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Stellingen 
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Stellingen 

I 

De optimale voeding is enterale voeding. 

II 

Het natte gewicht van en de kalium uitscheiding in de faeces zijn goede 

kwantitatieve indicatoren voor de gastro-intestinale toxiciteit van 

chemotherapie. 

III 

De diarree, die eventueel optreedt als gevolg van chemotherapie, is noch 

het gevolg van een verlies van mucosa, noch van een afname van de 

disaccharidasen activiteit in de dunne darm, maar berust waarschijnlijk op 

een toename van de secretie van vocht en electrolyten door beschadigde 

enterocyten. 

IV 

Enterale en parenterale hyperalimentatie hebben geen beschermend effect op 

de verschillende vormen van toxiciteit van chemotherapie. 

V 

Bij de anorexie van kankerpatienten speelt de veranderde smaakbeleving een 

onderschatte rol. 

VI 

Hyperalimentatie leidt, indien eiwitrijke voeding wordt toegepast, tot een 

toename van de glomerulaire filtratie en kan daardoor de farmacokinetiek 

van chemotherapeutica beinvloeden. 

VII 

Endoscopische retrograde cholangiopancreaticografie verdient een plaats in 

de diagnostiek en behandeling van acute pancreatitis. 



VIII 

Ten onrechte vormen bij de flexibele endoscopie de eerste centimeters vaak 

het sluitstuk van de diagnostiek. 

IX 

Er leven meer mensen van hypertensie dan er aan dood gaan. 

X 

De diepte van de fundering wordt niet bepaald door de hoogte van het 

gebouw (van der Veen C, Horvat E, van Kooperen CH: Grondmechanica. Delft: 

Waltman, 1981). 

XI 

Het mens is het schijnbare toppunt van onzijdigheid. 

XII 

Het Friese spreekwoord "Dy't net donget, dy't net ponget" omschrijft deze 

studie beter dan de Nederlandse tegenhanger "Ivie niet zaait, zal niet 

oogsten". 
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Voorwoord 
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De medewerkers van de afdeling Klinische Immunochemie (hoofd Dr. J. 
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jejunumbiopsieen. 
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LIST OF ABBREVIATIONS 

AC arm circumference 

CHI creatinin height index 

CT chemotherapy 

DTIC dacarbazin 

FFA free fatty acids 

5-FU 5-fluorouracil 

HA hyperalimentation 

i.v. intravenous 

IVH intravenous hyperalimentation 

NA normoalimentation 

n. s. not significant 

PEE predicted energy expenditure 

REE resting energy expenditure 

S.D. standard deviation 

TPN total parenteral nutrition 

TS triceps skinfold 

WHI weight/height index 

WHO World Health Organization 
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Chapter 1 

Introduction 

Nutritional disturbances may develop in a patient with cancer as the 

result of one or more factors, including the local and systemic effects of 

cancer as well as the effects of its various treatments. About 60% of 

patients with malignancies of the lung, colon, or prostate have 

experienced weight loss prior to the beginning of chemotherapy (1). 

Malnutrition is not only a debilitating problem for the cancer patient; 

but it has also been demonstrated in chemotherapy studies that this 

pretreatment weight loss is an independent adverse prognostic factor 1). 

It is therefore essential that the cause and the extent of the underlying 

nutritional derangements be understood in order to institute a rational 

and effective nutritional support program for the individual cancer 

patient. Nutrition, therefore, has a major role in cancer therapy, as an 

adjunct to other treatment modalities. 

1. 1. The effects of the localization of the tumor on nutritional status. 

The effects of the localization of the malignancy on the nutritional 

status generally have a clear cause and effect relationship. For example, 

food intake will be impaired if the tumor involves the oral cavity and if 

ileus follows obstruction in the gastrointestinal tract. 

Malabsorption can be the result of a deficiency of pancreatic enzymes 

or bile salts, when a tumor obstructs the bile ducts or the pancreatic 

duct, or the result of gastric hypersecretion inhibiting the effect of 

pancreatic enzymes as in the Zollinger-Ellison syndrome. Furthermore, 

malabsorption may occur when there is a fistulous bypass of small 

intestine, a blind loop secondary to partial upper bowel obstruction, or 

when neoplasms, such as lymphoma or carcinoma, infiltrate the small bowel. 

Electrolyte and fluid disturbances can be the result of persistent 

vomiting due to obstruction or secondary to increased intracranial 

pressure from tumors. Electrolyte and fluid disturbances are also 
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associated with small bowel fluid losses from fistula and with diarrhea 

due to hormone secreting tumors and villous adenoma of the colon. 

1.2. Systemic effects of neoplastic diseases on nutritional status. 

The systemic effects of cancer on nutritional status are complex, 

multifactorial, and incompletely understood. 

1. 2. 1. Anorexia. 

Despite being long recognized as a common accompaniment of cancer, the 

exact etiology of anorexia remains to be established. One etiologic factor 

may be altered taste perception. De Wijs (2) showed that changes in taste 

sensation are inversely correlated with caloric intake, and this 

observation emphasizes the importance of altered taste in cancer anorexia. 

We therefore studied the changes in taste sensation and the influence of 

chemotherapy and hyperalimentation (chapter 2 and 3). Anorexia could also 

be the effect of the production in the tumor of peptides or other small 

molecular weight compounds which could exert their effects through the 

central nervous system. The neurotransmitter serotonin is one of these 

small molecular weight compounds which has been studied extensively. 

Krause et al. have shown that serotonin activity increases in the brain of 

anorexic tumor bearing animals (3-5). Depletions of endorphinergic systems 

also have been suggested as playing a role in the control of food intake 

(6). 

Furthermore, cancer-associated uremia, hypercalcemia, and fever may 

play a role in the etiology of anorexia. 

Finally, there is conditioned food aversion, which is the result of an 

association of foods with the discomfort induced by chemotherapy, 

radiotherapy, and/or tumor growth (7-8). 

1. 2. 2. Energy balance. 

In addition to diminished food intake as a result of anorexia or of 

interference by the tumor with normal gastrointestinal function, 

alterations in the energy metabolism increase the risk of weight loss in 

cancer patients. The majority of studies indicate an increase in energy 

consumption (9-12). Dempsey (13) measured the resting energy expenditure 

(REE) by indirect calorimetry in 173 patients with gastrointestinal 

malignancies and compared the measured REE to predicted energy expenditure 
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(PEE) from the Harris-Benedict formula based on current body weight. The 

aberrations in energy consumption were not related to age, sex, body size, 

nutritional status, duration of disease, tumor burden, or presence of 

liver metastases, but the primary tumor site was a major determinant in 

these patients. Patients with stomach cancer tended towards 

hypermetabolism (REE > 110% PEE) and patients with hepatobiliary tumors to 

hypometabolism (REE < 90% PEE). 

The increased energy expenditure includes energy consumption within the 

tumor and energy demands placed on the host by the presence of the tumor, 

related to intermediate metabolites released during inefficient energy 

cycling in tumor tissue. Possible causes for increased energy wastage in 

cancer patients include increased Cori-cycle activity (the cycle from 

glucose to lactate back to glucose) (14-15), an increase in futile cycling 

of carbohydrate intermediates (16-17), and increased channeling of glucose 

into lipogenic path�ays (18). 

1.2.3. Carbohydrate metabolism. 

Glucose turnover or flux, which is the sum of whole-body 

gluconeogenesis and glycogenolysis, is elevated in cancer patients. The 

energy demand, due to increased glucose flux, corresponds to 41% of the 

daily glucose intake of the cancer patients and this may explain a weight 

loss of 0.8 to 0.9 kg body fat/30 day period during enteral nutrition of 

35 kcal/kg/day (14, 19-22). Several authors have shown that cancer 

patients have an increased gluconeogenesis from alanine (21), from lactate 

(23), and from glycerol (20), which are energy-requiring metabolic 

processes. This elevated flux 

characteristic feature of cancer 

of glucose carbons seems to be a 

patients (19) and could well be one of 

the causes of weight loss. Lundholm suggests on the basis of his study 

(20) and the study of Holroyde (14) that lactate is quantitatively more 

important than alanine and glycerol, and that alanine is more important 

than glycerol as a precursor for gluconeogenesis in progressive human 

cancer (24). He further suggests that the increased glucose turnover was a 

composite of increased Cori cycle activity (80%), glucose oxidation (15%), 

and lipid synthesis, ketone formation, etc. (5%). 

Other aspects of altered glucose metabolism described in cancer 

patients which may be relevant to weight loss are glucose intolerance, 
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decreased sensitivity to glucose of pancreatic /3 -cells, and decreased 

sensitivity and responsiveness to insulin (25-28). 

1. 2. 4. Lipid metabolism. 

In cancer patients body fat is often relatively preserved and lipid 

metabolism is generally normal (29) in the fasting state. Slightly greater 

but not significantly different amounts of free fatty acids (FFA) were 

oxidized to CO2 in patients with malignant disease compared to controls 

(22). Glucose administration resulted in an equivalent decrease in FFA 

levels and in FFA flux into the plasma. Thus, the normal controle 

mechanisms of FFA mobilization seem to be intact (17). However, in cancer 

patients a much higher percentage of the isotope of the labeled FFA was 

found in CO2 (22). This decreased suppression of FFA oxidation probably 

reflects the utilization of glycerol for the accelerated gluconeogenesis 

in these patients (30). 

1. 2.5. Protein metabolism. 

An obvious sign of altered protein metabolism in cancer patients is the 

wasting of skeletal muscles as Cohn and Emery demonstrated using neutron 

activation and whole body counting (31) and a stable isotope study (32). 

The skeletal muscles represent a major part of the protein pool in the 

body. Studies in tumor-bearing mice showed that the decreased muscle 

protein synthesis is not only a result of a reduction in food intake (33) 

and of a decreased physical activity (33), but probably also of a 

translational defect in the muscle RNA (34). 

Studies of protein synthesis with isotope techniques in muscle fibers 

from cancer patients demonstrated not only a decreased synthesis but also 

increased degradation (35). Aminoacids released from skeletal muscles as a 

result of this degradation are used for tumor protein synthesis and for 

gluconeogenesis to provide glucose for tumor metabolism �36). The 

increased degradation can in part be explained by changes in muscle enzyme 

levels, namely increases in activity of catabolic enzymes like cathepsin D 

(37). The determination of this enzyme might even have clinical relevance 

as the activity of cathepsin D was normalized after curative treatment and 

increased with progression of the disease. The increased cathepsin D 

activity did not depend on decreased food intake (38). 
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However, next to a decreased synthesis of skeletal muscle protein and 

an increased muscle protein degradation, there is an increased whole-body 

protein turnover (39), which is responsible for a significant degree of 

energy loss from the host (40). Experiments in tumor-bearing animals 

suggest that besides the liver (40-42), the spleen, and the tumor, no 

other tissues have an increased rate of protein synthesis (41, 43-44). The 

production of acute phase reactants especially accounts for a considerable 

part of this increased protein synthesis (40). 

1.2. 6. Electrolyte metabolism, body composition, and trace metals. 

Except for a decrease in total body potassium observed in weight�losing 

cancer patients (31), no abnormalities in electrolyte metabolism of the 

tumor or host can be generalized to all types of cancer. In certain 

patients inappropriate antidiuretic hormone secretion can cause 

electrolyte and fluid disturbances. Hypercalcemia, secondary to ectopic 

parathyroid hormone-like agents or to bone metastasis can lead to vomiting 

and dehydration. We investigated in balance studies the electrolyte 

metabolism in our patients (chapter 6 and 7). 

Cohn et al. (31) estimated body composition in weight losing cancer 

patients by measuring total body water, which provides a measure of lean 

body mass, and by application of the technique of compartmental analysis. 

He found that the loss of body weight in patients with solid tumors 

consists primarily of the loss of muscle mass and to a.lesser extent of 

body fat. These changes in body composition are in accordance with the 

abnormalities in protein and lipid metabolism described above. 

Trace metals like copper, zinc, and selenium have a role as catalysts 

in enzymatic reactions or as structural components of enzymes affecting 

the growth of cells. Therefore, it is interesting to study these metals in 

blood and tissues of patients with cancer. Margalioth et al. (45) have 

found an elevation of copper concentration in malignant tissues of the 

large bowel, stomach, urinary bladder, and female reproductive organs. 

Elevated serum copper and decreased zinc levels have been detected in 

patients with sarcoma (46-47), lung cancer (48-49), and carcinoma of the 

digestive system (49-50). Moreover, Fisher (51) claims that serum copper 

level prognosticates disease progression in malignant melanoma patients 

since all patients whose values never declined below 150 ug/100 ml died 

during the course of the study. Selenium prevents cancer in animals and 
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possibly in humans (52). Shamberger et al. (53) and McConnell et al. (54) 

have observed significantly lower blood selenium levels in cancer patients 

than in normal patients. 

1.2.7. Vitamins. 

The relation between cancer and vitamins has been widely studied. 

Epidemiological studies have suggested that vitamin A deficiency in man 

is associated with cancer of the stomach (55), naso-pharynx (56), and 

respiratory tract (57-58). In patients with malignant disease a deficiency 

of plasma ascorbate has been reported in several studies (59-62) and 

several reports indicate further that most patients with malignant disease 

have minimal tissue stores of vitamin C (60-61). In one study, patients 

with advanced disease received vitamin C supplementation, but their blood 

levels remained low (61).  

Baker et  al. (63) analyzed samples of adenocarcinoma of the colon 

together with adjacent uninvaded normal colon and specimens of liver 

metastasis of these tumors and of adjacent uninvaded normal liver for the 

vitamins B12, B6, nicotinate, riboflavin, pantothenate, thiamin, biotin 

and folates. Primary colon carcinomas contained significantly more of the 

above mentioned vitamins than normal colon, except for the vitamin B12 
levels which were almost two-fold lower. Unlike the primary colon tumor, 

the liver metastases contained lower vitamin concentrations than normal 

liver tissue. It seems, therefore, that the tumor is favored over normal 

tissue in having its heightened vitamin demands met at the expense of the 

host. 

We analyzed the plasma vitamin A and C levels in our patients (chapter 

4). 

1. 3. Nutritional consequences of cancer therapy. 

Besides the metabolic effects of the neoplastic disease itself, the 

cancer patient is predisposed to malnutrition as a result of therapy. 

1.3.1. Radiotherapy. 

The effects of radiation therapy which lead to nutritional problems are 

related to the region irradiated. When radiation involves the central 

nervous system this will lead to nausea. Other region related acute and 

subacute effects are mucositis, taste loss, and esophagitis, which may 
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impair food intake. Donaldson et al. (64) found that 93% of 122 patients 

lost weight even during a short course of radiation therapy for squamous 

cell carcinoma of the oral cavity, oropharynx, or hypopharynx, with an 

average weight loss of 3.7 kg. The changes in taste occur rapidly, and the 

taste returns to preirradiation acuity 60-120 days after completion of 

treatment (65). Radiotherapy to major portions of the salivary glands 

results in decreased salivation and the quality of the saliva changes to a 

viscid, acid mixture. 

The stomach appears to tolerate radiation remarkably well. Asymptomatic 

radiation gastritis with hyperemia and edema may occur after approximately 

2 weeks of irradiation. However, high doses of irradiation have been 

associated with ulcer formation, presenting as intractable epigastric 

pain, bleeding, vomiting, and progressive weight loss (66). 

Irradiation to the small and large bowel may be accompanied by nausea, 

vomiting, and diarrhea. The colon and rectum are less radiosensitive than 

the small bowel. Small bowel damage after abdominal irradiation results in 

a variable degree of malabsorption of carbohydrates, fat, and 

electrolytes. 

Late effects of radiation 

fibrosis and stricture, leading 

involving the esophagus are esophageal 

to obstruction and fistulization. These 

complications may have profound nutritional effects. 

There is evidence that acute radiation enteritis is a predecessor of 

chronic radiation injury. As described in the study of Donaldson et al. 

(67) , no case of delayed enteritis occurred without a history of acute 

enteritis. Chronic enteritis may be associated with symptoms of 

intermittent bowel obstruction, ulceration, perforation, fistulization, 

and fibrosis. Delayed radiation induced enteritis may not be seen for 10 

or more years following radiation and most commonly affects the relatively 

fixed rectum/sigmoid and terminal ileum. 

1. 3. 2. Surgery. 

Most of the procedures and the complications of surgery are not 

specific for cancer surgery. However, certain types of operations are much 

more common or are limited almost entirely to cancer patients, e.g. 

extensive surgery of the head and neck, total esophagectomy, and total 

gastrectomy. 
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Esophagectomy often induces gastric stasis, hypochlorhydria, diarrhea, 

and significant malabsorption of fat. These sequelae appear to be partly 

related to the bilateral vagotomy that is inherent for the procedure (68). 

Some well known side effects after subtotal or total gastrectomy are 

dumping syndrome, malabsorption, achlorhydria, and lack of intrinsic 

factor. Clinical symptoms increase in proportion to the extent of 

resection. One should be aware of the long-term consequences of gastric 

surgery with the insidious development of various vitamin and mineral 

deficiencies. 

Since primary carcinoma and lymphoma of the small bowel are relatively 

unco�oon, resection of the jejunum and the upper ileum in the treatment of 

primary cancer of these organs is also uncommon. Serious radiation 

enteritis with subsequent fistulization or stenosis may require small 

bowel resection. Bypass or removal of the terminal ileum is associated 

with poor absorption of both vitamin B12 and conjugated bile salts. The 

latter may cause cholereic diarrhea and when the concentration of luminal 

bile salts is decreased, fat absorption is impaired and steatorrhea 

ensues. 

Extensive small bowel resection with a residual of only three feet or 

less of total bowel presents very serious long-term problems for 

maintaining adequate 

electrolyte balance. 

nutrition, including water, acid-base, and 

Pancreatectomy in the treatment of pancreatic cancer leads to loss of 

digestive enzymes and malabsorption, as well as to the development of 

diabetes mellitus. 

1. 3.3. Chemotherapy. 

Many of the chemotherapeutic drugs 

functions to a degree that depends on 

adversely affect the intestinal 

the dosage, the duration of 

treatment, the pharmacokinetics, and individual susceptibility. Many 

agents predictably induce nausea and vomiting within the first 12-24 hours 

after administration. The nausea and vomiting are mediated by the chemo

trigger zone in the area postrema of the 4th ventricle (69). 

Vincristine and vindesine can produce an adynamic ileus secondary to an 

autonomic nervous system neuropathy. 

The rapid turnover of cells in 

the alimentary tract one of 

the gastrointestinal epithelium makes 

the most vulnerable targets of 
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chemotherapeutic agents. The resulting mucositis is an additional toxic 

effect of drug therapy that can lead to an inability to eat and to further 

deterioration of the nutritional status of the patient. This type of 

toxicity is shared by the antibiotic antitumor agents (e.g. actinomycin D, 

anthracyclines) as a group, antimetabolites (methotrexate, 

5-fluorouracil), and the vinca alkaloids (e.g. vindesine). 

Normally the crypt enterocytes proliferate rapidly, migrate 

continuously to the top of the villi, while they differentiate and mature 

to absorptive villus cells. After arriving at the villus tip, the cells 

are shed into the lumen. Chemotherapeutic agents interfere with enterocyte 

replication and might therefore be expected to impair intestinal function. 

Few controlled human studies have been carried out to investigate the 

effect of chemotherapy on small intestinal mucosa! structure and function. 

Animal studies suggest a relationship between malabsorption and structural 

changes in the small intestine subsequent to chemotherapy (70-71). Trier 

studied the morphological changes in human small intestinal epithelium 

after single doses of methotrexate intravenously (72). By light 

microscopy, the mucosa remained essentially normal (72), but marked 

structural changes were demonstrated by electron microscopy (73). These 

changes were not associated with absorptive abnormalities. Shaw et al. 

(74) found villous blunting in 3 out of 10 jejuna! biopsies after various 

combinations of chemotherapy, although no consistent abnormalities in 

fecal fat excretion, xylose absorption, and serum fat-soluble vitamin 

levels were noted. Smith et al. (75-76) confirmed the structural changes 

in intestinal biopsies described by Trier. In these studies too, selective 

quantitative absorptive tests failed to reveal a consistent alteration 

even after multiple courses of intensive chemotherapy. 

A much more sensitive and direct method of assessment of impaired 

intestinal function seems to be the determination of disaccharidase levels 

in jejuna! biopsies (77). Lubitz and Ekert (78) reported a case history in 

a boy treated with intensive chemotherapy followed by autologous bone 

marrow rescue of reversible changes in duodenal mucosa with very low 

disaccharidase levels. Except for the study of Kelch et al. (79) who found 

no reduction of disaccharidase activities in 10 patients after an 

intravenous doses of 5-fluorouracil, no human studies on disaccharidase 

activities after chemotherapy have been described. 
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Diarrhea is a manifestation of 

In 

the general 

little 

mucosal toxicity and 

man is known about the abdominal pain may accompany it. 

significance of symptoms related 

whether an adjustment of the 

indicated in case of severe 

to digestive tract toxicity, such as 

dosage of chemotherapeutic agents is 

diarrhea. Villic atrophy and mucosal 

ulceration would probably be arguments for dose reduction, but these signs 

will hardly ever be encountered. Therefore, it would be relevant to study 

if a relation exists between morphological and functional changes in 

intestinal biopsies after CT and more easily determinable parameters such 

as the symptom diarrhea and fecal constituents. The determination of these 

parameters and their relation to morphological and functional signs of 

toxicity are also the aims of this study (chapter 9-10). 

1. 3.4. Combined radiation therapy-chemotherapy. 

Cytotoxicity to the skin and mucous membranes observed with combined 

modality therapy may be synergistic as with actinomycin D and adriamycin, 

or additive as with the bulk of the other chemotherapeutic drugs (64). In 

addition, a recall phenomenon has been observed with actinomycin D and 

adriamycin (64). Recurrent injury to a previously irradiated site appeared 

when these drugs were subsequently given weeks to months after 

irradiation. 

1.4. Effects of nutritional support on the host. 

Recent work has suggested that nutritionally less deprived patients are 

more likely to respond to and have an increased tolerance for chemotherapy 

(64, 80-84). For this reason it is important to improve the nutritional 

status of the cancer patient. 

In tumor-bearing rats, Cameron (85) showed that total 

hyperalimentation leads to fluid retention and a decrease in 

parenteral 

lean body 

mass. The hyperalimentation did not overcome wasting due to the presence 

of tumor, Popp et al. (86), on the other hand, found an increase both in 

carcass fat and water content, but not in carcass protein during total 

parenteral nutrition (TPN) in tumor bearing rats, 

We compared the effect of  enteral nutrition with 2000 kcal and with 

4000 kcal on nutritional status in patients with disseminated malignant 

melanoma, The parameters of nutritional status included anthropometric 

13 



measurements, several visceral proteins, and nitrogen balance (chapter 4, 

5). 

Many claims have been made that nutritional support could reverse the 

anergy often seen in patients with cancer (81, 87-88). However, 

nutritional support is rarely the sole modality of treatment in these 

patients and if it is mainly due to the tumor the anergy can also be 

reversed by successful oncological therapy. 

1.5. Effects of nutritional support on the tumor. 

Cancer cachexia may be influenced by nutritional support (chapter 5). 

If one wishes to give this support to cancer patients, it is essential_ to 

evaluate the effects of nutritional repletion on the tumor. 

Both Cameron (85) and Popp et al. (86) demonstrated in tumor-bearing 

rats that total parenteral nutrition and hyperalimentation stimulated 

tumor growth. In a controlled study in malnourished tumor-bearing rats, 

Reynolds et al. (82) found that dietary protein depletion inhibited tumor 

growth and nutritional repletion stimulated host and tumor growth. 

However, data in rats cannot be directly applied to the clinical 

setting in cancer patients because doubling times of human malignant 

tumors are much longer. Moreover, stimulation of tumor growth in humans 

has not been observed during short intervals of nutritional repletion. 

1.6. Effect of nutritional support on tolerance to treatment. 

Nutritional support would be an effective adjunct to cancer therapy if 

it could decrease the impact of the side effects of the treatment. 

Animal studies suggest less gastrointestinal toxicity if chemotherapy 

is given 

reported 

with concomittant parenteral hyperalimentation. Souchon 

a decreased incidence of diarrhea and a decrease in 

(89) 

the 

histological damage to the gut mucosa in rats treated with 5-fluorouracil 

(5-FU) while they were maintained on intravenous hyperalimentation (IVH). 

Schwartz et al. (90) noted that none of 10 patients who received 5-FU and 

dietary supplementation by IVH developed gastrointestinal symptoms. 

Copeland (Bl) also found a reduction in gastrointestinal symptoms 

secondary to 5-FU administration combined with TPN in cancer patients. 

Initially in animal studies (91) and subsequently in human studies 

Bounous et al. (92) reported decreased toxicity of 5-FU in animals and 

patients receiving 5-FU while on an elemental diet. In a randomized study 
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they compared the clinical and histologic findings of the rectal mucosa in 

patients maintained on hospital diet or exclusively on an elemental diet 

with hydrolyzed casein. Histologic examination showed better preservation 

of the surface epithelium of the rectal mucosa in patients on an elemental 

diet. The authors postulate that as a small molecule the hydrolyzed casein 

is better absorbed by the damaged mucosa and causes a decrease in 

pancreatic secretions which could further damage the mucosa. However, 

Stanford et al. (93) concluded the opposite: rats given hydrolyzed protein 

during 5-FU treatment had a higher mortality rate and increased diarrhea 

when compared to controls. 

TPN given as an adjuvant in cancer therapy might not only decrease 

gastrointestinal toxicity but also myelosuppression, improve the tolerance 

to radiation therapy, and decrease the incidence of surgical complications 

(81, 94-95). The data of !sell et al. (96) indicated in a controlled study 

a small improvement in degree of myelosuppression in the group of patients 

who received TPN undergoing chemotherapy for non small cell lung 

carcinoma. Most of the studies, however, are uncontrolled. Several 

controlled studies have been done afterwards. The NCI trials (97-98) did 

not suggest improved drug tolerance in lymphoma and sarcoma patients as a 

result of TPN support, and in the prospective randomized study of the 

Nutritional Oncology Research Cooperative Agreement, there was also no 

difference in treatment tolerance between groups with long term (12 weeks) 

oral augmented nutritional support (with increased intake of calories, 

protein, Zn, and Mg) or standard nutritional support in advanced 

colorectal and non small cell lung carcinoma (99). 

Malnourished patients have increased per- and postoperative risks of 

complications. Nutritional support in surgery has the same role for 

patients with cancer as it has for non-cancer patients. 

The use of (hyper)alimentation allows specific oncologic therapy to be 

administered to a group of malnourished patients who otherwise might not 

have been acceptable as candidates for intensive antineoplastic therapy 

for fear of complications from malnutrition. Further studies are evidently 

needed to adequately define the role of both enteral and parenteral 

nutrition in minimizing the side effects of chemotherapy. This was one of 

the goals of our study (chapter 10). 
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1.7. Effect of nutritional support on response rates to therapy. 

Several authors have noted an improvement in performance status as a 

result of nutritional support in cancer patients (90, 100) and a 

relationship between performance status and response and survival rates 

(101-102). De Wijs et al. (1) confirmed the correlation between weight 

loss and performance status. However, it has not yet been proven in a 

randomized study that intensive measures to improve nutritional or 

performance status will increase response rates or survival. 

In a controlled study in malnourished tumor-bearing rats, Reynolds et 

al. (82) found that nutritional repletion stimulated host and tumor 

growth. A short period of nutritional repletion (2 days) prior to 

methotrexate chemotherapy resulted in an improved host nutritional status 

and in a maximum tumor inhibition. This is in accordance with the 

postulation that if nutritional repletion does stimulate tumor growth, 

chemotherapeutic agents that inhibit DNA-synthese should be more effective 

when their administration is timed to coincide with accelerated tumor cell 

replication. Cameron (103) also showed enhanced tumor regression after 

hydroxyurea chemotherapy in hepatoma bearing rats treated with total 

parenteral hyperalimentation. Thus the stimulation of tumor growth need 

not be without potential therapeutic benefit and the appropriate oncologic 

therapy should be instituted during the early period of nutritional 

rehabilitation. 

In a retrospective study, Lanzotti et al. (80) report an increased 

response rate to combination chemotherapy among nutritional depleted 

patients with non small cell lung carcinoma who were given intravenous 

hyperalimentation (IVH). The data of Copeland et al. (81) also imply that 

response rates in patients with non small cell lung carcinoma and 

metastatic colon carcinoma were improved when they received IVJ-l. In a 

group of nutritionally healthy males with metastatic embryonal cell 

carcinoma of the testicle it was noted that the response rates to 

vinblastine and bleomycin were the same in IVH and non-IVH patients as 

were the survival times of the responding patients. However, the survival 

times of the nonresponding IVH patients were significantly longer than 

those of the nonresponding patients who did not receive IVH. The 

nutritionally healthy IVH patients could deal better with the problems of 

increasing tumor mass (81). Yamada (84) in a randomized prospective study 

found a significantly longer 3 years survival rate in primary gastric 
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cancer patients who underwent non-curative gastrectomy and received 

postoperatively 5-FU with TPN compared to those who did not receive TPN. 

Other prospective randomized studies in cancer patients treated with 

chemotherapy have failed to demonstrate significant effect of parenteral 

nutrition (98, 104) or augmented enteral nutrition (99) on response rates. 

The conflicting results of these studies could be explained by the 

timing of chemotherapy and nutritional support as, theoretically, 

oncologic therapy should be started during the early period of nutritional 

rehabilitation. Furthermore, the response to chemotherapy is a well 

defined but crude parameter to evaluate the effect of nutritional 

supportive therapy. It is possible that small but meaningful effects of 

hyperalimentation on tumor response rates exist, but these might only be 

found with more sophisticated chemical parameters. Such a parameter might 

be the liberation of the polyamin spermidine into the blood, which 

parameter was analyzed in this thesis (chapter 8). 

1. 8. Study aim. 

Although there are many reports dealing with the effectiveness of 

patients receiving oncologic therapy, parenteral nutritional support in 

little is known about enteral regimens. Enteral nutrition is 

than total parenteral nutrition easier, and more economical 

safer, 

(TPN). 

Moreover, enteral nutrition appears to be superior to intravenous 

alimentation in terms of general metabolism (105). During TPN in cancer 

patients (100, 106) 

found. We wanted 

only nutritional maintenance and not improvement was 

to analyze not only the feasibility of enteral 

alimentation but also of enteral 

presented that nutritionally less 

have an increased 

hyperalimentation as evidence has been 

deprived patients are more likely to 

tolerance for chemotherapy (64, 80-84). respond to and 

Ive studied the metabolic effects of chemotherapy during standardized 

continuous enteral tube feeding to be able to optimize nutritional support 

and thereby possibly prevent some of the metabolic complications of 

chemotherapy. To study these metabolic effects of chemotherapy we used not 

only nutritional assessment parameters such as anthropometric parameters 

and visceral proteins, but also elemental balance studies. We investigated 

in balance studies whether normal cytoplasm was synthesized in response to 

enteral alimentation. It has been shown that if lean body mass is 
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restored, certain elements are retained in fairly fixed ratios 

corresponding to the ratios found in normal cytoplasm (107). 

The rapidly proliferating enterocytes make the digestive tract very 

vulnerable during intensive chemotherapy. One of the symptoms of general 

mucosal toxicity is diarrhea, but there is only scanty knowledge about the 

therapeutic relevance of these symptoms. Ive therefore evaluated clinical 

parameters of gastrointestinal toxicity and objective parameters like 

fecal constituents, small intestinal mucosal structure, and jejunal 

disaccharidase activities, and we determined their relation in order to 

find objective parameters which would b� easily determinable and provide 

arguments for dose reduction. Furthermore, we evaluated these parameters 

in a group of patients who received enteral hyperalimentation with 4000 

kcal of an elemental diet, as Bounous claimed (91-92) that feeding an 

elemental diet during chemotherapy partially protects the intestinal 

mucosa and because an increased enteral feeding rate in rats induces 

increased mucosal growth (108). 

As we believe that altered taste 

the etiology of the anorexia 

perception 

of cancer 

is an important factor in 

patients we studied the 

quantitative and qualitative disturbances in taste and the influence of 

chemotherapy on these disturbances. 

The production of polyamines is related to cell turnover in the body 

and changes in serum or urine levels have been supposed to reflect the 

presence of tumor (109) and tumor response to chemotherapy (110). The 

polyamin spermidine might serve that purpose and we therefore evaluated 

the changes in plasma spermidine levels. 

18 



l?EFERENCES. 
l .Delvijs 111 . D . , Begg C. , Lavin P. T. , et al. Prognos tic effec t of weight 

loss pri or t o  chemotherapy in  cancer pa tien ts. Am. J.Ned. 69: 491 -497, 
1 980. 

2. Delvijs lv.D. Changes in taste sensa tion in cancer patients :  correla tion 
wi th cal ori c in take. In : N.R.Kare and O.Naller (eds.),  The chemi cal 
senses and nu tri tion, pp. 381 -389. Ne1" York, Londen : Academic Press 
1 977. 

3./(rause /? . ,  1/umphrey C . , von Neyenfeldt N. F., James H., Fischer J.E. A 
cen tral mechanism for anorexia in cancer : a hypothesis. Cancer 
Trea t.Rep. 65 (5) : 1 5 -21, 1 981.  

4.Krause R., von Neyenfel dt N. F. Tumor metabol ism and anorexia. In : 
lvesdorp R.I.C., Soeters P. B. (eds.), Clinical Nutri tion 1 98 1, pp. 
1 66- 1 7 1. London : Church i l l  Livingstone 1 982. 

5 .  von Neyenfeldt N. F. , Chance Iv. T. , Fischer J.E. Correla tion of changes 
in brain indoleamine metabol ism 11'i th onset of anorexia i n  ra ts. 
Am.J.Surg. 1 43 :  1 33-138, 1 982. 

6.Lowry N.T., Yim G . K . IV .  Simi lar feeding profi l es in tumor-bearing and 
dexamethasone- treated rats suggest endorphin depletion in  cancer 
cachexia. Neurosci. Abstr. 6: 5 1 8, 1 980. 

?. Bernstein I. L., Bernstein I.D. Learned food aversions and cancer 
anorexia. Cancer Trea t.Rep. 65 (5) : 43-47, 1 98 1.  

8.Bernstein I.L. Physi ologi cal and psychological mechanisms of  cancer 
anorexia. Cancer Res. 42 : 71 5S-720S, 1 982. 

9. lvarnold I., Lundholm K., Schersten T. Energy balance and body 
composi tion in cancer pat ien ts. Cancer Res. 38 : 1 80 1 - 1 807, 1 97 8. 

J O. Young V.R. Energy metabolism and requiremen ts in the cancer pa tien t. 
Cancer Res. 3 7 :  2336-2347, 1 977. 

1 1 .Evans lv.K., Russel l D. N., Shepherd F.A., Shike N., Feld R., Jeejeebhoy 
K .N. Al tera tions in metabol ic and nu tri tional profil es in smal l  cell 
l ung cancer (SCLC). Proceedings of ASCO, C-347, 1 983. 

1 2.Harvey L. , Di ck L., Dal y J. Res ting energy expendi ture (REE) in cancer 
pa t ients:  Effec t of tumor type and stage. Proceedings of ASCO, C-380, 
1 984. 

] ].Dempsey D.T. , Feurer I.D., /(nox L.S. , Crosby L.O., Buzby G.P. , Null en 
J.L. Energy expendi ture in malnourished gastroin tes tinal cancer 
pat ien ts. Cancer 53 : 1 265- 1 273 , 1 984. 

1 4.Hol royde C.P. , Gabuzda G., Pu tnam R.C. , et al. Al tered glucose 
metabolism in metas ta tic  cancer. Cancer Res. 35 : 371 0-37 1 4, 1 97 5. 

1 5.IVaterhouse C.  Lactate metabol ism in  pat ien ts wi th cancer. Cancer 33:  
66-7 1 ,  1 974. 

1 6. Hol royde C.P., Rei chard G. A. Carbohydrate metabol ism in cancer 
anorexia. Cancer Trea t.Rep. 65 (5 ) ; 5 5-59, 1 98 1.  

1 7  .lvaterhouse C .  Oxi da tion and metabol i c  i n terconversion in  mal ignant 
cachexia. Cancer Treat.Rep. 65 (5) : 61 -66, 1 98 1.  

1 8.Hegsted D.N. Energy needs and energy u t i l i zation. Nu tr.Rev. 32 : 33-38, 
1 97 4. 

1 9.Eden E. Eds trom S., Bennegard K., Schersten T., Lundholm K. Glucose 
flux in rela tion to energy expendi ture in mal nourished pat ients wi th 
and wi thout cancer during periods of fasting and feeding. Cancer Res , 
4 4 :  1 71 8-1 724, 1 984. 

20.Lundholm K., Eds trom S., Karlberg I., Ekman L., Schersten T. Gl ucose 
turnover gluconeogenesis from glycerol and estima tion of net glucose 
cycling in cancer pa t ien ts. Cancer 50 : 1 1 42-1 1 50, 1 982. 

19  



21, l</a terhouse C . , Jeanpretre N. , 
in patients 1vi th progressi ve 
1 968- 1 97 2 ,  1 979 . 

Keil son J .  Gluconeogenesis from alanine 
mal ignan t disease . Cancer Res . 39: 

22 . lva terhouse C . , Kemperman H .H .  Carbohydrate metabol ism i n  subjects 1vi th 
cancer . Cancer Res . 31 : 1 273-1 278 , 1 971 . 

23 . Hol royde C . P . , Axelrod R . S . , Skutches C , L . , Haff A . G . , Paul P . , 
Rei chard G . A .  Lac ta te metabol ism in pa tients wi th metastatic  colorectal 
cancer . Cancer Res . 39 :  4900-4904 , 1 979 . 

24 . Lundholm K . , Bennegard K . , Eden E . , Edstrom S . , Schers ten T. Glucose 
metabol ism in cancer disease . In : lvesdorp R . I . C . , Soeters P . B .  (eds . ) .  
Clinical Nutri tion 1 981 , pp . 1 53-1 5 9 .  London : Churchill  Li vingstone 
1 982 . 

25 . Narks P . A . , Bishop J . S .  The gl ucose metabol ism of pa tients 1vi th 
mal ignan t disease and of normal subjects as studied by means of an 
i n tra venous glucose tolerance tes t .  J .Cli n . Invest . 36 : 254- 264 , 1 957 . 

26 , Bishop J . S . , Narks P . A .  Studies on carbohydra te metabol ism in patien ts 
wi th neoplas tic  s tudies . II.  Response to insulin adminis tra tion . 
J .Cl i n . Inves t .  38 : 668-670, 1 95 9 .  

27 . Lundholm K . , Byl und A . G . , Schers ten T .  Gl ucose tolerance in  relation to 
skele tal muscle enzyme acti vities in  cancer patients .  
Scand . J . Cl i n . Lab . Inves t .  37 : 267-272 , 1 977 . 

28 . Lundholm K . , Holm G. , Schersten T. Insuli n  resis tance in patien ts wi th 
cancer . Cancer Res . 38: 4665-4670 , 1 978 . 

29 .  Delvijs Iv. D .  Pathophysiology of cancer cachexia : curren t understanding 
and areas for fu ture research . Cancer Res . 42 : 721S-726S , 1 98 2 .  

JO . Ruderman E . , Toews C . , Shafrin E .  Role of free fa tty  acids in gl ucose 
homeostasi s .  Arch . In tern . Ned . 1 23 : 299-31 3 ,  1 969 . 

31 . Cohn S . H . , Gartenhaus Iv . , Sawitsky A . ,  e t  al . Compar tmental body 
composi tion of cancer patien ts by measuremen t of total body n i trogen , 
potassi um , and wa ter . Metabol ism 30 : 222-22 9 ,  1 98 1 . 

32 . Emery P . lv . , Edwards R . H . T . , Rennie N .J . , Souhami R . L . , Halli day D .  
Protein syn thesis in  muscl e measured in  vi vo in  cachetic patien ts wi th 
cancer . Br . Ned . J .  289 : 584-586 , 1 984 . 

33 . Lundholm K . , Edstrom S . , Ekman L . , Karlberg I . , Schersten T .  Netabol ism 
in peripheral tissues in cancer patients .  Cancer Trea t . Rep . 65 (5) : 
79-83 , 1 981 . 

34 . Clark C . H. , Goodlad G . A . J .  Muscle protein biosynthesis i n  the 
tumor-bearing ra t :  a defect in  a pos t-ini tia tion s tage of translation . 
Biochem . Bi ophys . Acta 378 : 230-240 , 1 975 . 

35 . Lundholm K . , Byl und A . G . , Holm T. , Schersten T. Skel e tal muscle 
metabolism in patien ts wi th mal ignant tumor . Eur . J .Cancer 1 2 :  465-473 , 
1 976 . 

36 . Norton J . A . , Burt H . E . , Brennan H .F .  In vivo u ti l ization of subs trate 
by human sarcoma-bearing l imbs . Cancer 45 : 2934 -2939 , 1 980 . 

37 . Lundholm K . , Edstrom S .  Ekman L . , e t  al . A comparat i ve s tudy of the 
infl uence of mal ignant tumor on host metabolism in mice and man . Cancer 
42 : 453-461 , 1 978 . 

38 . Lundholm K . , Schersten T. Molecular base of mal ignancy . In : Deu tsch E . , 
Noser K . , Rainer H . , S tacher A .  (eds . ) .  S tut tgart , George Thieme 
Publ ishers , 1 97 6 ,  pp . 1 06-1 1 0 .  

39 . Carmichael H .J . , Clague H . B . , Keyr N .J . , e t  al . lv'hole body pro tein 
turn-over , syn thesis and breakdown i n  pa tients wi th colorectal 
carcinoma . Br . J . Surg . 67 : 736-739 , 1 980 . 

40 . Schers ten T. , Bennegard K . , Ekman L . , Karlberg I . , Svaninger G. , 
Ternel l  M . , Lundholm K .  Protein metabol ism i n  cancer . In : lvesdorp 

20 



R.I.C., Soe ters P.B. (eds.). Cl inical Nu tri tion 1 98 1 ,  pp. 143-1 52. 
London : Churchill Livingstone 1 982. 

4 1 .Lundholm K., Ekman L., Edstrom S., et  al. Protein syn thesis in li ver 
tissue under the infl uence of methyl cholanthrene-induced sarcoma in 
mi ce ,  Cancer Res. 39:  4657-4661, 1 979. 

42.Ternell M., Lonnro th C . , Zachrisson H. Lundholm K. Transcriptional 
regulation in  li ver tissue from tumor bearing animal. Abs tracts 5 th 
Congress of the European Soci e ty of Paren teral and En teral Nutri ton, 
0-74, Brussels, 1 983. 

43.Norton J.A . ,  Shamberger R., 
infl uence of tumour-bearing 
J.Surg.Res. 30 : 456-462, 1 98 1 .  

Stein T.P . ,  Ni lne G.lv . ,  Brennan N.F. The 
on protein metabol ism i n  the rat. 

44 . Stei n T.P., Oram-Smi th J.C . ,  Leskiii N.J., lo/allace If.Iv., Mil l er E.F. 
Tumor-caused changes in  host protein syn thesis under di fferen t dietary 
situations , Cancer Res. 36 : 3936-3940, 1 976. 

4 5 . Nargalioth E.J., Schenker J.G., Chevion M. Copper and zinc levels in  
normal and malignant tissues. Cancer 52 :  868-872 ,  1 98 3 .  

46.Fisher G.L., Byers V.S., Shi frine N., Levi n A.S. Copper and zinc levels 
in serum from human patients wi th sarcomas. Cancer 37 : 356-363, 1 976. 

47 .Brei ter D.N., Diasio R.B., Neifeld J . P . ,  Roush N.L., Rosenberg S.A. 
Serum copper and zinc measuremen ts in patients wi th osteogenic  sarcoma. 
Cancer 4 2 :  598-602 , 1 978. 

4 8.Huhti E . ,  Poukkula A., Uksi la E. Serum copper levels in  pa tients wi th 
lung cancer. Respira tion 40 : 1 1 2- 1 1 6, 1 980. 

4 9.Scanni A., Licciardello L., Trovato M., Tomirotti  N . ,  Biraghi M. Serum 
copper and ceruloplasmin l evels in pa tients wi th neopl asias local ized 
in the s tomach, large in testine or lung. Tumori 63 : 1 75 -1 80, 1 977. 

50.Inu tsuka S., Araki S. Plasma copper and zinc l evels in pa tien ts wi th 
malignan t tumors of digest i ve organs . Cancer 4 2 :  626-631,  1 978 , 

5 1 .Fisher G.L., Spi tler L.E . ,  NcNeill K.L., Rosenblat t  L.S. Serum copper 
and zinc levels in melanoma patien ts. Cancer 47 : 1 838-1 844, 1 981 , 

5 2 , Shamberger R.J., lo/i l l is C . E .  Selenium, zinc and cancer. In : Van Eys J., 
Seelig M.S. ,  Ni chols B.L. Nutri tion and cancer, pp. 209-21 7. New York, 
London : SP Medical and Scien tific  books, 1 979. 

53.Shamberger R.J., Rukovena E . ,  Longfield A.K., Tytko S.A . ,  Deodhar S., 
lo/illis  C.E. Antioxidan ts and cancer. I. Selenium in the blood of normal 
and cancer patien ts. J.Na t . Cancer In t .  5 0 :  863-870, 1 973. 

5 4 . McConnell K.P., Broghamer lv.L . ,  Blotcky A.J., Hur t  O.J. Selenium levels 
in  human blood and tissues in health and disease. J.Nutr. 1 05 :  
1 026-1 031, 1 975 . 

55.Abels J.C., Gorham A.T. , Pack G.T., Rhoads C.P. Metabol i c  studies in 
patien ts wi th cancer of the gastro-intes tinal tract : Plasma vi tamin A 
levels in pa tien ts wi th malignan t neopl astic  disease, particularly of 
the gastroin testinal tract. J.Cli n.Invest. 20 :  749-764, 1 941.  

5 6 . Ibrahim  K . ,  Jafarey N.A., Zuberi S.J. Plasma vi tamin A and carotene 
levels in  squamous cell carcinoma of oral cavi ty and oro-pharynx. 
Clin.Oncol. 3 :  203-207, 1 97 7 . 

5 7  .Bjelke E. Dietary vi tamin A and human l ung cancer. In t.J , Cancer 1 5 :  
561 -565 , 1 975. 

5 8.Basu T.K., Donaldson D., Jenner N., lo/illiams D.C . ,  
vi tamin A in  pa tients wi th bronchial carcinoma. 
1 1 9- 1 2 1 ,  1 976. 

Sakula A .  Plasma 
Bri t.J ,Cancer 33 : 

5 9 . Cameron E., Pauling L. Ascorbic acid and the 
orthomol ecular approach to cancer and other 
1 8 1 - 1 92, 1 973. 

glycosaminoglycans. An 
diseases. Oncology 27 : 

21 



60 .Krasner N. , Dymock I. IV. Ascorbic aci d defi ciency in malignant disease: 
a cl inical and biochemical study. Br.J.Cancer 30 : 1 42-1 45, 1 974. 

61 . Basu T. K., Raven R. IV. , Dickerson J. IV. T. , IVi lliams D.C. Leucocyte 
ascorbic  acid and urinary hydroxyproline levels in pa tien ts beari ng 
breas t cancer ,vi th skele tal metas tases. Eur. J.Cancer 1 0 :  507-51 1, 1 974. 

62. Basu T. K. Signi ficance of vi tami ns in cancer. Oncology 33 : 1 83-1 87, 
1 976. 

63. Baker H., Frank 0 . , Chen T. , Feingold S. , DeAngelis B. , Baker E. R. 
Elevated vi tamin levels in  colon adenocarcinoma as compared wi th 
metas tat i c  l i ver adenocarci noma from colon primary and normal adjacen t 
tissue. Cancer 47 : 2883-2886, 1 98 1.  

64. Donal dson S. S. , Lenon R.A. Al tera tions of  nu tri tional status. Impact  of 
chemo therapy and radiation therapy. Cancer 43 : 2036-2052, 1 979. 

65 . Conger A.D. Loss and recovery of tas te acui ty in pa tien ts irradia ted to 
the oral cavi ty. Radiation Res. 53 : 338 -347, 1 973. 

66. Roswi t B. Compl ica tions of radiation therapy : The al imen tary tract. 
Sem. Roen tgenol. 9 :  51 -63, 1 974. 

67. Donal dson S.S., Jundt S. Ricour C . , Sarrazin D. , Lemerle J., 
Sch111eisgu th O.  Radiation en teri tis in  children : a retrospect i ve revie111, 
clinicopa thologic correla tion, and dietary managemen t. Cancer 3 5 :  
1 1 67-1 1 78, 1 975. 

68. Shils N.E. The esophagus, the vagi and fat absorption. 
Surg. Gynecol.Obste t .  1 3 2 :  709-71 5, 1 97 1 .  

69. Ohnuma T. , Holland J. F. Nutri tional consequences of  cancer chemotherapy 
and immunotherapy. Cancer Res. 37 : 2395-2406, 1 977. 

70.Roche A. C. , Bognel J.C. , Bognel C . , et al. Correl ation bet111een the 
his tologi cal changes and glucose i n tes tine absorption following a 
singl e dose of 5-fl uorouraci l .  Diges tion 3 :  1 95-21 2, 1 970. 

71.Taminiau J. A.J.N. Response of the small in tes tinal epi theli um of the 
ra t to methotrexa t e :  Nucosal enzymes and gl ucose-dependent sodium 
transport, pp. 71 -90. Thesis. Amsterdam : Nondeel Ui tgeverij, 1 98 1.  

72. Trier J. S. Norphologic al terations induced by  methotrexa te i n  the 
mucosa of human proximal in testine : I. Serial observa tions by l ight 
microscopy. Gastroenterology 42 : 295-305, 1 962. 

73.Trier J. S. Norphologic al terations induced by methotrexate in the 
mucosa of human proximal i n tes tine:  II. Electron microscopic 
observa tions. Gastroenterology 43 : 407-424, 1 962. 

74. Sha111 N. T. , Spector N.H. , Ladman A.J. Effects of cancer, radiotherapy 
and cytotoxic drugs on intestinal s tructure and function. Cancer 
Trea t.Rev. 6: 1 4 1 - 1 5 1 ,  1 979. 

75. Smi th F. P., Kisner D. L. , l\liderl i te L. , Schein P. S. Chemo therapeu tic  
al teration of  small i n testinal morphology and function : a progress 
repor t. J. Cl i n. Gastroen terol. 1 :  203-207, 1 979. 

76.Smi th F. P . ,  Kisner D.L., Schei n  P . S. Nu tri tion and cancer : Prospects 
for clinical research. Nutri tion and cancer 2 :  34-39, 1 980. 

77.Branski D. , Leben thal E., Freeman A.I. , Hatch T.F. Effect of leukemia 
and methotrexate on diges tive enzymes in the jejunum of mice. Digestion 
22 : 8- 1 5, 1 981.  

78.Lubi tz L. , Ekert H. Reversible changes in duodenal mucosa associated 
wi th i n tensi ve chemotherapy followed by au tologous marrow rescue. 
Lancet I I :  532-533, 1 979. 

79.Kel ch L. , IVagner Th., Graziko111ske H. Norphologische und funktionelle  
Veraenderungen der Duenndarmschleimhaut  des Henschen nach intravenoeser 
Gabe von 5 -Fluorouracil. Z.Gastroen t erol. 1 8 :  576-582 , 1 980. 

22 



80.Lanzot t i  \f.J. , Copeland E . N. ,  George S.L . , Dudrick S . J. ,  Samuels N. L .  
Cancer chemotherapeu tic  response and intravenous hyperal i mentation .  
Cancer Chemother . Rep . 59 :  437-43 9 ,  1 975. 

B l.Copel and E . N. Daly J.N. , Dudrick S.J. Nutri tion as an adjunct  to cancer 
trea tment in the adul t .  Cancer Res . 3 7 :  2451 -2456 , 1 977. 

82.Reynolds H .N. ,  Daly J.N. , Rowl ands B.J. , Dudrick S . J . , Copeland E . N. 
Effects of nutri tional repl etion on hos t and tumor response to 
chemotherapy. Cancer 45 : 3069-3074 , 1 980. 

8 3 .  Tomi nag a T. , Onodera T. , Ki tamura N. , Kaneko H . , Hayashi K. , Takahashi 
I. , I toh I. Combined trea tmen t by chemotherapy and i n travenous 
hyperal imenta tion in Japanese pat i en ts wi th advanced breast cancer . 
Cancer 46 :  642-64 6 ,  1 980 .  

84 . Yamada N . , Koyama H . , Hioki K. , Yamada T. , Yamamoto N. Effect of 
postopera t i ve total parenteral nutri tion (TPN) as an adjunct to 
gastrectomy for advanced gastri c  carcinoma . Br . J . Surg . 70 : 267-274 , 
1 983. 

BS .Cameron I.L. Effect of total paren teral nutri tion on tumor-host 
responses in ra ts . Cancer Trea t . Rep. 65 (5) : 93-99 , 1 981 . 

86.Popp N . B . , �forrison S . D . , Brennan N .F .  Total paren teral nu tri tion in  a 
methyl cholan threne-induced ra t sarcoma model . Cancer Trea t . Rep . 65 (5) : 
137-1 4 3 ,  1 981 . 

8 7 . Hersch E . N. , Gut terman J . U. ,  Navel igi t G . N. ,  e t  al . Serial studies of 
immunocompetence of pa tients undergoing chemotherapy for acute 
leukemia. J.Cl in.Invest. 545 :  401 -408 , 1 974 . 

BB . Harvey K.B. , Bothe A . , Blackburn G . L. Nu tri tional assessmen t and 
pa tient outcome during oncologi cal therapy. Cancer 43 : 2065-206 9 ,  1 979 .  

8 9 . Souchon E.A. , Copeland E .N . , lvatson P. , Dudri ck S .J .  In travenous 
hyperalimen ta tion as an adjunc t  to cancer chemotherapy wi th 
5-fluorouracil. J.Surg.Res . 1 8 :  451 -454 , 1 97 5 .  

90.Schwartz G. F . , Green H . L . ,  Bendon N.L. , Graham IV. P . , Blakemore 11' . S .  
Combi ned paren teral hyperal imen tation and chemotherapy in the trea tmen t 
of dissemina ted sol id tumors . Am.J . Surg . 1 2 1 : 1 69-1 73 , 1 97 1.  

9 1 . Bounous G. , Hugon J. , Gent i le  J . M. Elemental diet  in  the managemen t of 
the i n tes t inal lesion produced by 5-fluorouracil in the ra t .  
Can .J.Surg. 1 4 :  298-3 1 1 , 197 1.  

92.Bounous G. , Gen t i le  J.N. , Hugon J .  Elemen tal diet  in  the  managemen t of 
the in testina l  lesion produced by 5-fl uorouracil in man. Can . J . Surg .  
1 4 :  31 2-324 , 1 97 1 . 

9 3 . Stanford J . R . , King D. , Carey L. , 
elemen tal diets on tolerance 
J . Surg.Oncol. 9: 493-501 , 1 977 . 

Anderson G. The adverse effects of 
for 5-FU toxi city in  the rat . 

9 4 . Copeland E .M .  Intravenous hyperal imen tation as an adjunct  to cancer 
pa tient managemen t. Cancer Bulletin  3 0 :  1 02-108 , 1 979 .  

95.Copeland E.N. , Daly J . N . , O ta  D . N . , Dudrick S.J. Nu tri tion ,  cancer , and 
intravenous hyperal imentation. Cancer 43 : 21 08-21 1 6 ,  1 97 9 .  

96.Issell B. V. , Val di vi eso N. , Zaren ff.A . ,  et  al. Protec tion against 
chemotherapy toxici ty by i v .  hyperalimen tation . Cancer Trea t.Rep . 62 : 
1 1 39-1 1 43 ,  1 978 . 

9 7 . Popp N.B . , Fisher R . I . , Simon R.N. , Brennan N . F .  A prospective 
randomized s tudy of adjuvant paren teral nutri tion in  the trea tment of 
diffuse lymphoma : effect on drug tolerance . Cancer Treat.Rep . 65 (5) : 
1 29-1 35 , 1 981. 

98.Levine A . S . , Brennan N . F . , Ramu A . , Fisher R . I . , Pizzo P .A.,  Glaubiger 
D .L. Con troll ed cl inical trials of nutri tional in tervention as an 
adjunc t  to chemotherapy , wi th a commen t on nu tri tion and drug 
resistance. Cancer Res . 4 2 :  774S-781 S ,  1 982. 

23 



99 . Nixon D , lv . ,  Dal y  J . N . ,  Jeejeebhoy K ,N . ,  et al . Augmen ted or s tandard 
nu tri tional in terven tion in advanced colorectal and non-small  cel l l ung 
carcinoma . Proceedings AACR, 679, 1 984 , 

JOO . Copeland E . N . ,  NacFadyen B . V . ,  Lanzotti  V . J . , Dudrick S . J .  Intravenous 
hyperal imentation as an adjunct  to cancer chemotherapy . Am . J . Surg . 
1 2 9 :  1 67-1 73, 1 9 7 5 .  

1 0 1 . Kansal V . ,  Omura G .A . ,  Soong S .  Prognosis in  adul t acu te myelogenous 
l eukemia rela ted to performance sta tus and other fac tors . Cancer 38 : 
329-334, 1 976 .  

1 02 . Noertel C . G. , Sch u t t  A . J . ,  Hahn R . G . ,  Rei tmeier R .J .  Effects of 
pa tient selection on resul ts of phase II  chemotherapy trials in 
gastroin tes tinal  cancer . Cancer Chemother . Rep . 5 8 :  257-259 , 1 974 . 

1 03 .Cameron I . L . ,  Rogers Iv. Total in travenous hyperal imentation and 
hydroxyurea chemotherapy in hepa toma bearing rats. J . Surg . Res . 23 : 
279-288 , 1 977 . 

1 0 4 . Nixon D . lv . ,  Noffi t t  S. , Lawson D . H . ,  et al . Total paren teral nu tri tion 
as an adjunct to chemotherapy of metastatic  colorectal cancer , Cancer 
Trea t . Rep . 65 (5) : 1 2 1 - 1 28, 1 981 . 

1 05 .NcArdle A . H . ,  Palmason C. , Norency I . ,  Brown R . A . A ra tionale for 
en teral feeding as the preferable rou te for hyperal imen tation . Surgery 
90 : 61 6-623, 1 981 . 

Guin tol i R . ,  Nul l  en J .  1 06 . Benrubi G . ,  Knox L . ,  Dodd D . ,  Crosby L . , 
Response to total paren teral nu tri tion i n  
mal ignancies , Proceedings ASCO, C-393, 1 98 1 . 

1 07 , Reifenstein E . C . ,  A lbrigh t F . ,  Ii/ell s  

disseminated gynecologic 

S . L .  The 
i n terpretation, and presen tation of da ta pertaining 
balances, notably those of cal ci um, phosphorus, 
J . Cl i n . Endocr . Netab . 5 :  367-394, 1 945 . 

accumulation, 
to metabol ic  

and ni trogen . 

1 08 . Jacobs L . R . ,  Bloom S . ,  Harsoulis P . ,  Dowling R . H .  In testinal 
adapta tion in  hypothermi c hyperphagia . Cli n . Sci . Nol ec . Ned . 48 : 1 4p, 
1 975 . 

1 0 9 . Russel l D . H . , Levy C.C., Schimpf S . C . ,  Haivk I . A . Urinary polyamines i n  
cancer pa tien ts ,  Cancer Res . 31 : 1 55 5 - 1 5 58, 1 971 . 

1 1 0 . Durie B . G .N . ,  Salmon S , E . ,  Russell D . H .  Polyamines as markers of 
response and disease act i vi ty  in cancer chemotherapy . Cancer Res . 27 : 
21 4-221,  1 97 7 .  

24 



Chapter 2 

Effect of chemotherapy on taste sensation in 

patients with disseminated ma lignant melanoma 

N.H.Mulder, J. M. Srnit, W. M. T. Kreurner, J. G.Bournan, D. Th. Sleijfer, W. Veeger, 
H.Schraffordt Koops. 

SUNNARY. 

The effect of combina tion chemotherapy (bl eomycin, actinomyci n  D, 

vindesine and DTIC) on taste sensa tion in patien ts wi th mal ignant melanoma 

was evaluated. Fi ve concen trations of 4 basic tastes (sweet, bi t ter, sour 

and sal t )  were tested. Lowest concen trations of all tas tes were 

subject i vely ra ted more intense after chemotherapy than before. This 

change was significant for sweet,  sour and sal t .  The highest concen tra tion 

of sweet was rated significan tly less in tense following chemotherapy . The 

discrimination between highes t  and lowes t concentration was diminished for 

sweet, sour and bi t ter and marginally for sal t .  The changes in taste 

sensation following chemotherapy could a t tribute to  anorexia in cancer 

pa tien ts treated wi th cytostatic  agen ts . 
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INTRODUCTION. 

The nutritional state of the patient with disseminated malignant 

disease influences the outcome of attempts at curative or palliative 

systemic chemotherapy (1-3). In a number of patients the metabolic 

equilibrium is already significantly disturbed before therapy is 

instituted, but further deterioration often occurs thereafter. Many 

factors contribute to this altered metabolic situation, one of them seems 

to be the disturbed food intake. Anorexia is the rule during chemotherapy, 

because of the nausea it usually produces, but it often remains when this 

direct side effect has already subsided. One of the factors that seems to 

contribute to anorexia in patients with cancer is an altered taste 

sensation in these patients (4). We have tested to what extent 

chemotherapy can influence taste sensations in patients with malignant 

disease. 

PATIENTS AND METHODS. 

Patients and chemotherapy: Taste was registered before and after 9 

courses of chemotherapy. Mean age of patients was 41. 2, range 24-57. All 

suffered from disseminated malignant melanoma stage III woo 

classification, stage IV M. D. Anderson classification. Chemotherapy 

consisted of 30 mg of bleomycin daily given by continuous intravenous 

infusion on days 1, 2, 3 and 4. DTIC was administered on the same days in 

a dose of 300 mg/m2 daily intravenously. On day 5, vindesine 3 mg/m2 in an 

8-hour transfusion, followed by actinomycin D 2 mg/m2 in a half-hour 

infusion, were given. 

Evaluation of taste: Tests were performed before chemotherapy and 

between the 7th and 10th day after the last day of chemotherapy. Measured 

were sweet (saccharose), bitter (caffeine), acid (citric acid) and salt 

(sodium chloride). Five concentrations of each were used, saluted in aqua 

destillata. Saccharose concentrations were 27. 4, 54.8, 109. 5, 219 and 438 

g/1. Caffeine concentrations : 0. 54, 1.09, 2. 17, 4. 35 and 8. 7 g/1. Citric 

acid concentrations: 0. 49, 0. 98, 2. 0, 3. 9 and 7. 9 g/1. NaCl 

concentrations : 1. 87, 3. 74, 7. 48, 14.96 and 29. 9 g/1 (concentrations 1-5, 

table I). 

After each concentration and between different tastes the patients were 

instructed to rinse their mouths with drinking water. Each concentration 

received an evaluation from the patient on a scale from O (no taste) to 7 
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( extremely strong). The sequence of concentrations and tastes was the same 

before and nfter chemotherapy. 

Statistics: The paired Wilcoxon rank sum test was used. 

RESULTS. 

Toxicity of Chemotherapy: Toxicity of this combination chemotherapy is 

manifested mainly in the skin, dermatitis mainly due to actinomycin D was 

observed in 8 of 9 chemotherapy courses. Slight to moderate mucositis 

occurred in all patients. Diarrhea was present in 7 out of 9 courses but 

was limited to 2 or 3 days. No special treatment was required to treat 

complications. Bone marrow depression occurred in only 1 course of 

chemotherapy. 

Table I. Subjective appraisal of intensity of taste. 

Sweet Salt Acid Bitter 

Concentration 

before after before after before after before after 

1 3 4. 3 0.8 2.1 3 3. 8 2. 7 3. 3 

2 4. 5 4. 5 1. 8 2.1 3.8 4.5 2.5 3 . 1  

3 5 5. 1 3 3.2 4.5 4 . 5  4.3 2. 7 

4 5.7 5 5 4.4 6. 1 5. 6 4 4 

5 6.4 4.7 5. 8 5. 7 6. 1 6 . 2  5. 1 4. 7 

Discrimination 3.4 0. 4 5.0 3. 6 3.1 2. 4 2. 4 1. 4 

Mean of subjective values for taste intensity before and after 9 courses of 

chemotherapy. Taste intensity is recorded on a scale of 0-7. For each of 

four basic tastes mean subjective values are given for five concentrations 

(increasing from 1 to 5). "Discrimination" is defined as difference in 

appraisal of highest and lowest concentration. 
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Taste sensation: Before chemotherapy the lowest concentration of all 

taste modalities lies above the threshold value for that taste, only for 

"salt" the lowest concentration is judged to be very weak, mean 0.8 on a 

scale of 7 (table I). Higher concentrations lead to stronger taste 

sensations with the exception of the highest concentration of acid. 

Following chemotherapy the taste sensation is more intense for all 

lowest concentrations. This difference is significant for sweet (increase 

in 7 out of 9 courses, 0. 01 < p � 0. 05), for salt (increase in 7 out of 9, 

p < 0.01) and for acid (increase in 7 out of 9 courses, p < 0. 01). The 

median concentration 

intensity of the 

significantly so for 

unchanged, p < 0.01). 

is not 

highest 

sweet 

tasted significantly 

concentration seems 

(decrease in 6 out of 

different but the 

to be decreased, 

9 courses, three 

The ability to discriminate can be expressed as the difference between 

the score for the highest and the lowest concentration. The discriminating 

power for bitter seems to be less than for the other taste varieties. 

Following chemotherapy the ability to discriminate decreases for all 

tastes. For sweet this decrease is present in 7 out of 9 courses, 2 

unchanged ( p < 0. 01). For acid in 7 out of 9 ( 1 unchanged, 1 increase, 

0.01 < p < 0.05), for salt in 6 out of 9 (2 increase, 2 unchanged, p = 

0.05) and for bitter in 7 out of 9 (1 unchanged, 1 increase, 0. 01 < p < 

0. 05). 

DISCUSSION . 

In the present study we have shown a loss of ability to discriminate 

between different concentrations of salt, sweet, sour and bitter during 

chemotherapy for metastatic malignant melanoma. This loss seems to be due 

to an increased sensitivity for the low and a decreased sensitivity for 

the high concentrations. Previously it was shown that abnormalities of 

taste sense frequently occur in cancer patients and that these 

abnormalities correlate with tumor burden and weight (5). 

There is little information regarding the effects of chemotherapy on 

taste sensation. Loss of taste has been described as part of the 

neurologic toxicity of cis-diamine-dichloroplatinum (6). Gallium-nitrate 

sometimes causes a metallic taste (7). An increased threshold for sweet 

and a decreased threshold for bitter were found to normalize after 

effective chemotherapy (5). Possibly reduction in tumor bulk could have 

28 



played a role in that situation. 

discrimination developed within 10 days 

In our patients the loss of 

after chemotherapy and did not 

coincide with a noticeable change in tumor bulk in that period. 

Other factors that are supposed to influence taste in patients with 

cancer could play a role in the changes in taste sensation that we 

observed during chemotherapy. Among these are concentrations of zinc (8), 

effects on hypothalamic or hypophysic centers (9) or the circulation of 

substances released from the tumor. 

Taste is generated in cells of the taste buds, these cells are rapidly 

proliferating (10) and could therefore well be directly interfered with by 

cytostatic action. Probably this direct effect would lead to an increase 

in taste threshold. Some cytostatics could also interfere with the nervous 

impulses efferent from the taste buds. This could lead to both decreased 

or increased sensitivity. Probably an increased sensitivity could also 

result from changes in the mucosal surrounding of the taste buds leading 

to a more direct access to these organs. 

In this study, the influence of chemotherapy on taste sensations is not 

uniform. The effect on the discrimination of the various concentrations of 

sweet is more pronounced than on the other taste modalities. This could be 

explained by different effects of cytostatics on various parts of the 

tongue, usually more pronounced on the lateral sides. 

The duration of the adverse effects on taste by chemotherapy is not yet 

known, it could be short-lived if only taste bud cells are concerned but 

would probably be far longer if nerves are involved. This could be of some 

clinical consequence as the influence of chemotherapy on taste sensation 

as found in this study would be an unfavorable effect on the appetite of 

the cancer patient. As expressed by one of our patients: "everything 

tastes the same". 
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Chapter 3 

Changes  i n  taste  s ensat ion 

in p a t ients  with  d isseminated mal ignant  melanoma 

a nd t h e  in f luence  of chemotherap y  and h y p era l lmentat ion 

Jitty M. Smit, Wilhelmina M.T. Kreumer, Nanno H. Mulder, Dirk Th. Sleijfer, 

Willem Veeger, and Heimen Schraffordt Koops. 

SUNNARY. 

Tas te sensi tivi ty and the effect of en teral hyperal imen tation and of 

combination chemotherapy on taste sensation in pa tients wi th dissemina ted 

mal ignan t melanoma was eval ua ted . Taste tests wi th supra threshold taste 

i n t ensi ties were performed in 16 heal thy controls and in 16 pa tien ts 

before and after chemo therapy. Nine patien ts received en teral alimen tation 

wi th 2000 kcal and seven pa tien ts en teral hyperalimen tation wi th 4000 kcal 

during and after chemotherapy. Five concen trations of 4 basic tastes 

(sweet, sal t, acid, and bi t ter) 11ere tested . 

The patien ts in this s tudy had both quan ti tative and quali ta t i ve 

disturbances in  taste .  Before therapy they scored the lowest 

concen trations of aci d ,  sweet, and bi t ter significantly higher than the 

normal con trols and 37% could not recognize all taste  qual i ti es correctly.  

After chemotherapy the lowest concen trations of all 4 taste modal i ties 

are scored higher than before chemo therapy , signifi can tly so for acid and 

b i t ter, and the abi l i ty to discriminate between the .highest and lowest 

concen tration of all taste stimuli seems to decrease (for acid p < 0.01 

and for bi t ter p < 0 . 05) . 

In the hyperalimen tation group there was no evidence for an increase i n  

t h e  sensi tivi ty for the lowest concen trations and the discrimina tion 

between the highest and lowest concen tra tions decreased only signifi cantly 

for bi t ter . 
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INTRODUCTION. 

The occurrence of anorexia influences the quality of life of cancer 

patients unfavourably, and as it leads to weight loss probably also 

worsens the prognosis (1). The pathoge�esis of anorexia in cancer patients 

is not yet elucidated, but altered taste thresholds and hedonic responses 

to food seem to play a role in the etiology. Previously we described (2) 

the adverse effect of chemotherapy on the taste sensation in cancer 

patients. We elaborated these studies further and investigated the 

occurrence of taste abnormalities before treatment. As hyperalimentation 

has been suggested to protect against some of the toxic effects of 

chemotherapy in the digestive tract (3) we also studied its effect on the 

changes in taste sensation due to 

disseminated malignant melanoma. 

PATIENTS AND METHODS. 

Patients and chemotherapy. 

chemotherapy in patients with 

Taste was registered before and after 21 chemotherapy courses. Sixteen 

patients (8 men and 8 women) with a mean age of 40, range 24-59 years, 

were studied. All suffered from disseminated malignant melanoma stage III 

WHO classification, stage IV M. D. Anderson classification. Chemotherapy 

consisted of 30 mg bleomycin given daily by continuous intravenous 

infusion on day 1, 2, 3, and 4 with DTIC  on the same days in a dose of 300 

mg/m2 daily intravenously. On day 5 vindesine 3 mg/m2 in an eight hour 

infusion, followed by actinomycin D 2 mg/m in a half hour infusion, were 

administered. Courses were repeated after 2 months unless progression of 

disease was evident, indicated by an increase of the product of measurable 

tumor parameters by 25% or more. 

All patients received continuous enteral tube feeding during the whole 

period of hospitalisation of at least 3 weeks, starting 6 to 11 days 

before chemotherapy. Lactose-free drinks were allowed. 

Group A, the normoalimentation (NA) group, consisted of 9 patients (13 

chemotherapy courses). 

N . R (N . .  utrison utricia, 

This group received the complete liquid nutrition 

Holland), a sterile factory product based on milk 

protein and low in lactose, which contained 80 g protein, 80 g fat and 226 

g carbohydrate with 2000 kcal in a volume of 2000 ml. The patients 

received between 1500 and 3000 kcal a day according to their habitual 

caloric intake before hospitalisation, as determined by a dietician. 
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Group B, the hyperalimentation (HA) group, consisted of 7 patients (8 

chemotherapy courses). This group received the tube feeding Pepti-2000R 

(Nutricia, Holland), an elementary food of which the protein component 

consists of short chain peptides, 4000 kcal, equivalent to 160 g protein, 

136 g fat and 550 g carbohydrate in a volume of 3000 ml. 

A · b d d b  N · · R V R . h 1 h f 125 nasogastric tu e pro uce y utr1c1a or ygon wit a engt o 

cm, internal diameter of 2 mm, was used and replaced once a week. 

Evaluation of taste. 

Tests were performed before chemotherapy and between the 7th and 10th 

day after the last day of chemotherapy. Measured were salt (sodium 

chloride) , acid (citric acid), sweet (saccharose), and bitter (caffeine). 

Five concentrations of each were used, saluted in aqua destillata. NaCl 

concentrations were 1. 87, 3.74, 7. 48, 14.96, and 29. 9 g/1. Citric acid 

concentrations : 0. 49, 0.98, 2. 0, 3. 9, and 7. 9 g/1. Saccharose 

concentrations were 27 .4, 54. 8, 109.5, 219, and 438 g/1. Coffeine 

concentrations : 0. 54, 1.09, 2 . 17, 4. 35, and 8. 7 g/1 (concentrations 1-5, 

table 1). 

Sixteen healthy hospital employees within the same age group and 

matched for smoking served as controls. 

After testing each concentration and between different tastes the 

persons were instructed to rinse their mouths with drinking water. Each 

concentration received an evaluation from the person on a scale from O (no 

taste) to 7 (extremely strong). The sequence of concentrations and tastes 

was the same before and after chemotherapy. The difference in appraisal by 

each person of highest and lowest concentration is called 

"discrimination". 

One observer did all the taste tests. 

Statistics. 

The x
2 test, t test, and paired and unpaired Wilcoxon rank sum test 

were used for statistical analysis. 

significant when less than 0.05. 

RESULTS. 

The p values were considered 

One of the side effects of this combination chemotherapy is mucositis 

mainly due to actinomycin D. Slight to moderate mucositis occurred after 8 
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of 13 courses in the normoalimentation (NA) group and after 2 of 8 courses 

in the hyperalimentation (HA) group. One patient in the HA group had 

severe mucositis. 

The age distribution in both groups did not differ . Two patients in the 

NA group and one patient in the HA group had a history of previous weight 

loss at entry of study (respectively 8 kg in 5 weeks, 11 kg in 6 weeks, 

and 5 kg in 8 weeks). Seven patients out of 9 in the NA group and 3 out of 

7 in the HA group had extensive disease with involvement of liver and lung 

(n. s.). 

Before chemotherapy. 

In this group of patients with disseminated malignant melanoma, a 

qualitative disturbance in taste could be detected as 37% (6 patients) 

could not recognize all taste qualities correctly. Only two of these 6 

patients were smokers. Usually the incorrectly identified taste was 

designated bitter. In the control group this disturbance also occurred, 

but its incidence was only 6 . 25% (p < 0.05). 

Cancer patients tended to score the lowest concentrations of the 3 

basic tastes, acid, sweet, and bitter, higher than normal controls (mean 

2.78, standard deviation = S . D .  1 . 41) for the 3 taste sensations in the 

lowest concentration in cancer patients, in controls mean 2.20 (S.D . 1. 23) 

(p < 0. 05). Moreover, in 21 of 84 tests in cancer patients and only in 9 

of 64 tests in controls was the lowest concentration of the 4 taste 

modalities not correctly identified as the lowest concentration (p (0. 05). 

,Effect of chemotherapy. 

After chemotherapy the lowest concentrations of all 4 taste modalities 

are scored higher than before chemotherapy. This difference is significant 

for acid and bitter (p <. 0 . 01, table IA), for which an increase in 12 out 

of 13 courses was found. There was also an increase in score for the 

lowest concentrations of salt in 11 out of 13 courses, and for sweet in 10 

out of 13 courses. 

The ability to discriminate between the highest and lowest 

concentration of all taste stimuli seems to decrease after chemotherapy , 

significantly so for acid and bitter (table IA) . 
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Table 1. Median of subjective values for taste intensity and of discrimination before and after chemotherapy 

A .  Normoalimentation grou12 (n=l3) . 

Salt Acid Sweet Bitter 

concentration before after p before after p before after p before after p 

1 1 2 2 4 <0 .01  3 4 2 3 <0. 01  

2 2 2 4 . 5  5 5 4 1 2 

3 3 4 5 4 . 5  4 5 2 3 

4 5 5 6 6 6 5 4 3 

5 6 6 6 6 7 5 4 4 

discrimination 5 4 3. 5 2 ( 0. 01 3 2 2 2 < 0 . 05 

B. Hy12eralimentation grou12 (n=8). 

0 0 3 3 3 3 3 . 5  3. 5 

2 1 1 5 4 4 4 2 . 5  3 

3 3 2 4 5 5 5 3 . 5  2 . 5  

4 5 5 6 6 6 6 5 4 

5 6 5 7 7 7 7 6 . 5  5 

discrimination 5 4 3 3 3 . 5  4 2 2 < 0 . 02 

Taste intensity is recorded on a scale of 0-7 . For each of four basic tastes median subjective values are 
given for five concentrations (increasing from 1 to 5) . Discrimination is defined as difference in subjec
tive values given to the highest and lowest concentration by each patient . The median of discriminations 
for each basic taste is given . The paired Wilcoxon rank sum test was used for statistical significance . 
( - = not significant) 



Table 2. 

Subjective appraisal of intensity of taste and discrimination 

in 16 healthy volunteers. 

Salt Acid Sweet Bitter 

concentration 

1 1 2 3 2 .  

2 2 4 4 3 

3 3 4 5 5 

4 5 6 6 5 

5 6 6 7 6 

discrimination 5 4 . 5  4 4 
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Effect of hyperalimentation. 

In the NA group the lowest taste intensity of the 4 taste qualities was 

correctly classified as the lowest in 40 out of 52 tests before 

chemotherapy and in only 28 out of 52 tests after chemotherapy (p < 0. 05). 

In the HA group these figures were before chemotherapy 23 out of 32 tests 

and after chemotherapy still 20 out of 32 tests (n.s. ). 

Recovery after chemotherapy. 

Seven patients who reacted with a tumor remission to chemotherapy 

received a second course of treatment. Two out of these 7 classified one 

taste wrong before both treatment courses, but right after chemotherapy. 

DISCUSSION. 

Many patients with cancer complain of disturbances in the sense of 

taste. These disturbances may be quantitated by the measurement of taste 

thresholds (4-9). Although variable results have been reported in these 

studies, dietary recommendations based on these results are given . 

However, it has been shown (9-11) that taste thresholds did not correlate 

with food preferences in cancer patients. The lack of correlation between 

these threshold level tests and the food preferences of the patients can 

be explained by experimental data which demonstrate that taste sensitivity 

at the threshold level is not related to perception, discrimination, or 

preferences for the same stimuli at suprathreshold levels (11-13). Food 

contains tastants in concentrations higher than those of threshold values. 

These observations prompted us to perform the taste tests with 

suprathreshold taste intensities. 

The cancer patients in this study had both quantitative and qualitative 

disturbances in taste. Qualitatively incorrectly identified tastes were 

usually qualified as bitter. Previous studies of taste in cancer patients 

(6-8, 10) reported taste threshold abnormalities for one or more of the 

four taste qualities, but they did not report incorrect identification of 

suprathreshold taste qualities except for the study of De Wijs (4), which 

described 2 patients who were unable to taste a saturated urea solution . A 

relation between this qualitative taste disturbance and the presence of 

tumor is suggested by the observed recovery in two patients after 

chemotherapy. 
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Trant et al (11) did not find changes in taste perception of 

suprathreshold taste intensities in cancer patients, Our patients scored 

the lowest concentrations of acid, sweet, and bitter significantly higher 

than the normal controls. 

Anorexia often persists after chemotherapy when the direct side effect 

of nausea has already subsided. In the NA group we noticed significant 

alterations after chemotherapy for the lowest taste intensities of acid 

and bitter of which the score increased further. The lowest concentrations 

of salt and sweet also tended to be scored higher after chemotherapy. This 

increased sensitivity for the low intensities explains the loss of ability 

to discriminate between different concentrations of taste stimuli, In a 

previous study (2) we saw this same loss. Carson and Gormican (10) also 

noticed a small elevation in taste threshold for HCl in patients with 

breast cancer and a very small elevation for ureum in patients with 

coloncarcinoma after chemotherapy. Trant et al. (11) did not find any 

alterations of taste intensity perception among patients on chemotherapy. 

We noticed changes in the sensitivity for acid and bitter after 

chemotherapy. One could explain these changes when the palate was more 

affected by chemotherapy. Acid and bitter are best sensed on the palate 

while sweet and salt are best sensed on the tongue (14). The exact nature 

of the disturbance in taste remains unclear. If the taste alterations were 

simply the result of decreased numbers of taste bud cells, one would have 

expected a decrease in the sensitivity of the lowest taste concentrations, 

In the HA group there was no evidence for the increase in the 

sensitivity for the lowest taste concentrations that was found in the NA 

group. De Wijs (15) found that changes in taste sensation are inversely 

correlated with caloric intake. Our study suggests that the reverse also 

holds true, namely increasing the energy intake results in a reduction in 

taste abnormalities, 

Many factors independent of 

food aversions, the aspect of the 

intake. It is therefore difficult 

taste, such as smell, learned taste and 

food, etc. may have an impact on food 

to give general dietary advices to 

cancer patients. In this study we found an increased sensitivity for the 

lowest taste concentrations and a loss in the ability to distriminate 

between different taste intensities. Therefore we would advise mildly 

seasoned food items to our patients, which they know to be mildly 

flavoured, but advices always have to be individualized. 
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Chapter 4 

The effect  of cont inuous enteral t u b e  feeding 

on various nutri t ional  p arameters 

in p a t i ents wi t h  d isseminated mal ignant  melanoma 

during intens ive c hemot herap y  

J .M .  Smit , N . H . Mulder , 

H .  Schraffordt Koops . 

SUMMARY. 

D . Th . Sleijfer , J . G .  Bouman , W .  Veeger and 

In a prospective s tudy the effect of con tinuous en teral tube feeding 

was evaluated on various nu tri tional parameters i n  patien ts wi th 

dissemina ted mal ignan t melanoma during 1 3  chemotherapy courses employing 

bleomyci n, DTIC, vindesine and actinomycin D. The patients received a 

quanti ty of calories according to their pretrea tmen t in take, bu t complete 

metabol i c  equilibrium could not be obtained during chemotherapy. Al though 

the weigh t/heigh t index remained unchanged, a decrease of serum al bumin 

and prealbumin level occurred during all 1 3  treatmen t courses . Transferrin 

level decreased during 1 1  of these courses and cholinesterase level during 

1 2. Tri ceps skinfold thickness and arm muscle circumference diminished 

equall y .  Serum preal bumin was the first nutri tional parameter to fal l  

during chemotherapy and seems t o  b e  a very sensi t i ve indi ca tor o f  the 

occurrence of nutri tional imbalance . The plasma vi tamin C l evel was low 

before trea tmen t while during trea tmen t both vi tamin C and vi tamin A level 

fell quickly even though the nutri tional in take of these vi tamins was 

adequate. Ive conclude tha t con tinuous en teral tube feeding, whi ch is a 

feasible method of feeding, can to some exten t ful fil l  the nu tri tional 

needs of pa tients treated wi th i n tensi ve chemotherapy. 
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INTRODUCTION. 

Nalnutrition and wasting frequently accompany malignancy because of the 

presence of anorexia, tumour involvement of the gastrointestinal tract or 

a hypercatabolic state related to active tumour growth or infection. 

Moreover, chemotherapy and radiotherapy may restrict caloric intake 

further by virtue of the anorexia, nausea and vomiting or diarrhoea which 

frequently accompany these therapies. Recent evidence has suggested that 

nutritionally less deprived patients who are least affected in nutritional 

terms by the tumour are more likely to respond to and have an increased 

tolerance for chemotherapy (1-5) and it would seem that adequate 

nutritional management of the cancer patient is important. 

Parenteral nutrition or continuous enteral tube feeding is often 

required to guarantee a satisfactory quantity and quality of food intake 

in a patient with disseminated malignancy. The major problem with 

intravenous alimentation is the potential for septic complications 

secondary to central venous catheterisation in patients with compromised 

bone marrow function associated with chemotherapy and in addition it also 

requires expert knowledge from the medical and nursing staff who manage 

the infusion system. Enteral tube feeding is therefore an attractive 

alternative because of its simplicity and safety and we have assessed 

prospectively the effect of continuous enteral tube feeding on various 

nutritional parameters in patients with disseminated malignant melanoma 

during intensive chemotherapy. 

PATIENTS AND METHODS. 

Seven patients, five men and two women, were entered into this study. 

The mean age was 30 range 2 2-59 years and all suffered from disseminated 

malignant melanoma stage III W.H.O. classification, stage IV M. D. Anderson 

classification . Thirteen courses of chemotherapy were administered, 

consisting of 30 mg bleomycin given daily by continuous intravenous (I. V . )  

infusion on days 1, 2, 3 and 4 with DTIC on the same days as a push dose 

of 300 mg/m2 day. On day 5 vindesine 3 mg/m2 was given in an eight hour 

infusion followed by actinomycin D 2 mg/m2 in a half hour infusion. 

Courses were repeated after two months unless progression of disease 

indicated by an increase of measurable tumour parameters of 25 per cent or 

more was evident. Dosages were adjusted according to toxicity experienced 

in the first course. 
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All patients received continuous enteral tube feeding during the whole 

period of hospitalisation of at least 3 weeks starting 6 to 11 days before 

the chemotherapy. No patients were excluded from the study and all were 

allowed to drink lactose free drinks if they wished to. The tube feeding 

consisted of a sterile factory product (Nutrison) a liquid nutrition based 

on milk protein and low in lactose which contained 80 g protein, 80 g fat 

and 226 g carbohydrate with 2000 kcal in a volume of 2000 ml. The patients 

received between 1500 and 3000 kcal a day according to their habitual 

caloric intake as determined by a dietician. A nasogastric tube (NutriciaR 

or VygonR) having a length of 125 cm and internal diameter Charriere 10 

was used and replaced weekly. 

The weight/height index (WHI) was calculated by comparing the actual 

weight of the patient with the ideal value (6) which was obtained from the 

modified Metropolitan Life Insurance Company charts (7), and the 

nutritional status was considered normal if the index was 90 per cent or 

more of the standard. Triceps skinfold thickness was measured at the 

midpoint of the upper portion of the nondominant arm using the average of 

at least three separate trial mesurements and arm circumference (AC) was 

measured at the midpoint of the upper portion of the nondominant arm using 

a tape measure. The creatinine height index (CHI) was calculated by 

comparing the daily creatinine excretion with the level expected for a 

person of the same height and sex at ideal weight. The lean body mass was 

considered to be normal if the CHI was 90 percent or more of the standard. 

An index of 80-90 per cent and of 60-80 per cent was related respectively 

with a mildly and moderately depleted skeletal muscle status (6). Serum 

albumin was determined by a Sequential Multiple Analyser Computer and the 

serum prealbumin and transferrin by radial immunodiffusion. Serum 

cholinesterase level was measured using a Boehringer kit No 124 117. The 

plasma vitamin A level was assayed by high-performance liquid 

chromatography with fluorimetric detection and the vitamin C by the 

dinitrophenylhydrazine method (8). 

For statistical analysis Wilcoxon's rank sum test was used. The p 

values were considered signifi�ant when less than 0. 05. A correlation 

coefficient (r) was calculated for the percentage change in each parameter 

after chemotherapy. 
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RESULTS. 

All patients accepted the tube feeding well. According to the WHI the 

nutritional status was normal ( ) 90%) in all patients before starting 

chemotherapy and we observed a significant decrease of the WHI in all 

patients (p < 0. 01) after chemotherapy according to the Wilcoxon's rank 

sum test. The mean decrease in the whole group was 2. 5 per cent (Fig. lA) 

and one patient became moderately depleted (lvHI 88%) after chemotherapy. 

In all other patients the WHI was still more than 90 per cent after the 

chemotherapy course although there was a decline in the WHI after 10 of 

the 13 courses. 

According to the CHI two patients had a moderately depleted skeletal 

muscle status (76 and 73%) before the start of chemotherapy and one 

patient was mildly depleted (85%). In the 10 instances when the CHI fell 

after chemotherapy 

after 4 and mild 

moderate depletion of lean 

depletion after 2 (Fig. 1B). 

triceps skinfold thickness fell after 5 of 

circumference in 4 of 7 (Figs lC and lD). 

body mass was indicated 

After chemotherapy the 

7 courses and the arm 

The mean serum albumin concentration before the chemotherapy course was 

38 g/1 and a reduction of more than 10 per cent developed after 6 of the 

13 courses. One patient needed daily albumin infusions because of severe 

hypoalbuminaemia (20 g/1) with severe oedema before chemotherapy was given 

and for that reason the data from that patient have been omitted from Fig. 

2. After all other chemotherapy courses the serum albumin decreased with a 

mean of 10 per cent (Fig. 2), a decrease which was significant (p < 0. 01) 

according to Wilcoxon's rank sum test. The prealbumin level was the first 

nutritional parameter to fall during cytostatic treatment and was the most 

sensitive indicator of nutritional imbalance. The mean serum prealbumin 

concentration was 25 mg per cent before chemotherapy and 18 mg per cent 

after chemotherapy. The serum prealbumin level fell in all patients and 

after 11 of 13 courses by more than 10 per cent. The mean reduction was 26 

per cent (Fig. 2B) and this reduction was significant (p <. 0.01). Before 

chemotherapy the mean transferrin concentration was 293 mg per cent and a 

reduction of more than 10 per cent developed after 10 chemotherapy 

courses, while the mean change in the group as a whole showed a 

significant decrease of 16 per cent (p ( 0.05) (Fig. 2C). The mean serum 

cholinesterase level before chemotherapy 

chemotherapy 1. 80 kU/1 a decrease of 16 per 
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There was no significant correlation between the initial value of all 

nutritional parameters and the percentage change which developed (Fig. 2). 

We noticed very rapid changes in plasma vitamin A and vitamin C levels 

during and after chemotherapy (Fig. 3). The plasma vitamin A and C levels 

were stable before starting chemotherapy with a mean plasma vitamin A 

level of 1. 36 umol/1 but by the third day of chemotherapy the mean plasma 

vitamin A level had fallen to 0.95 umol/1 and decreased further to 0.86 

umol/1 on the 5th day. The plasma vitamin A level recovered quickly in the 

first week after chemotherapy (Fig. 3). Before starting chemotherapy, the 

mean plasma vitamin C level was 43 umol/1 before starting chemotherapy 

which is just below the normal range and it also fell quickly during 

chemotherapy, being 23 umol/1 on the 5th day of the chemotherapy. However 

the vitamin C level did not recover after chemotherapy and stayed below 

the normal range (Fig. 3B). 

No complications related to tube feeding occurred. Aspiration is a 

potential danger of nasogastric tube feeding but was not seen in any of 

the patients. Although there was bone marrow depression in 3 patients, no 

haemorrhagic complications related to the nasogastric tube occurred in any 

patient and parotitis or inflammation of the nose were not seen. All 

patients vomited to some extent during chemotherapy, but this was usually 

controllable with nortriptylinechloride and flufenazinechloride and only 

in 3 of the 13 study periods was a temporary reduction in the daily intake 

of tube feeding necessary because of nausea and vomiting. 

DISCUSSION. 

We have observed previously that during a short term catabolic state in 

patients with acute leukemia tube feeding by nasogastric tube could 

prevent severe weight loss and hypoalbuminaemia (8). The feasibility of 

this form of nutrition and its effectiveness on relevant nutritional 

parameters (9) has been evaluated in this study of patients with solid 

tumour and has again demonstrated nasogastric tube feeding as a feasible 

method of alimentation. No complications related to the feeding occurred 

and all patients tolerated the tube feeding well, provided they got an 

adequate explanation of the procedure and its alternatives. An intake of 

two or more litres of liquid nutrition could usually be administered 

despite the nausea induced by chemotherapy. It is important that a 
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constant rate of infusion is maintained throughout the whole day because a 

rapid bolus infusion can lead readily to vomiting. 

As far as the efficacy is concerned a nutritional balance could not be 

achieved, even though the patients received a quantity of calories 

according to their habitual caloric intake . None of these patients was 

nutritionally depleted on the first day of hospitalisation and none had 

lost weight previously, confirming that the cytostatic treatment itself 

leads to an increased energy expenditure (10) or to a limitation of the 

reabsorption capacity (11). It remains uncertain whether by providing an 

intake of calories and nutrients above the normal level for each patient 

one can ever achieve metabolic equilibrium or even a positive balance, 

because absorptive capacity of the digestive tract could well be limited 

by cytostatic therapy . 

The creatinine/height index, the triceps skinfold thickness and arm 

muscle circumference indicated a relatively equal depletion of body fat 

and body muscle in our patients, which is in agreement with the 

observations of Cohn (12), although others have shown in the cancer 

patient that depletion of muscle reserves can occur with relative 

preservation of body fat ( 10). 

The first nutritional parameter to fall during cytostatic treatment was 

the serum prealbumin which remained the best indicator of nutritional 

imbalance, The serum albumin, transferrin and cholinesterase levels also 

decreased during cytostatic therapy, but compared to the serum prealbumin 

level the decrease was slower and less pronounced. The likelihood to 

develop abnormalities could not be predicted by the nutritional status of 

the patient before therapy. 

The plasma vitamin C level was uniformly low before treatment and 

during treatment both vitamin C and vitamin A fell quickly even though the 

nutritional intake was adequate. In patients with malignant disease a 

deficiency of ascorbate has been reported in several studies (13-16),  and 

it has been assumed that this finding reflected the poor general 

nutritional status of cancer patients. However in many patients and 

certainly in those with a normal or near normal nutritional status as 

described here the situation must be more complex. Basu found that even 

when patients with breast cancer received extra vitamin C supplements 

their plasma vitamin C levels remained very low (15). Studies in 

laboratory animals and patients with skin carcinoma (17-20) have shown 
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that ascorbic acid seems to concentrate in malignant tissue and thus 

depletes systemic reserves. Concentration of vitamin C in the malignant 

tumour could therefore explain the low initial vitamin C levels in our 

patients and the decrease after starting chemotherapy could be due to the 

role of vitamin C in active phagocytosis (17, 21, 22) and collagen 

synthesis by fibroblasts (17, 23, 24) . 

In 1941 Abels (25) reported a high incidence of reduced vitamin A 

levels in the plasma of patients with malignant disease. Dietary 

deficiency or malabsorption could not explain the low plasma vitamin A 

levels and this has been confirmed by other epidemiological studies (16, 

26, 27). Another factor may be related to the use of low fat diets which 

are known to decrease the absorption of vitamin A but the patients in this 

study got 80 g fat/day with their enteral diet. The clinical importance of 

these low vitamin levels remains to be evaluated. 

Intensive cytostatic chemotherapy demands attention to the nutritional 

needs of the patients and to some extent these needs can be fulfilled with 

enteral alimentation especially if continuous tube feeding is used. Our 

preliminary results suggest that the rapid decrease in the serum 

prealbumin level can predict a developing nutritional imbalance. 
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Chapter 5 

The effect  of enteral  normo-a i imentat ion or hypera l imentat ion 

on various nutr it ional parameters 

in pat ients w i th  d i s s eminated mal ignant melanoma 

duri n g  int ensive c hemotherapy 

J .M .  Smit , N . H .  Mulder , D . Th . Sleijfer , J . G .  Bouman , and W .  Veeger . 

SUMMARY. 

Nu tri tional assessmen t i ncl uding anthropometri c measuremen ts l ike 

weigh t/heigh t index (IVHI),  creat inine height i ndex (CHI), triceps skinfold 

(TS), and arm circumference (AC), visceral proteins l ike albumin, 

prealbumin, transferrin, and cholinesterase, and determination of ni trogen 

balance was done in pa tients wi th dissemina ted malignan t melanoma who 

recei ved con tinuous en teral nutri tion before, during, and after in tensi ve 

chemotherapy , 

Seven teen chemotherapy courses were gi ven whi l e  pa tients recei ved 2000 

kcal, 11 courses during 4000 kcal , 

In the 2000 kcal group nu tri tional balance could not be achi eved. rVHI, 

CHI , TS, AC and the visceral proteins fell during the s t udy period and 

n i t rogen balance was negat i ve after 14 of the 17 chemotherapy courses , 

Hyperal imen tation wi th 4000 kcal resul ted in a rise in CHI and the serum 

levels of prealbumin and transferrin, and a constant level of 

chol i nes terase. The fal l  in serum al bumin levels was smaller during 

hyperalimen tation, and only after 4 of the 1 1  courses the ni trogen balance 

was negati ve. 

[Ve concl ude that during in tensi ve chemotherapy nu tri tional imbalance 

arises quickly and during en teral al imen tation wi th 2000 kcal no metabol i c 

equili brium can be ob tained , Enteral hyperalimen tation ini tially improves 

and during and after chemotherapy i t  conserves the nutri t ional status of 

the cancer patien t .  
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INTRODUCTION. 

Cancer therapy often results in deterioration of nutritional status, 

especially 1,hen the treatment consists of intensive chemotherapy (1). 

Nutrition forms an important adjunct to this treatment (2) and recent work 

has suggested that nutritionally less deprived patients are more likely to 

respond to and have an increased tolerance for chemotherapy (3-8). 

\ve assessed prospectively the effect of continuous enteral tube feeding 

with two levels of caloric intake on various nutritional parameters in 

patients with disseminated malignant melanoma treated with intensive 

chemotherapy. 

PATIENTS AND METHODS. 

Patients. 

Twenty-one patients ( 1 1  men and 1 0  women) with a mean age of 43, range 

24-59 years, were studied. All suffered from disseminated malignant 

melanoma stage III W. H.O. classification, stage IV M.D.Anderson 

classification. In these patients a total number of twenty-eight courses 

of chemotherapy were administered, consisting of 30 mg bleomycin given 

daily by continuous intravenous (i.v.) infusion on day 1, 2, 3 and 4 with 

DTIC on the same days as a push dose of 300 mg/m per day. On day 5 

Vindesine 3 mg/m2 was administered in an eight hour infusion, followed by 

Actinomycin D 2 mg/m2 in a half hour infusion. Courses were repeated after 

two months unless progression of disease was evident, indicated by an 

increase of the product of measurable tumor parameters by 25% or more. 

All patients received continuous enteral tube feeding during the whole 

period of hospitalisation of at least 3 weeks, starting 6 to 11 days 

before chemotherapy. Lactose-free drinks were allowed. 

Group A, the normocaloric group, consisted of 11 patients (17 

chemotherapy courses), This group received the complete liquid nutrition 

NutrisonR, a sterile factory product based on milk protein and low in 

lactose, with 2000 kcal in a volume of 2000 ml (nutrient composition see 

table 1). The patients received between 1 500 and 3000 kcal a day according 

to their habitual caloric intake before hospitalisation. 

Group B, the hyperalimentation group, consisted of 10 patients (11 

chemotherapy courses). This group received 4000 kcal of the tube feeding 

Pepti-2000
R, an elementary food of which the protein component consists of 

short chain peptides, with 4000 kcal in a volume of 3000 ml (table 1).  
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A nasogastric tube NutriciaR or R Vycon with a length of 125 cm , 

internal diameter of 2 mm, was used and replaced once a week. 

To control vomiting nortriptylinechloride and flufenazine- chloride 

were given during the chemotherapy courses. 

Table 1. Nutrient composition of the diets. 

Component in 1000 kcal Nutrison R Pepti-2000R 

protein (g) 40 40 

fat (g) 40 34 

vegetable (g) 40 17 

M.C.T. (g) 17  

carbohydrate (g) 120 137. 5 

lactose (g) 0.25 2. 5 

dextr. maltose (g) 116 135 

minerals (g) 5 5. 25 

Na (mg) 800 Lf65 

K (mg) 1500 1400 

Ca (mg) 500 465 

p (mg) 500 365 

Cl (mg) 800 865 

vitamins (g)  1 0.8 

0smolarity (mosmol/1) 265 470 

Nutrison and Pepti-2000 both from Nutricia, Holland. 
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Anthropometric techniques. 

The weight/height index (WHI) was calculated by comparing the actual 

weight of the patient with the ideal value (9), which was obtained from 

the modified Metropolitan Life Insurance Company Charts (10), and the 

nutritional status was considered normal if the index was 90% or more of 

the standard. Triceps skinfold thickness (TS) was measured at the midpoint 

of the upper portion of the nondominant arm using the average of at least 

three separate trial measurements, and arm circumference (AC) was measured 

at the same place using a tape measure. The creatinine height index (CHI) 

was calculated by comparing the daily creatinine excretion with the level 

expected for a person of the same height and sex at ideal weight. The lean 

body mass was considered to be normal if the CHI was 90% or more of the 

standard . An index of 80-90% and of 60-80% was related respectively with a 

mildly and moderately depleted skeletal muscle status (8 ) . 

Laboratory techniques. 

Serum albumin was determined by a Sequential Multiple Analyzer Computer 

no. 3930 (Technicon) and the serum prealbumin and transferrin by radial 

immunodiffusion . Serum cholinesterase level was measured using a 

Boehringer kit no. 124 117. Standard values are: albumin 38-51 g/1, 

prealbumin 10-40 mg% , transferrin 200-400 mg%, and cholinesterase 1.9-3.8 

kU/1. 

The daily input (liquid nutritions with the lactose free drinks) and 

the daily output (urine, vomit, and faeces) of nitrogen were calculated 

and balance studies after chemotherapy were made. Ureum and creatinine 

levels of urine were determined with the Sequential Multiple Analyzer 

Computer no. 3930 (Technicon). Nitrogen content of faeces and vomit was 

determined with the indophenol reaction (Berthelot reaction) after 

complete destruction of the faeces and vomit to a colourless fluid. 

Statistics. 

For statistical analysis x2 test for fourfold tables with Yates' 

correction and Student t test were used. The p-values were considered 

significant when less than 0. 05. 
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Table 2. Parameters at entry of study , 

age (yr) 

WHI (%) 
CHI (%) 

TS (x0. 2 mm) 

AC (cm) 

albumin (g/1) 

prealbumin (mg%) 

transferrin (mg%) 

cholinesterase (U/1) 

WHI weight/height index 

Normoalimentation 

mean + S.D. 

43. 5 + 13. 8 

108. 8 ± 7 . 5  

94.8 ± 19. 0 

14. 7 + 5. 7 

29. 4 ± 2. 4 

37. 9 ± 5. 2 

24. 5 ± 7. 1 

281. 0 ± 69. 0 

2230. 0 + 520.0 

CHI creatinine/height index 

TS triceps skinfold 

AC arm circumference 

RESULTS. 

Ilyperalimentation 

mean + S. D. 

43. 3 + 10. 5 

104. 5 ± 11.8 

98. 0 ± 15.8 

15. 9 ± 7. 1 

28. 3 ± 3.3 

39.5 ± 3. 7 

25. 8 ± 8. 6 

264. 0 ± 70.8 

2190. 0 ± 658 

At entry of study there were no significant differences between the 

normoalimentation and hyperalimentation group regarding the nutritional 

parameters and mean age (table 2, Student t test). 

After chemotherapy two patients in the normocaloric group became 

moderately depleted (WHI 88%) and 2 patients in the hyperalimentation 

group stayed moderately depleted (WHI 87%). Significantly more patients in 

the normocaloric group had a loss of WHI (p < 0.01) (table 2). The mean 

change in WHI in the normocaloric group was -2. 1% and in the 

hyperalimentation group +2. 7%. 
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Table 3. Proportion of evaluable courses with deterioration of nutritional 
parameters after chemotherapy. 

Normoalimentation Hyperalimentation p - value 

WHI loss 12/17 1/11 < 0.01 

CHI loss � 5% 8/17 1/11 0. 05<p(0.10 

TSF loss 6/11 2/11 n. s. 

AC loss 7 /11 4/11 n. s. 

albumin loss > 10% 7/17 3/11 n. s. 

prealbumin loss > 10% 14/17 2/11 < 0. 01 

transferrin loss > 10% 12/17 2/11 < 0. 05 

cholinesterase loss > 10% 12/17 2/11 < 0. 05 

N-balance negative after 14/17 4/11 < 0.05 

chemotherapy 

p-value is calculated according to the x2 test for fourfold tables with 
Yates ' correction (n.s. = not significant). 

Table 4. Mean changes in visceral proteins between entry and end of study 
during enteral normo-alimentation or hyperalimentation. 

6 Normoalirnentation Hyperalimentation 
mean + S. D. mean + S. D. 

albumin - 4.06 + 3. 41 - 2. 09 ±. 

prealbumin - 6. 56 ± 4. 44 + 1.64 ± 

transferrin - 38. 9 ± 50.4 + 1.55 ± 

cholinesterase - 4.13 ± 3. 46 - 0.19 ± 

6 change between entry and end of study 
S. D. = standard deviation 
p - calculated according to the Student t test 
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2 . 35 

5. 55 

40. 9 

3.14 

p - value 

n.s. 

< 0.001 

< 0. 05 
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At entry of study in the normoalimentation group A one patient had a 

severely (CHI 55%), 2 patients a moderately (CHI 73 and 76%), and 3 

patients a mildly (CHI 81, 83 and 85%) depleted skeletal muscle status. In 

the hyperalimentation group B 1 patient was moderately depleted (CHI 68%) 

and 2 patients were mildly depleted (CHI 83 and 89%). The mean change in 

CHI in group A after chemotherapy was -3. 24% and in group B +1. 82% (not 

significant) . The number of patients with a loss of TS and AC after 

chemotherapy was also not significantly different between both groups 

(table 3). 

The course of the mean serum levels of the visceral proteins albumin, 

prealbumin, transferrin, and cholinesterase in the normocaloric and in the 

hyperalimentation group is shown in figures 1 and 2. The number of courses 

with a deterioration of the serum level of the visceral proteins > 10% and 

the mean change in serum levels of these visceral proteins between entry 

and end of study were significantly different for prealbumin, transferrin, 

and cholinesterase (table 3 and 4). The difference in the course of the 

prealbumin level 

prealbumin level 

in both groups is most striking. 

decreased during chemotherapy. 

In both groups the 

However, after 

chemotherapy there was an increase in prealbumin level in the 

hyperalimentation group in contrast to the normocaloric group (fig. 1). 

There was a continuous decline of serum transferrin and cholinesterase 

level during and after chemotherapy in the normocaloric group, while both 

levels remained stable in the hyperalimentation group (fig. 2). 

In 14 of the 17 courses with normoalimentation and only in 4 of the 11 

courses with hyperalimentation the nitrogen balance (N-balance) was 

negative after chemotherapy. 

No complications related to tube 

aspiration, parotitis or inflammation 

feeding occurred, specifically 

of the nose were not seen. Three 

patients gradually developed some edema during a daily fluid intake of 

respectively 2850 ml (one patient in group A, 52 years old) and 5250 ml 

and 5750 ml (2 patients in group B, 37 and 58 years old) and they received 

diuretics for one or 2 days. One of the hyperalimented patients developed 

hyperglycemia and needed insulin. 

DISCUSSION. 

During 2000 kcal enteral alimentation substantial losses occur in the 

nutritional status of patients treated with inte11sive chemotherapy. The 

59 



mg % 
3 1 0  

280 

250 

U/ l  
2400 

2100 

1 800 

I _, _, 

I 
I 
I 
I 
I 
I 
I 

, \I 

II m 

I 
I 
I 
I 
I 
I 
I 
I 
I ,-��,, I , 

.,,"'1 ,/ 
I
''' 

I 
I 

Tronsferrin 

- t  

C holinesterose 

1 500......._ __ __, ___ __. ______ _ 

_ t 

Figure 2. 
Mean serum transferrin and cholinesterase level before (I), 
during (II) , and after (III) chemotherapy during en teral 
al imen tation wi th 2000 kcal (n= 1 7  --) or 4000 kcal (n= l l  
- - - ) .  

60 



creatinine/height index, the triceps skinfold thickness, and arm muscle 

circumference indicated a relatively equal depletion of body fat and lean 

body mass. The decrease in visceral protein probably indicates an increase 

in turnover and a decrease in production as result of the chemotherapy. 

During chemotherapy the excess fluid intake could also result in some 

dilution. 

In most of the hyperalimented patients we observed weight gain, as 

expressed in the weight/height index. CHI, TSF and AC indicated that the 

weight gain not only consisted of body fat or water, but also of lean body 

mass. This is in accordance with the greater proportion of positive 

N-balances after chemotherapy in the hyperalimentation group. In a 

previous study ( 1 1 )  we concluded on basis of the pattern of element 

retention in these patients that enteral hyperalimentation enables the 

cancer patient to synthesize lean body mass before chemotherapy. 

Enteral hyperalimentation is more physiologic, safer, easier, and more 

economical than central venous hyperalimentation (12, 13).  Moreover, the 

effect of total parenteral nutrition (TPN) is equivocal. TPN did not lead 

to a positive nitrogen balance in patients undergoing ablative 

chemotherapy ( 14) and in malnourished cancer patients it resulted in only 

marginal increases of serum albumin and transferrin levels ( 15) .  Only 

nutritional maintenance, not improvement, was found during TPN in patients 

with advanced cervical cancer (16). In another study, TPN helped to 

maintain body composition in the short-term, but only body fat in the 

long-term (17). We therefore prefered enteral rather than parenteral 

nutrition. All patients tolerated the tube feeding well, provided an equal 

pace of continuous drip infusion was maintained throughout the entire day 

especially in the hyperalimentation group. A rapid bolus infusion can lead 

readily to vomiting, 

osmolarity and when 

chemotherapy. 

particularly when the liquid 

it concerns patients 

nutrition has a high 

are nauseated by 

For hyperalimentation we prefered an elemental diet because intensive 

chemotherapy leads to a decreased digestive and absorptive capacity and an 

elemental diet requires very little digestion, which is especially 

important during an increased enteral feeding rate. Bounous demonstrated 

the increased nutritional efficiency of an elemental diet over a control 

diet (18). In our study enteral hyperalimentation initially improves and 
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during and after chemotherapy it conserves the nu tritional status of the 

cancer patient. 

Malnutrition may develop in a cancer patient as a result of one or more 

factors, which include the systemic and local effects of cancer and the 

effects of cancer treatment. Because of the fear of complications 

secondary to malnutrition, certain patients may be denied proper 

oncological therapy. Moreover, weight loss worsens prognosis (19). In this 

study we show that during intensive chemotherapy nutritional imbalance 

arises quickly and during enteral alimentation with 2000 kcal no metabolic 

equilibrium can be obtained. However , with enteral hyperalimentation the 

nutritional needs can be fulfilled to a large extend. 
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Chapter 6 

Elemental  ba lances  duri ng cont inuous enteral  a l i mentat ion 

wit h  2 000 or 4000 k c a l  a d a y  

in  p a t i e n t s  wi t h  d isseminated mal ignant  melanoma 

J . M .  Smi t , N . H .  Mulder , D . Th . Sleijfer , J . G .  Bouman , and W .  Veeger . 

SUNNARY.  

Enteral balance s tudies were performed in  16 cancer pa tients rece i vi ng 

enteral al imen tation wi th 2000 KCal (8 pa tien ts during 1 0  study peri ods) 

or 4000 KCal (8 pa tien ts during 9 study periods) and we evaluated the 

ra tios of retained elements during a posi t i ve n i trogen balance . In the 

2000 KCal group the ratios of retained ni trogen/phosphorus/potassi um/ 

sodium/ chlorine averaged 1 : 0 . 056 : 7 . 90 : - 5 . 1 7  : -9 . 1 3  and in the 4000 

KCal group 1 : 0. 078 6 . 32 : 2 . 81 : 2 . 66 .  In previous studies one 

observed tha t in non-cancer pa tients N, P, K, Na, and Cl are retained i n  

fixed ra tios, when normal l ean body mass is  being made . The ratios in  tile 

4 000 KCal group are compa tible wi th these ra tios and we therefore concl ude 

that in cancer pa t ien ts en teral hyperal imen tation wi th 4000 KCal/day l eads 

to syn thesis of normal l ean body mass . Ive further concl ude that during 

normocaloric feeding there may be no syn thesis of l ean body mass, even i f  

a posi tive ni trogen balance is presen t .  
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INTRODUCTION . 

Malnutrition is a frequent complication in patients with advanced 

cancer. Evidence has been 

deprived patients are more 

tolerance for chemotherapy 

presented suggesting that nutritionally less 

likely to respond to and have an increased 

(2, 3, 7, 10, 14). For this reason we started 

enteral alimentation in patients with a solid tumor who were zoing to be 

treated with intensive chemotherapy. In a previous study we demonstrated 

that nasogastric tube feeding is a feasible method of alimentation for 

cancer patients (12, 15). However, we also found negative metabolic 

balances in patients with disseminated malignant melanoma during and after 

chemotherapy while they received a quantity of calories according to · their 

habitual caloric intake (12) . Hyperalimentation with nasogastric tube 

feeding led to weight gain in a majority of the cancer patients. However, 

according to some studies weight gain in cancer patients during forced 

feeding consists mainly of an increase in the water and fat content of the 

body instead of an increase in lean body mass (5, 8, 13). If lean body 

mass is restored selectively, certain elements are retained by the 

organism in fairly fixed ratios, corresponding to the ratios in which they 

are found in normal cytoplasm (9). Parenteral hyperalimentation in 

non-cancer bearing adults leads to retention of various elements in these 

fixed ratios (11). 

We performed elemental balance studies in patients with disseminated 

malignant melanoma receiving enteral alimentation with 2000 or 4000 KCal 

daily in order to evaluate the ratios of retained elements during a 

positive nitrogen balance. Normal patterns of element retention suggest 

that normal cytoplasm was synthesized in response to enteral alimentation. 

PATIENTS AND METHODS. 

Patients. 

Sixteen patients (eight men and eight women) with a mean age of 42, 

range 24-59 years, were studied. All suffered from disseminated malignant 

melanoma stage III W. H. O. classification, stage IV �I. D.Anderson 

classification. Relevant patient 

indicators are shown in Table I. 

data including baseline nutrition 

All patients received continuous enteral tube feeding during at least 7 

days. Lactose free drinks were allowed. The first patient group A (8 
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patients durinB 10 study periods) received a quantity of calories limited 

to their pretreatment intake as determined by a dietician and were called 

the normocaloric fed group. The tube feeding consisted of a sterile 

factory product NutrisonR (Nutricia Holland), a complete liquid nutrition 

based on milk protein low in lactose (2000 KCal containing 80 gram 

protein, 80 gram fat and 226 gram carbohydrate in a volume of 2000 ml). 

The second group, group B or hyperalimented group, consisted of eight 

KCal patients during 9 study periods. They received 4000 

feeding Pepti-2000R from Nutricia Holland. Pepti-2000R is an 

of the tube 

elementary 

food of which the protein is provided by hyd rolysa te of whey protein and 

consists of short chain peptides, 4000 KCal with an equivalence of 160 

gram protein, 136 gram fat and 550 gram carbohydrate in a volume of 3000 

ml. A nasogastric tube with a length of 125 cm and internal diameter of 2 

mm was used and replaced once a week. 

Anthropometric techniques. 

The weight/height index (WHI) was calculated by comparing the actual 

weight of the patient with the ideal value ( 1), obtained from the modified 

Metropolitan Life Insurance Company Charts (6), and the nutritional status 

was considered normal if the index was 90 per cent or more of the 

standard. Triceps skin fold thickness (TSF) was measured at the midpoint 

of the upper portion of the nondominant arm using the average of at least 

three separate trial measurements, and arm circumference (AC) was measured 

at the same place using a tape measure. The creatinine height index (CHI) 

was calculated by comparing the daily creatinine excretion with the level 

expected for a person of the same height and sex at ideal weight. The lean 

body mass was considered to be normal if the Cl !I was 90 per cent or more 

of the standard. An index of 80-90 per cent and of 60-80 per cent was 

related respectively with a mildly and moderately depleted skeletal muscle 

status (1). 

Laboratory techniques. 

Serum and urine levels of sodium, potassium, chlorine, ureum, 

creatinine, and phosphorus were determined with the Sequential Multiple 

Analyzer Computer no. 3930 (Technicon) Serum levels were measured three 

times a week and urine levels daily. The faeces was collected daily and 

analyzed for sodium, potassium, chlorine, phosphorus, and nitrogen. 
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Chlorine in the faeces was measured with the Chlor-0-Counter (Marius) 

after dilution of the faeces with water. After the faeces was boiled with 

2. 2 N HCl, the levels of Na and K were measured with the Corning-Flame 

Photometer 450 Lameris. After complete destruction of the faeces to a 

colourless fluid by boiling with concentrated H
2
so4 and decolourisation 

with H
2
o

2 
30% and a mixture of Hg0/K

2
so4 7/100 as a catalysator, nitrogen 

content was determined with the indophenol reaction (Berthelot reaction), 

and phosphorus with the reaction of Zilversmit. 

If the patients vomited, the levels of Na, K, Cl, P and N in the vomit 

were measured in the same way as in the .faeces. We also determined those 

levels in the liquid nutrition and the different lactose free drinks. 

Daily elemental balances (N and P in grams ; Na, K and Cl in 

milliequivalents) were calculated as: daily intake minus daily urine 

content, average daily faecal content, and daily vomit content. After the 

daily nitrogen balance ( .6  N) had been fixed on 1, the ratios of the other 

elemental balances relative to daily nitrogen balance were calculated. 

RESULTS. 

The tube feeding was well tolerated. No complications related to tube 

feeding occurred ; specifically, no patient aspirated while on tube feeding 

and parotitis or inflammation of the nose was not seen. 

At admission the WHI indicated that the nutritional status 

depleted in 2 patients. The CHI indicated that 4 patients had 

was mildly 

a mildly 

depleted skeletal muscle status ; 1 patient was moderately depleted and 1 

patient was severely depleted (table I). 

In the normocaloric fed group in only 10 out of 16 study periods a 

positive nitrogen balance was found. Since we were interested in the 

ratios of retained elements during a positive nitrogen balance, we merely 

looked at those 8 normocaloric fed patients, who had a positive nitrogen 

balance during 10 study periods. The negative N-balances were observed in 

patients with extensive disease only . During hyperalimentation with 4000 

KCal daily the N-balances were always positive and the mean N-balance in 

group B was more than 3 times higher than in group A. 

The mean daily balance in group A during enteral alimentation with 2000 

KCal/day and in group B during hyperalimentation is shown in table II. 

The average daily balance is negative for sodium and chlorine in group 

A and positive for all elements in group B. However, among individuals in 
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Table I .  Clinical data of 2atients at beginning of : 

A .  Enteral alimentation 2000 kcal/day .  

Patient Age Sex WHI CHI TSF AC Sites of metastases Extensive disease 
% % xo . 2  mm cm 

1 43 F 1 14 1 1 1  24 29 nodes , skin no 
2 56 M 114 76 10 30 nodes , skin yes 
3 24 F 112  110 22 28 nodes , skin yes 
4 29 M 94 84 1 1  28 nodes , skin yes 
5 28 M 103 98 1 1  29 nodes ,  lung , liver yes 
6 46 F 104 8 1  15 27 nodes , lung no 
7 57 M 124 97 18 35 nodes , skin no 
8 59 M 109 55 19  31  skin , lung yes 

mean 42 . 8  109 89 

B .  Enteral hyperalimentation 4000 kcal/day . 

9 37 F 87 93 7 22  nodes ,  lung , femur yes 
10 37 M 108 106 10 30 lung , skin no 
1 1  57 M 102 95 6 30 nodes , lung , liver yes 
12 42 F 101 106 17 26 skin , lung , liver no 
13 58 M 1 18 90 12 32 skin , lung yes 
14 32 F 103 1 18 23 29 sternum no 
15  36 F 105 89 19 27 nodes ,  lung yes 
16  33 F 86 86 1 2  24 lung , ovaria yes 

mean 41 . 5  101 98 

WHI= weight/height index ; CHI= creatinin/height index ; TSF= triceps skin fold ; AC= arm circumference . 



Table II. Summary of balance data - average of daily balances. 

Group 6_ N(g) 6 P(g) ,6 K(meq) 6 Na(meq) l', Cl(meq) 

A alimentation 2 .14 0.12 16. 91 -11. 06 -19. 54 2000 kcal/day 

B hyperalimentation 7. 01 0. 55 44. 30 19. 70 18.65 4000 kcal/day 

6 = daily balance 

group B some instances of negative sodium and chlorine balances were 

seen. 

The ratios of balances relative to daily nitrogen balance ( ,6. N) can be 

found in table III. In group A the small quantities of retained nitrogen 

lead to widely ranging ratios of balances. The ratios of retained 

nitrogen/phosphorus/potassium/sodium/ chlorine in the normoalimented 

patients with a positive nitrogen balance averaged 1 : 0.056 : 7. 90 : 

-5. 17 : -9 . 13. Negative balances for phosphorus (4 of 10) , potassium (3 of 

10) , sodium (6 of 10) , and chlorine (8 of 10) occurred often in this group 

of normoalimented patients. In group B the range in the ratios is smaller. 

During 6 of the 9 treatment courses the patients were in positive balance 

for all these elements. In the hyperalimented group the ratios of retained 

nitrogen/phosphorus/potassium/sodium/chlorine averaged 1 : 0.078 : 6.32 : 

2.81 : 2. 66. 

The mean increase in body weight (BW) after enteral alimentation with 

2000 KCal during an average period of 7.45 days was 0. 54 kg . After an 

average period of 7.55 days of enteral hyperalimentation the mean increase 

in BW was 1. 43 kg. 

DISCUSSION. 

It has been suggested that in cancer cachexia the tumor restrains the 

restoration of lean body mass. Both Terepka (13) and Nixon (8) conclude 

that there is a partial block in repletion of lean body mass or abnormal 

composition of newly deposited lean body mass whep undernourished cancer 

patients receive hyperalimentation. Their conclusions are based on the 

abnormal ratios in which hyperalimented cancer patients retained N ,  P ,  K ,  

Na , and Cl. Reifenstein (9) and Rudman (11) observed that normal lean body 
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Table III . Ratios of balances . 

Patient /j BW Daily  Ratios of balances ( relative to  /j N= l )  
balance during enteral alimentation 2000 kcal/day 

/j N /j N  6 P  6 K 6 Na 6 Cl 
Group A kg g g g meq meq meq 

1 0 . 5  1 . 34 1 -0 . 134 -20 . 75 - 5 . 75 - 1 . 42 

0 . 2  0 . 56 1 -0 . 196 4 . 1 1 -44 . 1 1 -24 . 46 

2 0 . 3  4 . 35 1 -0 . 069 4 . 25 7 . 03 5 .  77 

3 0 . 3  0 . 66 1 -0 . 379 -19 . 55 -42 . 73 -57 . 58 

4 0 . 1  0 . 21 1 0 . 667 91 . 90 24 . 29 - 7 . 14 

5 -1 . 1  0 . 99 1 0 . 13 1  4 . 65 7 . 98 - 3 . 64 

6 2 . 2  2 . 10 1 0 . 124 4 . 67 - 0 . 62 - 0 . 29 

7 2 . 5  6 . 16 1 0 . 1 1 7  - 1 . 54 3 . 91 5 . 18 

8 -0 . 2  1 . 46 1 0 . 240 5 . 55 - 0 . 62 - 6 . 92 

0 . 6  3 . 70 1 0 . 054 5 . 73 - 1 . 03 - 0 . 81 

mean 0 . 54 2 . 14 1 0 . 056 7 . 90 - 5 . 17 - 9 . 13 

S . D .  1 . 07 1 . 95 0 . 284 31 . 23 2 1 . 75 1 9 . 02 

Group B Ratios of  balances during enteral 
hyperalimentation 4000 kcal/day 

9 1 .  7 8 . 74 1 0 . 011  3 . 56 0 . 31 0 . 54 

10 3 . 8  8 . 86 1 0 . 086 8 . 17 9 . 9 1  1 1 . 1 2 

11  1 . 4  5 . 6 1 1 0 . 029 6 . 86 10 . 48 1 . 39 

12 2 . 4  1 0 .  77  1 0 . 073 5 . 91 2 . 45 4 . 28 

13 -0 . 1  3 . 74 1 0 . 187 1 1 . 76 - 2 . 46 0 . 61 

14 1 .  7 10 . 23 1 0 . 084 6 . 35 4 . 83 4 . 26 

1 . 0  9 . 21 1 0 . 074 5 . 78 2 . 42 1 . 98 

15 0 . 6  6 . 19 1 0 . 074 5 . 20 - 1 . 42 - 0 . 65 

16 0 . 8  8 .  72 1 0 . 08 1  3 . 3 1  - 1 . 20 0 . 44 

mean 1 . 48 7 . 0 1  1 0 . 078 6 . 32 2 . 81  2 . 66 

S . D .  1 . 13 3 . 06 0 . 049 2 . 54 4 . 76 3 . 60 

BW = body weight 
SD = standard deviation 
6 = daily balance 
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mass contains certain elements in relatively fixed proportions. These 

elements are the three protoplasmic elements N, P, and K and the two 

extracellular elements Na and Cl. If these elements are retained in these 

ratios one may assume that normal lean body mass is being made. 

Underweight cancer-free subjects hyperalimented by the central venous 

route retain N, P, K, Na, and Cl in ratios of 1 : 0.08 : 3.1 : 3.5 : 2.7. 

These ratios are restricted to positive balances. 

In the group of hyperalimented cancer patients we found ratios of 

retained elements entirely compatible with the ratios found by Rudman and 

Reifenstein (9, 11) as far as N, P, Na, and Cl are concerned. Therefore, 

retention of the elements in these ratios suggests that normal lean body 

mass is synthesized during enteral hyperalimentation in patients with a 

disseminated malignant melanoma. 

The cancer patients in both groups retained more potassium than 

cancer-free subjects. Terepka observed the same in 9 cancer patients 

during forced feeding (13). The intracellular potassium could be an 

indicator of cellular mass, but this could well include tumor cell mass. 

The relevance of this observation is questionable because Forbes (4) 

compared changes in body K content calculated from metabolic balance and 

from 4°K counting. He showed that the former technique overestimates 

K-retention and that the disparity in results by the two methods increases 

with increasing K-intakes as occurs during enteral hyperalimentation. 

In contrast to the hyperalimented group a positive nitrogen balance was 

found in only 10 out of 17 treatment courses in the normocaloric fed 

group. During these 10 treatment courses the ratios of retained elements 

differed from those described by Rudman and Reifenstein in non-cancer 

patients and from the ratios which we found in the group of hyperalimented 

cancer patients. We therefore conclude that during normocaloric feeding 

there may be no synthesis of lean body mass in our patients, even if a 

positive nitrogen balance is present. 

Rudman observed that withholding N, P, K, Na, or chlorine from 

cancer-free patients receiving nutritional support blocks restoration of 

lean body mass even if the other elements are provided (11). The 

normoalimented cancer patients received approximately 2000 KCal of a 

complete liquid nutriton, which diet would be adequate for cancer-free 

patients. Perhaps the greater requirements of one or more of the above 
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mentioned elements in cancer patients could lead to a negative balance and 

in effect make the cancer patient unable for tissue synthesis. 

Nixon (8) compared enteral and parenteral hyperalimentation in cancer 

and non-cancerous patients and measured elemental balances. In cancer 

patients the elements examined were retained in abnormal ratios . He 

therefore concluded that positive N-balance and weight gain in advanced 

cancer patients undergoing hyperalimentation do not represent synthesis of 

normal lean body mass. However, 5 of 6 cancer patients in his study who 

received enteral hyperalimentation had a digestive tract tumor and were 

therefore probably unsuitable for studying the effect of enteral 

hyperalimentation. 

We conclude that in cancer patients with a normal integrity of the 

digestive tract enteral hyperalimentation leads to synthesis of normal 

lean body mass, and could be successful as therapy for the cancer cachexia 

syndrome. 
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Chapter 7 

M e t a b o l i c  stud ies  in  pat i ents  w i t h  d i sseminated 

m a l ignant melanoma t reated w i th  intens ive c h emothera p y  

dur ing 

cont inuous entera l  tube feeding with 2000 or  4000 k c a l  

J. M. Smit, N. H. Mulder, D. Th. Sleijfer, J.G. Bouman, and W. Veeger. 

SUNNARY. 

Balance s tudies, including sodi um, chlorin e ,  potassium, magnesi um, 

cal cium, phosphate and n i trogen were performed in 20 patien ts who recei ved 

enteral alimen tation before, during and after cytosta tic  treatmen t for 

disseminated mal ignan t melanoma . Seven teen chemotherapy courses were gi ven 

whi l e  patien ts recei ved 2000 kcal, 1 0  courses during 4000 kcal . In both 

groups the relative balances of N, P, K, Na and Cl were determined . In the 

course of trea tmen t the ni trogen balance became progressi vel y  nega t i ve in 

the 2000 kcal group , but remained posi tive in the 4000 kcal group . The 

retention ra tios of Na, P, K, N and chlorine are compatible wi th l ean body 

mass syn thesis before, during and after chemotherapy in the 4000 kcal but  

not  in  the 2000 kcal group . I t  i s  concluded that during normocalori c 

en teral feeding cancer pa tients were unable to syn thesize l ean body mass, 

but  tha t hyperal imen ta tion resul ts i n  a posi tive ni trogen balance while  

probably also lean body mass syn thesis remains possible under these 

condi tions, before, during and after chemotherapy. 
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INTRODUCTION. 

The presence of a malignant tumor influences the metabolism of the host 

quantitatively as well as qualitatively (1-3). Cytostatic therapy directed 

against the malignant tumor will influence the metabolism of the host 

adversely, and so both cancer and its treatment may lead to malnutrition. 

Recently it has been recognised that adequate nutrition is an inte3ral 

part of the supportive care of the cancer patient. Several authors even 

suggested that nutritional support, for example intravenous 

hyperalimentation, as an adjunct to antineoplastic chemotherapy reduces 

drug toxicity and that it promotes higher patient tolerance permitting a 

more intense chemotherapy (9-13). 

Knowledge of the metabolism of the cancer patient before, during and 

after chemotherapy could facilitate the institution of optimal nutritional 

support and thereby possibly prevent some of the metabolic complications 

of chemotherapy. We therefore studied prospectively the metabolic effects 

of chemotherapy during standardized continuous enteral tube feeding with 

2000 or 4000 kcal per day in patients with disseminated malignant 

melanoma. As these patients were treated with intensive chemotherapy 

nausea, vomiting and anorexia are inevitable. To guarantee adequate 

nutrition artificial nutrition, either parenteral or enteral, is required. 

We prefered enteral rather than parenteral nutrition, for reasons of 

simplicity, economy, safety, improved maintenance of the integrity of the 

small intestine, and an improved insulin response ( 1 4 ,  15). The 

feasibility of t�is procedure in cancer patients has been described 

previously (8) . 

PATIENTS AND METHODS. 

Patients and treatment. 

Twenty patients (eleven men and nine women) with a mean age of 42, 

range 24-59 years, were studied. All suffered from disseminated malignant 

melanoma stage III W. H. O. classification, stage IV M. D.Anderson 

classification. 

Twenty-seven courses of chemotherapy were administered, consisting of 

30 mg bleomycin given daily by continuous intravenous (= i. v. ) infusion 

on day 1, 2, 3 and 4 and dacarbazine on the same days as an i. v. push dose 

of 300 mg/m2 per day. On day 5 vindesine 3 mg/m2 in an eight hour infusion 
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was given, followed by actinomycin D 2 mg/m2 in a half hour infusion. 

Courses were repeated after two months unless progression of disease 

(increase of measurable tumor parameters by 25% or more) was evident. 

Dosages were adjusted according to toxicity experienced in the first 

course. 

During the whole period of hospitalization of at least 3 weeks all 

patients received continuous enteral tube feeding, starting 5 to 11 days 

before the chemotherapy course. The duration of the prechemotherapy period 

was determined by the required examinations for dissemination and the 

postchemotherapy period lasted at least 7 days and was longer in case of 

side effects of the chemotherapy (range 7-10  days). 

No patients were excluded. Patients were allowed to drink lactose- free 

drinks. The first patient group A (n = 11, eight men and three women) 

received a quantity of calories limited to their pretreatment intake as 

determined by a dietician. In these eleven patients seventeen treatment 

courses were given. In group A the tube feeding consisted of a sterile 

factory product, NutrisonR, a complete liquid nutrition based on milk 

protein low in lactose with 2000 kcal in a volume of 2000 ml (nutrient 

composition see table I). 

Table 1. Nutrient composition of the diets. 

Component in 1000 kcal Nutrison R 

protein (g) 40 

fat (g) 40 

carbohydrate (g) 1 20 

minerals (g) 5 

Na (mg) 800 

K (mg) 1500 

Ca (mg) 500 

p (mg) 500 

Mg (mg) 150 

Cl (mg) 800 

vitamins (g) 1 

osmolarity (mosmol/1) 265 

77  

Pepti- 2000
R 

40 

34 

137 . 5  

5.25 

465 

lff00 

465 

365 

150 

865 

0.8 
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In the subsequently studied group B (n = 9, three men and six women) 

tube feeding Pepti 2000R was used, 4000 kcal/day and 10 treatment courses 

were given. Pepti 2000R is an elementary food of which the protein is 

provided by a hydrolysate of whey protein and consists of short chain 

peptides, 4000 kcal in a volume of 3000 ml (table I). 

A nasogastric tube with a length of 125 cm and internal diameter of 2 

mm was used and replaced once a week. To control vomiting 

nortriptylinechloride and 

chemotherapy course. 

flufenazinechloride were given during the 

Anthropometric techniques. 

The weight/height index (WHI) was calculated by comparing the actual 

weight of the patient with the ideal value ( 16), which was obtained from 

the modified Metropolitan Life Insurance Company Charts (17), and the 

nutritional status was considered normal if the index was 90 per cent or 

more of the standard. Triceps skin fold thickness (TSI) was measured at 

the midpoint of the upper portion of the nondominant arm using the average 

of at least three separate trial measurements and arm circumference ( AC) 

was measured at the same place using a tape measure. The creatinine height 

index (CHI) was calculated by comparing the daily creatinine excretion 

with the level expected for a person of the same height and sex at ideal 

weight. The lean body mass was considered to b� normal if the CHI was 90 

per cent or more of the standard. An index of 80-90 per cent and of 60-80 

per cent was related respectively with a mildly and moderately depleted 

skeletal muscle status (16). 

Laboratory techniques. 

Serum and urine levels of sodium, potassium, chlorine, ureum, 

creatinine, calcium, phosphorus and magnesium were determined with the 

Sequential Multiple Analyzer Computer no. 3930 (Technicon). 

Serum levels of electrolytes, minerals, ureum and creatinine were 

measured three times a week and urine levels daily. The faeces was 

collected daily and analysed for sodium, potassium, chlorine, calcium, 

phosphorus, magnesium and nitrogen. 

Chlorine in the faeces was measured with the Chlor-0-Counter (Marius) 

after dilution of the faeces with water. After the faeces was boiled with 

2. 2 N HCl the levels of sodium and potassium were measured with the 
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Corning Flame Photometer 450 (Lameris), calcium with the Corning Calcium 

Analyzer 940 (Lameris) and magnesium with the Merckotest kit no. 3338 . 

After complete destruction of the faeces to a colourless fluid by boiling 

with concentrated H
2
so4 and decolourisation with H

2
o

2 
30% and a mixture of 

Hg0/K
2
so4 7/100 as a catalysator, the nitrogen content was determined with 

the indophenol reaction (Berthelot reaction), and phosphorus with the 

reaction of Zilversmit. 

If the patients vomited, the levels of sodium, potassium, chlorine, 

calcium, phosphorus, magnesium and nitrogen in the vomit were measured in 

the same way as in the faeces. We also determined those levels in the 

liquid nutrition and the different lactose-free drinks. 

We calculated the daily input (liquid nutritions with the lactose free 

drinks and intravenous infusions during chemotherapy) and the daily 

output (urine, vomit and faeces) of sodium, potassium, chlorine, calcium, 

phosphorus, magnesium and nitrogen and made balance studies for these 

elements before, during and after chemotherapy. 

Statistics. 

For statistical analysis correlation coefficient, Student t test, and 

x2 test for fourfold tables with Yates' correction were used. The p-values 

were considered significant when less than 0.05. 

RESULTS. 

At entry of study there were no significant differences between the 

normoalimentation and hyperalimentation group regarding the nutritional 

parameters and mean age (table 2, Student t test). In 2 patients in group 

A and in 2 patients in group B there was a history of previous weight loss 

with insufficient dietary intake. 

The tube feeding was well tolerated and did not lead to complications, 

specifically aspiration, parotitis or inflammation of t�e nose were not 

seen. Two patients gradually developed some edema during a daily fluid 

intake of respectively 2850 ml a day (one patient in group A) and 5250 ml 

a day (one patient in group B) and they received diuretics. They are 

excluded from the balance studies during those days. One of the hyper

alimented patients developed hyperglycemia and needed insulin. 

The mean caloric intake was 1797 kcal a day (range 1270-2450 kcal) in 

group A (normocaloric group). In this group the caloric intake per kg body 
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Table 2. Parameters of nutritional status at entry of study. 

Normoalimentation 

mean + S.D . 

age (yr) 43.5 ± 13.8 

\vHI (%) 108. 8 ± 7.5 

CHI (%) 94 .8 ± 19.0 

TS (x0.2 mm) 14.7 + 5 . 7  

AC (cm) 29 . 4  ± 2. 4 

albumin (g/1) 37.9 ± 5.2 

WHI weight/height index 

CHI creatinine/height index 

TS triceps skinfold 

AC arm circumference 

Hyperalimentation 

mean ± S . D. 

43.3 + 10 . 5  

104.5 ± 11.8 

98.0 ± 15.8 

15.9 ± 7 . 1  

28.3 + 3.3 

39. 5 ± 3.7 

p-value is calculated according to the Student t test (n.s. not 

significant). 

weight ranged from 18 . 7  to 29. 0 kcal/kg and the caloric intake relative to 

the need as assessed by the Harris-Benedict formula ranged from 82 to 137% 

(18). In group B (hyperalimentation group) the mean caloric intake was 

3685 kcal a day, the caloric intake per kg body weight ranged from 38 to 

70 kcal/kg and the caloric intake relative to the need as assessed by the 

Harris-Benedict formula ranged from 166 to 298 % (18). 

Electrolytes and minerals . 

The coefficient of correlation between daily intake and output for the 

baseline prechemotherapy days was 0.72 (0. 01 ( p ( 0 . 02) and we therefore 

considered the balance studies to be accurate. 

and 

Sodium and chlorine (fig. 1 and table 3). During chemotherapy sodium 

chlorine retention occurs in both the normocaloric and 

hyperalimentation group, followed by a considerable loss thereafter. The 

treatment-induced changes in these electrolyte balances do not seem to be 

influenced by hyperalimentation. 
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Figure 1 .  
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Table 3. Number of evaluable courses with a negative balance. 

Period Before During After chemotherapy 

Alimentation normal hyper p normal hyper p normal hyper p 

Na+ 10/17 3/10 n. s. 0/17 0/10 n.s. 15/17 10/10 n.s. 

Cl 13/17 2/10 0. 01 0/17 0/10 n.s. 17/17 10/10 n.s . 

K+ 6/17 0/10 0.01 10/17 0/10 0.001 15/17 6/10 0.05 

Mg2+ 1/17 0/10 n.s. 5/14 3/10 n.s. 12/17 5/10 n.s. 

Ca2+ 7/17 2/10 n.s. 13/17 4/10 0.05 13/17 4/10 0.05 

PO 3-
4 8/17 0/10 0.01 11/17 1/10 0.01 16/17 5/10 0.01 

N 6/17 0/10 0.01 11/16 1/10 0.001 14/17 4/10 0.01 

p-value is calculated according to the x2 test for fourfold tables with 
Yates ' correction (n.s. = not significant). 

In the normocaloric group, hypochloremia varying from 94 to 86 mmol/1, 

was found in 7 patients after chemotherapy. No further abnormalities in 

serum sodium and chlorine levels were found. 

Potassium and magnesium (fig. 2 and table 3). Hypo- or hyperkalemia did 

not occur. As a result of treatment a loss of potassium occurred, however 

this loss is decreased in the hyperalimentation group. In this group 

potassium retention occurred before and during treatment. 

In both groups the magnesium balance was in equilibrium during the 

whole study period. Neither chemotherapy nor hyperalimentation seemed to 

influence this balance significantly. 

Calcium (fig. 3 and table 3). Two patients repeatedly had obvious 

hypocalcemia before therapy : in one patient in group A the lowest value 

was 1.87 mmol/1, and in one patient in group B 1.96 mmol/1. During 14 out 

of 17 courses in the normocaloric group and during 5 out of 10 courses in 

the hyperalimentation group hypocalcemia developed, varying from 1. 77 to 

2 .19 mmol/1 with a mean of 2. 06 mmol/1. After chemotherapy there was a 

slow restoration of the calcium levels, but hypocalcemia persisted after 

11 courses in group A and after 3 courses in group B. In group A during 

and after chemotherapy the mean calcium balance was negative. The 

percentage faecal excretion of calcium was 79% before, 77% during and 86% 
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after chemotherapy in group A. Under the influence of hyperalimentation 

the calcium balance became positive. 

Phosphate (fig. 3 and table 3). Before chemotherapy, hyperphosphatemia 

existed in 2 patients in the normocaloric group ( ranging from 1. 43 to 1. 65 

mmol/1),  and hypophosphatemia, ranging from 0.32 to 0.44 mmol/1, in the 

hyperalimentation group in 2 patients. Both hyper- and hypophosphatemia 

disappeared during chemotherapy. In the normocaloric group the balance 

became increasingly negative during and after chemotherapy. Under the 

influence of hyperalimentation, the phosphate balance was positive before 

and during treatment and only slightly negative after chemotherapy. 

Nitrogen (fig . 4 and table 3). In the normocaloric group there was a 

balance before chemotherapy, but during and after the course there was a 

continuous and increasing loss of nitrogen. In the hyperalimentation 

group, the mean nitrogen balance was always positive. 

mmol /day 

600 

400 

200 

-200 

- 400 

mean 

so 

Figure 4 .  

2000 KCal 

I II llI 

1 8.2 -145.9 -278.5 

:!: 243.3 229.7 308.7 

N 

4000 KCal 

II m 

615.2 303.8 87 5 

207.5 239.5 388.9 

mmol/day 

Ni trogen balance before , during , and after chemotherapy . 

85 



Table 4 .  

Ratios of balances of retained elements ( relative to 6 N=l ) 
during enteral alimentation . 

Before chemotherapy 

n 6 N ( g )  6 P( g )  6 K (meq ) 6 Na(meq ) 6 Cl (meq )  

Group A ( normocaloric ) 1 1  +l  0 . 047 7 . 52 -5 . 01 - 8 . 38 

6 -1  0 . 46 1  15 . 18 -8 . 42 -28 . 60 

Group B ( hyperalimentation ) 10 +l 0 . 074 6 . 33 2 . 85 2 . 82 

During chemotherapy 

Group A 4 +l  0 . 08 1  - 4 . 28 97 . 39 116 . 72 

12 -1 -0 . 666 -32 . 44 1 11 . 12 125 . 33 

Group B 9 +l  0 . 128 5 . 87 17 . 44 20 . 03 

1 -1  -0 . 109 0 . 94 42 . 66 33 . 59 

After chemotherapy 

Group A 3 +l - 1 . 393 -· 4 . 67 -36 . 99 -64 . 02 

14 -1  -0 . 215 - 13 . 98 -17 . 63 -24 . 75 

Group B 6 +l  -0 . 191  - 7 . 39 - 14 . 65 - 13 . 69 

4 - 1  -0 . 143 - 5 . 46 - 12 . 25 - 14 . 40 

6 daily balance 
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Ratios (table 4). Ive calculated not only the daily balances in mmol, 

but also in grams for nitrogen and phosphate, and in milliequivalents for 

sodium, potassium, and chlorine. Ive fixed the daily nitrogen balance (� N) 

on 1 and calculated the ratios of the other elemental balances relative to 

daily nitrogen balance. Eleven patients in the normocaloric group had a 

positive N-balance before treatment, and the ratios of retained 

N/phosphorus/potassium/sodium/chlorine averaged 1 0.047 7.52 : -5. 01 : 

-8.38. All patients in the hyperalimentation group had a positive 

N-balance, and the ratios of retained elements averaged 1 : 0.074 : 6.33 

2.85 : 2. 82 before chemotherapy. During the course 9 patients in group B 

had a positive nitrogen balance, and the ratios of their balances averaged 

1 : 0.128 : 5. 87 : 17. 44 : 20.03. After chemotherapy the ratios of the 6 

patients with a positive N-balance in group B averaged 1 : -0. 19 : -7.39 

-14.65 : -13.69. 

DISCUSSION. 

Provided an equal pace of continuous drip infusion is maintained 

throughout the whole day, enteral hyperalimentation is well tolerated. Our 

metabolic balance studies give the following information on the effect of 

chemotherapy and hyperalimentation : both sodium and chlorine were retained 

during chemotherapy, probably because of the saline infusions (1750 ml 

NaCl 0. 9% a day) in which the chemotherapeutic agents were dissolved. 

After we stopped these infusions, the excess sodiumchloride was lost and 

the balances became negative. Our study shows that hyperalimentation does 

not influence these treatment effects. 

In the hyperalimented group there was retention of potassium before and 

during chemotherapy. This could be explained by the observation of Forbes 

(19) who compared changes in body K-content calculated from metabolic 

balance and from 4°K counting, and showed that the former technique 

overestimates K retention. He further observed that the disparity in 

results by the two methods increases with increasing K-intakes during, for 

instance, enteral hyperalimentation. 

Maenesium is important for protein and nucleic acid synthesis, but 

neither chemotherapy nor hyperalimentation influenced magnesium balances 

in this study. 

The calcium and phosphate balances were different in the normocaloric 

and hyperalimentation group. In the normocaloric group we found a decrease 

87 



in serum albumin concentration (8) during and after chemotherapy. The loss 
2+ 3-of Ca and P04 in this group could be due to this decrease in serum 

albumin. 

Before chemotherapy the nitrogen balance was in equilibrium in the 

normocaloric group. During and after chemotherapy, when nutritional needs 

increase, the nitrogen balance becomes increasingly negative, mainly 

because of loss of nitrogen in the urine. In contrast, the nitrogen 

balance was positive during the whole study period in the 

hyperalimentation group, even during and after chemotherapy. Levine (20) 

calculated that a caloric intake of 1875 kcal/m2/day during total 

parenteral nutrition would be required in patients with metastatic sarcoma 

to achieve nitrogen balance, but in his opinion delivery of these 

quantities is limited by the necessary amount of fluid. We reached a 

positive nitrogen balance with enteral nutrition with 4000 kcal a day 

without difficulties in the administration of the necessary amount of 

liquid nutrition plus saline infusions for chemotherapy. 

When lean body mass is restored selectively certain elements are 

retained by the organism in fairly fixed ratios, corresponding to the 

ratios in which they are found in normal cytoplasm (21). Parenteral 

hyperalimentation in non-cancer bearing adults leads to retention of 

various elements in fixed ratios, namely N, P, K. Na, and Cl in ratios of 

1 0 . 08 : 3. 1 3. 5 : 2. 7 (21, 22). These ratios are restricted to 

positive balances. Only in the hyperalimentation group before chemotherapy 

did we find no significant deviation from this pattern of element 

retention except for potassium. This suggests that normal lean body mass 

was being synthesized in response to hyperalimentation. 

During and after chemotherapy, the nutritional needs change and even 

enteral hyperalimentation leading to a positive nitrogen balance can not 

fulfil these needs so as to enable the cancer patient to synthesize lean 

body rnass. Probably a negative balance for any of these elements blocks 

restoration of lean body mass, even if the other elements are provided. 

Rudman (22) showed the same for cancer-free patients receiving nutritional 

support. 

To conclude: chemotherapeutic treatment changes the metabolism of the 

cancer patient leading to an inability to synthesize lean body mass, even 

in the few cases of preservation of a positive nitrogen balance during 

normocaloric enteral feeding. However, enteral hyperalimentation initially 
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improves, and during and after chemotherapy it conserves the nutritional 

status of the cancer patient. Enteral hyperalimentation is therefore not 

only feasible, but this form of nutritional interference enables the 

cancer patient to synthesize lean body mass before and to some extent even 

during and after chemotherapy. 
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Chapter 8 

Spermid ine  a s  parameter  in  the treatment of 

pat ients  wit h  mal ignant  melanoma 

J.M. Smit, H. Jurjens, J. G. Bouman, 

M. G. Woldring, and N. H. Mulder. 

SUNNARY.  

J. Bijzet, D.Th. Sleijfer, 

Before , during and after 1 9  courses of chemotherapy for disseminated 

malignan t melanoma plasma spermidine levels 1vere determined, 1vi th a radio 

immune assay. Base l ine values were normal in 17 courses, a doubl i ng of 

plasma l evels fol101ving chemo therapy occurred in 1 3  courses . There 1vas no 

relation bet1veen the occurrence of a tumor response and increase in 

spermidine levels nor bet 1veen hema tological toxici ty or diges t i ve tract 

toxici ty and spermidine levels. 
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INTRODUCTION. 

The production of polyamines is related to cell turnover in the body 

(1). In clinical tumor research, changes in serum or urine levels have 

been supposed to reflect presence of tumor (2), tumor activity (3, 4) and 

tumor response to (chemo)therapy (S). 

In patients with established malignant disease an objective parameter 

for tumor response on therapy would be worthwhile, especially in tumor 

types that usually do not show impressive or evaluable responses. 

Spermidine levels in blood might serve that purpose. 

However, other than malignant tissues with rapid cell turnover during 

chemotherapy could contribute considerably to the blood polyamine levels. 

It might be especially relevant to consider the role of digestive tract

and marrow toxicity. 

We have measured spermidine plasma levels with a radio-immuno- assay in 

a group of patients treated for malignant melanoma with polychemotherapy. 

Tumor responses were evaluated as well as digestive tract, and 

hematological toxicity. 

PATIENTS AND METHODS. 

Nineteen courses of chemotherapy were given in 13 patients with 

hematogenously disseminated malignant melanoma. Age range in 4 women and 9 

males was 22-59 years. All patients had measurable disease. Observation 

started at least one week before chemotherapy and ended not before day 21. 

Chemotherapy consisted of bleomycin given continuously for 4 days (day 

1-4) by intravenous infusion of 30 mg per day. DTIC was given as an i.v. 

push of 300 mg/m 2 On day 5 vindesin 3 mg/m2 was given in an eight hour 

infusion followed by actinomycin D 2 mg/m 2 in a half hour infusion. 

A response was defined as a course leading to a decrease of 50% or more 

in the product of perpendicular tumor parameters for at least 4 weeks. No 

response was defined as any other course. 

Hematological parameters were measured 3 times before chemotherapy and 

further three times a week till 14 days after chemotherapy. Total fecal 

weight was measured daily throughout the whole period. 

Plasma spermidine was estimated by a radioimmunological assay. 

Spermidine was covalently coupled to bovine thyroglobuline, using a 

carbodiimide condensation reaction. This spermidine immunogen was mixed 

with Freund's complete adjuvant and injected intradermally into ten 
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rabbits. The antisera were tested for their binding capacity (' 'titre'') and 

cross-reactions with some di- and polyamines, as well for some aminoacids. 

Antisera with high titres and low cross-reactions were pooled and used in 

the assay. Separation of free and bound spermidine was performed with a 

double antibody technique. Because of the presence of spermidine binding 

proteins in human plasma, an acid extraction necessary. The 

characteristics i.e. the recovery of added spermidine and of plasma, the 

precision and the sensitivity proved the validity of this assay to 

estimate plasma spermidine levels serially. Cross reaction with spermine 

or putrescine is less than 1%. Spermidine concentrations are expressed in 

nmol/1. Venous blood samples were taken in heparinised vacuum glass tubes. 

Directly after vene puncture the blood was centrifuged (3000 rpm for 10 

min.) and plasma was frozen and stored at -20°C. Hemolytic samples were 

discarded. The spermidine assay took place within 14 days after sampling. 

Intra- and interassay variations are 8. 3 resp. 15. 5%. 

All blood samples were collected around 0.800 a. m., three samples 

before and two during treatment. Following chemotherapy samples were taken 

twice weekly, a period of at least 10 days after chemotherapy was covered. 

RESULTS . 

Tumor response. 

In 6 out of 19 courses a response was seen, once in lymph nodes, twice 

in cutaneous metastases and 3 times in lung metastases. All responses 

appeared during the observation period. 

Toxicity of chemotherapy. 

Main toxicity from this regimen occurred in the digestive tract. 

Mucositis was present in 13 courses, according to the WHO classification: 

5 times grade I, 5 times grade II and three times grade III. In 14 courses 

there was an increase in fecal weight in the period following chemotherapy 

compared to the pretreatment observation period (table 1). 

Thrombopenia below 100 x 109;1  occurred in 5 courses and leucopenia 

below 4. 0 x 109/1 in 15 courses. Actual nadirs are given in table I. 
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Table 1. Spermidine increase in responder and nonresponder courses, 

absolute and relative in 19 courses. Relative increase in fecal 

weight as a parameter for gut toxicity and nadir of leucocytes for 

hematological toxicity. 

Increase in spermidine Ratio Ratio fecal Nadir 
nmol/1 spermidine weight le�cocytes 

peak/basal post/basal 10 /1 
non responder responder 

2700 4.60 8. 56 0. 8 

1534 4.68 1. 36 3 . 1  

537 2.6 3. 21 1. 5 

477 2.62 1. 86 3.8 

415 5. 8 1. 99 2. 0 

285 2.2 3. 12 4.8 

280 3. 3 1. 79 4. 7 

247 4. 9 1. 37 3. 7 

230 6. 75 1.39 2. 7 

185 3.4 0. 72 2. 6 

120 3. 0 1.27 2. 6 

100 1. 2 2.03 2. 3 

90 1. 9 6. 09 5. 3 

90 2. 12 0.55 2. 3 

30 1. 1 1.62 3. 3 

23 1.3 0. 54 1. 5 

0 0.9 2.98 3. 7 

0 0.4 0.8 2. 0 

0 0.92 4. 24 1. 6 
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Spermidine levels. 

Normal values of spermidine in blood are between 55-600 nmol/1, mean 

290 nmol/1 (8). The mean of three base line values in these patients with 

malignant melanoma ranges from 40-740 nmol/1 (mean 212 nmol/1). In two 

patients baseline values are above the normal range: 650 and 740 nmol/1. 

Mean level in responders is 258 nmol/1. 

Judged on visible, palpable and radiographically detectable tumor, in 

11 courses massive tumor was present. Mean spermidine level in these 

patients was : 170 nmol/1. 

Following chemotherapy there is a doubling in spermidine plasma levels 

in 13 courses. In the 6 courses without spermidine increase two responses 

occurred, in 3 of these courses there is a doubling of fecal weight and 

all 6 had leucopenia (table I). 

No relation can be found between relative increase in fecal weight and 

relative increase in plasma spermidine (correlation coefficient R = 0.05, 

n. s. ) or between absolute increase in spermidine and nadir of leucocytes 

(R = -0. 31, p ) 0.10). 

In all courses that showed an increase in spermidine plasma levels this 

was apparent between day 4 and 8 after the start of chemotherapy. 

DISCUSSION. 

In order to avoid the problem of the circadian rhytmicity of polyamines 

(6), all samples were collected at compatible times. Measurements in blood 

circumvent the problems of urine collection, however they do introduce the 

possibility of missing short lasting increases in spermidine levels. In 

view of the prolonged and gradual character of tumor responses - if any -

in malignant melanoma and the same character of the occurrence of side 

effects of the form of ·chemotherapy used in this study we suppose that 

this risk is negligible, although it might be real in a study of for 

instance treatment for Burkitts lymphoma. 

Basal blood spermidine levels do not seem to mirror the amount of tumor 

present in our patients nor are they predictive of response. It is 

interesting to speculate on the cause of the reproducible increase in 

blood spermidine levels shortly after chemotherapy. In patients with 

myeloma a rise in spermidine blood levels was recently found to coincide 

with tumor response to chemotherapy (7). In patients responding to therapy 

for malignant melanoma such a correlation was not found. 
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It has been argued that even in the presence of tumor necrosis 

polyamine liberation could equally well represent normal cell necrosis as 

was found to be the case in endotoxin induced tumor necrosis (8). 

The most likely course of non tumor related necrosis would in our 

patients be either the digestive tract 

toxicity especially leucopenia. However , 

toxicity or the hematological 

the parameters that we used to 

quantitave this toxicity do not seem to correlate with spermidine levels. 

It can not be excluded that other sources of cell death, especially in the 

skin or the lung could attribute to the elevation of spermidine levels. 

These are however difficult to quantitate. 

In conclusion we feel that although chemotherapy usually leads to an 

increase in blood spermidine levels, the source of these increases remains 

obscure at least in patients with disseminated melanoma. 
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Chapter 9 

Evaluation of gastrointestinal tox icity 

following cytostatlc chemotherapy 

J . M .  Smit, N.H . Mulder, D.Th. Sleijfer, J.G . Bouman, and W. Veeger. 

SUMNARY. 

A number of clinical and chemi cal parameters related to the 

gas troin testinal tract in patien ts trea ted wi th intensive chemotherapy for 

dissemi nated mal ignant melanoma were eval uated in order to find 

quan ti ta tive i ndi cators for gas troin testinal toxici ty and to investiga te 

the cause of the diarrhea after chemotherapy. 

In 1 1  pa tien ts 1 7  courses of polychemotherapy wi th bl eomycin ,  DTIC, 

vindesine, and actinomycin D 1vere administered , whil e  the pa tiens received 

a complete l iquid en teral nutri tion. As clinical parameters for toxi ci ty 

were used the diarrhea grading system according to the lo/HO cri teria and 

the daily fecal consist�ncy . Furthermore, in  the faeces Na, K, and Cl 

(mmol/24 h) , Na/K ra tio , dry and wet weight (g/24 h), lactate and bile 

acids (mmol/24 h) , fat (g/24 h) , pH , and osmolari ty were determined. 

Both clini cal parameters were closely correlated. The most importan t 

effects of the chemotherapy on the chemical parameters were an i ncreased 

fecal fl uid, potassium, and fa t excretion . The fecal 1vet weight and 

potassium excretion showed a high correlation wi th the two clinical 

parameters for gas trointestinal toxi ci ty . 

Ive concl ude that the mucosa] i njury resul ting from chemotherapy 

probably leads to increased small i ntestinal fluid and electrolyte 

secretion 

excretion 

inducing diarrhea 

are probably 

gas troin testinal toxici ty.  

and 

the 

tha t 

bes t  

99 

fecal wet weigh t and potassium 

quanti ta t i ve i ndica tors for 



INTRODUCTION. 

Diarrhea can be the clinical manifestation of gastrointestinal toxicity 

of chemotherapeutic agents. In clinical oncology this symptom is usually 

graded according to the WHO classification (1). However, this 

classification is crude and gives no information on the various mechanisms 

involved in the development of diarrhea. It would be valuable to have more 

quantitative indicators for gastrointestinal toxicity to investigate the 

causes of the diarrhea and to evaluate for instance measures to ameliorate 

this toxicity , Furthermore, such parameters might aid in the decision to 

adjust the dosage of chemotherapy in case of gastrointestinal toxicity. 

Therefore we evaluated a number of ciinical and chemical parameters 

related to the gastrointestinal tract in patients treated with intensive 

polychemotherapy for disseminated malignant melanoma. 

PATIENTS AND METHODS. 

Patients and treatment , 

Eleven patients (eight men and three women) with a mean age of 44, 

range 24-59 years, were studied. All suffered from disseminated malignant 

melanoma stage III W. H. O. classification, stage IV M. D. Anderson 

classification. In these 11 patients seventeen courses of chemotherapy 

were administered, consisting of 30 mg bleomycin given dialy by continuous 

intravenous (= i.v.) infusion on day 1, 2, 3 and 4 and DTIC on the same 

days as an i. v. push dose of 300 mg/m2 per day. On day 5 vindesine 3 mg/m2 

in an eight hour infusion was given, followed by actinomycin D 2 mg/m2 in 

a half hour infusion. Courses were repeated after two months unless 

progression of disease (increase of measurable tumor parameters by 25% or 

more) was evident. 

During the whole period of hospitalization of at least 3 weeks all 

patients received continuous enteral tube feeding, starting 5 to 11 days 

before the chemotherapy course. Patients were allowed to drink 

lactose-free drinks. They received a quantity of calories limited to their 

pretreatment intake as determined by · a dietician (between 1500 and 2750 

kcal a day). 

N . R utrison , a 

The tube feeding consisted of a sterile factory product, 

complete liquid nutrition based on milk protein low in 

lactose, _with 2000 kcal containing 80 g protein, 80 g fat and 226 g 

carbohydrate in a volume of 2000 ml. 
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A nasogastric tube, NutriciaR R or Vycon , with a length of 125 cm and 

internal diameter of 2 mm was used and replaced once a week. To control 

vomiting nortriptylinechloride and flufenazinechloride were given during 

the chemotherapy course. 

Clinical toxicity. 

Stomatitis and diarrhea were graded according to the WHO criteria (1). 

The grading for diarrhea is : grade O = none ; grade 1 = transient � 2 days ; 

grade 2 tolerable, but > 2 days ; grade 3 = intolerable, requiring 

therapy ; grade 4 = haemorrhagic, dehydration. 

In addition a classification was used based on the consistency of the 

faeces (1 = solid, 2 = soft, 3 = loose, 4 = watery). The consistency was 

classified by one laboratory technician. The WHO classification and the 

consistency were used as clinical parameters. 

Laboratory techniques. 

The faeces were collected daily and weighed . 

Chlorine in the faeces was measured with the Chlor-0-Counter (Marius) 

after dilution of the faeces with water. After the faeces was boiled with 

2.2 N HCl the levels of sodium and potassium were measured with the 

Corning Flame Photometer 450 (Lameris) . Stool fat was determined by the 

Van de Kamer method (2). Osmolarity was measured with the Osmomat 030 

Gonotec, pH with the Philips pH meter PW 9408, and dry weight after freeze 

drying with the Virtis Freezemobil 24. The stool was analyzed for lactate 

using a Boehringer kit no. 124842 after treatment with a FeC13 solution 

and Ca(OH)2 (3). Total bile acids were measured after an extraction method 

(4) and a purification step on an Amberlite XAD2 column (5) with a 

Sterognost-3x Pho kit (Nyegaard, Oslo). The mean values per day for each 

study period were given. 

Statistics. 

For statistical analysis Student t test, unpaired Wilcoxon rank sum 

test, and linear regression analysis were used. The p-values were 

considered significant when they were less than 0.05. 
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RESULTS . 

Diarrhea classified grade 2 or higher according to the WHO criteria was 

present in 30% of the courses, namely 3 times grade 2 and 2 times grade 3. 

Stomatitis with soreness and erythema (grade 1 WHO criteria) was seen in 

53% of the courses and stomatitis with ulcers (grade 2) occurred in 6% . 

The tube feeding did not cause diarrhea as the mean fecal consistency 

was 1.21 + 0.43 before the start of chemotherapy (CT). The consistency 

increased to 2 . 71 ± 0 . 99 after CT. During 6 courses patients developed 

consistency grade 3 (= loose faeces) and during 3 courses grade 4 (= 

watery faeces). Fecal consistency and diarrhea according to the WHO 

criteria correlated well (r = 0 . 66, p < 0 . 001). 

Table 1 .  

Effect of combination chemotherapy (CT) on fecal parameters in 

patients with fecal consistency grade 3 and 4 after CT. 

before CT after CT p-value 

mean ± SD mean ± SD 

Na (mmol/24 h) 1. 62 ± 1.58 17.2 ± 24 . 1  0 . 05 

K (mmol/24 h) 5. 39 ± 3.76 13 . 9  ± 8 . 89 0 . 01 

Na/K ratio 0 . 30 ± 0.18 1 . 03 ± 0 . 85 0 . 01 

Cl (mmol/24 h) 0. 66 ± 0 . 55 7.91 ± 11 . 4  0 . 05 

dry weight (g/24 h) 14 . 6  ± 6 . 41 24 . 1  ± 14. 8 n.s. 

wet weight (g/24 h) 72 . 7 ± 64 . 1  246. 7 ± 23 . 9  0 . 02 

lactate (mmol/24 h) 0 . 02 ± 0 . 03 0 . 80 ± 2.12 n . s .  

bile acids (mmol/24 h) 0 . 43 ± 0.38 0. 59 ± 0 . 52 n . s. 

fat (g/24 h) 1 . 50 ± 0.95 4. 22 ± 3 . 29 0 . 02 

osmolarity (mosmol/1) 24 . 0  ± 14 . 6  50.6 ± 25 . 0  0 . 05 

n . s .  not significant . 

102 



During the 9 chemotherapy courses in which patients developed faeces 

consistency grade 3 or 4, all fecal parameters increased signficantly 

after CT except for the dry weight, lactate and bile acids (table 1). 

Potassium and the derivative Na/K ratio , wet weight and fat showed the 

greatest increase. During the courses with grade 1 or 2 faeces consistency 

none of these parameters changed significantly except for the fecal fat 

content which increased from 1. 50 ± 0.95 to 4. 21 ± 3. 42 g/24 h (p ( 

0.025). The pH ranged before chemotherapy from 6. 82 to 8.00 and after CT 

from 6.14 to 8.27. There was no increase in the number of patients with 

acid diarrhea. 

Both the clinical bowel toxicity (WHO criteria) and the consistency of 

the faeces correlated with the fecal parameters (table 2). The wet weight 

showed the highest correlation with the consistency and with the clinical 

bowel toxicity (WHO). Sodium, potassium, and chlorine are other parameters 

which correlated well with the clinical parameters. 

The presence of stomatitis correlated with none of the fecal 

parameters, nor with diarrhea according to the WHO criteria, nor with 

fecal consistency. 

Table 2. Correlation coefficients of diarrhea (WHO criteria) and 

fecal consistency with fecal parameters after chemotherapy. 

diarrhea (WHO) fecal consistency 

r p-value r p-value 

< < 
Na (mmol/24 h) 0.69 0. 001 0.57 0. 01 

K (mmol/24 h) 0. 53 0. 01 0. 68 0.001 

Na/K ratio 0. 56 0. 01 0. 45 0. 05 

Cl (mmol/24 h) 0. 64 0. 001 0. 63 0.005 

dry weight (g/24 h) 0. 54 0.01 0. 45 0.05 

wet weight (g/24 h) 0. 67 0. 001 0.68 0.001 

lactate (mmol/24 h) 0. 53 0. 01 0. 35 n.s. 

bile acids (mmol/24 h) 0. 13 n. s. 0. 42 0. 05 

fat (g/24 h) 0. 35 n. s. 0. 07 n. s. 

osmolarity (mosmol/1) 0.26 n.s. 0. 57 0.02 
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DISCUSSION. 

Side effects of chemotherapy often become manifest in 

tract. However, there is a lack of objective 

gastrointestinal toxicity that could help the clinician to 

the digestive 

parameters for 

make balanced 

decisions on dose adjustment and on merits and demerits of protective 

measures against such side effects. 

In our study there was a high correlation between clinical diarrhea 

(1-1'. ,0 criteria) and fecal consistency. The grading of diarrhea according to 

the WHO criteria is an in retrospect classification, while the fecal 

consistency gives more daily and momently information. Both clinical 

parameters showed the highest correlation with the wet weight of the 

faeces, which seemed therefore to be a valuable parameter. The patients 

developing fecal consistency grade 3 or 4 can be considered to have 

manifest gastrointestinal toxicity. In these patients we found a 

significant increase in wet weight of the faeces which was proportionately 

much greater than the increase in the dry weight. Therefore we concluded 

that the combination chemotherapy used in this study, caused a watery 

diarrhea. It is likely that a substantial proportion of this increased 

water content results from secretion of fluid and electrolytes by the 

damaged intestine, being a complex organ that can both absorb and secrete 

fluid. It has been proposed that the crypts secrete fluid whereas villus 

cells reabsorb (6). The cells within the crypt, thought to be responsible 

for secretion, have not been identified yet, but are likely to be the 

undifferentiated cells (7) . As chemotherapy interferes with the 

proliferation of crypt enterocytes an increased number of immature crypt 

cells and reduced or absent mature villus cells could result. These 

changes might explain the excessive secretion · of fluid and electrolytes by 

the damaged intestine (8). Segmental perfusion studies (9) might be used 

to demonstrate net secretion by jejunum after chemotherapy. 

Clinical evidence also suggests that the diarrhea after CT is a 

"secretory" diarrhea as in clinical practice it may persist during 

fasting. 

In addition to the increased fluid excretion the most significant 

effects of the chemotherapy on the constituents of the faeces are the 

increased amounts of potassium and fat. Both originate probably from shed 

necrotic enterocytes. For this reason and also because of the close 

correlation between potassium and the two clinical diarrhea parameters, 
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potassium might be an interesting parameter for the evaluation of 

toxicity. 

As there was no increase in the amount of bile acids in the faeces 

after CT, spillage of endogenous secretagogues such as bile acids to the 

colon seemed not to be the cause of diarrhea in this study. 

It has been claimed that chemotherapy can lead to disaccharidase 

deficiencies (10-12). Such deficiencies cause osmotic diarrhea. The lack 

of increase in lactate excretion rules out the possiblity of 

disaccharidase deficiency as a major cause of diarrhea in our patients. 

Ive believe that the mucosal injury resulting from chemotherapy leads to 

increased small intestinal fluid and electrolyte secretion and that fecal 

wet weight and potassium excretion are probably the best quantitative 

indicators for gastrointestinal toxicity. 
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C hapter 1 0  

Gastrointestinal tox icity of chemotherapy 

and 

the influence of hypera l imentat ion 

J. M. Smit, N. H. Mulder, D.Th. Sleijfer, 

J. D. Elema, and W. Veeger. 

J . G. Bouman, J. Koudstaal, 

SUNNARY. 

The effect of combination chemotherapy (CT) on human small in tes tinal 

morphology and disacchari dase act i v i t i es and their relat ion wi th cl inical 

and chemi cal parameters for gastrointestinal toxi ci ty ivere eval ua ted in 

patien ts wi th di sseminated mal ignan t melanoma recei ving enteral 

normoalimen tat ion (NA ). As cl inical parameters the diarrhea grading system 

according to the lvHO cri teria and the fecal consis tency were used. The 

chemical parameters were fecal wet weight and K-excretion. Furthermore the 

supposed protec t i ve effects of enteral hyperal imen tation (HA) wi th an 

el emen tal diet on gastroin testinal toxici ty were eval uated. 

After CT a comparable decrease in villus height, total mucosa] height, 

and mi to t i c  index ivas found in both 

depth decreased (p < 0 . 05) , 

groups. In 

i n  con trast 

the NA group 

to the HA 

the 

group. 

crypt 

The 

disaccharidase acti v i t i es in the HA group deteriora ted to lower values 

than in the NA group. 1'/e found no correlations bet ,veen disacchari dase 

l e vels and morphol ogy, nor was there a correlat ion between these variables 

and fecal parameters and cl i n i cal diarrhea, suggesting tha t diarrhea 

occurring after CT was not due to loss of mucosa] tissue or decrease in 

enzyme act i vi ties. 

A protec t i ve effec t of hyperal imentation ,d th an el emental diet on 

gas troin test inal toxici ty could not be establ i shed. 
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INTRODUCTION. 

The toxicity of intensive chemotherapy on the digestive tract is 

sometimes the dose limiting side-effect. To grade this form of toxicity we 

used the lvl!O criteria for diarrhea (1), the consistency of the faeces, and 

the more quantitative parameters for fecal constituents (2). 

Although diarrhea is prevalent following chemotherapy, there is only 

scanty knowledge on the effect of chemotherapy on the human mucosal 

morphology and especially on the mucosal enzyme activities. As more 

specific knowledge of this toxicity is required for the evaluation of 

potential protective measures, we evaluated these parameters during a 

standardized enteral feeding in cancer patients treated with 

polychemotherapy. 

Protection against gastrointestinal toxicity might be possible by 

nutritional means as has been suggested by a number of studies: 

Intravenous hyperalimentation in patients treated with 5-fluorouracil 

seemed to protect the digestive tract (3-4). Furthermore, Bounous (5-6) 

claimed that an orally given elemental diet during chemotherapy also 

protects the intestinal mucosa in both animals and humans against the 

toxic effects of 5-fluorouracil . For these reasons we studied the supposed 

protective effects of the combination of the factors oral 

hyperalimentation with an elemental diet, on chemotherapy-induced 

gastrointestinal toxicity. 

PATIENTS AND METHODS. 

Patients and treatment . 

Seventeen patients (eight men and nine women) with a mean age of 43, 

range 24-59 years, were studied. All suffered from disseminated malignant 

melanoma stage III W.H.O. classification, stage IV M.D. Anderson 

classification. Courses of chemotherapy consisted of 30 mg bleomycin given 

daily by continuous intravenous (= i. v. ) infusion on day l, 2, 3 and 4 and 

DTIC on the same days as an i . v .  push dose of 300 mg/m per day. On day 5 

vindesine 3 mg/m2 in an eight hour infusion was given, followed by 

actinomycin-D 2 mg/m2 in a half hour infusion. 

Partial remission was defined as a decrease of the product of the 

perpendicular tumor parameters of 50% or more and complete remission as 

the disappearance of all signs of tumor during at least 4 weeks (1). 
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During the whole period of hospitalization of at least 3 weeks all 

patients received continuous enteral tube feeding, starting 5 to 11 days 

before the chemotherapy administration. 

The first patient group , the normoalimentation (NA) group, consisted of 

9 patients . They received a quantity of calories limited to their 

pretreatment intake as determined by a dietician (between 1500 and 2750 

kcal a day). In this group the tube feeding consisted of a sterile factory 

product, NutrisonR
, a complete liquid nutrition with 2000 kcal in a volume 

of 2000 ml (nutrient composition see table 1). 

The subsequently studied group, the hyperalimentation (HA) group, 

consisted of 8 patients and in these patients the tube feeding Pepti-2000R 

was used, 4000 kcal/day. Pepti-2000R is an elementary food of which the 

protein is provided by a hydrolysate of whey protein and consists of short 

chain peptides, with 4000 kcal in a volume of 3000 ml (table 1). 

A nasogastric tube NutriciaR or VyconR with a length of 125 cm and 

internal diameter of 2 mm was used and replaced once a week. To control 

vomiting nortriptylinechloride and flufenazinechloride were given during 

the chemotherapy course. The patients were allowed to drink lactose-free 

drinks . 

Under fluoroscopic control peroral jejunal biopsies immediately 

proximal and distal of the ligament of Treitz were obtained using a 

multipurpose suction biopsy capsule. The biopsies were taken before and on 

the 5th to 9th day after chemotherapy. In the first 6 patients in the 

normoalimentation group a third biopsy was performed 5-6 weeks after the 

chemotherapy. 

Informed consent was obtained from all patients and the study was 

approved by the local medical ethical committee. 

Clinical toxicity. 

The acute and subacute toxic effects of the chemotherapy were graded 

according to the WHO criteria (1). 

In addition a classification for diarrhea was used based on the 

consistency of the faeces (1 solid, 2 = soft, 3 = loose, 4 = watery). 

The consistency was classified by one laboratory technician. Previously we 

described that a close correlation exists between the consistency and the 

grade of diarrhea according to the WHO criteria in patients treated with 

intensive chemotherapy (2). 
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Table 1.  

Nutrient composition of the diets 

Component in 1000 kcal Nutrison R 

protein (g) 40 

fat (g) 40 

vegetable (g) 40 

M.C.T. (g) 

carbohydrate (g) 120 

lactose (g) <0.25 

dextr. maltose (g) 116  

minerals (g) 5 

Na (mg) 800 

K (mg) 1500 

Cl (mg) 800 

osmolarity (mosmol/1) 265 

NutrisonR and Pepti-2000R both from Nutricia, Holland 

M.C.T. - medium chain triglycerides 

Table 2. 

Patient characteristics at entry of study 

Normoalimentation 

age (yr) mean + S . D . 40. 7 

WHI (%) " 108. 3 

CHI (%) " 
albumin (g/1) " 

Zubrod performance ) 2 (number of total) 

extensive disease (number of total) 

WHI - weight for height index 

CHI - creatinine/height indeY 

110 

97. 3 

37.4 

+ -
± 

+ -
+ 

13. 7 

6. 5 

23. 4 

6.3 

1/9 

5/9 

Pepti-2000R 

40 

34 

17 

17 

137.5 

< 2.5 

135 

5. 25 

465 

1400 

865 

470 

Hyperalimentation 

46. 8 + 

109.5 + -
95.5 + -
40.0 ± 

9.9 

12.1 

19. 2 

2. 1 

0/8 

2/8 



Laboratory techniques. 

The faeces was collected and weighed daily and after dilution with 

water, was boiled with 2.2 N HCl. The levels of potassium were measured 

with the Corning Flame Photometer 450 (Lameris ).  Fecal potassium content 

and wet weight have previously been found to correlate well with clinical 

diarrhea (2). 

The small bowel biopsy specimens were cut parallel to the long axis of 

the villi after fixation in 8% formalin and embedding in 

glycol-methacrylate, and stained with hematoxylin and eosin. Quantitative 

measurements were performed with a graphic tablet. Villus and crypt size 

were measured in at least 10 (mean 24) well oriented villus or crypt 

columns. Mitotic figures were counted in 50 crypts and expressed as 

mitoses/SO crypts mitotic index NI. The activities of the 

disaccharidases maltase, saccharase, lactase, and palatinase were assayed 

according to the method of Dahlqvist (7-8) and after measuring the protein 

content of the homogenate (9) expressed as units per gram protein. The 

mean values of the proximal and distal biopsies are given. 

Statistics. 

For statistical analysis Student t test, x2 for fourfold tables with 

Yates ' correction, and linear regression analysis for the determination of 

the correlation factors were used. The p-values were considered 

significant when less than 0. 05. 

RESULTS. 

Patient characteristics of the two groups at entry of study are given 

in table 2. No differences were present in the nutritional state of both 

groups and small differences were found in the number of patients with low 

performance score and extensive disease. 

The pretreatment characteristics of the small bowel morphology and 

enzyme levels and the fecal parameters (table 3) are comparable, except 

for the fecal consistency (p ( 0. 05) and the protein content of the 

pretreatment biopsies ( p < 0. 01). 

Diarrhea classified grade 2 or higher according to the WHO criteria 

developed in 3 of the 9 patients in the normoalimentation (NA) group and 

in 1 of the 8 patients in the hyperalimentation (HA) group (n.s.). In 
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table 3 the other effects of chemotherapy (CT) on fecal and small 

intestinal variables are listed. In both the NA and the HA group there was 

a significant decrease in the fecal consistency after CT. In the NA group 

the K-excretion was significantly increased and in the HA group the wet 

weight. Comparing the two groups after CT none of the 3 parameters related 

to diarrhea (consistency, K-excretion, and wet weight) differed 

significantly. 

In the NA group the chemotherapy led to a significant decrease in the 

protein content of the biopsies. Compared to the NA group the pretreatment 

protein content in the 

the chemotherapy had 

HA group was already significantly decreased and 

no further effect on this parameter. The 

disaccharidase activities in the HA group deteriorated to lower values 

than in the NA group and these final values were significantly different 

for maltase, saccharase, and palatinase. 

There are also differences in the effect of chemotherapy on the final 

toxicity of the mucosa! morphology between the NA and HA group, especially 

on the crypt depth (p ( 0. 01). During NA the crypt depth decreased (p < 

0.05), in contrast to the HA group. The dichotomous effect of CT on the 

crypt depth of both groups results in a significant difference in the 

crypt/villus ratios. In both groups a slight edema was found after CT in 

the villi with vacuolation of the enterocytes and furthermore a decrease 

in villus height, total mucosa! height, and mitotic index. 

In none of the two patient groups significant correlations were found 

between the disaccharidase activities and the mucosa! morphology. There 

was also no such correlation between these variables and the fecal 

parameters and the severity of clinical diarrhea (WHO criteria). 

In 6 patients in the NA group a third small intestinal biopsy was done 

approximately 6 weeks after chemotherapy. The mucosa! morphology variables 

and the disaccharidase activities had returned to base-line values. 

Data on stomatitis and extraintestinal toxicity in the two treatment 

groups are given in table 4. No significant differences were found between 

both groups. 

In the NA group the chemotherapy led to 1 complete remission in a 

patient with pulmonary metastases lasting 18 months and to 2 partial 

remissions lasting for 4 and 5 months. In the HA group 3 partial 

remissions, respectively lasting 3, 6, and 12 months, occurred. 
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Table 3 .  

Effect of combination chemotherapy on fecal parameters and small intestinal disaccharidases and structure .  

1 2 3 4 

NA before CT NA after CT HA before CT HA after CT p-value 2-4 

mean + S .D .  mean ± S . D .  mean + S . D .  mean + S . D .  - - -
•r•,•#J• •r 

consistency 1 . 25 + 0 . 46 3 . 25 + 0 . 7 1  2 . 00 + 0 . 45 2 . 89 + 0 . 93 n . s .  - -
K - content (mmol/24h) 5 . 12 + 3 . 93 1 1 . 9 + 8 . 68 4 . 74 ± 1 . 10 1 2 . 1  + 1 1 . 6 n . s .  - - - �::: 
wet weight ( g/24h ) 81 . 0  ± 78 . 8  204 + 232 63 . 9  + 1 7 . 4  177 + 1 68 n . s .  - - -

.1,..1,...1 .. 

protein (g%)  7 . 45 + 0 . 38 6 . 22 + 0 . 53 6 . 24 + 0 . 56 6 . 43 + 0 . 69 n . s .  - - -.,. "'J"•r•,• 

(U/g protein) 349 72 . 1  245 102 299 74 . 7  1 1 2  7 7  . 4  0 . 01 maltase + + + + - - -
., • •  1,. ..... 

97 . 8  25 . 3  65 . 1  23 . 6  
.,. 

87 . 2  26 . 5  28 . 6  1 8 . 5  0 . 005 "' 
saccharase 11  ± ± ± + ..... ..... 

. ,. 
lactase I I  54 . 1  ± 34 . 4  43 . 0  + 29 . 1  55 . 4  ± 1 8 . 7  32 . 1  ± 25 . 8  n . s .  

J,,,l..,l,, 

palatinase II  28 . 0  + 5 . 17 1 8 . 4  + 7 . 20 26 . 4  ± 5 . 94 8 . 38 + 4 . 17 0 . 005 -

;���::: ., .. , .. ,. 
villus height (pm) 497 ± 69 . 1  359 ± 66 . 2  5 14  + 45 . 1  335 + 47 . 8  n . s .  -;:, 
crypt depth (pm) 1 30 + 1 9 . 0  1 13 + 1 1 . 1  129  ± 30 . 2  142 + 24 . 7  0 . 01 - - -�::: ., ... ,, 
crypt /villus ratio 0 . 26 + 0 . 03 0 . 32 + 0 . 06 0 . 25 ± 0 . 05 0 . 43 + 0 . 1 2  0 . 05 

::,:::;'{ 
- ........... 

total mucosa! height ().Im) 627 + 84 . 9  472 + 68 . 7  643 + 63 . 3  477 + 48 . 4  n . s .  - -
.i...,i,J, 

-
., .. , .. ,. 

mitotic index 38 . 3  + 9 . 66 14 . 1  + 6 . 56 32 . 0  + 7 . 85 1 4 . 0  + 5 . 42 n . s .  - - -

.,. p <... 0 . 05 NA normoalimentation group p-value 2-4 : p-value for significant differences 

.... ,. p <. 0 . 01 HA hyperalimentation group between the 2nd and 4th column 

., ...... ,. p < 0 . 001 CT chemotherapy 



Table 4. 

Toxicity 

haematological 

haemoglobin 80-109 g/1 
3 leucocytes < 2. OxlOOO/mm 

thrombocytes < so xl000/mm3 

gastrointestinal 

stoma ti tis � grade 2 WHO 

diarrhea � grade 2 WHO 

dermatitis grade 1 + 2 WHO 

DISCUSSION. 

Normoalimentation 
number of total 

3/9 

3/9 

2/9 

1/9 

3/9 

5/9 

Hyperalimentation 
number of total 

4/8 

2/8 

0/8 

1/8 

1/8 

5/8 

In this study we investigated whether a diet could protect the 

digestive tract against the toxicity induced by cytostatic agents. To that 

purpose quantitative data on the degree of that toxicity were collected in 

two groups of patients ; one group received a non-elemental enteral feeding 

formula, while the other was hyperalimented with an elemental diet. 

The patients in the HA group seemed to be comparable to the NA group as 

far as their tumor burden, and nutritional status were concerned. Two 

pretreatment characteristics, namely fecal consistency and protein content 

of the small intestinal biopsies, differed significantly between the two 

groups. Hyperalimentation with the elemental diet, which had a high 

osmolarity, is known to induce some decrease in fecal consistency, but 

clinical diarrhea was not a problem in the HA group. The interesting 

observation of a decreased protein content of the pretreatment jejunal 

biopsies in the HA group has previously been described by Young et al. 

(10-11) in rats receiving elemental diets. 

The response rates in the two groups were comparable, but the small 

study population does not allow any definite conclusions in that respect. 

We found no effect of hyperalimentation on the toxicity of the 

chemotherapy outside the digestive tract or on the stomatitis, in contrast 

to the findings of Copeland and Issell (3, 12-14). 
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Chemotherapy interferes with rapidly proliferating crypt enterocytes, 

and therefore a toxic effect on mucosal morphology could readily result. 

Indeed in this study we found villous shortening after CT in all patients 

in contrast to Kelch (15) and Shaw (16), who noticed this only in a 

minority of their patients. This difference could be explained by the 

timing of the biopsy or by the intensity of the chemotherapy regimen used. 

Another direct toxic effect of chemotherapy was the decrease in the 

mitotic index by over 50%, which is in accordance with the findings of 

Trier (17) and Smith (18). Finally, a morphologic effect of the 

chemotherapy was the occurrence of vacuolation of the enterocytes and the 

edema of the villi. 

In addition to morphological changes also alterations in enzyme levels 

occurred. The disaccharidases are mainly brush border enzymes and 

concomitantly with the decrease in villous height a decrease in the 

disaccharidase activities was observed. The lack of correlation between 

the disaccharidase levels 

consistency, K-content, wet 

suggested that the decrease 

and the parameters for diarrhea, fecal 

weight, and clinical diarrhea (WHO criteria) 

in the enzyme activities did not cause the 

diarrhea in these patients . As we found no correlation between mucosal 

morphology parameters and the diarrhea parameters, the diarrhea occurring 

in these patients after chemotherapy did not seem to be due to the loss of 

rnucosal tissue. As we previously described (2) the diarrhea is probably 

the result of increased small intestinal fluid and electrolyte secretion 

by the damaged intestine. 

When the final disaccharidase levels in the two groups were compared 

the conclusion was inevitable that hyperalimentation augmented the loss of 

maltase, saccharase, and palatinase, which enzymes are exclusively present 

in the brush border. The lactase level may seem unaffected due to a dual 

contribution of brush border and lysosomal lactase to the measured 

activity 19). 

As the enzymes were expressed per gram protein, the losses were 

probably due to a loss of enzyme concentration per cell. This could be due 

to a decreased differentiation of the enterocyte with a decreased number 

of microvilli as result of the chemotherapy. The clue to the mechanism 

involved might be the finding of an increased crypt depth in the 

hyperalimented patients after CT. The hyperalimentation in an unexplained 

way seemed to stimulate the migration activity in the crypt in the 
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direction of the villus . This could lead to an increased output of 

enterocytes. A more rapid turnover of these cells could result in more 

immature cells because of a limitation of their maturation period, and 

this could lead to a lower enzyme concentration in the brush border. 

Our results do not substantiate the claims of Bounous (S-6, 20) of a 

protective effect of an elemental diet . On the contrary we found an 

increased toxicity as far as the disaccharidase levels are concerned. In 

human subjects Bounous (6 ) found a protective effect of an elemental diet 

on the mean height of surface epithelium of the rectum. It is not certain 

that the benificial effects excerted in the lower intestine can also be 

extended to the mucosa of the upper intestine. 

Even though we failed to identify a protective effect of the form of 

enteral hyperalimentation which we used, it does seem possible in view of 

the effects on the disaccharidase levels to manipulate the toxic effects 

of chemotherapy on the digestive tract to some extent. The optimal 

composition of the formula to be used has further to be determined. 
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Summary 

This thesis deals with several aspects of the influences of intensive 

cancer chemotherapy on the nutritional status, the metabolism, and the 

gastrointestinal tract of the host and describes whether these results can 

be influenced by enteral hyperalimentation. We studied these aspects in 

patients with disseminated malignant melanoma. 

Chapter 1 consists of a review of the literature regarding the effects 

of the localization of the tumor and the systemic effects of neoplastic 

diseases on nutritional status. Moreover, the nutritional consequences of 

cancer therapy, and the effects of nutritional support on the host, the 

tumor, the tolerance to treatment, and the response rates to therapy are 

considered. Finally, the aims of this study are discussed. 

In chapter 2 and 3 the pretreatment taste sensitivity and the effect of 

combination chemotherapy (bleomycin, actinomycin D, vindesine, and DTIC) 

and of enteral hyperalimentation on taste sensation are reported. Five 

concen'trations of sweet, salt, acid, and bitter were tested. The untreated 

cancer patients had both quantitative and qualitative disturbances in 

taste. They experienced the lowest concentrations of acid, sweet, and 

bitter significantly stronger than the normal controls. Furthermore, 37% 

of the patients could not recognize all taste qualities correctly. 

Chemotherapy led to an increased sensitivity for the lowest taste 

concentrations and a loss in the ability to discriminate between different 

taste intensities. In the hyperalimentation group there was no evidence 

for an increase in the sensitivity for the lowest concentrations. 

In chapter 4 and 5 the effect of enteral normoalimentation or 

hyperalimentation on various nutritional parameters during intensive 

chemotherapy was evaluated. The plasma vitamin C level was uniformly low 

before treatment, while other nutritional parameters were generally 

normal. During chemotherapy serum prealbumin was the first nutritional 

parameter to fall and seemed to be a very sensitive indicator of the 

occurrence of nutritional imbalance . Further negative changes developed in 

the anthropometric variables, the visceral proteins, and the vitamin 

levels. We concluded that during intensive chemotherapy nutritional 

imbalance arised quickly and during enteral alimentation with a quantity 
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of calories equal to the pretreatment intake of the patients a metabol{c 

equilibrium could not be obtained, Enteral hyperalimentation initially 

improved and during and after chemotherapy it conserved the nutritional 

status of the patient. All patients tolerated the tube feeding well even 

though they were nauseated by chemotherapy, provided an equal pace of 

continuous drip infusion was maintained. 

Chapter 6 and 7 describe the results of balance studies of sodium, 

chloride, potassium, magnesium, calcium, phosphate, and nitrogen in the 

patients, while they received enteral alimentation before, during, and 

after cytostatic treatment. During synthesis of lean body mass it has been 

observed that in non-cancer patients N, P, K, Na, and Cl are retained in 

fixed ratios. We evaluated these ratios in the patients with a positive 

nitrogen balance. The ratios in the hyperalimentation group before 

chemotherapy were compatible with the previously described ratios. During 

normocaloric feeding synthesis of lean body mass could not be 

demonstrated, even if a positive nitrogen balance was present. 

In the course of cytostatic treatment the nitrogen balance became 

progressively negative in the normoalimentation group, but remained 

positive in the hyperalimentation group. It is concluded on the basis of 

the retention ratios of N, P, K, Na, and Cl that hyperalimentation 

resulted not only in a positive N balance, but also enabled the cancer 

patient to synthesize lean body mass before and to some extent even during 

and after chemotherapy. 

Chapter 8 deals with the changes in the serum level of the polyamin 

spermidine in the patients with disseminated malignant melanoma treated 

with intensive chemotherapy in order to find a more quantitative and 

sophisticated chemical parameter for the tumor response or the toxicity of 

chemotherapy. Basal blood spermidine levels did not seem to mirror the 

amount of tumor present nor were they predictive of response. We further 

found no relation between the occurrence of a tumor response and an 

increase in spermidine levels, nor between these levels and the 

hematological toxicity or the digestive tract toxicity. 

In chapter 9 we evaluated a number of clinical and chemical parameters 

related to the gastrointestinal tract in patients treated with combination 
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ci1emotherapy to find quantitative indicators for gastrointestinal toxicity 

and to investigate the cause of the diarrhea after chemotherapy. The two 

clinical parameters - diarrhea according to the lvHO criteria and daily 

fecal consistency - were closely correlated. The most important effects of 

the chemotherapy on the chemical parameters were an increased fecal fluid, 

potassium (K), and fat excretion. The fecal wet weight and K-excretion 

showed a high correlation with the two clinical parameters for toxicity. 

We presume that the mucosal injury resulting from chemotherapy leads to 

increased small intestinal fluid and electrolyte secretion and we conclude 

that fecal wet weight and K-excretion are probably the best quantitative 

indicators for gastrointestinal toxicity of cancer chemotherapy. 

Chapter 10 describes the effect of combination chemotherapy on the 

human small intestinal morphology and disaccharidase activities and their 

relation with clinical and chemical parameters for gastrointestinal 

toxicity in patients receiving enteral normoalimentation. As clinical 

parameters we used the diarrhea grading system according to the WHO 

criteria and the daily fecal consistency. The chemical parameters were 

fecal wet weight and K-excretion. Furthermore the supposed protective 

effects of enteral hyperalimentation with an elemental diet on the afore 

mentioned parameters of gastrointestinal toxicity were evaluated. 

After CT a comparable decrease in villus height, total mucosal height, 

and mitotic index was found in both groups. In the normoalimentation group 

the crypt depth decreased in contrast to the hyperalimentation group. The 

disaccharidase activities in the hyperalimentation group deteriorated 

after chemotherapy to lower values than in the normoalimentation group. We 

found no correlations between the disaccharidase activities and the 

morphology, nor a correlation between these variables and the fecal 

parameters and clinical diarrhea. This suggested that the diarrhea 

occurring after chemotherapy was not due to the loss of mucosal tissue or 

to the decrease in the enzyme activities. Furthermore we conclude that 

there was no protective effect of hyperalimentation with an elemental diet 

on gastrointestinal toxicity . 
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Samenvatt ing 

In dit proefschrift wordt de invloed van intensieve chemotherapie op de 

voedingstoestand, het metabolisme en het maagdarmkanaal van de 

kankerpatient behandeld. Bovendien worden de resultaten beschreven van 

onderzoek naar de beinvloeding hiervan door enterale hyperalimentatie. 

Deze onderzoekingen vonden plaats bij patienten met een gedissemineerd 

maligne melanoom, die met eenzelfde combinatie van chemotherapeutica 

werden behandeld. 

In hoofdstuk 1 wordt een overzicht gegeven van de literatuur over de 

gevolgen, die de lokalisatie en de algemene effekten van kanker hebben op 

de voedingstoestand van de patient . Vervolgens wordt de literatuur over de 

invloed van kanker-behandeling op de voedingstoestand besproken. Hierna 

worden de resultaten van voedingsmaatregelen op de patient zelf, op de 

tumor, op de tolerantie voor de behandeling en op het effekt van de 

chemotherapie beschouwd. Tenslotte komt in dit hoofdstuk de vraagstelling 

van deze studie ter sprake. 

In hoofdstuk 2 en 3 worden de onderzoekingen beschreven naar de 

smaakbeleving van patienten met een maligne melanoom zowel voor als na 

behandeling met polychemotherapie. Daarbij werd ook nagegaan in hoeverre 

enterale hyperalimentatie effekt heeft op de smaakbeleving. Bij het testen 

van de smaak werden 5 opklimmende concentraties gebruikt van zoet, zuur, 

zout en bitter. Hierbij bleek dat de patienten voor de behandeling de 

laagste concentraties van zout, zuur en bitter duidelijk als "sterker" 

interpreteren dan gezonde personen. Verder kon 37% van de patienten niet 

alle smaken herkennen. 

Chemotherapie gaf aanleiding tot een nog sterkere gewaarwording van de 

laagste concentraties en een verdere afname in het onderscheidingsvermogen 

tussen de smaakconcentraties. Bij de patienten uit de hyperalimentatie 

groep waren er daarentegen geen aanwijzingen voor een toename van de 

intensiteit van de smaakbeleving van de laagste concentraties na 

chemotherapie. 

Geconcludeerd wordt, dat deze oncologische patienten zowel kwalitatieve 

als kwantitatieve veranderingen hebben in hun smaakzin en dat deze 

veranderingen versterkt warden door chemotherapie. 
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In hoofdstuk 4 en 5 warden de effekten van enterale normoalimentatie en 

hyperalimentatie op verschillende parameters voor de beoordeling van de 

voedingstoestand van de patienten voor, tijdens en na chemotherapie 

geevalueerd. Voor de behandeling was bij alle patienten de plasma vitamine 

C spiegel laag, terwijl de andere parameters in het algemeen normaal 

waren. Tijdens de chemotherapie daalde het serum prealbumine gehalte als 

eerste. Prealbumine bleek van de onderzochte indicatoren voor het 

signaleren van een verstoring van de voedingsbalans de meest gevoelige te 

zijn . Verder ontstond er een afname van de anthropometrische variabelen en 

daalden de waarden van de viscerale eiwittten en de vitamines. 

Geconcludeerd wordt, dat er tijdens intensieve chemotherapie snel een 

verstoring optreedt van de voedingstoestand en dat door enterale voeding 

in een hoeveelheid, die overeenkomt met de calorieen-opname voor 

behandeling, geen 

hyperalimentatie 

voedingstoestand 

metabool evenwicht 

daarentegen verbetert 

van de patienten en 

bereikt kan 

voor de 

resulteert 

chemotherapie in een stabilisatie daarvan. 

warden. Enterale 

chemotherapie de 

tijdens en na de 

Hoewel de patienten misselijk waren ten gevolge van de chemotherapie, 

verdroegen zij de sondevoeding goed, mits deze in een gelijkmatig tempo 

gedurende het gehele etmaal toegediend werd. 

In de hoofdstukken 6 en 7 warden de resultaten van de balans studies 

van natrium, chloor, kalium, magnesium, calcium, fosfaat en stikstof voor, 

tijdens en na de chemotherapie bij de patienten, die enteraal gevoed 

werden, beschreven. In de literatuur wordt vermeld, dat tijdens synthese 

van "lean body mass" stikstof, fosfaat, kalium, natrium en chloor 

geretineerd warden in een vaste verhouding . Wij berekenden deze verhouding 

bij de patienten met een positieve stikstof balans. In de hyperalimentatie 

groep kwam deze verhouding voor chemotherapie overeen met de verwachte 

verhouding. Bij de patienten uit de normoalimentatie groep kon op grand 

van een verstoring van deze ratio aannemelijk warden gemaakt, dat er geen 

synthese van "lean body mass" was. 

Tijdens de chemotherapeutische behandeling werd de gemiddelde waarde 

van de stikstof balans in de normoalimentatie groep geleidelijk aan 

negatiever, maar in de hyperalimentatie groep bleef deze balans positief. 

Op grand van de verhouding, waarin stikstof, fosfaat, kalium, natrium en 

chloor geretineerd warden, concluderen wij, dat hyperalimentatie niet 
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alleen resulteert in een positieve stikstof balans, maar dat het de 

kankerpatient ook in staat stelt om "lean body mass" aan te maken voor en 

in zekere mate zelfs tijdens en na chemotherapie. 

In hoofdstuk 8 warden de veranderingen tijdens en na chemotherapie in 

de serum spiegel van een polyamine, namelijk van spermidine, besproken. 

Deze veranderingen werden onderzocht in de hoop een meer kwantitatieve 

chemische parameter te vinden voor de tumor reactie en de toxiciteit van 

de chemotherapie. De basale bleed spermidine spiegels hadden geen relatie 

met de tumormassa en hadden geen voorspellende waarde voor het optreden 

van een reactie van de tumor. Yerder kon geen relatie tussen de stijging 

van de spermidine spiegel en het optreden van een dergelijke reactie 

warden gevonden, noch tussen deze spiegel en de haematologische en 

gastro-enterologische toxiciteit. 

In hoofdstuk 9 bestudeerden wij de waarde van een aantal klinische en 

chemische parameters, die 

gastro-intestinale toxiciteit 

een maat 

van de 

zouden kunnen 

gebruikte 

zijn voor 

combinatie 

de 

van 

chemotherapeutica. Bovendien werd getracht om de oorzaak van de diarree, 

die kan ontstaan na chemotherapie, vast te stellen. De twee klinische 

parameters voor gastro-intestinale toxiciteit - de gradatie van de diarree 

volgens de WHO criteria en de consistentie van de faeces-bleken sterk te 

correleren. De belangrijkste effekten van de chemotherapie op de chemische 

parameters waren een toename van de vocht-, kalium- en vet-uitscheiding in 

de faeces. Het natte gewicht en de kalium uitscheiding toonden een sterke 

correlatie met de twee bovengenoemde klinische parameters. Wij 

veronderstellen, dat de chemotherapie een beschadiging van het dunne darm 

slijmvlies veroorzaakt, die aanleiding geeft tot een toename van de 

secretie van vocht en elektrolyten. Het natte gewicht en de kalium 

uitscheiding zijn waarschijnlijk de beste kwantitatieve indicatoren voor 

de gastro-intestinale toxiciteit van chemotherapie. 

In hoofdstuk 10 wordt het effekt van combinatie chemotherapie tijdens 

normoalimentatie op de morfologie en de disaccharidasen activiteit in het 

slijmvlies van de dunne darm beschreven. Bovendien werd gezocht naar een 

relatie tussen deze effekten en de klinische en chemische parameters voor 

gastro-intestinale toxiciteit. Als klinische parameters gebruikten wij de 
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gradatie van de diarree volgens de WHO criteria en de consistentie van de 

faeces. Als chemische parameters werden het natte gewicht en de kalium 

uitscheiding in de faeces gebruikt. Bovendien evalueerden wij het 

veronderstelde beschermende effekt van enterale hyperalimentatie met een 

elementair dieet op de zojuist genoemde toxiciteitsparameters. 

Er ontstaat na chemotherapie een vergelijkbare afname van de villus 

hoogte, de totale hoogte van de mucosa en van de mitose index in beide 

patienten groepen. Bij de patienten uit de normoalimentatie groep nam de 

crypte diepte ook af, terwijl die daarentegen toenam bij de patienten uit 

de hyperalimentatie groep. De disaccharidasen activiteit in het dunne darm 

slijmvlies daalde sterker tijdens hyperalimentatie dan tijdens 

normoalimentatie. Er konden echter geen correlaties tussen de 

disaccharidasen activiteit en de morfologie van het dunne darm slijmvlies 

warden vastgesteld. Ook met de chemische faeces parameters en de klinische 

beoordeling van de diarree correleerden de zojuist genoemde variabelen 

niet. Dit suggereert, dat de diarree , die optreedt na chemotherapie, niet 

het gevolg is van het verlies van mucosa, noch van een afname van de enzym 

activiteit. Tenslotte concluderen wij, dat hyperalimentatie met een 

elementair dieet geen beschermend effekt heeft op de gastro-intestinale 

toxiciteit. 
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