 1.0 ng/ml VOTW 2.0±0.8 ng/ml) and sICAM-1
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(78.0±40.4 ng/ml vmiw 76.8±27.8 ng/ml) did not change significantly after
treatment with chemotherapy. Both sTNF-receptors and sICAM-1 levels were
enhanced compared to healthy controls as described in a previous study (5). No
correlation could be demonstrated between the decrease in RKH or adjusted REE
and the decrease of the acute phase proteins. The individual values for RLE,
adjusted REE, CRP and LBP from all patients are shown in Figure 1.

Discussion

The present study describes the metabolic and inflammatory characteristics of 12
patients with newly detected SCLC before and after treatment with chemotherapy. A
significant reduction in REE, both expressed in absolute terms and adjusted for
FFM, was found, while body weight and body composition remained stable. Both
acute phase proteins CRP and LBP reduced significantly after treatment with
chemotherapy, while both sTNF-receptors and slCAM-1 remained elevated. No
correlation, however, existed between the decrease in REE or adjusted REE and the
decrease of the acute phase proteins.
Hypermetabolism frequently occurs in lung cancer as has been described before both
in NSCLC and in SCLC (1-4). Body composition is the most important determinant
of REE (30). After treatment with chemotherapy, no significant changes in I I M
and FM occurred in SCLC patients in the present study. The observed decrease in
REE could therefore not be attributed to changes in body composition. The decrease
in REE was not related to a decrease in energy intake. The extent of the correction
of the energy balance expressed in kcal/day suggests that the follow-up period is
possibly too short to observe changes in body composition. The short survival time
in SCLC also limits the possible duration of a folow-up period (34,35). The findings
of stable energy intake during treatment with chemotherapy in SCLC confirm
previously reported data (36). The improved treatment of nausea, vomiting and
pain, all known to diminish appetite and food intake, could be related to (his
stabilization of energy intake.
Tumor stage, tumor size, pulmonary function and smoking behavior do not
influence the metabolic parameters in lung cancer patients as has been demonstrated
before (1.5.37). The absence of significant differences in the decrease of REE and
the decrease of adjusted REE between the patients with complete and partial
remission is in line with this non-determining role of tumor size on energy
metabolism. No significant changes in pulmonary function and smoking behavior
could be detected before and after chemotherapeutic treatment (data not shown).
Based on the relationship between metabolic derangements and the inflammatory
response in several groups of cancer patients (5-7), changes in levels of
inflammatory mediators were considered in order to explain the decrease in resting
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energy expenditure. In the present study, a significant reduction in the levels of both
acute phase proteins CRP and LBP was found after treatment with chemotherapy,
while the levels of both sTNF-receptors and sICAM-1 remained elevated. These
data are the first reported changes of inflammatory state after chemotherapy in
SCLC. The drop in acute phase response could implicate a decrease of the hepatic
metabolic rate. The liver forms part of the FFM and is considered as a high energy-
requiring organ just like the skeletal muscles and brain (38). The oxygen
consumption of the human liver is estimated to amount to ± 65 ml/min and covers
25% of total RKF in healthy persons, while skeletal muscles and brain cover 25%
and 20% respectively of total REE (38). Although an increased oxygen consumption
in hepatocyles is described in sarcoma bearing rats compared to pair fed controls, no
experimental data arc at present available on hepatic metabolism in relation to tumor
management (39). Further studies on compartmentalization of changes in metabolic
rate in metabolically active tissues are necessary to fully understand a possible
contribution of the liver or other tissues to these metabolic derangements.
While (he levels of acute phase proteins reduced significantly after treatment with
chrmpihcrapy, levels ol both sTNF-receplors remained devaled. Enhanced Jevds of
both s IN I-receptors have been described in patients with various types of cancer
(7,40-42). However, the effects of treatment on levels of both sTNF-receptors in
cancer patients have not yet been reported. An impaired renal clearance could not be
attributed to the persistence of enhanced levels of both sTNF-receptors (31,32). No
disturbed renal function was detected in any of the patients and in addition, plasma
creatinine was considered as a covariable in the analysis of covariance for both
sTNF-receptors. Another explanation for the enhanced levels could be that both
TNF-receptors are shed by SCLC cells after cell death. Enhanced expression of both
TNF-receptors has been demonstrated on carcinoma cells of different origins
(43,44). There is evidence that tumor cells have a greater tendency than non-
malignant cells to produce and shed soluble forms of their cell surface proteins (45).
On the other hand, cell death could induce systemic inflammation resulting in
enhanced levels of both sTNF-receptors. Furthermore, at least in patients with
partial remission and possibly in patients with complete remission, tumor cells could
still be present.
Besides levels of both soluble TNF-receptors, the soluble isoform of ICAM-1 was
measured as well. ICAM-1 is a member of the immunoglubulin supergene family
and plays an important role in inflammatory and immune responses (46). The
possible role of circulating adhesion molecules is not yet fully elucidated. By
competing with the membrane bound receptors for their ligauds, the release of
adhesion molecules may induce a decrease in (lie potential adhesiveness of
leucocytes (47). Otherwise, soluble adhesion molecules can act as costimulatory
factors: sICAM-1 has been demonstrated to deliver chemokinetic signals to
lymphocytes and to enhance cytotoxic production and T-cell proliferative responses
stimulated by alloamigcn in mixed lymphocyte cultures (48). Based on the
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correlation between high sICAM-1 levels and reduced survival rates in patients with
malignant melanoma (49). it has also been suggested that sICAM-1 may represent
an escape mechanism of tumors from the cytotoxicity mediated by immuno-effector
cells (50). Noticeable, in cultured renal tumor cells, an inverse relationship was
found between expression and release of ICAM-1 by Santarosa et al (51). In the
same study, enhanced levels of slCAM-1 were demonstrated in renal cancer patients
with metastatic disease compared to tumor free patients 4 weeks after nephrectomy.
However, half of the tumor free patients had still enhanced levels of sICAM-1 (51).
Our data confirm the persistence of enhanced slCAM-1 levels despite
chemotherapeutic intervention in SCLC patients. Increased sICAM-I levels have
been reported to correlate with disease activity (52) in a wide range of organ specific
diseases and circulating levels of sICAM-I were indicators of disease progression of
various malignant tumors (53-56). The role of the soluble adhesion molecules needs
to be elucidated in further human studies.

In conclusion, chemotherapeutic treatment attenueates the tumor related metabolic
derangements and acute phase response.

139



9

R e f e r e n c e s - .*)< ;'» ,i •

1. Staal-van den Brekcl AJ. Schols AMWJ. ten Velde GPM. Buurman WA. Wouters EFM.
Analysis of the energy balance in lung cancer patients. Cancer Res 1994; 54:6430-6433

2. Hansell DT, Davies JWL, Buras HJG. The effects on resting energy expenditure of different
tumor types Cancer 1986; 58 1739-1744

3. Fredrix EWHM. Wouters EFM. Soeters PB. van der Aalst CJM. Kester ADM. von Meyenfeldt
MF et al Resting energy expenditure in patients with non-small cell lung cancer. Cancer 1991;
68:1616-1621

4. Russell DMcR. Shike M. Marliss EB. DeLsky AS. Shepherd FA Feld R et al. Effects of total
parenteral nutrition and chemotherapy on the metabolic derangements in small cell lung cancer.
Cancer Res 1984. 44 1706-1711

3. Staal-van den Brekel AJ. Demener MA. Schols AMWJ. Buurman WA. Wouters EFM
Increased resting energy expenditure and weight loss are related to a systemic inflammatory
response in lung cancer patients J Clin Oncology 1995; 13: 2600-2605

6. Falconer SJ, Fearon KCH. Plester CE. Ross JA, Carter DC. Cytokines, the acute phase
response and Resting Energy Expenditure in cachectic patients with pancreatic cancer. Ann
Surgery 1994. 219 325-331

7. Den/ M. Onh B. Weiss G. Gallati H, Herrmann R. Huber P. Wachter H. Fuchs D Serum
soluble tumour necrosis tacior receptor 55 is increased in patients with haematological ncoplasia
and is associated with immune activation and weight loss. Eur J Cancer 1993; 29a: 2232-2235

8. Fong Y. Moldawer. Marano M, et al: Cachectin/TNF or IL-lo induces cachexia with redisti-
buiion of body proteins Am J Physiol 1989. 25R659-R665

9 Robbins SL, Cotran RS. Kumar VK Pathologic basis of disease 1984, ed 3, Edited by
Saunders WB. Philadelphia 1984: 749-757

10 Carney DN. Biology of small-cell lung cancer The Lancet 1992; 339:843-846
11 Staal-van den Brekel AJ. Schols A. Buurman W. Wouters E.Hypermelabolism is more

pronounced in patients with small cell lung carcinoma (SCLC) compared to patients with non-
small cell lung carcinoma (NSCLC) and healthy controls. Eur Resp J 1995; 8:232s

12. Jebb SA. Osborne RJ, Dixon AK. Bleehen NM. Elia M. Measurement of resting energy
expenditure and body composition before and after treatment of small cell lung cancer. Ann
Oncology 1994; 5 915-919

13 Mountain CF. A new international staging system for lung cancer. Chest 1986; 89:225s-233s
14 Patel AM, Dunn WF, Trastek VF. Staging systems of lung cancer. Mayo Clin Proc 1993;

68:475-482
15. Fredrix EWHM. Soeters PB. Von Meyenfeldt MF. Saris WHM Measurement of resting energy

expenditure in a clinical setting Clin Nutrition 1990; 9:299-304
16. l.ukaski HC. Johnson PE, Bolonchuk WW, Lykken Gl. Assessment of fat-free mass using bio-

electrical impedance measurements of the human body. Am J Clin Nutr 1985; 41:810-817
17. Deurenberg P. Weststrate JA, Paymans I. van der Kooy K Factors affecting bioelectrical

impedance measurements in humans. Eur J Clin Nutrition 1988; 42:1017-1022
18 Schols AMWJ. Dingemans ANC. Sorters PB. Wouters EFM Within day variation of bi-

oelectrical resistance measurements in patients with chronic obstructive pulmonary disease Clin
Nutrition 1990. 9:266-271

19 Chumlea WC. Baumgartner RN Status of anthropometry and body composition data in elderly
subjects Am J Clin Nutrition 1989; 50:1158-1166

20. Zarowit/ BJ. Pilla AM Bioelectrical impedance in clinical practice DICP. The Annals of
Phannacotherap) 1989; 23:548-555

21. Fredrix EWHM. Saris WHM, Soeters PB. Kester ADM. vim Meyenfeldt MF. Wouters EFM,

140



ta&i/tc? fteforr and a/ir^r cftr/no/A? ra/>y

Westerterp KR. Estimation of body composition by bioelectrical impedance in cancer patients.
Eur J Clin Nutrition 1990; 44:749-752

22. Cameron ME, van Staveren WA. Manual on Methodology tor Food Consumption Studies,
Oxford. United Kingdom: Oxford University Press. 1988

23. NEVO Tabel: Stichting Nederlands Voedingsstoffenbestand. 's Gravenhage, the Netherlands.
Voorlichtingsbureau voor de Voeding, 1990

24. Leeuwenberg JFM, Jeunhomme GMMA. Buurman WA. Slow release of soluble TNF-receptors
by monocytes in vitro. J Immunology 1994; 152:4036-4043

25. Froon AHM, Dentener MA. Greve JWM, Ramsay G. Buurman WA. LPS toxicity regulating
proteins in bacteremia. J Inf Dis 1995; 171: 1250-1257

26 Leeuwenberg JFM, Smeets EF, Neefjes JJ, et al: E-selectin and intercellular adhesion molecule-
1 are relased by activated human endothelial cells in vitro. Immunology 1992; 77:543-549

27. Collichio FA, Woolf PD, Brower M Management of patients with small cell carcinoma and the
syndrome of ectopic corticotropin secretion Cancer 1994; 73:1361-1367

28. Shepherd F. Laskey J, Evans W, Goss P, Johansen E. Khamsi F.Cushing's syndrome associated
with ectopic corticotropin production and small cell lung cancer J Clin Oncol 1992; 10:21-27

29. Larsen K. Creatinine assay by a reaction-kinetic approach Clin Chem Acta 1972; 41:209-217
30. Ravussin E and Bogardus C. Relationship of genetics, age, and physical fitness to daily energy

expenditure and fuel utilization Am J Clin Nutr 1989. 49:968-975
31. Froon AHM. Bemelmans MHA. Greve JW, van der Linden CJ, Buurman WA Increased

plasma concentrations of soluble tumor necrosis factor receptors in sepsis syndrome; correlation
with plasma creatinine values. Crit Care Med 1994; 22:803-809

32. Brockhaus M, Bar-Khayim Y, Gurwicz S, Frensdorff A, Haran N. Plasma tumor necrosis factor
soluble receptors in chronic renal failure Kidney Int 1992; 42:663-667

33. SPSS/PC+ Statistics 4.0 tor the IBM.PC/XT/AT and PS/2. M.J. Norusis /SPSS Inc. New York
1990

34. Osterlind K, Andersen PK. Prognostic factors in small cell lung cancer multivariaie model
based on 778 patients treated with chemotherapy with or without irradiation Cancer Res 1986,
46:4189-4194

35. O'Connell JP, Kris MG. Gralla RJ, Groshen S. Trust A, Fiore JJ. Kelsen DP, Heelan RT.
Golbey RB Frequency and prognostic importance of pretreatment clinical characteristics in
patients with advanced non-small cell lung cancer treated with combination chemotherapy. J Clin
Oncol 1986; 4:1604-1614

36. Ovesen L. Hannibal J. Allingstrup L Dietary intake in patients with small cell lung cancer: the
effect of aggressive chemotherapy Eur J Clin Nutr 1992; 46 535-537

37 Fredrix EWHM. Soeters PB, Wouters EFM. Deerenberg IM. Meyenfeldt von MF, Sari*
WHM. Effect of different tumor types on resting energy expenditure Cancer Res 1991;
51:6138-6141

38. Nelson KM, Weinsier RL, Long CL. Schutz Y Prediction of resting energy expenditure from
fat-free mass and fat mass. Am J Clin Nutr 1992, 56:848-856

39. Roh MS. Ekman LG. Jeevanandam M. Brennan MF. Elevated energy expenditure in hepato-
cytes from tumor-bearing rats. J Surg Res 1985. 38 407-415

40 Aderka D. Engelmann H. Hornik V Skornick Y. Levo Y. Wallach D. Kushtai G Increased
serum levels of soluble receptors for tumor necrosis factor in cancer patients. Cancer Res 1991;
51:5602-5607

41 Digel W. Porzsolt F. Schmid M. Herrman F. Lesslauer W. Brockhaus M High levels of
circulating soluble receptors for tumor necrosis factor in hairy cell leukemia and type B chronic
lymphocytic leukemia J Clin Invest 1992; 89:1690-1693

42 Langkopf F. Atzpodien J Soluble tumour necrosis factor receptors as prognostic factors in
cancer patients The Lancet 1994. 344:57-58

141



43. Biberstein von SE, Spiro JD. Lindquist R. Kreutzer DL Enhanced tumor cell expression of
tumor necrosis factor receptors in head and neck squamous cell carcinoma. Am J Surg 1995:
170:416-421

44 Gatanaga M. Grown EA. Burger RA. Granger GA, Gatanaga T: Release of soluble TNF/LT
receptors from a human ovarian tumor cell line (PA-1) by stimulation with cytokines in vitro.
Lymphokine Cytokine Res 1993; 12:249-253

45. Black PH Shedding from normal and cancer cell surface N Engl J Med 1980; 303:1415-1416
46 Rothlcm. R , ( zajkowski. M.. ONeil. N.M.. Marlin. S . Mainolfi. E and Merluzzi. V.R.,

Induction of intercellular adhesion molecule I on primary and continuous cell lines by pro-
inflammatory cytokines J Immunol 1988. 141:1665-1669

47. Shingu, M , Hashimoto. M . Ezaki. I. and Nobunaga. M . Effect of cytokine-induced soluble
ICAM-I from human synovial cells on synovial cell-lymphocyte adhesion. Clin Exp Immunol
1994; 98:46-51

48 McCabe. S.M.. Riddle, I. , Nakamura, G.R.. Prashad, H.. Mehta. A.. Berman, P.W. and
Jardieu. P . sK'AM-l enhances cytokine production stimulated by alloantigen. Cell Immunol
1993, 150:364-375

49 Harning. R . Mainolfi. E . Bystryn, J C , Henn. M . Merluzzi, V.J and Roihlein, R.. Serum
levels of circulating intercellular adhesion molecule I in human malignant melanoma. Cancer
Res 1991.51:5003-5005

50. Becker, J.C., Dummer. R . Hartmann, A.A.. Burg, G and Schmidt, R E . Shedding of ICAM-
I from human melanoma cell lines induced by IFN-gamma and tumor necrosis factor-alpha.
Functional consequences on cell-mediated cytotoxicity. J Immunol 1991; 147:4398-4401

51. Santarosa M. l-avaro D, Quaia M. Spada A, Sacco C, Talamini R, Galligioni E. Expression and
release of intercellular adhesion molecule-1 in renal-cancer patients. Int J Cancer 1995; 62:271-
275

52 Tsujisaki M. Imai K. Hirau H. Hanzawa Y. Masuya J. Nakano T. Sugiyama T. Matsui M.
Hinoda Y. Yachi A Detection of circulating intercellular adhesion molecule-1 antigen in
malignant diseases. Clin Exp Immunol 1991, 85:3-8

53. Christiansen I, Gidlof C, Wallgren AC, Simonson B. Totterman TH. Serum levels of soluble
intercellular adhesion molecule I are increased in chronic lymphocytic leukemia and correlate
with clinical stage and prognostic markers. Blood 1994; 84:3010-3016

54. Gruss HJ. Diilken ( i . Brach MA. Mertelsmann R. Herrmann F. Serum levels of circulating
ICAM-I are increased in Hodgkm's Disease. Leukemia 1993; 7:1245-1249

55. Wolff JM. Stephenson RN. Chisholm GD. Habib FK. Levels of circulating Intercellular
adhesion molecule-1 in patients with metastatic cancer of the prostate and benign prostatic
hyperplasia Eur J Cancer 1995; 31 A: 339-341

56. Shijubo. N , Imai. K.. Aoki, S.. Hirasawa. M . Sugawara. H , Koba. H., Tsujisaki. M.,
Sugiyama. T , Hinoda. Y and Yachi. A.. Circulating intercellular adhesion molecule-1 (ICAM-
I) antigen sera of patients with idiopathic pulmonary fibrosis. Clin Exp Immunol 1992; 89: 258-
262

142



General discussion

Weight loss in relation to disturbances in energy balance in lung cancer patients is the
central theme of the present thesis. Indeed, weight loss is a frequently occurring problem
even in patients with newly detected primary lung cancer: 30 % of the patients reported a
weight loss of 10 % or more from their pre-illness stable weight (Chapter 2)
In general terms, weight loss is considered to be a consequence of energy imbalance, either
by an increased energy expenditure or a decreased energy intake or a combination of both.
Although, total energy expenditure is the sum of resting energy expenditure (REE), diet
induced thermogenesis and activity related energy consumption, most studies have focused
on resting energy expenditure measurements. The present studies confirmed that an
increase in resting energy expenditure is a frequent finding in newly detected lung cancer
patients: 74 % of the population studied had an increased REH at initial diagnosis (Chapter
2). However, weight loss seemed more related to a decrease in the uptake of calories than
to changes in REE, expressed in kcal/day or kcal/kg fat free mass (FFM). Possibly, REE
measurement poorly reflects total energy expenditure. This is in line with observations in
so called hypermetabolic and normometabolic COPD patients in which no differences could
be detected in total energy expenditure (1). Until now only limited data on total energy
expenditure are reported in a heterogenous group of cancer patients (2,3). Further studies
are therefore indicated on total energy expenditure and its contributing components in
homogenous groups of cancer patients.
Although previous data have suggested that hypermetabolism may be considered as a result
of underestimation of resting energy expenditure in elderly people (4), the data of the
present thesis (Chapter 3). confirm that hypermetabolism, adjusted for body composition,
was a constant finding in non-small cell and small cell lung cancer patients compared to an
age and sex matched control population.
The data presented in this thesis confirm a relationship between hypermelabolism and
weight loss on the one hand, and the presence of an inflammatory response on the other
hand (Chapter 4). Hypermetabolism was associated with enhanced levels of soluble TNF-
receptor 55, sE selectin. and the acute phase proteins CRP and LBP Weight loss was
related to increased levels of both soluble TNF receptors, soluble ICAM-1, IL-6 and both
acute phase proteins CRP and LBP. In the absence of a quantitative effect of total active
metabolising mass on the increase on REE, qualitative differences in metabolism in
different constituent compartments of the metabolising mass in relation to the inflammatory
state have to be considered. In that way, the skeletal muscle mass and the liver are
important energy comsuming organs and therefore main determinants of REE.
Furthermore, the observation of an association between hypermetabolism and hepatic acute
phase protein response (Chapter 4) is in line with data obtained in patients with pancreatic
cancer, demonstrating that REE was significantly enhanced in patients with an ongoing
acute phase response compared to patients who did not have such a response (5).
IL-6, IL-1B and TNF- a have been implicated as potential mediators of the acute phase
response by direct and prostaglandin mediated pathways (6) The evidence for a
relationship between hypermetabolism and hepatic acute phase response is further supported
by the observation that administration of ibuprofen, a well known cyclo-oxygenase
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inhibitor, significantly reduced both resting energy expenditure and hepatocyte acute phase
protein expression in pancreatic cancer patients (7). It is hypothesized that cyclo-oxygenase
inhibition may downregulate acute phase protein production via a prostaglandin-mediated
pathway, resulting in reduced responsiveness to pro-inflammatory cytokines, or via a direct
effect on hepatic acute phase protein production (7). In patients with unresectable pancreatic
cancer, the acute phase protein response is demonstrated as a useful prognostic indicator
(8). A relationship between resting energy expenditure and the hepatic acute phase response
is also in line with the longitudinal data in small cell lung cancer patients before and after
chemotherapeutic intervention (Chapter 9) A concomitant decrease in acute phase protein
response and in resting energy expenditure was demonstrated after a standard
chemotherapeutic regimen. Interestingly, anti-inflammatory treatment by cyclo-oxygenase
inhibition not only offered improvement in palliative support to patients with advanced
solid cancer, but even prolonged survival (9). In line with these data, it was shown in
animal models that cyclo-oxygenase inhibition by indomethacin led to inhibition of tumor
growth and protection of the host from deterioration in body composition, particularly lean
body mass (10).
Data of energy balance in non-small cell lung cancer patients before and after surgical
resection of the tumor illustrate the importance of longitudinal metabolic and body
composition follow-up (Chapter 8) In that way, a special group is formed by non-small
cell lung cancer patients treated by radiotherapy but not studied in the present thesis.
Bronchoalveolar lavage data after radiotherapy have manifested an enhanced inflammatory
state in the alveolar compartment in non-small cell lung cancer patients (11). It has to be
considered that persistence of a chronic inflammatory response can result in a marked
deterioration in lean body mass in this subgroup of lung cancer patients.
Based on the reported immunohistochemical data (Chapter 4 and 5) one can suggest the
involvement of a complex tumor-host response in the observed metabolic derangements.
Especially, the selectivity of expression of TNF receptors in tumor cells needs further
elucidation not only in relation to metabolism but especially in relation to tumor growth. In
that sense, it is interesting to mention data in poxviruses proposing an anti-inflammatory
function of cytokine receptors (12). Poxviruses encode homologues of the extracellular
binding domain of cellular cytokine receptors, lacking the transmembrane and cytoplasmic
domains of their cellular counterpart. It is generally supported that poxviruses. by
acquisition of soluble cytokine receptors, block the activity of specific cytokines of the host
and function as an anti-inflammatory reagent. We hypothesize that high expression of sTNF
receptors by tumor cells could also function as anti-inflammatory reagents and in that way
protect the tumor for host related defence processes.
Not only inflammatory mediators have been demonstrated to be responsible for weight loss
in cancer, but also other factors have been isolated recently Leptin. a 16 kDa plasma
protein, has been shown to be involved in the regulation of fat metabolism in mice.
Recombinant leptin reduces food intake and increases energy expenditure in wild-type mice
and its absence in obese mice leads to a massive increase in body fat (13-15) Recently,
also a proteoglycan was isolated from mice bearing the MAC16 rumor (16,17) This
proteoglycan produced cachexia in vivo by inducing catabolism of skeletal muscle, as
measured by tyrosine release This effect occurred without a reduction in food and water
intake, which is usually found in animals bearing the MAC16 tumor (18) This factor was
also present in the urine of cachectic cancer patients, but was absent from normal subjects,
patients with weight loss due to trauma, and cancer patients with little or no weight loss.
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The relation between disturbances in metabolism, enhanced inflammatory response and
presence of leptins or other cachectic factors in the pathogenesis of the cachectic syndrome
needs further investigations.
In conclusion, metabolic assessment has to become an essential component in the integrated
approach of the oncological patient. However, the complex etiology of metabolic
derangements needs further investigations as well as intervention strategies for metabolic
disturbances associated with acute phase protein response in the therapeutic management of
cancer patients. '
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Summary

The present thesis describes the metabolic disturbances in lung cancer patients.
Weight loss is a frequently occurring problem in patients with lung cancer and is an
early sign of disease. Different studies have shown that weight-stable patients have a
better prognosis and a better response to treatment than weight-losing patients. In
Chapter 2 the energy balance between resting energy expenditure (REE) and energy
intake was assessed and the contributing factors to the elevated REE were analyzed
in 100 newly detected lung cancer patients. A substantial number of patients (30%)
had a weight loss of 10% or more from their pre-illness stable weight. An elevated
REE was even found in 74% of the patients. Stratification by tumor localization
revealed that patients with a central tumor had a significantly higher REE and
higher level of C-reactive protein (CRP) compared to patients with a peripheral
tumor. Dietary intake was significantly lower in the weight-losing group compared
to the weight stable group. Tumor localization and inflammation were found to be
contributing factors to the elevated REE as demonstrated by multiple regression
analysis.
Lung cancer can be subdivided into two groups according to histology: small cell
lung carcinoma ( SCLC) and non-small cell lung carcinoma (NSCLC). Since both
groups have different characteristics, we hypothesized that the influence on energy
metabolism and inflammatory mediators might be different. REE was measured in
66 patients with lung cancer -33 SCLC and 33 NSCLC patients- and in 33 healthy
controls, matched for age, sex and fat free mass (FFM) (Chapter 3). An increased
REE adjusted for FFM was found in the lung cancer population compared to
controls. Subdivision of the lung cancer population according to histology revealed
that patients with SCLC had an increased REE adjusted for FFM compared to
patients with NSCLC. FFM explained the greatest part of the elevation in REE in
controls and NSCLC respectively, but in SCLC FM was a significant determinant of
the variation in REE as well. Increased levels of cortisol were found in the SCLC
population compared to the NSCLC population but cortisol levels remained within
the normal range. Moreover, sTNF-R75 levels were increased in SCLC compared
to NSCLC.
Based on experimental studies, it has been suggested that inflammatory mediators
are involved in the metabolic derangements in cancer patients. Key roles have been
attributed to the inflammatory cytokines TNF-a, Interleukin (IL)-l and IL-6.
Therefore the presence of inflammatory mediators in plasma was analyzed and
related to the presence of the increased REE and weight loss in patients with
NSCLC in Chapter 4. Biologically active TNF-a is difficult to detect because of its
short half-time that makes detection dependent on frequency of sampling. Therefore
both soluble TNF-receptors 55 (sTNF-R55) and sTNF-R75 were determined as
well. In addition the soluble adhesion molecules Intercellular Adhesion Molecule
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(ICAM)-l and E-sclectin, and the acute phase proteins lipopolysaccharide (LPS)-
binding protein (LBP) and CRP were determined in plasma of 87 NSCLC patients.
Enhanced levels of both sTNF-receptors, sICAM-1 and the acute phase proteins
CRP and LBP were detected in NSCLC patients compared to healthy controls. In
addition, inflammatory mediators were compared between hypermetabolic
(REE/Harris Benedict (MB) equation > 110%) verms normometabolic (REE/HB <
110%) patients and between patients who lost weight (more than 10% loss of
prcillncss weight) versus those whose weight remained stable. Hypermetabolic
patients were found to have significantly increased levels of sTNF-R55, sE-selectin,
LBP and CRP compared with normometabolic patients. Weight loss was related
with increased levels of both sTNF-receptors, sICAM-1, IL-6, LBP and CRP. No
correlation could be demonstrated between hypermetabolism and the inflammatory
mediators.
In order to investigate whether the tumor itself was the origin of the increased levels
of cytokines or whether the systemic inflammatory response of the patients was
enhanced in response to the presence of the tumor, immunohistochemical studies
were performed with antibodies against different inflammatory mediators. Both
Chapter 5 and Chapter 6 describe the results of these studies. Tissues were
collected from resection specimens of patients undergoing thoracotomy for NSCLC.
Both paraffin and cryostat sections were investigated. In general, CD68 reactive
monocytes were present in tumor stroma as well as lymphocytes, consisting mainly
of T-lymphocytes. Lymphoid aggregates were present to a variable extent at the
edge of the NSCLC fields or in between the outer fields of carcinoma cells. The
aggregates consisted mainly of B-lymphocytes with scattered T-lymphocytes. TNF-
receptor expression could be demonstrated on NSCLC cells but not on normal
bronchial epithelium. The pro-inflammatory cytokines TNF-a, IL-6 and IL-8 were
expressed by NSCLC cells as well as by monocytes in tumor stroma. However, the
staining patterns observed indicated an activated status of only a minority of the
inflammatory cells in tumor stroma. Furthermore the expression of adhesion
molecules was investigated in the lung cancer specimens. The staining patterns
observed on endothelial cells indicated an active status of NSCLC vessels. The
phenotypic pattern of the vessels looked similar to the vascular component of
inflammation. 1CAM-1 and vascular cell adhesion molecule (VCAM)-l were present
on NSCLC cells and suggested a functional role in the process of chemotaxis for
tumor cells as well.

Further the local inflammatory response in the alveolar compartment was assessed in
NSCLC patients (Chapter 7). To this end, inflammatory mediators in broncho-
alveolar lavage fluid (BALF) and cytokines produced by alveolar macrophages
(AM) were investigated. Twenty patients with newly detected NSCLC and 9 control
subjects were studied. BAL was performed in the affected lung as well as in the
contralateral lung of NSCLC patients and only unilaterally in control subjects.
Comparable results were demonstrated for the levels of the inflammatory mediators
TNF-a. lnterleukin (IU-6. IL-8. both soluble TNF-receptors and the soluble
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adhesion molecules E-selectin and Intercellular Adhesion Molecule (ICAM)-l
between the affected lung and the contralateral lung in the NSCLC population as
well as between the NSCLC population and the control subjects. Moreover, no
significant differences in cytokine profiles of AM were detected between AM
obtained from the affected lung and from the contralateral lung, respectively. These
data suggest that the enhanced inflammatory state, as demonstrated in plasma and in
the interstitial compartment around the tumor cells in NSCLC, was not reflected in
the alveolar compartment in NSCLC.
Most of the studies on energy metabolism in cancer patients are based on cross-
sectional studies. Only limited data are available about the effects of treatment on
energy metabolism. Therefore the influence of surgical removal of the tumor on
energy balance, body weight and body composition was investigated in NSCLC
patients in Chapter 8. Patients with curative tumor resection showed an increase in
body weight over an one year period, in contrast to patients with tumor recurrence
who lost weight. The weight gain consisted predominantly of fat mass, while the
weight loss consisted for more than half of FFM. Body weight was increased in
hypermetabolic as well as in normometabolic patients one year after successful
removal of the tumor. However, while EI/REE was significantly increased in
hypermetabolic patients, it was not changed in normometabolic patients. These
results suggest that hypermetabolic NSCLC patients undergoing curative resection
show an improvement in energy balance caused by both a decreased REE and an
increased El. This positive energy balance results in weight gain, which consists
predominantly of FM.

The last study (Chapter 9) described energy metabolism and systemic levels of
inflammatory mediators in SCLC patients before and after treatment with
chemotherapy. A significant reduction in REE was found irrespective of therapeutic
outcome while body weight and body composition remained stable. The levels of
acute phase proteins CRP and LBP reduced significantly after treatment with
chemotherapy, while the levels of both sTNF-receptors and sICAM-1 remained
enhanced. No correlation, however, existed between the decrease in REE and the
decrease of the acute phase proteins.
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Samenvatting

Het huidige proefschrift beschrijft de metabole veranderingen in patienten met
longkankcr. Gewichtsverlies is een veel voorkomend probleem bij patienten met
longkanker en is een van de eerste tekenen van ziekte. In verschillende studies is
aangetoond dat patifinten met een stabiel gewicht een betere prognose en een betere
reattic op thcrapie hebbcn dan patienten met gewichtsverlies. De energiebalans
tussen de ruststofwisseling en de energie inname is bepaald in hoofdstuk 2 en de
bijdragende factoren voor de verhoging van de ruststofwisseling zijn geanalyseerd in
100 patienten waarbij recent longkanker is vastgesteld. Een aanzienlijk aantal
patienten (30%) had een gewichtsverlies van 10% of meer ten opzichte van het
gewicht voor ze ziek werden. Een verhoogde ruststofwisseling kwam zelfs voor bij
74% van de patienten. Stratificatie door middel van tumor lokalisatie gaf weer dat
patit'nlen met een centrale tumor lokalisatie een significant verhoogde
ruststofwisseling en verhoogde concentratie C-reactief eiwit (CRP) hadden
vergeleken met paticnten met een perifere tumor lokalisatie. De energie inname was
significant lager in de groep met gewichtsverlies vergeleken met de groep die een
stabiel gewichts hadden. Tumor lokalisatie en ontsteking bleken bevorderende
factorcn te zijn voor de verhoogde ruststofwisseling zoals werd vastgesteld door
middel van multiple regressie analyse.

Longkanker kan worden onderverdeeld in twee groepen volgens histologie:
kleincellig bronchus carcinoom (SCLC) en niet-kleincellig bronchus carcinoom
(NSCLC). Aange/ien beide groepen verschillende kenmerken hebben, vormden wij
de hypolhese dat de invloed op energie metabolisme en ontstekingsmediatoren
verschillend zou zijn. De ruststofwisseling werd gemeten in 66 patienten met
lonkanker (33 SCLC en 33 NSCLC patienten) en in 33 gezonde controle personen,
gematched voor leeftijd, geslacht en vetvrije massa (Hoofdstuk 3). Er werd een
verhoogde ruststofwisseling aangepast voor de vetvrije massa gevonden in de
longkanker groep vergeleken met de groep van controles. Onderverdeling van de
longkanker groep naar aanleiding van histologie gaf weer dat patienten met SCLC
een verhoogde ruststofwisseling aangepast voor vetvrije massa hadden vergeleken
met dc patienten met NSCLC. De vetvrije massa voorspelde het grootste deel van
de verhoging van de ruststofwisseling in de controles en in NSCLC respectievelijk,
maar in SCLC was de vetmassa eveneens een significante determinant van de
varialie in ruststofwisseling. Verhoogde cortisol concentraties werden aangetoond
in de groep met SCLC vergeleken met de groep met NSCLC maar de cortisol
concentraties bleven binnen de normale waarden. Bovendien waren de oplosbare
TNF-receptor-75 concentraties toegenomen in SCLC vergeleken met NSCLC.
Het is gesuggereerd op basis van dierexperimenten dat ontstekings mediatoren
bctrokken zijn in de metabole versloringen in patienten met kanker. Daarvoor zijn
sleutelposities toegekend aan de inflammatoire cytokinen TNF-cc, Interleukine (ID-1
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en IL-6. De aanwezigheid van ontstekingsmediatoren in plasma werd vervolgens
geanalyseerd en gerelateerd aan de aanwezigheid van een verhoogde
ruststofwisseling en gewichtsverlies in patienten met NSCLC in hoofdstuk 4.
Biologisch actief TNF-a is moeilijk te meten in verband met de korte halfwaarde tijd
die het aantonen van TNF-a afhankelijk maakt van de frequentie van metingen.
Daarom werden eveneens de oplosbare TNF-receptor 55 en TNF-receptor 75
bepaald. Bovendien werden de oplosbare adhesie moleculen lntercellulair Adhesie
Molecuul (ICAM)-l en E-selectin en de beide acute fase eiwitten lipopolysaccharide
(LPS)- bindend eiwit (LBP) en CRP bepaald. Er werden verhoogde concentraties
van de beide oplosbare TNF-receptoren, oplosbaar ICAM-1 en de acute fase
eiwitten CRP en LBP gemeten in patienten met NSCLC vergeleken met gezondc
controles. Tevens werden de concentraties van ontstekingsmediatoren vergeleken
tussen de patienten die hypermetabool waren (REE/Harris Benedict (HB)
vergelijking >110%) t.o.v. normometabole patienten (REE/HB < 110%) en tussen
patienten die gewicht verloren (meer dan 10% van hun oorspronkelijke gewicht)
t.o.v. patienten die stabiel bleven in hun gewicht. Hypermetabole patienten bleken
significant verhoogde concentraties te hebben van de oplosbare TNF-receptor 55,
oplosbaar E-selectin, LBP en CRP vergeleken met normometabole patienten.
Gewichtsverlies was gerelateerd aan toegenomen concentraties van de beide
oplosbare TNF-receptoren, oplosbaar ICAM-1, IL-6, LBP en CRP. Er werd geen
correlatie aangetoond tussen de aanwezigheid van hypermetabolisme en de
ontstekingsmediatoren.

Vervolgens werden er immunohistochemische studies verricht met antilichamen
tegen de verschillende ontstekingsmediatoren om te onderzoeken of de tumor zelf dc
bron was van de verhoogde concentraties van cytokinen of dat de systemische
ontstekings reactie van de patienten was toegenomen als reactie op de aanwezigheid
van de tumor. Zowel hoofdstuk 5 als hoofdstuk 6 beschrijven de resultaten van
deze studies. De weefsels werden verzameld uit operatie materiaal van patienten met
NSCLC die een operatie ondergingen. Zowel paraffine als vriescoupes werden
onderzocht. CD68 positieve monocyten en lymfocyten, voomamelijk bestaand uit T-
lymfocyten, waren in het algemeen aanwezig in het stroma van de tumor. De
lymfocyten aggregaten waren aanwezig in verschillende aantallen aan de grenzen
van de NSCLC velden of tussen de buitenste velden van de tumor cellen in gelegen.
De aggregaten bestonden voomamelijk uit B-lymfocyten met enkele T-lymfocyten er
tussen in gelegen. De expressie van TNF-receptoren kon worden aangetoond op de
NSCLC cellen, maar niet op normaal bronchusepitheel. De cytokinen TNF-a, IL-6
en IL-8 werden geexprimeerd door de NSCLC cellen maar ook door de monocyten
in het tumor stroma. Echter. de geobserveerde kleuringspatronen toonden alleen een
geactiveerde status aan van slechts een klein aantal onstekingscellen in het tumor
stroma. Vervolgens werd ook de expressie van adhesiemoleculen onderzocht in de
longkanker preparaten. De aankleuringspatronen die werden gezien op de
endotheelcellen weerspiegelden een actieve status van de vaten in NSCLC. Het
fenotypische patroon van de vaten vertoonde gelijkenissen met de vascularisatie
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zoals die wordt gezien in ontsteking. ICAM-1 en net vasculaire eel adhesie molecuul
(VCAM)-I waren aanwezig op NSCLC cellen en dit kan wijzen op een functionele
rol voor de tumor cellen in het ontstekingsproces.
Vervolgens werd de ontstekings reactie in het alveolaire compartiment bepaald in
patit'nten met NSCLC (hoofdstuk 7). Daarvoor werden de ontstekingsmediatoren in
de bronchoalveolaire vloeistof bepaald en werden de cytokinen, die geproduceerd
worden door dc alveolaire makrofagen, gemeten. Twintig patienten met recent
ontdekt NSCLC en 9 controle personen werden onderzocht. De bronchoalveolaire
lavage werd verrichi in de aangedane long en in de contralaterale long van de
patic'nten met NSCLC en unilateraal in controle personen. Er werden vergelijkbare
resultaten gevonden voor de concentraties TNF-cc, IL-6, 11-8, de beide oplosbare
TNF-rcceptoren en de oplosbare adhesie moleculen E-selectin en ICAM-1 tussen de
aangedane long en de contralaterale long in de NSCLC groep en de controle groep.
Bovcndien werden er geen significante verschillen aangetoond tussen de cytokinen
profielen van de alveolaire makrofagen verkregen uit de aangedane long en uit de
contralaterale long respectievelijk. Deze data suggereren dat de verhoogde
ontstekings status, zoals die word! aangetoond in het plasma en in het interstitiele
compartiment rond de tumor cellen in NSCLC, niet wordt weergegeven in het
alveolaire compartiment.

De meeste studies over energie metabolisme in patienten met kanker zijn gebasseerd
op cross-sectionele studies. Er zijn slechts weinig data beschikbaar over de effecten
van behandeling op het energie metabolisme. De invloed van chirurgische
verwijdering van de tumor op de energie balans, het lichaamsgewicht en de
lichaamssamenstelling werd daarom onderzocht in patienten met NSCLC in
hnotdstuk 8. Patienten met een curatieve resectie van de tumor vertoonden een
toename van hun lichaamsgewicht na een jaar. in tegenstelling tot patienten waarbij
cr sprakc was van een recidief van de tumor, zij verloren gewicht. De
gewichtstoename bestond voornamelijk uit vetmassa, terwijl het gewichtsverlies
voor meer dan de helft uit vetvrije massa bestond. Na een jaar was het
lichaamsgewicht toegenomen bij zowel hypermetabole als normometabole palienten
die con curatieve resectie van hun tumor hadden ondergaan. Echter terwijl de
verhouding energie inname t.o.v. de ruststofwisseling significant was toegenomen in
hypermetabole patienten, was deze onveranderd in normometabole patienten. Deze
resultaten sugegeren dat hypermetabole patienten die een curatieve resectie
ondergaan, een verbetering van hun energie balans vertonen veroorzaakt door zowel
een afgenomen ruststofwisseling als een toegenomen energie inname. Deze positieve
energie balans resulteert in een gewichtstoename, welke vooniamelijk uit vetmassa
bestaat.

De laatste studie (hoofdstuk 9) beschrijft het energie metabolisme en de systemische
concentraties van ontstekingsmediatoa*n in SCLC patienten voor en na behandeling
met chemotherapie. Een significante afname in ruststofwisseling werd aangetoond
onafhankclijk van het resultaat van de therapie terwijl het lichaamsgewicht en de
lichaamssamenstelling stabiel bleven. De concentraties van de acute fase eiwitten
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CRP en LBP namen significant af na behandeling met chemotherapie. terwijl de
concentraties van de beide oplosbare TNF-receptoren en oplosbaar ICAM-I
verhoogd bleven. Er bestond echter geen correlatie tussen de afname in
ruststofwisseling en de afname van de acute fase eiwitten.
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