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Reduced serum concentrations of nutrients like iron, zinc and folates and of albumin and cholesterol are found, 
as well as emaciation, both in malnutrition and in cancer. In patients with leukemia, a depletion of intracellular 
potassium and hypo-potassemia are found in addition. The use of hyperalimentation in cancer was originally 
based on the concept that too little food is the cause of these disturbances in the nutrition state. However, there is 
also a disturbed metabolism of nutrients in patients with tumors and inflammatory disease. In the case of folic 
acid, the disturbed metabolism could not be normalized by hyperalimentation. The more advanced the disease, 
the more pronounced is the disturbed nturient metabolism, and this disturbance is related to the macr0phage 
activity. It is not self-evident, therefore, that hyperalimentation can normalize the nutritional state in cancer. 
Emaciation in cancer patients is not  caused exclusively by malnutrition. 
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INTRODUCTION 

The present debate about cancer and nutrition deals 
mainly with two questions. The first is whether 
nutritional disturbances can cause cancer. The 
second is whether and in which patients hyper- 
a[imentation of emaciated cancer patients can im- 
prove the prognosis. 

The present paper, however, deals with a third 
question, perhaps less important. This is the effect 
by the tumor,  but also by other forms of disease, on 
the metabolism of certain nutrients. The possibility 
to normalize the metabolism of nutrients by hyper- 
alimentation is also discussed, as is the magnitude of 
the trauma or physical stress required to affect 
nutrient metabolism. 
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Fig. !. Mean serum folates + S.E.M. in patients with 
different tumors and different types of inflammatory 
disease�9 The most pronounced changes are found in 
malignant lymphoma, leukemia, and pulmonary 

tuberculosis. -'--~ 

SERUM CONCENTRATION OF NUTRIENTS 

In malnutrition, the serum concentration is re- 
duced of nutrients like iron, zinc, glucose, alanine, ~ 
and folic acid, as well as of albumin and cholesterol. 
Similar reductioris are seen in patients with malignant 
tumors (Fig. 1) and in those with chronic inflammatory 
conditions, such as rheumatoid arthritis or pulmon- 
ary tuberculosis. 2-3 The question is whether the 
reduced serum concentrations in cancer patients are 
caused by malnutrition or by metabolic disturb- 

ances. Only a few references will be included here; 
�9 " ~ , ~  

more detailed ones are available in earlier reviews. " 
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MINIMAL INFLAMMATORY REACTION 

Even patients with minimal inflammatory reac- 
tions, such as patients given a smallpox vaccination 
not followed by a ' take' (Fig. 2), or patients with 
moderate psoriasis (Fig. 3), show the same reduc- 
tions of serum iron and serum folates. ~ '  No 
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bleeding is present in such patients, and no correla- 
tion could be found between the amount of bleeding 
in patients with cervical carcinoma and the reduction 
of nutrient concentration in the serum of these 
patients. 7 

0.12 - 

E 
0 
0 
7. o.oe - 

E 

E 0.04 
2 

Before Af%er 

Fig. 2. Serum iron concentration in healthy subjects before 
and after smallpox revaccination. Even this small 'stress' 
which caused neither a local 'take' nor any increased 
erythrocyte sedimentation rate, decreased the serum iron 

significantly (0.00l < P < 0.01).  3"12 
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Fig. 3. Although patients with psoriasis (B) have no 
anemia, they have among other things, significantly 
decreased serum iron (0.0l < P < 0.00l) and albumin 

(P < 0.001) values (O) 3 

PLASMA CLEARANCE OF IRON AND FOLIC 
ACID 

The plasma clearance is accelerated, not only of 
iron (Fig. 4) and folic acid, 2 (Fig. 5), but also of 
transferrin in patients with cancer, trauma, and 
inflammatory diseases (Fig. 6). The increased 
plasma clearance of folic acid could not be corrected 
when a possible folate malnutrition was corrected by 
large doses, 100 mg, of oral folic acid 2 (Fig. 7). 
Similarly, total parenteral nutrition could improve 
body cell mass in only 8/17 cancer patients and the 
improvement in the other 9 was only 25%. 8 
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Fig. 4. Rapid plasma clearances (K) of iron (P < 0.00l) 
and colloidal gold (0.001 < P < 0.01). C = controls; B = 
patients with burn injuries. The probability (P) values 
given indicate the degree of statistical significance of the 
difference in clearance between the patients and the 

controls (after Wiklund-Hammerstr6m et al.lZ). 
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Fig. 5. Folic acid plasma clearance in 16 patients with 
various collagen diseases as compared to controls. The 
injected folate is cleared significantly (0.01 < P < 0.05) 

more rapidly in the patients than in the controls. 
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Fig. 6, Transferrin clearance from the blood in four 
control patients (erythrocyte sedimentation ]9 --. 5.4 mm 
h -=, serum iron 95 __. 15 mg ml - j )  and in five patients with 
various inflammations (ESR, 47 +_ 12.4 mm, serum iron, 
43 +_ 1].7 mg ml- l ) .  The mean plasma half-life of 
transferrin seems to be reduced from ]3.7 to 8.9 h in 

inflammatory disease. 3 

MACROPHAGE FUNCTION 

A relatively crude estimate of macrophage func- 
tion can be obtained by measuring the plasma 
clearance of particles like colloid substances or 



chromium-labelled, heat sensitized erythrocytes 
(Fig. 8). 

An increased plasma clearance of such particles 
was found both in patients with initial, moderatelY 
advanced tumors, in patients with inflammatory 
conditions, and in patients with tissue injury, for 
instance after a small, bloodless surgical 
intervention. 3 These findings indicate an increased 
macrophage or reticuloendothelial activity in these 
conditions. This agrees with other indications of a 
stimulation of certain macrophage functions. For  
instance, the macrophage synthesis of fibrinogen 
(Fig. 9) and factor 8 are increased, as is their 
production of prostaglandins and colony .stimulating 
factor. 
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Fig. 7. Plasma clearance of folic acid 30 min after 
intravenous injection before and after oral treatment with 
20 mg folic acid daily for 5 days in 25 cancer patients with 
hypofolatemia and in I0 controls. Hyperalimentation with 

folates does not normalize the clearance. 
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Fig. 8. Macrophage activity, measured as the half-life of 
5LCr-labeled, sensitized red cells. Viral diseases show long 

half-lives, in contrast to infections and tumors. 
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Fig. 9. Effect of a surgical trauma on fibrinogen synthesis, 
which increases rapidly on the day of the operation. 

Dashed lines = normal range) 

CORRELATIONS BETWEEN CLINICAL 
CONDITION, MACROPHAGE ACTIVITY, AND 

NUTRIENT METABOLISM 

In a number of different neoplastic and inflamma- 
tory conditions a complex pattern of correlations is 
found between the stage of the tumor or severity of 
the rheumatoid arthritis, on one hand, and the 
plasma clearances of colloids, iron, and folic acid, 
and the serum concentration of these nutrients, on 
the other (Fig 10-12). These correlations must be 
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Fig. 10. Anemia in 78 patients with various forms of 
cancer, prior to treatmerit. Lines indicate correlation 
between the clinical observations (* significant at the 95% 
level; ** at 99.0%; *** at 99.9%). Figures and signs 
indicate correlation coefficients. The figure thus shows 
that the more advanced the tumor is, the lower are the 
serum iron, and the folates, and the more severe is the 
anemia. For folic acid, both the elimination from the 
plasma or plasma clearance rate (PE) and the plasma 
concentrations 3 and 30 min after the injection of the 
folate load are shown. Letter indices indicate some 
observations not illustrated in the figure. 3 Not all signifi- 
cant correlations were shown, for when many correlations 
are calculated, about 5% are coincidentally and only 

apparently significant at the 5% level. 
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interpreted with caution, since a large number of 
correlations was studied. Some apparent statistical 
significances are thus coincidental. Nevertheless, the 
general pattern which emerges from Figs 10-12 is 
that the more advanced the tumor is, and the more 
active the rheumatoid arthritis, the more rapid is the 
plasma clearance, both of particles taken up by the 
macrophages and of these nutrients, and the lower 
are the serum concentrations of nutrients. 

BODY COMPOSITION 

Both cancer and malnutrition (anorexia) patients 
lose fat and sceletal muscle. 9 In addition leukemia 
patients lose intracellular potassium (Fig. 13). 4 
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Fig. 11. Anemia in rheumatoid arthritis (for details, see 
Fig. 10). The figure shows that the longer the duration and 
the more severe the disease is, as indicated by the 
erythrocyte sedimentation rate, the lower are the folates, 
iron, and cholesterol, and the more severe the anemia. 
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Fig. 12. Anemia in patients with chronic myelocytic 
leukemia (for details, see Fig. I0). The figure shows that 
the longer the duration of the leukemia and the higher the 
proportion of leukemic cells are, the lower are the serum 

folic acid and the blood counts. 
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Fig. 13. Mean total body potassium per kg LBM or per mg 
DLBM in acute leukemia. Values are significantly below 
expected normal values. LBM = lean body mass; 

DLBM = dry lean body mass (after 4). 

CONCLUSIONS 

It is uncertain whether the reduced serum 
concentration of nutrients like iron and folic acid in 
patients with cancer really indicates unsatisfactory 
intake. It could indicate, instead, a maldistribution 
of these nutrients. Iron, for instance, can regularly 
be demonstrated in increased quantities in the 
reticuloendothelial cells of the bone marrow. 
Moreover, if a low intake had been the reason of the 
hypofolatemia, one would have expected the folate 
metabolism to be corrected by oral folates. 

It appears logical to correct the weight loss in 
patients with tumors with the help of hyperalimenta- 
tion. It is necessary for two reasons, however, to 
demonstrate the clinical benefit of this procedure. 
The first is that hyperalimentation may well be 
useless if it does not correct a disturbed nutrient 
metabolism, which may be the cause of the weight 
loss. The second is that malnutrition may very well 
serve a purpose. Rapidly growing cells, as well as 
bacteria, have a requirement for folates and iron, 
illustrated by, for instance, their expression of many 
transferrin receptors. In fact, two recent randomized 
trials of hyperalimentation in cancer were associated 
with decreased survival, possibly suggesting stimula- 
tion of tumor growth. ~~ 
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