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INTROTUCTICN

Cancer 1s the second leading cause of death in the United Statas,
In 1979, appreoximately 400,380 Axmericans died of ecancer (1). Zxtensive
research is being conducted to determine the causes of cancer and to
svaluats methods of treatment, Diet and nutriticn interact with cancer
in variocus ways. They may play roles as etiologlc and conditioning
factors in the inductlon and rate of growth of tumors., Ia turn,
malignant processes may cause anorsxia and progressive wasting of the
cancer patlent, A3 the mode of cancer treatment has become more aggres-
sive in an attempt to conirol neoplasm growth, there also has been a
rising concern about the effect of treatment on nutritlonal status,
The purpose of this paper 1s to review the interaction of nutrition and

cherotherapy in the treatment of cancer patients,



EFFECTS OF NECPLASTIC DISEASE

CN_NUTRITICNAL STATUS

The growth of cancer leads to numerous alteratlons of hosti organs
and functions, The overall result 1s czchexia, a syndrome characterized
rrimarily by weakness, anorsxia, and the depletion and redistributlon of
hos% components (2). Cachexia has bteen otserved in cne-third to two-
thirds of patients with various cancers (3). I% is the consequence of
anatomical alterations, decreased focd intake or atscrption and altered
metabolism. This common response of cancer patients bears no positive
correlation to the amount, type, or site of neoplastic tissue and patients
may have obtvious wide-spread tumors without any of these manifestations,
However, when such responses do occur, they are recognized as signs that
uncontrelled tumor growth is cccurring and unless such cancerous growth
can be inhitdted, progressive deterioration and vltimate death will
occur (4). To better understand the effects of cancer on nutritional
status, 3 closer examlnation of the components of cachexia i3 required,
Anorexia

Anorexia (fallure of arpetite; is a 2ajor determinant of cancer
cachexia (5)., In the cancer patient the reasons for this failure of
appetite are highly variatle, 3Zarly satiety is a symptom in many anorexic
patients, Dasplie Leing hungry at the beginning of the meal, these
patients experisnce an aversicn to mcre food after the consumption of
only a small quantity (6),

Various thecories nave Deen prorcsed tec exrlain the todily mechanisnms

affected by cancer that result in early satleiy. 4alteratica of the
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second catecholamine mechanism in the hypothalamus rrovides the tasis
for the first theory (5). The stress of illness may stinulate release
of EZ-adrenergic and dopaminergic substances leading to supmoressed appetite
in the cancer patient., The alimentary tract regulation theory indicates
that sensations from the orcpharyngeal regions, the stomach, and the
intestine play a regulatory role by metering the quantity of food eaten
on a meal to meal tasis (7),

Several other theories include regulation ty means of osporeceptors
(8), hormones (9) and the tricarboxylic acid cycle (&), All cf these
thecries, however, leave zajor questions on the physiclogy and pathophysiol-
ogy of hunger and satlety unanswered (10),

Change of Tastie

Arnother factor that can contritute to anorexia is a changs 1n taste,
Carson and Gormican (11) compared taste thresholds of cancer patients
before cancer treatment and heazlthy individuals of similar age and sex,
Twenty-nine women wilth treast cancer and ten womer and nine men with cancer
of the colon were tested, Detectlion and recognltion thresholds for
salty, sour, sweet, and biiier tes were determined using scédium
chloride, dilute hydrochioric acid, sucrose, and urea, respectively,
Detectlion threshecld wzs defined as the lowest concentraticn at which a
subject could ldentify a solution as tasting diffsrent from water., The
recognliion threshold was the lowest concentration at which a subject
could ccrrectly identlify the soluticn as tasting sweet, salty, sour or
titter, Higher thresholds reflected decreased sensitivity, Abncrmalities

otserved in patients before ireatment involved decreased sali and sweet
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sensitivity. For some inrasholdiz, zreatsr atnormalitiss wWers otserved
among zmen than women, axnonz patlenis with some types of cancer and zmong
those wlth 2 greater extent of disease,

DeWys and Walzers (12) corrslated altered iasie sensations to
symptoms o meati aversion, which are fregquently recognized in cancer
patients, Taste recognlition thresholés Zor sslty, sour, sweet and bitter
(urea) were *ested on 50 tumor patients, The urea-testing results for
the cancer patlents ware divided as to the presencse or alsence of the
symptom of aversion for meat, Of 12 patlents who reported an aversion
to meat, 12 had a median urea recognitior threshold of 75 a zoles/liter
compared to the median of 300 z moles/liter in the patlents without m==at
averslon, The occurrence of an abnormality of taste sensatlcen has been

correlated with umor extent (12, 11, 5) (see table 1),

TAZIE 1

Correlation between tumcr ex*snt and
incidence of taste atrormality {5)

Tumor Sxtentl Normal Tasta Threshold Abtnormal
Limited o o]
Mcderate 18 3
Extenslve 3 15

1Tumor gxtent was scored on a 0 to 3 scale by organ site and the
sua of a1l organ sccores Was called the tumcr extent score, Patients
with limited extent had scores of 1-2, aodarate 3-&, and sxtensive 5
or nore,

Atnormalities in taste sensation have been correlated with rsduced

energy intake (5, 13), DeWys (5) observed that patients with an atnormally



low urea threshold or with an elesvated sucreose thrasshcld had enerzy
intakes which were significantly lower than those of the cancer patient
group with normal taste, Thus abtncrmalities in taste may discourage food
intake and contribute to weight loss and nutritioral depletion in cancer
patients,

Increased Metabolisn

Increased metabolic expenditurs alsc has been shown to te 2 contritut-
ing factor to tlssue wasting and eventual cacnexla in patients with cancer,
Bozzettl et al, (14) showed that resting metabolic expenditure was increased
above 208 in £0%f of their patients with advanced cancer, They found a
gignificant correlation between resting metabolic expenditure and tissue
wasting (evaluated as a weight loss) and a decreased serum transferrin

(table 2%

TABLE 2

Relationship among resting metabolic expentiture,
welght loss, creatinine-height index, and transferrin (14)

Resting No, of Yeight Creatinine- Transferrin
Metabolic ratlients loss height 1ndex
expenditur =
% % standard gm,/100 a1,
+20 27 93 =242 280
+21 - +40 19 14,5 -1l.,4 293
+41 - +60 12 17,2 =6,2 235
+61 - +80 T . 23.1 -21,6 247

Serum transferrin and creatinlne-height index were neasursd because
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transferrin 1s a sensitive irndicator of visceral proteir status and
creatinine-nelizht indéx 1s an indicator of lean bedy mass, AS resting
metabolic expendliture lncreased there was a greater welght loss and a
decreased creatinine-height index and serum treansferrin. Warnold and
co-workers (15) also showed that boith the daily energzy expenditure and
the resting metabolic rated were significantly greater in patients with
cancer than they were in conirols, 3ozzetti et al, (14) poinied out that
increased or even normal resting zetabolic axpenditure, despite weight
loss and undermutritlon, indicates that many of the adaptive mecharnisms
normally seen with semistarvation are impalred in patlents with uncontrolled
cancer growtil,.

The continued utilization of amine acids for gluconecgenesis indicates
a loss of enzyme adaptation for energy conservation, This leads to common-
ly observed protein-caleris malnutrition in cancer patients (1£),

An inability to oxidize a glncose load hzs been recognized in cancer
patients, Waterhouse and Xemperman (17) determined the plasma disappear-
ance and CO, productlon curves after a labealed glucose load was glven Ty
single injection to flve subjects with cance., The resulis wers conpared
to those found in a group of normal subjects on whom identical studies
had teen carried out, Carbon dioxide rroduction from lateled glucose
was much lower in the cancer patlents than in the acrmal controls, These
results indicated that the normzl retabelic adjusiments were severely
lizited in patdienis with cancer,

To explaln increased energy sxpendlturs and inatdlity to adjust the

metabellc rate in a state of malnutrition, variocus peossitdlities have heen
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considerad, Utilizatlon of lactate for zlucese synthesis is an enerxy
requiring process and an increased rats of resynthesis of glucocse in the
liver from the lactate produced ty the fumcr has been proposed as the
zechanism responsible for the lncreased energy expenditure in the tumor
bearing patient (18, 19). The increased enerzy expernditure alsc could te
the result of some alteration in the energy ylslding reactlon and the

coupling mechanism of oxidative phospherylation (14),

USE OF CHEMOTHERAFY

History
In 1G65 Albert (20) reviewed the history of chemotherapy. The term

"chemotherapy" was ccined by Paul Ehrlich who defined it as the use of
drugs o injure an invading orzanism without injury to the host, Ehrlich's
interest ard intense research into chemotherapy started in 1899, He saw

a need to find chemicals with much streonger affinitiss for the parasites
than for the hest, In 1902, Laveran and Xesnil injected arsenic into mice
infected with trypanoscmiasis, All the =mice died, but they died cured
which was considered a great advance at that time, In 1G04, Ehrlich truly
cured iryranosomlasis in mice with trypan red, which thereby becarme the
first man-made chemotherapeutic agent,

Review of Drugs

Chemotharapeutic drugs are classified according to their source and
thelr mede of acticn in the cell, The aajor classifications of chemothera-
peutic drugs have been outlined by Csaky (21)., A review of these zajor
classifications is necessary to understand their principle action,

Alkvlating Azents, Alkylatlng agents Ainterfers wiih the synthesis
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cr crosslinking tetween the chalns of DNA, thus preventing prorer raplica-
tion, BExamples of alkylating azents include busulfan, chlorambucil,
cyclophosphanide, nitrogen mustard, melphalan, cisrlatinum, and dacartazins,
These drugs are cytoxic to all <issues such as intestinal muccsa, corneal

epitheliun, germinal tissves, lymphatic and hematopoietic tissues,

Antimetabolities, The antimetabollites include the folie acid antao-

nists and the purine and pyrimidine antagecnists, Methotirexate is the

najor folic acid antageonist and interferes with DNA synthesis by ianterfering
with the formation of adenine, The major purine antagonist is S-mercapto-
turine, Pyrimidine antagonists include cytosine arabincse and 5-flucroura-
cll which interfere with the formation cf DNA synthesis ty inhititing
thymidylic svnthetase,

Antibdotics. Actinomyecin interferes with cell division by com@tining

wizth and inactivating the DNA specifically needed for BNA synthesis

(RNA polymerase is DNA derpendent). Mitomycir C 1s another antitiotic
which acts by depolymerizing TNA: thus there is no cell division. Other
antitdotics used include adriamycin D, tleomycin, strepioazotacin, and
daunomycin,

Plant Alkaloids, Included in this group are the drugs vintlastine

and vineristine which act by preventing cell division, specifically by
arresting mitosls in the zetarphase, Vincristine is more active than
vinblastine,

Qther drugs. Urea derivatives, which interfere with DNA synthesis,

include the drugs, hydroxyurea and urethane., XNitrcsoureas, lomustine and

streptozocin also interfere with DNA synthesis, FProcarbazine hydrochloride,



the enzyme asparaginase, and cortisone and other sex hormones alsc are
used for chemotherapeutic treatment,

Side Zffects of Chemctherapy

Nausea and Vomiting, The most ccmmon manifestaticn immediately followin

the administration of almost all chemotherapeutic drugs is nausea and
vomliting (22). Nausea and vomiting assocliated with chemotherapy are
mediated by the chemoreceptal trigger zone located in tha area posirema
of the fourth ventricle (23, 24)., Decreased oral intake, fluid and
electrolyte imbalance, general weakness, and weight loss are the nutrition-
al concerns assoclated with nausea, vomiting, and accompanying znorexia
(25).
Schein et al, (26) reported the effects of administering streptozotocin,
a naturally occurring niirosurea antiblotic, to 106 patients with advanced
malignancies including Hodgkin's disease, lymphemas, and leukemiz, Nausea
and vomiting were experienced by 87% of the patients, These symptoms were
severe in 11%, moderate in 38% and zild in 288 of the patdients, Symptoms
usually appeared 1 to 4 hours after drug administration ard in large par+
could not be prevented or controlled by the use of phencthiazine antiemetics,
Broder and Carter (27) treated 52 patlents with metastatic islet
cell carcinoma with streptozotccin., Acuts, often dose limitingz, toxdicity
consistling of nausea and vomiiing was obtsarved in $8% of the cases,
Procarbtazine, (28, 29, 30), used nainly in the treaiment of Hodgkin's
disease, also may cause nausea and vemiting, Two other drugs which can be
dose liniting because of nausea ard vomiting are Ccls-diammirnedichleoroplat-

inum (31, 32), and S-azacytidine (33). Gottlieb ard Drewiako (34)



10
describted patlentis who vomited for as long as a week following administra-~
tion of ecis-platinum,

Stomatitis, Stomatitis in the form of oral ulceration, cheilosis,
pharyngitis, and other mucosal toxicities of the alimentary canal are
comaon with many of the cherotherapeutic zgents, 3Secause of a rapid
turnover of the epithellal cells of the muccsa, the alizentary canal is
one of the most vulnerable targeis of chemotherapeutic agernts (25).

DiPaola et al., (3%) reporied that actinomycin D caused ulceration of
the gastrointestinal tract of mice. Humphrey et al, (36) evaluated the
effects of actinomycin D in 21 patients wlth advanced cancer, Patients
Were given a total dose of either £5 or 75 aicrograms/Kllogram body welght
intravenously. The higher dosage level resulted in toxicity manifested
mest commonly by ulcerations of the lips, *ongue and Tuccal mucous meatrane
in a large percentage of the patlents. Shaw et al, (37) otserved oral
ulcerations in 3J of 12 children treatad with actinemycin D,

Regelson and Holland (38) studied 43 patienis with advanced cancer
or leukemia who were treated with nethyl-glyoxal bisguanvlnhydrazone at
slther 5 mg/kz/day or 150 mg/mzfday. For all patients, vesponse was seen
only in the presence of siznificant toxicity which serlously comrpromised
any clinlcal improvement, Severe cral and pharnygeal ulsceration as well
as laryngitis, esophagitis, and colitis were among the major manifssiations
of toxicity,

Pharyngitls and varying dearees of mucosal ulceration were observed
in 7 out of 14 patlents wlth advanced lung cancer after “reatment with
high doses of methoirexate (39), Toxicities, however, could not e

correlated with dose iasvel,
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Seifert et al., (40) reported mild to very severs stomatitis in 22
out of 34 patients treated with continuously infused S-fluorouiacil for
5 days, This was a dose limiting complication and zany of the patients
regquired prolonged intravencus feeding. Severe oral toxicity also has
been observed after azaserine, daunorubicin, and adriamycin treatment (25),
Mucosal ulcerations are rarely reported in the use ¢f alkylating agents,

As a result of stomatlitis, eating teccmes very difficult and food
intake is decreased, Thls coniributes to deaydration and further deteri-
oration of the nutritional status of the patisnt.

Constipation, Constipation has been reported to be a prominent

protlen in vincristine treatment, Holland =t al, (41) studied the effects
of a serles of dose levels in 3%2 patients with advanced cancer, (onsti-
pation was reported on one-third of all patients, with zreater frequency,
severliy and earlier onset in the highest dose group. Three natients
sustained adymamic ileus which required medical decompression,

Diarrhea, Diarrhea is part of the general mucosal toxicity produced
by a number of chemotherapeutic azgents. It is particularly sevare in
treatment with S-flusrecuracil {40) and with methylglyoxalbisguanylhydrazone
(38). Mucosal toxicity appeared on the average of 7 days after treatment
with methylglyoxalbisguanylhydrazone and coniinued for an average of 7
days before recovery. Dlarrhea alsc is commonly seen after nethotrexate,
hydroxyurea, nitrescureas and 5-azacytidine, Prolenged effects of uncon-
trolled diarrhea include dehydration, electrolyte imbalance, inanition
(lack of food, starvation) and accelerated malnutrition (25, 42),

Taste changes., The zost dramatic alterations in taste sensiiivity
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usually occur with radiation therapy., However, 5-fluorouracil ireatment
caused arp increased senslitivity <o sweet and scme altsraticns in tliter
and sour tastes (43).

Bone marrow depression, The hematopoletlic system 1s cne of the most

vulnerable targets of cancer chemotherapeutic agents, Leukopenia, a
deficiency in the number of leukocytes in the blecod, and thrombocytopenia,
a decrease in the number of platelets in the ecirculating tlood, are dase
limiting toxicities in the use of methotrsxate (39), streptozotocin {27),
and cis-platinum (3%, 31), Leukopenia also was reported after treatzent
with 5-fluorouracil (40), vincristine (41), tls-guanylhydrazone-dihydro-
chloride (28), busulfan and chleorambucil,

2acause of the decrease in production of blood cells by the devressed
bore marrow, the patient recelvinz almcst any kind of chemotherapy is very
susceptible to infection. The resulting fever, chills, anorexia, and
increased enerzy consumpticn accelerate the deterioration of the nutritional
status of the patlent,

Megaloblastlc aremia and the effects of folic acid antazonisis, Anenia

1s frequently reported after the administration of chemotherapeutic agsnts,
Chemotherapeutic drugs that interfere with DNA synthesis often result in
magaloblastic anemia, This complication has been reported with 6-mercarp-
topurine, 5-fluorouracil (44), cytosine aratinoside (45) and, especially,
the folic acid antagonists, methotrexate and aminopterin (46, 47, 48),
Defsctive DNA synthesis, producing megaloblastosis, most frequently
arises from deficiencies of vitexin 512 or folic acid, Nichole and Welch

(49) early demonstrated that the iochemical effeset of aninopterin injected
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irto rats or added to liver rreparatlons in vitro was to prevent the con-
version of folic acid to reduced cofactor forzs (folinic acid), Broguist
et al, (50) further demonsirated that tetrahydrofolic acid could prevent
the effects of aminopterin in mice and therefore it was suspected that
the effect of the drug was %o prevent the reductlion of folic acid, Later
Waxman et al, (46) agreed by reporting that the folic acid antagonists
usually inhitit the enzyme dihydrofolate reductase, which results in
blockage of the reduction of dihydrofolats to tetrahydrofolate and its
derivatlives, As a result, the tissues tecome deficisnt in tetrahydrofelate
acid, This has the saze consequences as nuiritional folate deficiency.
Depression of thymidylate synthesis follows and therefore fallure of new
DNA-thymine synthesis results in the arrest of cell division, All actively
growing cells whether malignant, normal, or atnormal are affected by these
drugs.,

The bone marrow and alimentary tract eplthelium are the two ilssues
most affected by folic acid analogs., The toxiclty may be more severe and
mronounced if patienis are in poor condition or have infecticn or compromised
liver or bone zarrow funciion, Previcus subclinical folate deficiency
commonly observed in patients with neoplastic disease may be related to
this increased toxicity (25). Clinical toxicity of methotrexate is nore
of a direct funection of the duration ¢f administration of the drug than a
function of the dose of the drug (51, 52).

Liver and pancreas dysfunction, Serious nutritional problems can be

the result of chemotherapeutic effects on the liver. Albumin, prothromtin,

fitrinogen, and several other serum proteins ars synthesized exclusively
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by liver cells and extensive liver damage leads to decreased bloed levels
of these proteins (53)., Hypcaltumireria may occur with a significant
destruction or replacement of liver cells,

Liver damage is often ctserved after administration of asparaginase
(54). Einhorn and Davidsohn (55) reported jaundice cccurred in 18 or 38
leukemic patients who were ireated with S-zmercaptorurine., In eizht
patients, jaundice cleared up rapldly on cessatlon of E-mercaptorurine
therapy and there was a recurrence of Jjaundice in two who were rechallenged
with the drug, Hepatic dysfunction alsec is commeon afier methcirexate
(56), streptozotccin (27), mithramycin (57), 3-azacytidine {38),
and Racillus Calmette Guerin (2C3) (59).

The parcreas also 1s susceptible to daraging effects of chemo-
therapeutic agents, Pancreatic dysfunctlor has been revported to result
from treatment by asparaginsse {54), Sireptozotocin treatment was shcwn
to affect the islet cells of the pancrease resuliing in hyperglycemia
and atnormal glucose tolerance tests (40), Severe hypoglycemia and coma
were produced by methylglyoxalrtis-guanyl-hydrazcne (38),

Renal complications, Renal complications caused bty chemothera.ry

treatment lsad to varylng degrees of uremic syndrome, The uremic syndrome
is characterized by retenticn of urea, creatinine, and other products of
protein metabolism in the blood and itissues; rrogressive acidosis; inability
to excrete a water load within a trief period; and various electrolyts
disturtances (61}, Renal tubular necrcsis was reported as one of the toxic
effects of cis-dlamminedichloroplatinum when adrinistered in dogs, monkeys,

and mice (62), The remal damagzs caused bty cis-dizmminedichlorovlatinunm,
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appears to te similar to that caused by heavy metal poiscning in men (24),
The renal toxicitiy appears to be dose ralated, accumulative and only
partly reversible (£3),

A case of irreversible reral toxicity due to cis-diamminedichloreplat-
inum was raported by Hardaker et al, (64), The EUN (hlood urea nitregen)
reached a maximal level approximately 2 weeks after the start of therapy
and never returned to normal, Areas of interstitial flilrosis with
lymphoeytic infilirates and tubular destruction were observed,

¥ethotrexate (65, 51), and streptozotocin (26), also have been
reported to rroduce dose liziting renal complicaticns. Fatal reral toxicity
was recorded in 5 of 44 patients with islet cell carcincma treated with
streptozotocin (27).

Amino aciduria, resuliing from a blockage by cycloleucine of the
renal tubular reabsorption of cysitine, crnithine, lysine and arginine was
reported by Brown (66), A slizht rise in blood ures nitrogen has teen
otserved frequently after asparazinase treatment and, in a few cases,
frank renal failure with oliguria has been describved (54),

Fever and chills, Fever and chills are common and usually inmediate

side effects of treatment with tlecmycin (67), asparaginase (54), and

BCG (59). BCG was observed to have induced Sever which began & to 8 hours
after injection and persisted for as long as 24 hours, Fever also has

been reported after the administration of cyclorhosphamide, &-mercaptopurine
and cytosine arabinose (25). Fever accelerates all metadolic processes

and contritutes to the wasting of body nitrogen and energy, Zasal energy

metabolisn 1s increased ty about 1% for each degr=e Celsius rise in
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temperature above normal, 7% for each degree Fahrenheit (48], Thesas
increased requirements must be taken into conslderation when planning a
dietary regina,

Electrolyte imbalance, Mithramyecin (£9), diazo-oxonorleucire,

methotrexate and actinomycin D, have produced hypocalcemia (25), Kypona-
tremia (low tlood sodium) induced by vincristine was reported by
Meriwether (70) and was attributed <c inappreopriate antidiuretic

hernone production,

Central neryocus system, Neuroclogic disorders asscciated with cancer

are most Ifrequently the result of metastasis to the nervous system. How-
ever, neurotoxicliies have teen recognized as results of chemotherapeutic
treatment, Vincrisiine can rroduce weakress, insomnia, confusion, psychosis,
diserientation and hallucination (41),

Asparaginase produced unpredictable lethargy, depression, disorienta-
tion, confusion, and hallueination (71, 5%), Methotrexate (72),
procartazine (30), cycloleucine (66), 5-fluorouracil (73}, and
corticosteroids alsec have caused various central nervous system diserders,
Central nervous sysiem dysfunctions cften result in impaired oral intake
(74).

NUTRITICNAL SUFPCRT OF THE CAMNCER PATIENT

Types of Hutrition Suppert

Nutritioral malnterance of the cancer patlent before, during, and
after treatmeni represents a ccntinucus challengs, As the rasult of the
cancer or of the treatment, oral food intake is often contraindicated by

impaired swallowing, ctstruction of the alimentary traci, ileus, fistulas,
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coma, severe malabsorpiion with massive fluld and electrolyte losses, and
persistent vomiting, In such cases enteral feeding either by tube or
intravenously must be employed (75)., When the gastrointestinal tract is
not functioning, for examrle because of an intestinal obstruction or
persistent vomiting, the only possible alternative is intravenous feeding,

Effects of Agzressive Nutritiocnal Suprort

Response rates, Recently much attention has been Iocused on the effect

of nutritional support on the response rates to chemotherapy. Aggressive
nutritional support utilizing intravenous hyperalimentation before, during,
and after chemotherapy has been reported to positlvely affect the response
to trezatment in several studies,

Lanzotti et al. (76) showed a positive correlation between nutritional
status and response to chemotherapy in 30 ratients with non-oat cell
carcinoma of the lung who recelved the same treatment protocol of bleomycin
cyclophosphomide, 5-fluerouracil, methoirexate, and vincristine, Ten of
these patients recelved intravencus hyperalimentation (IVH) at 2000 kcal/
day for an average of 22 days starting during the first cycle of chemo-
therapy. Patient selection was based totally on aprarent nutritional need.
The least prior welght loss for an intravenously fed patient was 5.5% from
normal body weight. Five of the ten patients in the intravenously fed
group responded to chemotherapy as compared to none out of twelve of the
non-intravencusly fed group in the same waight loss category (greater
than 6.5%) as seen in table 3,

Issell et al, (77) evaluated the effects of adding IVH to chemo-

tnerapy with corynebacterium parvum, isophosphamide, and adramycin (CIA)



TARLZ 2

Comparison of variables

o
(8]

possibly affecting

chemotherapeutic responsa (76)
Variables IVH™ NonIVH
{(n=10) (n= 12}

Mean Age 58.4 5943
Mean % weight loss 15.6 11,9
No, of patients who 6 3
recelved previcus
therapy
No. of responses 5 0

to chemotherapy

% IVH = Iniravenous hyperalimentation

in 26 patients with extensive squamous cell lung cancer, Iniravenous
hyperalinentation was administered for 10 days prior to the first course
of CIA in 13 patients and continued up %o the start of the second course
of therapy for a total of 31 days. Infusicn was via a central venous
catheter inserted into the middls of the superior vena cava via the sub-
clavian vein., The illocalcris and protein intakes with and without IVH
are shown in table 4, To assess nutritional status, patlenis wers
welghed and anthropometric measurements were recorded before each course
of chemotherapy (see 4able 5),

Antimopometric neasursments in this study inecluded arm nuscle
clrcumferance and tricemps skinfold, Arm muscle circumferance is measured
with a tape at the midpoint betwesn the scapula (bony rrotrusion on posterior
of uprer shoulder) and the ulna (bony point of elbow) with arm bent at

0 : LI 3 I~ -
elbow at 907 angle and palm up, Triceps skinfold is also measured ai
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this midpoint of the upper arm. The examirer grasps a verticle pinch of
skin and subcutaneous fat between the thumb and Iorefinger. The skinfold
is gently pulled away from the underlying muscle tissue and measured
using a caliper,

During the first course of chemotherapy, patients fed by IVH had an
increase in body welgzht and arm muscle circumferance and lsss of a
decrease in triceps when compared to tatients not fed by IVH who had
decreases in a3ll three parameters, There was very little difference
in weight change between the IVH group and the noniVH group in the second
course of treatment, Arm muscle circumferance and triceps were agalin
decreased more in the nonIVd group as compared to the IVH group. Zone
depression, the dose limiting factor in CIA treatment, was observed less
in the patients receiving IVH, A significant decrease 1n nausea and
vemiting was found for the IVH group, The differerces in toxdec affects
between each group were not aaintained over subsequent courses of therapy
vhen both zroups recelved CIA alone, The results of this study sugzested
that IVHE provides a means of giving high chemotherapeutic doses with
the intent cf increasing tumor response and matient survival,

An increased tolerance for 5-fluorouracil has bteen cdemeonstrated
in rats maintained on IVH (78). Administraiion of 15 mg/kz/day of
S=fluorouracil intraperitonsally for 7 days killad S0% of the rats fed
orally, whersas only 3(% of the rats &iven IVH wers killed by the same
dose of 5-fluorouracil, Minimal diarrhea, melena (darkening of the steols

by blood pigments), and fur loss occurred in the intravenously-fad groug,

=
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Total nutritional intake froa all sources
during first course of chemotherapy (77)

20

Tyt NonIVH
Median Rangse Median Range
Keal 170 120-238 51 57125
Nitrogen 270 167-320 133 102-161

1 IVH = Intravenous hyperalimentation

TAZLS 5

Relation of nutritional parameters to administration
of intravenous hyperalimentation (77)

IVE NonIVH

Median Range Median Range
Firat Course
Weight change™ +7 41 to +11 1 -9 to +3
Arm muscle
circumg. +6 -z to +13 -4 -3 to +1
change
Iricep33 -2 =11 to +28 -6 =26 to +29
Second Course
Welght chwaal 0 -7 to +4 +1 -7 to +7
Arm muscle
zi;;:zz. +1 =11 *o0 +3 -5 -8 +o 0
Tricij;js3 -3 =15 to +15 -5 =22 to +12

% of stated normal weight 2 % of standard 3 % of standard



compared to frequent cccurrance of these symptoms in the orally-fed
group,

Aggressive nutritional support was credited by Copeland et al, (79)
for an increased response rates in patients with metastatic colon cancer,
They reported that 16 patlents gzivem a lcading course of 5-fluorouracil
while on IVH had a 31% response ra*e, while only 1 out of 10 of comparabhla
patients not on IVH respended,

Nutritional status. Aggressive nutritional support may increase

net response rates by making autritionally detilitated patients elizitle
for chemotherapy they could otherwise not tolerate, Valdivieso et al.l
cocllected nutritional assessment data on fifty-one patients receiving
chemotherapy for ocat cell lung cancer, Twenty-three railents received
IVE while twenty-elight di1d not. Patlents were evaluated pretherapy and
after course two of treatment. Intravencus nutriitional support resulted
in weight galn, increased triceps skinfeld and increased arm puscle
circuaference (tatls 5),

Copeland et al, {30) observed patients with a variety of solid
tumors who were given IVH, All of the ratients had an initial weight
loss of greater than 10% and a serum albtumin of less than 2,0g/1C0 al,
{ncrmal level = 3,52/100 ml.}, The overall response rates to chexotherapy
among this zroup of patients was 348,

Tumor zrowth, Concern has Deen exrressed that azgressive nutritional

Laldivieso, M., Freeman, ¥.2,, Frankmann, C.3. & Beck, J.2. (1981)
Sigrificant nutrition parameters in ocat cell lung cancer patients during
chemctherapy, (Atstracts) &4th annual American Dietetic Associaiion
meetlng, Pniladelphia, FPenn,, pp. 117-118,
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TARLE 6

b

Relation of nutritional parameters to admiaistration
of iniravencus hyperalirmentaticn

Farameters IVH Contrel
Weight + 5.7 - 6.4
5|
Triceps Skin Fold™
J + 9-5 - l‘u'la'
F + 10-2 - 15&2

Arm Muscle Circumferance

J + 2.3 - 6,8
P + b4 - 5.6
Mean Kcal Intake +361 +341
% RDA + 49,2 + 14,6

1 (J) Jelliffe, (7) Frisancho (Two standards of neasurements)
support might harm the host by promoting zrowth of the tumor, Steiger
at al, (8l) studied tumer growth in 31 ferale Lewis-distar rats with
subcutareously transrlanted rat mammary tumcrs. The subcutaneous location
of the tumers zllewed for accurate 3-dimensional measurements and computa-
tion of tumor volumes, The rats were fed intravenously and were allowed
unrestricted activity in thelr cages via the use of 2 special harness and
fluid infusipn swivel araratus, One group of rats received a diet contain-
ing 30% glucose and 5% azino aclds, Another group received a 5% amirno

acid solution with no carbehydrate, and the third group received a 5%

Seck, J.BZ, (1981)
T ratients during
tic Assoclation

Z/aldivieso, M., Freeman, M.B., Frankmann, G.3. %
Significant nutrition parameters in ocat cell lung cance
cherotherapy, (Abstracts) S4th annual Aperican Dietet
meeting, Philadelphia, Fenn,, pp. 117-118.
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glucose intravencus solution with nc amino acids, Mean tody weights and
tumor sizes were nearly identical at the start of the 10 day infusicn
veriod, There Wwas a significantly greater iumor growth in the wWell-
nourished hyperalimentated group comrared to the malnourished group receiv-
ing 5% glucose (table 7), Tumor growth in the group receiving 5% amino
acids also was greater than in the group receiving % glucose, Those dists
having amine acids ennanced tumor growth even in the rresence of marked
weight loss, In this study the amiro acid content of the diet appeared
to be the nutriticral stimulus for tumor growth, independent of general

nutritional status,

‘ra—ur-w ?

Relation of weight change to diet (51)

I.V. diet Change in body welght
g
5% amino zcids - +27 £ 11
30% glucose
5% amino acids - 1% g
no gluecos-~
5% glucose - =41 T3

no amino acids

Daly et al. (82) evaluated the effects of oral and intravenous
nutritlornal repletion on tumor growth and host immunocompetence in
malnourished rats., Sixty adult purified rrotein derivative positive
3uffalo rats, inoculated with Morris hepatome 5123, were fed a regular

dlet for 14 days and then were switched to a high carsohydrate, protein-
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fres diet for 14 days. Then they were divided into three zroups: group
1 recelved an intravenous diet of 25% dextrose and 4,25% amino acids,
group 2 was fed the regular oral protein diet ad 1itditum, ard group 3
remained on the oral protein-free diet, The average weizhti gain or loss
for groups 1, 2, and 3 were +14 gm,., =17 gm., ard -23 gm., respectivaly,
Intravenous hyperalimentation resulted in significant bedy weight zain
and a =light tul not significant increase in atsclute tumor weigh®t when
ccmpared with rats fed the regular oral protein diet., The tumor weight:bedy
welght ratlos were unchanged by any of the three dietary regimes used
following protein depletion, Neither IVH nor regular diet stimulated
tumor growth out of proportion to host nutritional repletion., Although
the absolute tumor size did increase in the nutritionally repleted rats
compared to the rats on the protein free diet, the repleted rats were
much stronger and healihier and would be predicted to betier tolerate
antineoplastic therapy.

Cell cycle specific drugs such as 5-flucrouracil have the most
effect in rapidly dividing tissues, Therefore Copeland st al, (80)
hypothesized that if nutriiional support co:ld induce an increase in the
growth fraction of tumors, it might be possible to optimize the use of
cell-cycle specific chemotherapeutic agents,

Failure of Progressive Nutritional Supoort to Produca Significant Results

HMuch concern recently has been expressed at the fallure of many of
the previously mentioned studies to identify those components of outcome
that can be attribtuted to nutrition per se versus what should be

atiributed ‘o the disease process or to convenilonal forms of antineoplastic



therapy (83). Ia fact, not all studles azree with the sositive

results of azgressive nutritional support that have been previously
mentioned, Jordan et al (84) studied 55 patients with advanced adenocar-
clnoma of the lung wno recelved chemotherapy ireatzment. Twenty-four
recelved no IVH, 19 received siaultaneocus IVH beginning on day 1 and
continuing through the first courss of treatment (median 25 days), and

22 received pre-chemotherapy IVE beginning 10 days prior to ireatment

and continuing through the first course {zedian 35 days). There were

no significant differences in survival among the three treatment groups,
Survival was prolonged in patients with less than &% prs-treatment welzht
loss, in patients who were responding to treatment and in patients with
stable disease, Five of 16 responding patients remained alive for greater
than or equal to 18 months, Protectlon from chemotherapy-induced
gastrolntestinal and heratolegic toxic effects by IVH was minimal, The
researchers concliuded that the routine use of IVH as an adjunct to chemo-
therapy in patlents with adenocarcizcma of the lung does not appear to

be justifiable., Findings, similar to those of Jordan et 2l, (34) on the
effects of IVE and chemotherapy in patlents with stage 2 testicular cancer,
were reported by Samuels et al. (Z25),

Mutritional Repletion Frotlems Reported

Slean et al. (B6) sugzested that nutriiional outcome is linked more
directly with the state of disease than it is to the cancer therapy or
to the type of nutrltional support. They described several cases where
malnourished patlents who were receivinz total parernteral rutritionz
exparienced welgnht loss, a decrease in total oroiein and albumin and

finally death,
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Nixon e+ al, (87) tock serur protein (altumin), creaiinine/height
ratio and anthropometiric measurements of 15 underncurisned patients with
advanced cancer and of 10 noncancer undernourished controls during IVH,
Intravenously-fed cancer patients showed significantly less improvemsnt
than the noncancerous centrols in body weight, albumin, creatinine/heignt
raticy, and nid-arm muscle area (table 3), In contrast tricevs skinfold
measurements were similar for the two groups, Nitrogen retention was
similar in the cancer and noncancer patients, Ttut the cancer group
retained significantly less magnesium and phosphorous, These findings
indicated a partial block in repletion of lean body mass or abnormal
composition of newly deposited lean body mass when undernourished patients

with advanced cancer receive hyperalimentation,

TABLE 8

Responses 1o hyperalimentation in
cancerous vs, noncancercus patients (87)

Wt, gain Albumin Creat./ Midarm Triceps
height
Kg g/dl % of standard
Noncancer 8.9 0.5 10 I 8
Cancer 5 0.1 4 4 10

Provlems and Critleism of Nutritional Suvport Progranms

In a panel repert from a Naticnal Institutes of Health (NIX) workshop
On cancer, the controversy abont the actuzl merits of nutritioral supnort

for patients undergoing diffarent types of oncological treatment was
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discussed (88), One problem in evaluating the success of nutritional
support that was pointed out was the fact ihat in the serlously ill
cancer patient, nuiritional support is rarely the only modality of treat-
ment, Therefore to distingulsh between effects or different treatments
has been difficult and perhaps not accurate, Ths panel memters agreed
that the anorexla that accompanies malignancles can be reversed by
successful cncologlcal therapy and that anorexia due to malnuirition should
respond to nutritional support. However, very few studies have separated
these two components,

Recommendations for Tuturs Research

The members of the NIH workshop panel on cancer (88) made various
research recommendations for the future, They recognized a need for
rigorous studies to distinguish the effects of nutrlitional support on
lean tissue repleilon versus simple supplezmentaticn of btedy fat stores,

In addition, they agreed that studles of the offects of nutriiional support
siould concentrate more on Tunctional indices of wellbeing of the host at
the cellnlar, tissue, organ, and whnole body levels, They recommended

that long-tern studies of the effects of nutritiornal support should
distinguish vetween tWwo types of paiients: 1) pailents in whom malnutrition
1s established at the time of presentation and 2) patients in whom there

is no nutritional deficit at the time of presentation, tut in whom a
nutritional deficit can be expected as a result of antineoplastic therapy.
The effects of nutritional surport on iolerance and efficacy c¢f therapy
should be examined, especially in the second group., Finally, the panel
emphasized the need for long range studies witn careful documentation of the
characteristics of the patient, his “umor, and his therapy at each follow-up

assessment,
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SUMMARY

Nutritional status of the cancer patient is negatively affected by
a varlety of factors, The malignancy zay have detrimental effects such
as anorexia with early satiety or changes in tasie. Increased uoittier
and decreased salt and sweet taste sensitivity have been noted in some
cancer patlents, An ilncreased metabolic expenditure was demonstrated in
many cancer patients with resulting welgnt loss and tissue wasting,
Altered gluccse and aaino acld metabollsm has teen attrituted to tha cancer
state althcugh mechanisms for these metabolic changes are not clearly
understood,

Chemotherapy as a cancer treatment, utilizes drugs that have specific
inhititory action in healthy as well as malignant cells, Chemotherareutic
drugs, classifled according to their source and mode of acticn in the
cell, include alkylating agents, antimetabolites, antibiotics, and plant
alkaleids, Some side effects of chemotherapy which decrease food intake
and deteriorate nuiritional status include nausea and vomiting, stomatitls,
constipation, diarrhea, and zaste changes, CQCther efifects include bone
aarrow depression, megaloblastic anemla, liver, pancreas. and xidney
dysfunction, fever, chills, electrolyte imbtalance, and central nervous
systea disorders.

Aggresazlve nutritional support via intravenous hyperalimentation of
nuitritionally depleted cancer patients has been shown 1n some patients ‘o
improve nutritional status, increase resvonse to drugs and prevent weight
loss, Other studies have indicated that intravenous hyperalimenzation

does not improve the patlent's response rate or protect <he patient frem



toxic side 2ffects of the drugs, Nutriiional cutccme was linked more
directly with the state of disease than to the cancer therapy or the
nutritional support.

Futurs recommendations include long range studies with carerul

documentaticon of ihe characteristics of the patient, his tumor, and his

therapy at each follow-up assessment,
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Nutritional status of the cancer ratlent is negatively affected by
a variety of factors. The malignancy may have detrimental effects such
as anorexia with early satlety or changes in taste., Increased bitter
and decreased salt and sweet taste sensitivity have bteen noted in some
cancer patlents, An lncreased metabclic expenditure was demonstrated in
many cancer patients with resuliing weight loss and tissue wasting,
Altered glucose and amino acld metabolism has been atirituted to the cancer
state although mechanisms for these metabolic changes are not clearly
understocd,

Chemotherapy as a cancer treatment, utilizes drugs that have specific
irhibtl tory action in healthy as well as malignant cells, Chemotherapeutlc
drugs, classified according to their source ard mode of actlon in the
cell, include alkylating agents, antimetabolites, antitotics, and plant
alkalokds, Some side effects of chemotherapy which decrease fcod intake
and detericrate nutritional status Ilnclude rnauseg and vomiting, stematitls,
constipation, diarrhea, and taste changes, Other effects include tone
marrow depressicn, megaloblastic anemia, liver, pancreas, and kidney
dysfunction, fever, chills, electrolyte imbalance, and central ne. . ous
system disorders,

Aggressive nutritional support via intravenous hyperalimentation of
nutritionally depleted cancer patients has been shown in some patlents to
improve nutriticnal status, increase response to drugs and pravent welght
loss, OQther studies have indicated that intravenous hyperalimentation
does not imrrove the patient's response rate or protect the patient frem

toxic side effects of the drugs, uiriticnal outcome was linked more



directly with the state of disease than tc the cancer therapy or the
nutritional suppert.

Future recommendations include lorng range studies with careful
documentation of the characteristics of the patlent, his tumor, and

his therapy at =2ach fsollow-up assessment,



