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Recent communications from this laboratory have emphasized that gross-weight changes in patients with advanced cancer may be minimal, even when large amounts of body fat are being lost. Under these conditions it has been shown that there may be a great gain of total body water even though there may be no detectable edema. In addition many of these patients exhibit high rates of caloric expenditure and react to “forced” feeding in abnormal patterns.16, 17
To date these conclusions have been based principally on the estimation of changes in total body fat as judged by caloric balance. Caloric balance is the difference between the caloric intake and the caloric expenditure, the latter being calculated from the insensible water loss. This approach necessitates certain assumptions, and it seemed important to confirm the validity of the method by some other technique. We have chosen the more direct calculation of changes in total body water employing the dilution of deuterium oxide (D2O).

Using either approach, it is assumed that the observed weight changes in a patient represent the sum of the changes in total body fat, water, mineral, protein, and carbohydrate. Even though changes in mineral, protein, and carbohydrate content may be significant, the absolute dry weights of these substances are relatively unimportant compared to fluctuations in water and fat. Therefore, over short periods of time, changes in total body weight may be considered as the sum of changes in total body water and fat. 
METHODS

The falling-drop method of estimation of D2O content of serum has been employed as previously described.14, 15 A Scholander type of pipette was used. The average drop size was 20.52 cu. mm ±0.0012 volume per cent in the range of 0.050 to 0.300 volume per cent as evaluated by repeated determinations.
PATIENTS

All patients studied were on a completely controlled metabolic regimen in a separate metabolism ward. Methods of diet, ward routine, chemical analysis, and calculations were as described previously.16,17 D2O was given intravenously to the first three patients but thereafter, it was given orally.3 By either route the D2O was given from vessels that were weighted before and after administration.

The nine patients studied had advanced active malignant growths. Four of the patients were “force” fed during part of the period of observation in conjunction with another study.16 The other five were on a constant diet originally chosen ad libitum. Twelve periods of observation were considered, varying between seven and twenty-five days in length.

RESULTS

From individual to individual the agreement between the D2O method and the caloric-balance method was good (Table I). The case of patient J.B. is an exception to the general observation. During the latter part of the study he was febrile and diaphoretic. He died four days after the last observation. It is likely that the insensible loss was overestimated and that the D2O method more accurately reflected the gain in total body water in this instance. The average gain in total body water was 3.2 liters as calculated from changes of the D2O spaces and 3.7 liters as estimated from caloric-balance data.

In every period the change in body weight was less than the gain in total body water as estimated by either method. Therefore, each patient lost total body fat to a greater extent than indicated by the gross-weight change. 

The total body-water content was greater than normal for most of these patients. The average total body water was 59.4 per cent. For a group of this composition in respect to age and sex, the average total body-water content would be 49 per cent according to published values for normal individuals.2 It was obvious from clinical observation that most of these patients had lost a great deal of their body fat prior to study.
From the disappearance curve of D2O the turnover of total body water may be estimated.5 If the turnover of total body water can be estimated and if the stool, emesis, and urine water is known, the total insensible loss may be calculated. The results of these calculations are reported in Table 2. Although there were individual discrepancies, the average insensible losses were the same by balance data and by D2O turnover.

Additional information was possible in four of the patients (A.D., E.N., M.W., and H.N.). The gain in extracellular space as evaluated by chloride balance averaged 3.8 liters, while the gain in total body water was 5.7 liters.

DISCUSSION

The changes in total body water as calculated by the two methods are in close agreement. From the errors inherent in the measurements of body water by D2O dilution,9,14 one would expect that the standard error of the difference of two successive determinations would be ±0.8 liters. With one exception all of the differences between the two methods are within twice this value. Furthermore, the average change observed over the periods of study was a gain of 3.2 liters, a value that is well beyond the limits of error as dictated by the methods.

It is pertinent to compare the changes in body composition in cancer patients to those in normal subjects.1,6-8,10,12,13 Normal persons on a calorically deficient diet experience a gross-weight loss that is greater than the calculated fat loss. There is a decrease in total body water and a loss of cellular mass. Although the extracellular water shows no significant change in short-term experiments, there is an appreciable increase in severe stages of starvation.

Our results in patients with cancer show that the gross-weight loss was always less than the calculated fat loss. There was direct evidence of a gain of total body water in every patient. Although the data from the chloride-balance studies are not precise enough to compartmentalize this gain in total body water with great accuracy, it is fairly certain that the increase was shared by both the intracellular and extracellular spaces. That the latter space expanded was certain by the appearance of detectable edema in three of the patients. Furthermore, the patients showing the greatest gains in total body water also retained the most chloride.

However, total body-water gains were not completely accounted for by the water associated with chloride retention. Intracellular water must also have increased. This has been reported previously as occurring during the course of forced feeding.16 It could be interpreted as either a gain of cellular mass (tumor or host tissue) or overhydration of cells. Three of the patients (A.D., J.B., and M.W.) were in positive nitrogen balance during the time of forced feeding, an observation that might suggest a gain in cellular mass. But the gain of intracellular water was in excess of that associated with nitrogen even if all the nitrogen retained represented intracellular tissue. It is more likely that much of this gain of intracellular water represents overhydration of cell mass.
Either tumor or host cells would be overhydrated. It has been demonstrated that the water content of malignant tissue, itself, is increased.18 It is difficult to conceive that the tumor mass could have increased enough to account for the intracellular-water gains observed over these periods of time. In animals it has been reported that the host’s tissue as well as the tumor exhibit overhydration.11 At least form the evidence that we have, overhydration of the host’s cells is the most likely explanation for the intracellular-water gains.

Greenstein4 has postulated that changes in the host tissue represent “generalized and systemic ‘cancerousness’ of the organs.” This implies that the host tissues assume some of the biochemical aberrations of the tumor. Although Greenstein’s hypothesis may be defended from the point of view of enzymes, it is possible that overhydration of the host tissue is a response to, and not an imitation of, the tumor. Perhaps this type of overhydration is analogous to the swelling of animal tissues removed for in vitro work. It is well known that animal tissues gain weight in artificial environments and may subsequently lose some of this extra water if conditions are proper. In vitro and in vivo there may be factors interfering with the normal metabolism of the cell as the cell is injured or dying. The normal degradative metabolism may be incomplete, thus leaving osmotically active particles in the cells rather than breading them into smaller and more diffusible sizes. Protein configuration could conceivably be altered so that more ionic sites were present. Obviously there are other debilitating disease or are peculiar to cancer, we are not prepared to say. However, because of the frequent association of these gains of total body water, a high metabolic rate, and the abnormal reaction to forced feeding, it seems likely that we are observing part of the pattern of the host’s reaction to his malignant parasitic growth. We think that there are some fundamental differences in the starvation of cancer patients as compared to the reaction of other subjects to caloric deficiency.

SUMMARY

Changes in the body composition of water and fat have been investigated in patients with advanced cancer. Whether the measurements were made by deuterium oxide (D2O) dilution or by caloric-balanced calculations, the results in these patients were the same; they gained total body water and lost body fat. Gross-weight changes are unreliable when used to evaluate the changes of either component alone.

The gain in total body water is shared by the intra- and extracellular compartments of the body. In this respect patients with advanced cancer differ from subjects who lack sufficient calories because of other causes, situations in which only extracellular fluid increases.

The reliability and the implications of this study are discussed.
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	TABLE I

CHANGES IN TOTAL BODY COMPOSITION

	
	
	Total body water
	Change in total body water
	Change in total body wt., kg.

	Pt.
	Time, days
	Liters
	% body wt
	By D2O, liters*
	By C.L., liters§
	

	A.D.‡
	
	36.4
	55.3
	
	
	

	
	16
	40.4
	61.9
	+4.0
	+3.2
	--0.44

	E.N.
	
	29.1
	54.4
	
	
	

	
	7
	32.5
	60.3
	+3.4
	+1.7
	+0.41

	
	10
	35.0
	65.5
	+2.5
	+1.2
	--0.49

	
	8
	35.7
	68.6
	+0.7
	+0.3
	--1.39

	
	
	32.7
	60.0
	
	
	

	
	7
	34.4
	62.5
	+1.7
	+1.7
	+0.56

	E.B.
	
	32.7
	64.1
	
	
	

	
	12
	33.9
	69.0
	+1.2
	+2.4
	--1.90

	A.G.
	
	26.5
	51.6
	
	
	

	
	15
	26.2
	51.5
	+0.3
	+0.3
	--1.16

	M.C.
	
	24.5
	58.1
	
	
	

	
	23
	26.3
	64.1
	+1.8
	+2.8
	--1.68

	M.L. ‡
	
	38.7
	54.2
	
	
	

	
	11
	43.7
	60.3
	+5.0
	+4.4
	+1.27

	J.B. ‡
	
	34.6
	71.3
	
	
	

	
	14
	40.8
	75.2
	+6.2
	+12.9
	+5.81

	M.W. ‡
	
	28.4
	66.3
	
	
	

	
	25
	35.3
	74.9
	+6.9
	+8.1
	+4.26

	H.N.
	
	33.5
	52.3
	
	
	

	
	12
	38.2
	57.3
	+4.7
	+5.1
	+2.67

	AVERAGE
	
	
	
	+3.2
	+3.7
	+0.66

	* As calculated from changes in volume of distribution of D2O.

	§ As calculated from caloric-balance data based on insensible water loss (see text).

	‡ Forced fed.


	Table 2

INSENSIBLE WATER LOSSES

	Patient
	Calculated insensible losses

	
	By D2O turnover, ml./day
	By caloric balance, ml./day

	A.D.
	1,960
	1,880

	
	1,580
	1,800

	E.N.
	1,320
	1,150

	
	1,720
	1,200

	
	1,530
	1,290

	
	1,120
	1,120

	E.B.
	1,330
	1,900

	
	1,940
	2,050

	A.G. 
	1,330
	1,080

	M.C.
	800
	1,150

	M.L.
	1,630
	1,570

	B.S.
	1,590
	1,160

	J.B.
	2,460
	3,350

	M.W.
	1,130
	1,560

	H.N.
	1,250
	1,100

	AVERAGE
	1,510
	1,560
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