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Abstract—The alterations in serum levels, anti-tumor activity and host toxicity of methotrexate
(MTX) were tested in tumor bearing rats following a period of dietary manipulation. A protein
deprived (PD) diet or a diet containing a normal protein content (NP) was administered for 5
days and MTX injected intra-peritoneally (i.p.) at the end of the 5 day period.

The MTX serum levels were significantly elevated in rats which received the PD diet, as
compared to NP dietary rats. This elevation correlated with an enhanced tumor response to MTX
administration. In addition, bone marrow toxicity and intestinal tract toxicity, measured with
Sflow cytometry (FCM) of the bone marrow and morphometry of the jejunal mucosa respectively

was increased in rats receiving the PD diet.

These results indicate that the serum clearance of MTX is delayed in animals suffering from
malnutrition, leading to both enhanced tumor response and increased host toxicity.

INTRODUCTION

THE Toxic side-effects of chemotherapy can be so
severe that the cffectiveness of treatment will be
hampered by the necessity to limit both dosage and
duration of therapy. Especially in malnourished
cancer patients a potentially uscful regimen fre-
quently has to be terminated prematurely because
of serious toxic side-cffects.

Malnutrition in cancer patients is common and
has been identified as an important and indepen-
dent factor prognostic of survival in a variety of
cancers [1-5]. In spite of a vast literature on the
subject, the mechanism by which tumors induce
malnutrition remains unknown. Most theorices indi-
cate alterations in host energy and/or nitrogen
metabolism, with or without concomitantly reduced
food intake [6, 7).

It has been suggested that in malnourished ani-
mals the plasma clearance of chemotherapeutic
drugs is delayed in comparison to well-fed controls.
This obscrvation might offer an explanation for the
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increased toxicity of chemotherapeutic drugs that
malnourished cancer patients experience [8-11].

The purposc of the present study was to evaluate
the potential alterations in methotrexate (MTX)
serum levels, host toxicity and tumor response when
MTX was administered after a short period of
nutritional depletion. Nutritional depletion was
achieved by feeding thesc rats a protein deprived
(PD) diet, while rats consuming a dict with a normal
protein (NP) content served as controls.

MATERIALS AND METHODS

Young female WAG/Rij rats were bred in the
animal facilitics of the Netherlands Cancer Institute
under specific pathogen free (SPF) conditions and
used at an initial weight of 150-160 g. All rats were
maintained in a temperature controlled room on a
12 h light=12 h dark schedule. They were housed
two rats to a cage and were fed one of the two study
dicts and water ad libitum.

The cffects of the dietary protcin content were
assessed at two levels of protein in the dict: no
protein (PD diet) and normal (27%) protein content
(NP diet, both dicts from Hope Farms, Woerden,
The Netherlands) (Table 1). The PD dict contained
75.5% dextrose, the NP diet 47.3%. Both diets

contained identical amounts of additives and were



416 Peter B. Dunki Jacobs et al.

Table 1. Composition of the two diets used for nutritional
manipulation. PD: protein-deprived diet, NP: diet with a regular
protein content. Diets are iso-caloric and contain identical amount

of additives
PD NP
Mixed protein* 0.0 270
Dextrose (glucose) 75.5 47.3
Corn starch 10.0 10.0
Alpha-cellulose 50 5.0
KH,PO, 08 08
KCl 04 04
CaCO, 1.2 1.2
CaHPO,.2H, O 0.7 0.7
MgO 02 02
Choline chloride 50% 03 03
Vitamins and trace element mix 1.0 1.0
NaCl iodized 04 04
Soya/sunflower oil 50/50 45 45
Lard 00 1.2

100% 100%

*Mixed protein — 79% crude protein

Casein 26
Lactalbumin 10
Wheat gluten 14
Corn gluten )
Meat meal 30
Meat protein solubles )
Fish meal )
Soya protein 62% 5
100%

Diets from Hope Farms, Woerden, The Netherlands.

iso-caloric. Food intake was calculated daily by
weighing the distributed and remaining food pellets.
The design of the experiment is shown in Fig. 1.
On day 0 the rats were inoculated subcutaneously
in the flank with 1 X 10° Rl rhabdomyosarcoma
cells in a single cell suspension. R1 is a non-
metastasizing tumor with constant and well-defined
growth characteristics in vive and in vitro [12, 13].
All rats were initially fed the NP diet for a 3 week
period to allow proper tumor development. On day
21, 54 rats with tumors suitable for tumor volume
determination were randomized to receive the PD

diet (n=27) or to continue with the NP diet (r=27).
On day 26, 30 rats were injected intraperitoneally
(i.p. push-injection) with methotrexate (MTX),
30 mg/kg body wt, 5 mg/ml dissolved in sterile
water.

Two rats from each dietary group served as con-
trols and were sacrificed at 0 h without receiving
MTZX. Two rats of each group were killed 2 and 6 h,
four rats of each group 24 and 48 h, and three rats
72, 96 and 168 h after MTX administration. From
each dietary group four rats were kept alive until
day 47 for tumor growth curve construction. Before
sacrifice blood was obtained from each rat via
cardiac puncture under light ether anesthesia to
determine the hemoglobin level (g/100 ml), leuco-
cyte (X10%/pl) and platelet (X10°/mm3) numbers
and serum folinic acid (ug/l) level. Subsequently
the rats were killed by cervical dislocation. Tumors
were excized, tumor weight and carcass weight were
determined and material for cell kinetic studies was
taken from predetermined sites.

Identical parts of each tumor, representing 25%
of the tumor volume and containing equal parts of
peripheral and central areas, were excized for flow
cytometric (FCM) analysis. Tumor samples were
mechanically and enzymatically processed to single-
cell suspensions, as has been described before [14].

Bone marrow was harvested for FCM studies
from the two femora by flushing the bones with
phosphate buffered saline (PBS). Cells from femora
and tumors were fixed in 70% ecthanol. DNA of
tumor and bone marrow cells was stained with
ethidium bromide and Hoechst stain 33258. FCM
histograms of DNA/cell were determined using the
ICP 11 flow cytophotometer (Phywe AG, Got-
tingen, F.R.G.) and used to calculate the percentage
of cells in the S-phase of the cell cycle (S-phase cells)
by planimetry. The results of the bone marrow
FCM measurements are given as the mean of two
determinations.

To study small intestinal morphometry standar-
dized jejunal segments were taken from a point just
distal to the ligament of Treitz. For light microscopy
studies, specimens were fixed in Bouins’ solution,
sectioned and stained with hematoxylin and eosin.

study sequence
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Fig. 1. Experimental design of the study.
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Quantitative measurements of villus height and
crypt depth (pm) were performed using a Glarex
(Zeiss) projection microscope at a 100X magnifi-
cation and a commercially available graphic tablet
(Kontron, Munich, F.R.G.) [15].

Mean total serum methotrexate (MTX) levels
(free and protein-bound in n=16rats) (nmol/1) were
determined at 0, 2, 6, 24 and 48 h after MTX
administration by high pressure liquid chromato-
graphy (HPLC) according to the method described
by Cairnes and Evans [16]. This method was
slightly modified by using a Chrompack Microspher
C 18 column, particle size 3 pm, 100 X 4.6 mm.

Tumor growth delay curves were determined in
eight rats that were not sacrificed until day 47. The
tumors were measured in three dimensions three
times a week with a Vernier callipers, and tumor
volume was determined via the formula V=m/6 X
length X width X height. Tumor growth delay was
defined as the number of days from the day of MTX
administration to the day the tumor had regrown
to its original volume.

The results were analyzed statistically using a
one-way analysis of variance with and without
logarithmic transformation of the data.

RESULTS

Clinical toxicity

All animals showed signs of ill health after MTX
administration {(dry noses, ruffled fur). No diarrhea
was noted. Food intake decreased in both groups
during 34 days, with the mean food intake in the

PD dietary group being 70% of the NP group. The
NP group generally showed a quicker recovery and
started to regain weight from the 4th day after
MTX administration, to reach the pre-MTX weight
level after 12 days.

Flow cytometric study (FCM) of bone marrow

The effect of dietary manipulation and MTX
administration on the percentage S-phase cells in
the bone marrow is depicted in Fig. 2. A significantly
decreased percentage of S-phase cells in the bone
marrow was seen after dictary manipulation as such
(16.9 = 0.1 in the PD group vs. 29.2 = 0.9 in the
NP group, P<0.05). Prolongation of the period of
protein deprivation did not lecad to a continuing
decrcase in the percentage S-phase cells (data not
shown).

The effect of MTX administration on the bone
marrow became clearly evident in both groups after
48 h. In the PD group the percentage of S-phase
cells decreased from 169 = 0.1 to 74 * 0.6
(P<<0.01) and in the NP group from 29.2 = 0.9 to
9.3 = 1.3 (P<0.001). Nincty-six hours after the
administration of MTX the bone marrow of rats
fed the NP diet showed signs of rccovery, but the
percentage of S-phasc cells in rats fed the PD diet
remained low (P<0.01; PD 5.2 = 0.2, vs. NP 17.9
* 3.6 at 96 h). This difference in bone marrow
proliferation was even more enhanced 168 h after
MTX administration. While no sign of recovering
DNA synthesis was evident in the bone marrow of
the PD group, the percentage bone marrow S-phase

bone marrow S phase cells(%)

hours after MTXb

Fig. 2. The effect of MTX (30 mg/kg body wt) i.p. on the percentage of S-phase cells in the bone marrow (mean values *
S.E.M.) from O h until 1 week (168 h) after MTX administration (P < 0.05, **P < 0.01, ***P < 0.001).

EJC 25:3-B
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cells of the well-nourished group reached almost
normal values (P<0.001; PD 4.8 = 0.2 vs. NP 21.2
+ 3.8).

Flow cytometric studies of tumor

Flow cytometry suggested that tumor tissue was
insensitive to short-term protein deprivation. MTX
administration, however, induced significant
reductions in the percentage of S-phase cells of
tumors in both PD and NP groups (Fig. 3). The
tumor response to MTX seems to be slightly
enhanced in the PD group compared to the NP
group at 72 h post-MTX (P<0.05; PD control 16.1
* 09 vs. PD 72h 7.1 = 0.9). One week (168 h)
after MTX administration FCM showed that tumor
DNA synthesis rate was still slightly depressed in
both groups.

Intestinal morphometry

Dietary protein content per se did not significantly
influence crypt depth and villus height of the
mucosa of the small intestine. After MTX injection
the mean depth of the crypts and length of the villi
decreased significantly in both groups, with rats in
the PD group experiencing the greatest reductions
in crypt depth (P<<0.001 at 96 h) (Fig. 4). Ninety-
six hours after MTX administration the intestinal
mucosa of the NP group showed the first signs of
recovery, demonstrated by an increase in crypt
depth. At 168 h after MTX crypt cells in both
groups were recovering and showed hypertrophic
crypts. Overall MTX effects on crypt depth (Fig.
4) and villus height (Fig. 5) were more pronounced
and longer lasting in rats being fed the protein
deprived diet as compared to rats fed the NP diet.

MTX plasma levels

The mean levels of total MTX in the plasma of
rats consuming the PD diet were significantly higher
at 2 and 6 h post-MTX administration than in the
NP group (P<0.05, Table 2). Twenty-four hours
after MTX administration, MTX was still measur-
able in the serum of PD rats, but was undetectable
in the serum of rats fed the NP diet.

Tumor growth curves

Tumor growth is depicted from the day of MTX
administration (day 26) onwards (Fig. 6). MTX
administration induced a decrease in tumor volumes
in both groups, resulting in a growth delay time of
9.5 days in the PD group and of 4 days in the NP

group.

Peripheral blood

In both dietary groups significantly decreased
numbers of leucocytes and platelets were measured
168 h after MTX administration, but not before
(datanotshown). Statistically significant differences
between the groups were not present. The hemo-
globin level, hematocrit and serum folinic acid levels
did not change with MTX administration and
showed no significant differences between the two
groups during the period under study.

DISCUSSION
Weight loss is common in cancer patients and,
regardless of etiology, severe tissue wasting is of
major clinical significance. It is well known that
malnutrition is associated with increased host tox-
icity to chemotherapeutic drugs in experimental

tumor S phase cells(%)
S &
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Fig. 3. The effect of MTX (30 mg/kg body wi) i.p. on the percentage of S-phase cells in the tumor (mean values * S.E.M.)
Srom O h until 1 week (168) after MTX administration (*P < 0.05).
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Fig. 4. The effect of MTX (30 mg/kg body wt) i.p. on jejunal crypt depth (mean values + S.E.M.) from 0 h until | week
(168 h) after MTX administration (*P < 0.01, PD 72 h: 80.0 = 1.7 5. NP 72: 112.9 % 7.8 and **P < 0.001, PD 96 h:
73.5 = 1.5vs. NP: 128.3 4.8).
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Fig. 5. The effect of MTX (30 mg/kg body wt) i.p. on jejunal villus height (mean values = S.E.M.) between O h and 1 week
(168 h) after MTX administration (*P<< 0.001, PD 72 h: 278.5 £ 57.3 vs. NP 453.6 = 23.1; **P < 0.001, PD 96 h:
211.1 = 5.1 vs. NP 453.6 = 23.1; **P < 0.001, PD 168 h: 243.2 £ 14.2 &5. NP 544.9 £ 19.9).

cancer bearing animals and cancer patients [8-11,
17-20]. The purpose of the present study was
to determine whether the host’s nutritional intake
influences the elimination of chemotherapeutic
drugs from the body and how this affects toxicity
and anti-tumor effect. The study has been executed
in a rat tumor model with established growth
characteristics [12, 13]. The excretion of MTX
from the serum (Table 2) was delayed in PD rats
resulting in a significantly enlarged area under

the curve (plasma MTX concentraton vs. time).
Grossie et al. [10] reported that malnourished rats
had five times the average plasma MTX levels
following intravenous MTX administration as com-
pared with control animals. This was associated
with significantly lower tissue levels of cellular
dihydrofolate reductase. Mihranian et al. [11] found
plasma MTX levels to be significantly elevated 1
and 2 h post-MTX injection after feeding animals a
protein-free diet for 10 days. Mecan peak plasma



420 Peter B. Dunki Jacobs ct al.

Table 2. Mean plasma MTX levels (nmol/l) after
i.p. administration of 30 mg/kg body wt in rats (n =
16) receiving a PD or NP diet

Hours after MTX administration

Diet 2 6 24 48

PD 4450 126 207 <50
3520* 166* 95 <50

NP 2360 108 <50 <50
1260 116 <50 <50

*P < 0.05, PD vs. NP.
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Fig. 6. Tumor growth delay is enhanced in the PD-MTX group by 5
days compared to the NP-MTX group.

MTX concentrations, however, were similar in
malnourished and well-fed animals.

Although no objective criteria for clinical toxicity
were applied it was clear from the present study
that PD rats suffered more toxic side-effects of MTX
than rats consuming a NP diet. Decreased food
intake was more pronounced and longer lasting in
the PD group and NP rats eventually recovered
their pre-MTX weight, while PD rats never did.

The rapidly dividing mucosal cells of the gastro-
intestinal tract and the bone marrow stem cells are
sensitive to both variables used in this study, i.e.
dietary manipulation and chemotherapeutic drugs.
It has been shown before that dietary protein depri-
vation as such can significantly decrease the per-
centage of S-phase cells in the bone marrow [21,
22]. The deleterious effect of MTX on bone marrow
proliferation was more pronounced in rats being fed
a PD diet (Fig. 1). No signs of recovery were
detectable in the bone marrow of PD rats during
the period under study. The unfavorable influence
of dietary manipulation on the gastro-intestinal
mucosa can lead to reduced crypt cell proliferation
and a decreased epithelial renewal rate [23-28].
Most chemotherapeutic drugs currently utilized in
cancer treatment also produce morphological and

functional changes in the intestinal mucosa. Mor-
phologically this is reflected in a shortening of the
crypts and blunting of villi [29-32]. In the present
study decreased crypt depth and diminished villus
length were manifest in both dietary groups after
MTX administration. These effects were present
earlier, were more pronounced and longer lasting
in rats consuming the PD diet than in well-fed
animals (Figs. 4 and 5).

MTX administration exerted an influence on
tumor growth in both dietary groups, with tumors
in the PD group experiencing a greater and longer
lasting reduction in tumor volume. An earlier and
more pronounced decrease in DNA synthesis
seemed to be present in tumors of PD rats (Fig. 3),
but it must be realized that single measurements of
S-phase values as executed in the present study do
not exclude a possible proportional reduction in cell
cycle time [33]. In addition, changes in proliferation
kinetics probably do not correspond directly with
cell kill. Unfortunately the enhanced tumor
response in malnourished (PD) rats is accompanied
by an increased bone marrow and gastro-intestinal
tract toxicity. The increased chemotherapy-related
toxicity of protein-malnourished animals is in agree-
ment with the results of Flanigan-Roat et al., who
showed that mortality was inversely proportional
to the protein content of the diet and also demon-
strated a striking delay in tumor regrowth in
protein-malnourished mice [20].

The present study demonstrates alterations in
serum MTX levels following dietary manipulation.
Several mechanisms can explain the observed
changes in MTX metabolism. Dictary manipu-
lation may alter intestinal mass, intestinal mucosal
enzyme concentrations, hepatic enzyme activity and
prolong entero-hepatic circulation of MTX [34].
Malnutrition and the presence of a tumor both
influence the host’s metabolic state [19, 35]. MTX
1s cleared from the serum into the urine through an
active tubular transport mechanism and therefore
decreased metabolic rates, induced by malnutrition,
could decrease tubular excretion rates and elevate
plasma MTX levels [36]. In patients, malnutrition
can induce changes in plasma protein level and
plasma volume and can consequently cause changes
in MTX pharmacokinetics since 50% of MTX in
the serum is protein-bound [36].

The results of this study indicate that the serum
clearance of MTX 1s delayed in malnourished rats,
leading to both enhanced tumor response and
increased host toxicity. It scems reasonable to sug-
gest that a patient’s nutritional state influences drug
pharmacokinetics and that in calculating schemes
and doses of anti-neoplastic drug administration,
the nutritional state of a patient should be taken
into account [6]. Two completely opposite roads for
future therapy can be developed from this study.
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Whether effective nutritional repletion of malnour-
ished cancer patients would allow delivery of more
adequate chemotherapy with increased response
rates and prolonged survival remains to be proven
(35, 37-39]. Alternatively, it seems reasonable to
argue that dietary manipulation to reduce the
growth of tumors would be preferential to manipu-
lations designed to minimize the toxicity of chemo-
therapy, which theoretically bear the risk of tumor

growth stimulation. Obviously future studies are
needed to solve this problem.

Acknowledgements—We would like to express our thanks to
Professor Lou A Smets for interpreting the FCM results and to
Professor Jan PA Baak and his staff for the technical assistance
concerning the morphometry of the histological sections of the
small intestine. We also thank Nel Bosnie for his technical
assistance and Eveline Stouten for the skilful preparation of the
manuscript.

REFERENCES

. Theologides A. Cancer cachexia. Cancer 1979, 43, 2004-2012.

2. DeWijs WD, Begg C, Lavin PT et al. Prognostic effect of weight loss prior to chemotherapy
in cancer patients. Am | Med 1980, 69, 491-498.

3. Costa G, Lane WW, Vincent RG et al. Weight loss and cachexia in tung cancer. Nutr Cancer
1981, 2, 98-103.

4. Freeman M, Frankmann C, Beck J, Valdivieso M. Prognostic nutrition factors in lung
cancer patients. J Parent Ent Nutr 1982, 6, 122-127.

5. Smale BF, Mullen JL, Buzby GP, Rosato EF. Prognostic nutritional index in cancer
surgery. Cancer 1981, 47, 2375-2381.

6. Dempsey DT, Mullen JL. Macronutrient requirements in the malnourished cancer patient.
Cancer 1985, 55, 290-294.

7. Fearon KHC, Plumb JA, Calman KC. Nutritional consequences of cancer in man. Clin

‘utr 1986, 5, 81-89.

8. Kato R, Oshima T, Tomizawa S. Toxicity and metabolism of drugs in relation to dietary
protein. Jjpn | Pharmacol 1968, 18, 356-366.

9. Krijnen CJ, Boyd EM. The influence of diets containing from 1 to 81 per cent protein on
tolerated doses of pesticides. Comp Gen Pharmacol 1971, 22, 373-376.

10. Grossie VB, Ho DHW, Loo LT. Effect of malnutrition on MTX toxicity and tissue levels
of dihydrofolate reductase in the rat. Cancer Treat Rep 1982, 66, 85-89.

11. Mihranian MH, Wang YM, Daly JM. Effect of nutritional depletion and repletion on
plasma methotrexate pharmacokinetics. Cancer 1984, 54, 2268-2271.

12. Kal HB. Distributions of cell volume and DNA content of rhabdomyosarcoma cells growing
in vitro and in vivo after irradiation. Eur J Cancer 1973, 9, 77-79.

13. Barendsen GW, Janse HC, Deys BF ¢t al. Comparison of growth characteristics of
experimental tumors and derived cell cultures. Cell Tissue Kinet 1977, 10, 469-475.

14. Wiepjes GJ, Prop FJA. Improved method for preparation of single-cell suspensions from
mammary glands of adult virgin mouse. Exp Cell Res 1970, 61, 451-454.

15. Baak JPA, Oort J. In: Morphometry in Diagnostic Pathology. Springer, Berlin, 1983.

16. Cairnes DA, Evans WE. High pressure liquid chromatography assay of methotrexate,
7-OH-methotrexate, 4-deoxy-4-amino-N'"-methylpteroic acid and sulfamethoxazole in
serum, urine and cerebrospinal fluid. J CArom 1982, 231, 103-110.

17. Copeland EM, Daly JM, Dudrick SJ. Nutrition and cancer. In: Murphy GP, ed. International
Advances in Surgical Oncology. New York, Alan R Liss, 1981, Vol. 4, 1-13.

18. Gamelli RL, Foster RS Jr. Protein-calorie malnutrition and 5-FU toxicity. Surg Forum
1979, 30, 140-142.

19. Torosian MH, Buzby GP, Presti ME ¢ a/. Reduction of methotrexate toxicity with
improved nutritional status. Surg Forum 1982, 33, 109-112.

20. Flanigen-Roat DT, Milholland R], Ip MM. Effect of a high-protein—low-carbohydrate
diet on toxicity and antitumor activity of 5-fluorouracil in mice. JNCI 1985, 74, 705-710.

21. Dunki Jacobs PB, de Graaf PW, Ruevekamp M et al. The effect of dietary protein content
on cell cycle parameters of tumor and host tissue. A flow cytometric study. Espen Congress,
Munich, 9-11 September, 1985, abstract p. 116, No. 0.44.

22. Dunki Jacobs PB, de Graaf PW, Ruevekamp M e a/. The influence of dietary protein
content on cell cycle parameters of tumor and host tissue. Impact of protein deprivation
and replenishment. Clin Nutr 1988, 7, 1-6.

23. Hageman R, Stragand J. Fasting and refeeding: cell kinetic response of jejunum, ileum
and colon. Cell Tissue Kinet 1977, 10, 3-14.

24. Aldewachi HS, Wright NA, Appleton DR et al. The effect of starvation and re-feeding on
cell population kinetics in the rat small bowel mucosa. J Anat 1975, 119, 105-121.

25. Assad RT, Eastwood GL. Relation between villous height and epithelial renewal in rats on
1.v., oral liquid or oral solid feeding. Gastroenterology 1978, 74, 1004 (abstract).

26. Young EA, Cioletti LA, Weser E. The effect of defined formula on mucosal mass of the
small bowel in the rat. Gastroenterology 1978, 74, 1115 (abstract).

27.

Morin CL, Ling V, Bourassa D. Small intestinal and colonic changes induced by a
chemically defined diet. Dig Dis Sci 1980, 25, 123-128.



422

28.
29.
30.
3L
32.
33.
34.
35.
36.
37.
38.

39.

Peter B. Dunki Jacobs et al.

Delveaux G, Claes F, Willems G. Refeeding of fasting rats stimulated epithelial cell
proliferation in the excluded colon. Gastroenterology 1984, 86, 802-807.

Altmann GG. Changes in the mucosa of the small intestine following methotrexate
administration or abdominal X-irradiation. Am J Anat 1974, 263-279.

Bounous G, Maestracci D. Use of an elemental diet in animals during treatment with 5-
fluorouracil. Cancer Treat Rep 1983, 60, 17-22.

Taminiau JAJM, Gall DG, Hamilton JR. Response of the rat small-intestine epithelium to
methotrexate. Gut 1980, 21, 486-492.

Jovilet J, Cowan KH, Curt GA ¢t al. The pharmacology and clinical use of methotrexate.
N Engl ] Med 1983, 309, 1094-1104.

Torosian MM, Tson KC, Daly JM et al. Alteration of tumor cell kinetics by pulse total
parenteral nutrition. Potential therapeutic implications. Cancer 1984, 53, 1409-1415.
McAnena O], Rossi M, Daly JM et al. Alteration of methotrexate metabolism in rats by
administration of an elemental liquid diet. Cancer 1987, 59, 31-37.

Torosian MH, Daly JM. Nutritional support in the cancer-bearing host. Effects on host
and tumor. Cancer 1986, 58, 1915-1929.

Carter SK, Glatstein E, Livingston RB, eds. Principles of Cancer Treatment. McGraw-Hill,
New York, 1982, 118-119.

Chlebowski RT. Critical evaluation of the role of nutritional support with chemotherapy.
Cancer 1985, 55, 268-272.

Rumley TO Jr, Copeland EM III. Value of nutritional support in adult cancer patients.
Surg Clin North Am 1986, 66, 1177-1195.

Nixon DW. The value of parenteral nutrition support. Chemotherapy and radiation
treatment. Cancer 1986, 58, 1902-1986.



