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PREFACE

The work presented ir¡ th'is thesis was undertaken whilst the author

waswork'ing,fìrstasOncologyRegistrar'thenasRousselResearch

Fellow,.in the Department of cl'inic Oncology, universìty of Glasgow'

between February, 1978 and March, l9Bl. The cl'inical studies were

undertaken on patients managed at Gartnavel General Hospita]' Great

f,lestern Road, Glasgow, under the care of Professor K'C' Calman' Head Of

theDepartmentofClinicalOncoìogy,Un.iversityofGlasgow.

The studies form-ing the thesis are presented as they were planned,

namely'aSaseriesofseparatebut.inter-relatedc]in.icalprojectsw.ith

a common theme related to investigating the frequency and nature of the

malnutr.ition often seen as a complicat'ion of mal'ignant disease and

examiningposs.iblereasonsfortheseabnormalities.Thethesìsis

divided -into four sect'ions: l. an introductory rev'iew of cancer

cachexia;z.clinica]studiesonthenutrit.ionalabnormalit.ies.incancer

patients and the effects of enteral nutritional support; 3' studies on

aspects of protein metabolìsm'in malnc¡urished cancer pat'ients (am'ino acìd

prof ì I es , al bumi n metabol i sm and p'l asma exchange as an i nvesti gat'ional

method) and finaìly; 4' a concluding discussjon of the thesis results'

Th.is approach has, of necessity, meant some repetition but this has been

kept to a minimu¡n.

A large number of individuals have been ìnvolved'in helping with the

many aspects of this thesis. I am'indebted to them aìl' especially the

manypatientswhoenduredamu]titudeofinvest,igationswithout

comp'la.int. Patients gave verbal ìnformed consent for each study'
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.in th.is thes.is. The number of co-authors of these pubì'icat'ions g'ives an

indìcation of the many people involved. The extent to which others were

involved in indìvidual projects is detailed in the acknowledgements'

J.M. TROTTER,

Royal Perth HosPitaì.

1987.
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ABSTRACT

A series of Studies +,0 evaluate the nutritional and metabolic

abnormalities and role of nutrit'ional support in malnourished cancer

patients have demonstrated the following: l. In an ortcology outpatìent

populat.ion, anorexia'is the commonest symptom and the one that concerns

pat-ientsthemost.z.D'ietaryrecal'lhìstorieshavearole'indetecting

potent.i a1 nutri ti onal def i ci enci es i n cancer pat'ients and reveal that

ìnadequate diets are very common. 3. The paìatability of ora'l ìiquid

d-ietary supplements differ between cancer patients and control groups and

thepreferencesofind.ividualpatìentsneedcons.iderat.ionwhenprovid.ing

d.ietary advice. 4. The taste thresholds for salt and bitter basic taste

sensat.ions were s'ignif i cantly el evated i n cancer pat'ients ' such

abnormal ì ti es pl ay a rol e 'in taste pref erences. 5 ' Mul t'i p1e

abnormal 'i t'i es of anthropometr.ic and bi ochemi cal tests of nutrit'i onal

status are present'in cancer pat'ients with we'ight loss but there are poor

correlations between the anthropometric and b'iochemical data' 6'

Enteral nutriti onal support 'in mal nouri shed cancer pati ents usua]ly

faiIed to reverse the nutritional deficits even 'if positive nitrogen

balancewasachieved.Th.isìsunlikethesyndromeofpure

protein-energy malnutrition and consistent with the concept of a

hypercatabolicstateassoc.iatedwithmal.ignancy.T.Theplasma

concentratìonofC-react.iveprote.inWaSfrequentlyelevated.in

malnourishedcancerpatients,suggest'inganassociatedacutephase

response . B. Ami no aci d anaìys'i s i n mal nouri shed cancer pat'i ents

suggests there are three groups of cancer patients - (a) those w'ith an

acute on chronic catabolic state (h'igh branched chain am'ino acids); (b)

ñâF^\, m¡lnutrilion (low branched-cha'i n
a norma I f'e5PUll5e t'v Pr vue r rr er¡e¡ JJ
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ami no aci ds ) and (c ) a hypercatabol'ic response (norma'l or h'igh branch

cha'in ami no aci ds ) . 9. Studi es of al bum'in metabol i sm i n cancer al so

suggested cancer patients may be hypo or hyper-catabolic in response to

we.ight loss as ev'idenced by high or low fractional catabolìc rates of

album.in. In addit'ion, one of the causes of hypoalbuminaemia in cancer

ìs a redistribut'ion of album'in to the extravascular space' ll ' It 'is

postulated that host or tumour derived products might be the cause of the

increase in catabolic rate ìn cancer patients and that plasma exchange

may help to demonstrate the presence of such substances' Prel'iminary

studies with pìasma exchange are discussed'
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STATEMENT

The author declares that th'is thesis conta'ins no material wh'ich has

been accepted for the award of any other degree or d'ipìoma in any

University and that, to the best of my know'ledge and belìef' the thesis

contains no nraterial prev'ious'ly pub'lished or written by another Person

except where due reference is made'in the text of the thesjs' The

author consents to the thes'is being made available for photocopying and

loan if app l'icable 'if accepted for the award of the degree'

J.M. TROTTER

22. E. 87
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Ga.ilRa.ines(principally),S.Ca.ine,S.Gordon.SeamusCainealso

anaìysedtheureasynthesisdata.Inaddition,detailsofthe

methodology of the albumin studies and analysis of results were prov'ided

byG.Ra'ines,J.Bell,B'ClarkandG'McLaughlin'Prof'J'l^l'T'

D-ickerson provided the suggest'ion to evaluate ha'ir root profiles and
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SECTION i

"The small bones of his nose, the jawbone

and the sharp chinbone beh'ind his po'inted

beard were al ì cl early v'isi bl e ' Hi s ears

had thinned and become no more than

flat pìeces of cartilage' He had only

to dry uP a bit more and turn a little

blacker and he'd be a mummY'"

Al exander Sol zhen'itsYn

Cancer hlard ( 1 968 )

I

I
li
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SECTION I

LITERATURE REVIEI^I

STUDIES OF THE NUT RITIONAL AND METABOLI C ABNORMALITI ES IN CANCER

INTRODUCTION

The associat1on of we.ight loss and wasting of body t'issues w'ith

cancerhasbeenknownforthousandsofyears.H.ippocrateswasawareof

the association of we'ight loss with ìllness and of the morb'idity of

mal nutri ti on:

"If the convalescent ga'in not strength'

notw'ithstand'ing that he eats welf it

shows unfavourablY. "

Hippocrates - APhorisms'

. Mal'ignant d'isease ìs a frequent cause of malnutrit'ion'in the western

world. The resultant malnutrition is a common cause of morbidity and

mortalìty in cancer patients. Indeed, Warren (1932) suggested that

malnutritionwasthecommonestcauseofdeathfromcancer.After

analysis of over 500 autopsies of cancer patìents, 22% were cons'idered by

I^larren to have died as a result of malnutrit'ion' It might be noted'

however, that hl'ilks (1868) fa'iled to be convinced that cachex'ia was a

feature of malìgnant d'isease after analysis of 2000 autopsies' Th'is

belief was held by many for at least 50 years (uw'ing 1922)' strain

(1979)reviewedthereported.incidenceofcachex.iabyvariousauthorsand

the range was 8% lo 84%. Interpretation of this data is d'iffìcult due

CS de ree of weìght loss and other
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nutrìtior¡al variables. There 'is now general agreement that a cachectic

syndrome frequently occurs wjth malignant disease but there ìs

corrtroverSy aS to whether ìt'is unique'in any way, whether it'is

reVerS'ible and,'if so, whetherit'is benefic'ial to correct the

abnormal 'i t'i es .

l4al nut¡it j on 'in the cancer pati ent 'is often cal I ed cancer cachexi a,

a term which has been used to denote a combination of progressjve

wasbing of body tiSSues, anorex'ia, marked asthenia, and anaemia (Costa

1977a). These sìgnS and SymptonìS are, however, common to all forms of

establ i shecl prote'i n-energy mal nutrit'i on but unl i ke uncompl i cated

prote.i n-energy ( P. E . ) mal nutri ti on , 'increased basal energy expend'iture i s

a common feature of the wastìng syndrome wh'ich accompan'ies malìgnant

disease. Some authors included the increase in the metabolic rate 'in

their defìn'it'ion of cancer cachex'ia (Waterhouse et al l95l )' The rìse

-in metabolic rate.is in excess of that expected for the nutrit'ional state

of the .ind.ividual . Th'is dist'inction between "cancer cachex'ia" and

uncomp'lìcated P.E. malnutrition is important. The studies wh'ich form

th.i s thes-i s attempt to def i ne the nutri ti onal and metabol'ic abnormal'it'ies

of cancer patients w'ith a wasting syndrome'

METABOL I C ABNORMALITIES IN CANCER

The metabofic problems of cancer cachex'ia have been the subject of a

number of reviews (M'ider l95l; Fenninger and M'ider 1954; Costa 1963'

Costa 1g77, Theolog'ides 1970, Stra'in 1979, Heber et al 1986, Jeevanandam

et al 1984, Burt et al 1984, Brennan and Burt l98l , t'laterhouse l98l ).

Desp.Íte the wealth of published work, the pathogenes'is of cancer cachex'ia

remains obscure. Abnormalities of carbohydrate, fat and protein

metabolism are all described in assocìat'ion with malignant disease' as

well as an increase in BMR and basal energy expend'iture.
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Brennan1lg77)d.iscussesthedifferencesbetweenuncomplicated

starvat'i on and cancer cachexi a and concl udes: " ' ' ' the tumour-beari ng

host seems less well adapted to respond to an added insult of starvation

than the non-tumour bearing host. The non-tumour-bearing host has

clearly defìned mechan.isms to corlserve lean tissue mass and to preserve

total body prote'in. The tumour-bearing host seems less well able to

uti I i ze these I ean ti ssue conserv'ing mechan'isms and to decrease

gluconeogenesìs from prote'in stores in the presence of host starvation'

Thi s resul ts 'i n on-goi ttg I ean ti ssue mass destructi on ' These aspects 'i n

a tumour-bearing host are'invarìabìy compounded by a decrease'in'intake

and a var.iable decrease in effic'ient util'isation of ingested nutrient'"

ENERGY METABOLISI4

Increased energy consumpt'ion in cancer was described by Pettenkofer

and voit in .l869. They found'increased nocturnal c0, Production and 0t

consumpt'ion i n a pati ent wi th I eukaemi a. They deduced that I eukaem'ic

patìents were unable to reduce oxygen demand but fajled to suggest that

this might have been due to a hypermetabolic state'induced by the

ma'ì i gnancY.

f,,lallersteìner (1914) studied energy metabolism in 33 cancer

patients. He measured oxygen and carbon diox'ide exchange at rest and

d.iscovered that f.ive of the pat'ients had a very h'igh metabolic rate'

F.ifteen pat'ients had an elevated metabolic rate (greater than 30

k.cal/kg/day) but two patients had reduced metabolic rates' These

latter pat'ients were the best nourished of ajl the patients' In one

pati ent, surgi cal exci s'ion of the tumour caused a f al I 'i n basal metabol i c

rate which ìncreased aga'in on recurrence of the tumour' Apart from th'is

study, there are few reports of lowered metabolic rates in cancer

patì ents .
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In 1917, Murphy, l4eans and Aub reviewed prev'ious studies of energy

metabolìsm in'leukaem'ic pat'ients and found that alì reported elevated

basal metabolic rates. subsequent studies confirmed these find'ings' arrd

also extended thenr to include other mal'ignanc'ies.

lijaterhouse, Fenni nger and Keutmann ( l95l ) reported on n'itrogen

balance and calorìe expencliture in a group of eight patients wìth

extensive metastatic cancer. lilith forced oral feeding, a pos'itive

n.itrogen balance could be establ'ished'in all pat'ients despite a pre-study

negat.ive calc¡ric balance and weight loss in most of the patients' The

ab.ilitytodeliverlargeorald.ietsinth.iSgroupofpatients'is

surprising. Effect'ive therapy reversed the negative caloric balance in

two patìents, but one, and possibìy both of these rece'ived ant'i-tumour

therapydurìngthestudyperiod.Thesedatawereinterpretedas

imp'ly'ing that tumours may act as "nitrogen traps" ' a concept wh'ich

Fenn.inger and M'ider (1954) had proposed after study'ing the effects of

tumours on carcass weight ìn experimental animals' The same group had

a'lso reported loss of body fat during tumour growth of transplanted

Ì,Jalker 256 carcinoma in a rat model . The fat loss was greater than in

control animals wh.ich were age, sex matched and on comparable diets'

This was interpreted as mean'ing that the tumour had increased the energy

expenditure of the host'

'ther 
Iìterature alsc¡ confirms the frequent occurrence of an

.increased rest-ing metabol'ic rate and energy expendìture in cancer

patients (l,larnoìd, Lundholm and Schersten 1978, M'ider l95l ' waterhouse

and Kemperman ]97ì, I,Jaterhouse l98l ). The study by vJarnoìd et al

clearly showed an elevated daily energy expenditure and resting metaboìic

rate in a group of cancer pat'ients with we'ight ìoss when compared w'ith a

control group. In one pat'ient, a return to normal levels of food 'intake

and energy expenditure were noted follow'in9 curatìve surgery'
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Lactate'is normally formed by resting adults ìn amounts of about

20 G da'ily. The main source is blood cells. tt'lost of this is

re-synthesised to glucose v'ia the "cori cycle". Increased corj cycle

actìVity has been noted in cancer pat'ients' and because th'is process

requìres energy ìt has been proposed as a cause for the ìncreased energy

expend'iture of cancer patients (Fenn'inger and Mider 1954; Gold 
.l974) 

'

Holroyde et al (1975) have shown that this jncreased lactate product'ion

occurs only i n cancer pat'ients w'ith progressi ve wei ght l oss ' Young

og77) , however, refutes Gold's claim that increased cori cycle activ'ity

is a sign.ificant energy draìn and suggests that only 10% of daily energy

expend'iture cart be accounted for by thìS process. He provides evidence

that protein turnover is more important 'in increas'ing the energy

expenditure because it probably accounts for up to 50% of the energy

required for basal metabol'ism (see also p.45 and Figure ì'3, p'46)'

No hormonal alterations have been cons'istently demonstrated which

might account for these metabolic abnormalities except for those tumours

whìch excrete ectop'ic hormones. It is possìble that chron'ic mild

elevatìons of cort.icosteroids and adrenal medulìary hormones might be

i nvol ved.

Tumour-deri ved products (d'i scussed I ater ) m'ight be responsi bl e '

Alterat'ions in oxidative phosphorylat'ion might result from the production

of such substances and an elevation of ox'idat'ive phosphorylation has been

shown to occur w'ith several tumour types in an'imals but not substant'iated

w j th other tumour I'ines (Stra'in 'l979 
) . Waterhouse and Kemperman ( l97l )

studi.o l4co, production after glucose l4c und palmitate-l-l4c injectìon

.in cancer pat'ients. They showed that oxi dati ve metabol'ism was normal i n

cancer patients'in the resting state but that after a glucose load

"normal metabolic adjustments Were Severely limited"' They concluded in

contrad.istinction to many stud'ies that the patìent wìth metabolic disease
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retains h.is fasted state of oxidative metabolism regardless of injected

nutrient and that glucose is dìrected toward synthet'ic rather than

oxidative channels. 0n1y clne patìent raas severely under we'ight which

might account for these results'

l4ore recently Dempsey et al (1984) studied energy expenditure in

rnal nouri shed gastro-'i ntest'inal cancer pati ents and descri bed ' on the

basis of resting energy expend'iture measurements, three groups of cancer

pat.ients: hypo-, normo- and hypermetabolic. They considered that the

pr.imarytumoursjtewaspr.incipalìyrespons.iblefortheenergy

expendìture. These results support the conclusions drawn from the

studi es that f ormed the bas'i s of thi s thes'i s '

NITROGEN AND PROTEiN METABOLISM I N THE CANCER PATIENT

Nitrogen metabolism'in the cancer patìent also has a long history of

.invest.igatìon.InlBB9,Mül.lerdeterm.inedthetotaln.itrogenexcret.ion

of e.ight cancer patients and compared this w'ith a control group of four

women who had negfigible food'intake, Two of the cancer group excreted

no more n'itrogen than the control group but all others had excessive

nitrogen loss. Indeed, one patient with a metastatic carc'inoma of the

pen.is rema.ined'in negat'ive n'itrogen balance despite a daily intake of 2lG

n-itrogen and 3067 K.cal. MOst of these patients, however' were febrile'

which suggests that at least part of the catabo'l'ic responses may have

been .induced by 'infection. These data were 'interpreted by many as

ìmplying that degenerating or infected tumours produce toxic destruct'ion

of prote-in t'issues . 0thelinvesti gators provi ded f urther data 'in

support of th'i s cl a'im '

There were, however, opponents to the theory of tumour-induced toxic

destruct'i on . Wal I erstei ner (l 9l 4 ) stud'ied I 2 pat'ients wi th advanced

cancer and concluded that 7 were ìn nitrogen balance or in pos'it'ive
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bal ance. In those pat'ients who were 'in pos'iti ve ba'lance he concl uded -

that the reason was nitrogen retention by tunrour, a concept supported by

l4ider some 35 years later. In the early 1950s many workers corroborated

these results, reporting nitrogen retention by pat'ients wjth advanced

neoplastic disease, particularly'if nutr.itional support was prov'ided

(Fenn.inger et a1 (1953) and waterhouse et al (195.l ) ).

Theassociationofnegatìvenitrogenbalanceandincreasedrnetabol'ic

demand in cancer patients was therefore first suggested'in the last

century. published data.in the first half of th'is century'lent support

to these findings.

Abnormal i tì es of protei n metabol 'i sm have usual'ly been exam'ined by

measuring n'itrogen balance, eìther.in tumour-bearing anima]s or cancer

pati ents . Desp'i te the probl ems i nherent i n thi s approach (d'i scussed i n

the section on The Assessment of Nutritional status), much of the present

understand'ing of th'is subject was the result of such early work by Mìder'

Fenn'inger, hlaterhouse and others '

Watkin (.l961) found that "normal subjects and those ill with

chronic-¡on-neoplastic diseases stored n'itrogen when fed an adequate diet

in a metabol'ic study unit; however, patients with actìve neopìastic

disease demonstrated n.itrogen equiì'ibrium, pos'itive n'itrogen balance or

negativenitrogenba]ance,..Hededucedthathighproteinandcalorie

dietaryintakedur.ingact.ivetumourgrowth,and.inthepresenceofan

alreadyh.ighproteinturnover'maymereìy,increaseenergyandprotein

metabol 'i sm wi thout ì ncreasi ng net n'i trogen retent'ion ' I n addi ti on '

n.itrogen retention of the tumour in tllalker 256 carc'ino-sarcoma bearing

rats may exceed the dietary nìtrogen'intake of the host (Mider 1951)'

To expla.in thìs phenomenon, M.ider proposed the ,'n.itrogen trap'' therapy

which postuìated that tumours utilised host prote'in nitrogen for their

own autonomic growth.
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Labelled amino-acid uptake of tumours was subsequently stud'ied by

l,j j seman and Ghadi al ly ( 
.l958) 

i n vi tro who concl uded that neopl asti c cel I s

took up required am'ino acids more avidly than normal liver cells'

Norton et al (1980) confirmed this work in humans by measuring the am'ino

acid d.ifferences 'in the venous dra'inage frorn r¡ormal l'imbs and limbs

bear.ing sarcomas. Tumour-bearìng lìmbs released less than half the

amount of am'ino ac'ids compared with the normal limb'

Other abnormalitìes of proteìn metabol'ism have been described

relating to album'in, urea and whole body prote'in. These are discussed

in section III. In genera'l , a greater prote'in turnover than that

expected for the nutrìt'ional state of the cancer bearing host has been

descr.ibed (Burt et al .¡984, 
Carmìchael et al l9BO, Brennan and Burt l98l'

Emery et al .l984). There would seem little doubt that abnormal protein

metabolìsm frequently occurs in the cancer host and ìs detrimental to

survival. It seems unlikely that such events may in fact be beneficial

to the host'in the'long term but the concept that cachexia'is a host

defence mechanism has been recently proposed (Murray and Murray 1980)'

Indeed, tumour necros'is factor (see above) is consistent with thìs

hypothes.i s sì nce TNF (cachecti n ) 'i s produced by the host '
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THE CAUSES OF MALNUT RITION IN CANCER

For extreme d'iseases extreme

methods of cure are most suitable" " '

When a person 'is recoverì ng from a

d'isease, has a good appetìte' but h'is

body weìght does not improve in condition'

it 'is a bad symptom hle must cons'ider'

'in which cases food is to be given once

or twice a day, and 'in greater or smalier

quantì t'ies , and at 'i nterval s '

H'iPPocrabes '

I NTRODUCT I ON

There are many causes of malnutrition ìn malignant disease (Table

l.l)andtherecent.increaseduseofcytotoxicandcomb.irredmoda.lity

therapy have added further to the probìem. One of the biggest problems

facing the clinical oncologist and cancer nutrition'ist'is to what extent

each variable is contrìbuting to malnutrit'ion in an indìvidual patient'

Attempt.ing to d'ivorce the nutfiitional s'ide effects of treatment from

those of the pri mary d'i sease 'i s of ten di f f icul t '

Thenutrit.ionalcomplicationsofcancerandthe.ircauseshavebeen

reviewed by a number of authors (schein et al 1975' Costa and Donaldson

1g7g, Sh.ils 1g77b, Heber et al 1986, Brennan and Burt 
.|98], 

I,'laterhouse

lggl, Jeevanandam et al 1984). Many of the causes of malnutrit'ion in

Tab]e].lareselfexpìanatory.Anorexia,tasteabnormalitiesand

cancercachexiaw.illbed.iscussed.indeta.ilastheyareparticuìar.ly
. ihoci c,

re'levant to the cl'ini cal stuol es wrI I urr lvlr¡l vrr¡Y



TABLE I . I

_t8_

Causes of malnutrition in Cancer

I . Tumour-induced Malnutrition

cancer cachexi a

anorex'ia

taste abnormal i ti es

bowel obstruct'ion

fi stul ae

mal absorpti on

protein-losing enteropathY

depressi on

pai n

mechan'ical obstruction to gut

2. Treatment-induced Malnutrition

(a) Surgery

0ropharynx - taste abnormal'it'ies, chew'ing

and swalìowìng probìems.

Oesophageaì - vagotomy effects, fìstuìae.

Gastrectomy - dump'ing syndrome, malabsorption.

intestinal resection - blind loop syndrome'

short bowel sYndrome.

Pancreatectomy - exocrine secret'ion deficiency

Partial hepatectomy - hypoalbum'inaemia

(b ) Rad'iotherapY

Concomi tant - mucos'iti s

xerostomi a

taste abnormal'iti es

nausea, vomiting

anorexl a

rad'i at'ion enteri t'i s

di arrhoea
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TABLE l.l cont'inued.

Subsequent - enteritis

xerostom'ia

taste abnormal i ti es

dental probl ems

(c) Cytotoxic chemotheraPy

anorexi a

nausea, vomiting

mucosi ti s

taste abnclrmal ì ti es

di arrhoea

const'ipat'ion

rna'l absorpt'ion

paralyt'ic 'il eus

radi ati on " sens'it'i sers "

psychol ogi cal
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AI.IOREX I A

A mort'if ì ed aPPet'ite i s never

a wi se compani on.

R.L. Slevenson

A Chri stmas Sermon

Anorexìa (poor appetìte) iS orte of the commonest symptoms in cancer

patients. Its severity does rrot always reflect the exient of d'isease

but .its prevaì ence usual 1y i ncreases as tumour bul k i ncreases. Anorex'ia

may be largeìy resporrs'ible for the wasting syndrome of cancer' Irtdeed'

the anorexia may be so profound that even the sight of food causes

nausea. The senses of taste ancl smell are essent'ial parts of the normal

apprec.iation of food, and both are important for normal appet'ite' Poor

presentat'ion of food (a not uncommon problem in hospìtals) may etthance

anorexi a.

The causes of anorex'ia are listed 'in Table 
.l.2 (Trotter and calman

l98l).Iatrogen.iccausesofanorexjaarecommon.Inadd.ition'

anx-iety, depressìon and paìn rnay exacerbate underlyìng anorexia and the

contrìbution of these problems often tends to be underestìmated'

Appetite requl at i on i n heal th and 'in cancer

The pathophys'iology of anorex'ia has been revìewed by Dewys (1977)

and recent'ly by Bernsteìn (1986), von Meyenfelt and Soeters (1986) and

Garattini et al (.l980). Appet'ite is controlìed princ'ipalìy at the

levelofthehypothaìamus.Foodintake.isgovernedbytwo

catechol amì ne-med'i ated mechani sms : (ì ) al pha-adrenergi c (vi a the nred'ial

hypothaì amus ) wh'ich i ncreases f eed'i ng behav'iour and ('i i ) beta-adrenergi c

and dopaminergic (v'ia the antero-lateral hypothalamus) which reduce

feed.ing behavi our. The I ateral hypothaì amus 'is 'innervated by adrenergi c
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TABLEl.2CausesofAnorexia.inMa'l.ignantDìsease.

Tumour Induced

( a) Metabol i c

ntaf i gnant cachexi a

taste abnormal 'iti es

" anorect'i c PePt'i des "

am'ino aci d abnormal 'iti es

hormclne abnormal 'iti es

(b ) Mechan'ical

gastric stasis

del aYed gastrì c emPtY'ing

bowel obstructi on

?. Therapy Induced

(a) Cytotox'i c chemotheraPy

Radi otherapY

Surgery - head and neck

thorac'ic

abdomi nal

0ther drugs - antibiotics

anal ges'ics

tranqu'illisers

al ì oPuri noì

(c)

(d)

3. Psychogenic - anxietY

depress'ion

pai n

(b)

Modif.ied from Trotter and calman l98la (see Append'ix vII).
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pathways from the rîidbrain. Drug control of appetìte usual]y 'is

medìated by these central pathways. For exarnple, amphetam'ines exert an

anorectic actìon by stimulating the beta-adrenergic pathways' It is

poss.ible that the stress of ilIness causes anorexia by the same

mechan'ism.

Barret(1978)andBooth(1978)haveemphasizedthe.importanceofthe

dopamìnergic systeni'in appet'ite suppression' Antagon'ists of

5-hydroxytryptam'ine (5-HT) such as methyserg'ide, cyproheptadine and

pizotifen have all been shown to iflcrease appetite and,'in expeflimental

an'imals, to block the anorexic effect of fenfluramine (an appetite

suppressant).

Krause et al (.l979) studied brain tryptophan metabol'ism in young'

anorectic rats bearing the walker 256 carc'ino-sarcoma and reported that

brain tryptophan, braìn 5-HIAA and plasma free tryptophan were h'ighelin

tumour-bearingratsthaninpa.irfedcontrolrats.Theauthors

suggestedthatalteredbraintryptophanmayberesponsibleforthe

anorex.ia of tumour-bearing an'imals, and therefore be a cause of the

anorexìa-cachexia syndrome. Further studies are needed to establish a

causal relat'ionsh'ip but the results prov'ide further just'ification for

stud.ies of the role of serotonin antagonìsts in reversing the anorexia of

cancer.

Sensoryìnput,suchass.ight,taste,smellandfoodtemperatureare

.important appetite regu'lators, and the oral st'imulation by food causes an

.increase .in sal.iva and gastric secretìons (Detlys 1977, N'ielsen et al

.l980). Peripheral neurones at other sites may also be important in

---^::+^ -n¡rr,lrtìnn frnm other sites. such as the autonomic innervation
oPPçUlve rrrvqu¡ev

of the I i ver . The v'isceral sensing effects of food may,'in addit'ion' be

volumetr.ic,osmoticorchem.icalinorìgin(Navifl,D.l976).
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The 'influence of these factors rnay be largely leartted (Booth l97B)'

Indecd, Bernsteìn (l9Bl and l986) suggests that learrìed fot¡d avers'ions

riiaycotttributetocarrcercachex.ia.Experìenced.ictateswhat

appearances, flavourS, textures and after-effects of food are tcl be

sought or avoì ded . chem'i cal compos i ti on of f ood i s al so 'importan b '

For examp'le, rats w'ill reject d'iets wh'ich are deficient 'in an essenrial

am'ino acid, and carbohydraLe-r'ich foods are preferred to low carbohydrabe

foods when rats or humans are hungry (Bcioth .l978)' These findìngs imp'ly

that the types of food eaten also affects appetite and may explain'irr

par.u why, as w'iII be described Ia[er, cancer patients who have anorex-ia

and easy satiety prefer savoury foods or less sweet foods than they would

normal lY eat.

Appetiternaybepartlyregulatedbytheamountofheatreleasedfrom

both the metabol.ism of food and 'its "specific dynamìc actìon", 'i 'e' the

.increase .in oxygen consumpt'ion f ol I owi ng i ngesti on of f ood ' Th'i s

,,thermostatìc hypothesis" ìs purported to explain anorex'ia in fever and

the st.imulation of appetite'in tumour-bearing animals exposed to cold

(Stephenson et al 1963)'

Sensors for plasma FFA (free fatty acids) and glyceroì' are bel'ieved

tomed.iatesatiety(Kennedyl953,Oomural976).Neuronestothe

ventro-med'ial hypothalamus and lateral hypothaìamus are sensitive to the

I ocal app'l 'i cat'i on of FFA (0omura I 976 ) '

Plasmaarninoacidsareoftenderangedinmalnutritionand

abrrorma].itìes'intheplasmaaminogramhavebeendescrìbedìncancer

patients (see section III). It is possible that these changes

contri bute to anorexi a 'in cancer patì ents s'i nce the concentrat'i on and

pattern of arn'ino ac'ids in the blood is involved in appetite regulatìon

(Mel I i nkoff et al 1956) '
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l4any hormones jnfluence appetite. There is I'ittle data' however'

on the effect of hormonal abnormalìties on appetìte'in cancer patients'

Three pancreat'ic hormones may produce effects on food intake - insul'in'

glucagon and pancreat.ic polypeptide (PP). It is well krrown that

parenteral 'insul i n can cause 'increased fc¡od i ntake and ' 'in the l onger

term, obesìty. Glucose intolerance and peripheral insul'in resistance

are found in up to 50% of patients with malignant dìsease (Lundholm'

Holm, Schersten l97B; Holroyde et al 1975; Schein et al 1979) ' Since

insul.in is the major anabolic hormone (essential for prote'in synthesis

and ensuri ng bi oavai I abi I ì ty of amj no aci ds ) these abnormal 'it'ies may

contribute to mal nutri t'ion '

G]ucagon injected into humans causes reduced food intake (Schulman

1957).Pancreat.icpolypeptide(PP)maypìayarole.intheregulat.ionof

food.intake and several stud'ies have suggested that'ii can contribute to

obesity (BraY .l978).

pat'ients .

These hormones have not been stud'ied 'in cancer

The following intestinal hormones are involved in the modulat'ion of

f ood .intake: gastrin, secret'in , chol ecystoki n'i n , vasoact'ive i ntest'inal

po'lypeptide (\/IP), enteroglucagon, prote'l in and gastrointest'inal

'inh'ibitingpoìypeptide(GIP)'somatostatìn'neurotensìnand

thyrotrophin-releasìng hormone (TRH) may also be important'in appetìte

control and have been found'in tissues other than the hypothaìamus

(including intestine and pancreas) (Aray l97B). Once again' 'it would

appear that these hormones have not been studied ìn cancer patients in

rel ati on to anorex'i a and mal nutrit'ion '

in humans, GH tends to rise'in fast'ing and PEM (Turner .|978) but the

changes in malìgnancy have not been documented' It could be rewarding

to study GH in more deta-il because of its act'ion'in promoting'l'ipolys'is'

n I ncreased in the cancer patient (Costa
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1977a). Somatomed'in c leve.ls fall in PEM, probably due to resistance to

GH. The increase'in GH in PEt'{ may be due to a lack of somatomedìn C

feedback on the pituitary/hypothalamus'

Cort'isol levels are elevated ìn the acute phases of PEM and this is

the result of irrcreased adrenal gland mass, whìch in turn ìs probab'ly the

result of increased ACTH production by the p'itu'itary' W'ith more chronic

protein restriction, adrenaì size decreases (Fleck .|978) 
' Cort'ico-

steroids are potent catabolic hormones and rnay play a sìgnjficant role'in

the pathogenesi s of cancer cachex'ia, as wel I as contri but'ing to the

.insulin resistance ment'ioned above. Hyperactiv'ity of the adrenal g'land

.in cancer patients has been reported (Theolog'ides 1974, Begg ì958)'

cort.isol does , however, 'increase hepat'ic al bumi n and f ibrinogen synthesì s

(l,tiller and Griffen 1975). An effect of physio'logical levels of

cortisol on appet'ite'is not described'in humans nor clearly demonstrated

.in an.imals, except in special circumstances (for exampìe' cushing's

syndrome). However, castrat'ion in lean rats can cause an 'increase 'in

body we.ight and food intake wh1ch is abol'ished by adrenalectomy (Bray

r97B).

Both thyr<¡xi ne and tr.i 'iodothyron'i ne, the pri nc'i pa'l thyroi d hormones '

cause an-increased food intake'if elevated and a fall in food'intake if

reduced (Bray l97B). However, there are inverse changes wìth metabolic

rate such that a low serum T3 protects aga'inst catabolism in chron'ic

i I I ness.

Gonadal hormones, both androgens and oestrogens, increase prote'in

synthesis. Androgens are thought to have direct effect upon muscle

metabol'ism, whereas oestrogens are thought to exert their act'ion by

'increasing insulin and growth hormone concentrat'ions (Buttery et al

lgTg). Diethylstilboestrol has been shown to reduce the p]asma

concentration of both the essent'ial and non-essent'ial am'ino ac'ids in
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steers (0ltien et, al 1973). Rao 0g72, Personal commurricat'iorr 1978) has

shownthatlungcancerpatientswhoexcre.belowlevelsofthe

(princìpal1y adrenal ) horinones androsterone, etiocholaf¡olorre,

l7 oxo-sIeroids and l7-hydroxycort'icc¡'ids have a poor orlc year survival

when compared to hìgh excretors. Pre-operative and post-operative urine

speci mens were compared 'in pa'u'ients undergoi ng I ung resectì on as part of

the.ir management. The reason for these changes is not clear but they

may refìect nutritìonal changes and bhese in turn, extent of the disease'

Progesterone irr rodents causes a dose-related 'increase in food

i ntake and th'is i s both l ean body ti ssue and adi pose t'issue ' Oestrogen

has the opposìte effects. The weight ga'in of castrated lean animals can

be abol .i shed by admi n'i sterì ng oestrogen (or by adrenal ectomy wh'ich

removes a source of progesterone) ' (Bray 1978)

TASTE ABNORMALITI ES IN CANCER PATIENTS

When the bel I s iostl e 'in the tower

The hollow night amid

Then on iny tottgue the taste 'is sour

0f all I ever did.

A.E. Housman

Collected Poems (.l939)'

Addi t'ional Poems 9.

Deldys and r¡,Jal ters (l 975 ) demonstrated abnormal i ti es of taste 'in a

s.ignificant number of cancer patìents. Pat'ients who complained of

abnormal or reduced taste usually had an elevated threshold to sucrose

compared w'ith controls, and also a reduced threshold t'o urea (bìtter)'

The threshold they used was defined as the "taste recogn'it'ion threshold"'

.i .e. the concefttrat'ion of solution (salt, acid, sweet c¡r bìtter) at wh'ich
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the subject recc.rgrrised the basic taste serisatìon under test. The

concentrat.ion of solution at which "someth'ing" could be detected,'che

"detect'ion threshr-,,1d" Was r¡ot fourtd to be usef ul ' The I owered ur=a

threshol d may expl a'in the avers'iort to red meats experienced by sotne

cancer patients. Gallagher and Tweedle (1983) have publ'ished sjmilar

resul bs.

In another study, Hall et al (19S0) studied 90 pat'ients in 3 groups:

gastro-'intestìrral carìcer, benìgn gestro-intesiinal djse'ise arrd rlu

clinical evidence of d'isease. They, too' reported a lower threshold for

urea (bjtter) in the cancer pat'ients compared with the other groups'

However, lnl.illiams and cohen (.l978) found a lowered recogn'ition threshold

for sour but not for sweet or b'itter'

Carson and Gorm'ican l977) discovered that cancer patients receivìng

5-F.U. (5-fluorouracil) chemotherapy had decreased salt and sweet

serìs.iti vi ty. cl early thi s var.i ati on i n reports betweerl vari ous authors

i s dif f .icul t to 'i nterpret but some poss'ibl e reasons are the eff ect of

chemotherapy, of nu'brit'ional status and tumour type and bulk' The

resul ts of these studi eS do, however, cl ear'ly demorrstrate that many

cancer pat.ients have tas'Le abnormal 'i ti es wh'ich need to be taken i ntcr

acCount when assessi trg the causes c;f anoreXi a 'in cancer pati ents and

provi d'ing di etet'ic advi ce .

Taste changes i n cancer pat'ients may al so af f ect the pal atab'i I i ty of

oral f oods and oral nutri t'ional suppl ements ' Testi ng pal atab'if ity of

foodstuffs provides a more direct assessment of food acceptance by the

cancer patient than assessing taste by the methods ment'ioned above

because taste 'is ìnfluenced by the appearance, aroma, bexture and

temperature of the food. Indeed,'loss of smelì may be one of the

corffnonest causes of loss of taste (Editorial .l976).

¡
ii

þ
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cancer pati ents often have dì ff i cul ty 'in chewi ng sol'id f oods because

of xerostomia, vleakness and mucositis. A nunrber of commercial l'iquid

f ood preparati ons are avai I abl e f or he1 p ì n prov'id'ing hi gh prote'in, hi qh

carbohydrate nutritìonal supplenents. DeWys and Herbst ¡917 ) reported

that di etary suppì erneiits whi ch conta'i ned free am'i no aci ds ( i ' e ' el emental

d.iets)asthepr.incipalnìtrogenSourcewereratedpoorlybypatients

when asked to comment on the'ir palatab'if ity. M'ilk-based products fared

best wìth whole prote'in sem'i-synthet'ic scoring better than the free am'ino

acid low fat supplements ("elemental d'iets")' Comparison of these data

with the taste tests described earl'ier led the authors to conclude that

pat.ients w'ith low urea thresholds were more likely to rate products

poorly. The range of average scores for products was broader for the

controls than the cancer pat'ients wh'ich suggested a restrictìon of food

preferences may have been operative in the pat'ients'

THE PATHOGENESIS OF CANCER CACHEXIA

The precise pathogenesis of cancer cachexia remains obscure but 'is

l.ikely to be mult'ifactorial (e.g. metabol'ic d'isturbances' tox'ins' tumour

or host metabol'ites). Although cancer cachexia has certain similarities

to other pathoì og'ica1 states (e.g . the catabol'i sm of acute trauma) ' there

are d.iff erences . Abnormal i t'ies of carbohydrate, 1 ì p'id and protei n

metabolism have all been described and have been d'iscussed above' The

causes of these abnormalities have for long been postulated to be due to

substances produced by tumours or by the host which alter host metabolism

(Trotter et al 1981b; Theologides 
.|976). This not a new concept' It

arose'in part because'invest'igators found it hard to expìain how small

tumours could produce severe metabolic derangement 'in the host w'ithout

postulat.ing the elaboration by the tumour of "toxins" or "chemical

med.iators,'. some tumours do produce substances which can be read'ily

I
!,i

i

!



-t
tqÏ

-?9-

assayed .in the plasma, e.9. ectopic hormones. The anaetnia of rnalignant

disease has been attributed in part to such "tumour toxjns" (Jepson

1g7Ð"Feverìsnotuncommonlyfoundinpatientswithadvanced

ntal-ignant disease and it'is not a]ways caused by'infection' The best

known examp'le'is the fever which develops'in some patìents with Hodgk'in's

d.isease and non-Hodgk'in's lymphorna. Aì though endogenous l eucocyte

pyrogens or aetiocholanolone (Molavi .l970) 
may be responsìble for the

fever th.is is not proven and it m'ight result frotn the secret'ion of

metabol .icaì 1y act'i ve substances by the tumour. Pati ents w'ith these

ma]'ignancies who have either a fever or a signìficant loss of we'ight have

in addition an abnormality of collagen metabol'ism expressed as a

pathol ogì caì 1y 'i ncreased excreti on of hydroxyprol 'ine (Nehl aw'i et al

1979).Explorationofthero]eofplasmaexchangeasan.invest.igat.ive

and therapeutic modalìty in th'is situation, it was considered' m'ight

prove rewarding. Indeed, a triaì of plasma exchange in a patient with

Hodgkin,s disease provìded temporary relief of pruritus and night sweats

(Shaw, Trotter, Calman 1980)'

In add'iti on to the above, a number of authors have purported to have

-isolated specìfic tumour toxins wh'ich could affect host metabolism (costa

lg63; Israel et al 1977; Jepson and vas 1974). "Toxohormone" is

probab'ly the best known of these toxins and has been shown to depress

hepatic catalase in v'ivo (Nakahara and Fukuoka 1949)' cell-free

extracts of tumours have been shown to have metabolic effects on the

l'iver in mice (Jones et al 1968)' In this model' reductions in

acetyl-CoA and citrate were desc¡ibed' There 'is therefore increasing

evìdence for the existence of tumour derived (and perhaps host-derived)

substances which alter host metabolism'

It.isposs.iblethatanorexia,oneofthecomponentsofcancer
^^ k^ 'i"|"¡a¡l hrr motahnlit'es released by the tumour or

t
I
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host. These metabol'ites may also alter host metabolism' Theologides

(1974 , 1g76) proposed that "peptides, oligopeptides and other small

metabolites,,might be the cause of anorex'ia in the cancer-bearing host by

exertingbothaperipheraleffectonneuroendocr.inecellsand

neuroreceptors and a direct effect on hypothalamic and other central

nervous sYstem cells.

More recentìy, tumour necrosis factor has been ìsolated and shown to

produce a wast'ing syndrome in cattle not unlike the cachectic syndrome of

cancer in man (Beutler et al (1985), Kawakami and Cerami (198.|)' Carswell

et al (1975), Editorials 1985 a, b). This finding'is the strongest lead

yet as to at least one of the presumed causes of cachexia' and is

d'iscussed further in Section IV'

r
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NORMAL NUTRITI0N: F00 D ABSORPTION AND METABOLISM

And what can we exPect

'if we haven't anY dinner

But to lose our teeth and eYelashes

and keep orr growing thìnner?

Edward Lear.

I NTRODUCT I ON

A balanced and adequate supply of carbohydrate, fats (lipids)'

protein, vìtamins and mjnerals'is necessary for the maintenance of body

homeostas'i s and the prevent'ion of def icì ency states ' The nutri t'ional

needs of individual substances can vary widely, not only by norma'l

physiologicaì variation, but also by a multitude of patho'log'ica] states'

Nutrit.ional requirements vary wìth age' sex, occupat'ion and cl'imate'

ïhey.increase at times of stress, such as trauma and surgery. Malignant

dìsease can alter host metabolisrn and nutrit'ional requ'irements 'in a

variety of ways. Abnormal'ities of carbohydrate, fat' protein, mineral

and v j tam'i n metabol 'i sm have al I been descri bed i n carlcer pat'ients '

Anormaldietcontainsaboullz%prote.in,42%faluand46%

carbohydrate. A Un'ited States senate Select comm'ittee on Nutrition and

Human Needs (McGovern Report) in 1977 suggested opt'ima11y that fat intake

should reduce to 30% and carbohydrate increase to 58% (compris'ing 43%

starches and onl y 15% of the more highìy refined sugars) ' Protein

i ntake shoul d rema'in the same '

Meat,m.ilk,eggsandfìshsupplyprote'inofh.ighbioìogicvalue.

Cereals and wholemeal breads are a rich source of d'ietary fibre and

carbohydrate whiìst vegetables and fruit provide add'itional fibre pìus

m.ineral s and vi tam.i ns . Soya bean and yeast contai n hi gh b'io'log'ic val ue

^-^rai^ rnrt ¡an hp crrhst-it-¡ted fOf OrOtein SOUTCeS Of animal Ofig'i n'
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NORMAL DIETARY REQUIREMENTS

Prote'i n

Dietary prote'in 'is essential as the source of am'ino acids' sotne

proteins are of less b'icllogic value to man than others because of their

i nf er.ior amì no aci d compositi on. Most of these prote'ins are deri ved

from pìant sources. Egg protein is considered to have an optjmal

proteì n content and i s gi ven a chenli cal score of 100. Gl'iadi n, a

prote'in of wheat,'is deficient ìn]ys'ine and has a low chemical score as

a consequence. Gelat'in 'is another def ic'ient protein; 'it lacks valine'

tyros.ine and tryptophan w'ith cystine present 'in on'ly small amourrts'

The amount of dietary protein requ'ired to mainta'in n'itrogen balance

was shown by chittenden (1907) to be as low as 25 grams of prote'in of

high biologica] value. Th'is was much less than the ll8 grams suggested

by voit (]866) in his studies on German labourers in the latter part of

the N'i neteenth century. l^J'ith an ordì nary mi xed di et , chi ttenden cl a'imed

that 40 to 50 grams of proteìn from mixed sources was sufficient for the

" average" 70 k'i l ogram man '

Nitrogen balance studies have shown that total n'itrogen losses for a

70 k.ilogram male 'in the steady state (that ìs, no weight ga'in on a

constant diet) averages about 5'2 grams per day' Faecal nitrogen loss

averages.l.0gramperdayprovidingthere.isnodiarrhoeaor

protein-losìng enteropathy. small additional losses of nitrogen occur

v.ia desquamated skin, na'il clippings, hair loss, exhaled breath' sweat

and tears. urinary nitrogen is princ'ipally urea but the proportìon of

urea falls on a low prote'in d'iet. Nitrogen balance studies' however'

tend to underestimate nitrogen losses (Isaksson and Sjogren, 
.l967)' 

0ne

gram of nitrogen is derived from approx'imately 6.25 grams of protein so

that a prote'in loss of 30 to 40 grams for a 70 kilogram man per day ìs

n rmal 'indi v j dual variat'ion, f or I ess than
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.ì00% utilization and for a mixed protein diet, normal allowance

recommended 'i s 0.8 grams per k'i l ogran per day. I n catabol i c states ,

requ'irements may be higher and to provide for a margin of safety' one

gram per kilogram body weight per day of protein is recommended (Food and

Nutr.it.ion Board I 980 , Thomas S. and corden M. 1977 ) .

Those am-i no aci ds essent'i al f or normal growth are I 'ì sted 'in Tabl e

1.3. Arginìne'is essential for the growth of rats, but not humans'

l4eth.ion-ine i s essent'ial for nor¡naì growth and al though cysti ne can

provide up to one-s'ixth of methionìne requìrements, this is not

sufficient during t'imes of active growth or tissue repair' Plant

proteìns tend to be lower in tryptophan, ìys'ine and methionine content

than ani mal prote'i ns, and are of ten I ess read'i ly di gesti bl e ' However '

appropriate comb'inations of various vegetabìe proteins will prevent any

deficiencies from occurring. Such combinations of proteins, however'

must be made'in the same meal because there is no storage facility for

amino ac'ids 'in the bodY.

Carbohydrate

carbohydrate 'is not an essential source of energy but caloric

requ.irements can be cheapìy met using thìs energy sourcÈ. In addition'

hìgh fat, hìgh protein diets are probably not nutritionally optimal'

carbohydrate usually provides between 50 to 60% of the calories of most

western diets. Eskimos have a much greater proport'ion of fat to

carbohydrate and the As'ian farmer a hìgh proportion of carbohydrate with

very low fat intake. Low carbohydrate diets tend to cause ketonuria

because of the mobi I 'i zat'ion of f at stores (see bel ow) . Di etary

carbohydrate provides about 4 k'ilocalorìes per gram and 'intake should
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Lysì ne

Tryptophan

Hi sti di ne

Phenyl al ani ne

Leuc ì ne

I sol euc'i ne

Val i ne

Meth'ion'ine
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TABLE I.3 ESSINTIAL AM]NO ACIDS

* Not essent'ial i n man

** Essent'ial i n chi I dren, not adul ts.

+ Cystìne can spare Methionine but

onìy by about one-s'ixth. Meth'ionine

i s es sent'i al f or growth .

Threoni ne

**

+
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exceed 75 grams per day to avoid ketonuria. Adaptatìon to ketos'is can'

of course, occur and the ketos'is may resolve after several weeks of

carbohydrate restri cti on.

Fat

Fat i s ì mportant 'in ai di ng the absorpt'ion of the f at sol ubl e

vìtamins - v'itanrins A, D, E and K. Increased loss of these vitamins can

occur in the presence of steatorrhoea. Fat provìdes a source of

arachidonic and l'inole'ic acids wh'ich are essential fo|infant growth arrd

aS precursors of lhe prostaglandins. Essential fatty acid deficiency 'is

probably rare in the adult but has been reported followìng long term

f at-f ree parenteral nutri ti on. Fats 'i ncrease the pa'l atab'i I'i ty of f ood

and are an excellerrt caloric source, l gram of fat providing 9

k.ilocalories of energy. Fat usual'ly const'itutes 40-45% of the energy

value of a tJestern diet, but this is farin excess of that necessary for

heal th .

DIGESTION AND ABSORPTI ON OF PROTEIN, CARBO HYDRATE AND FAT

Prote'in

Endogenous protein derived from gastric, b'iìiary' pancreat'ic and

i ntest.inal secreti ons .i s added to dì etary (exogenous ) protei n i n the gut '

Endogenous prote'in amounts to 25 to 200 gram per day (s1e'isenger and K'im

¡ì979).Mostdigestedproteinisabsorbedintheproximaljejunum'some

beìng absorbed'in the ileum (Silk .1980). Endogenous protein may be

absorbed in the colon. Protein digest'ion commences in the stomach where

denaturation occurs by ac'id and pepsin releasing princ'ipally large

polypeptides. collagen requ'ires digestion by pepsin in the acid pH of

the stomach. pancreat'ic proteolyt'ic enzymes (tryps'in, chymotryps'in and

carboxypolypept'idase) further hydrolyze the large polypept'ides to small

pol ypept'ides and ami no ac'ids i n the duodenum. I n add'iti on , 'i ntestr na t
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brush border and cytoplasm'ic intestinal mucosal amjno oligopeptìdases are

f ound i n the .intesti nal contents and, part'icuì ar'ly i n the 'il eum, may have

a role ìn hydroìysing pept'ides in the gu*" lumen. The end result of

proteolys.is is the formation of free anl'ino acids (one third) and small

pepti des of 2-6 ami no aci d res'idues .

Amino acjd transport occurs, l'ike glucose. by an active mechanism

wh'ich 'is dependant on a sod'ium i on gradi ent across the brush border of

the epìthelial cell (wiseman 1953). Free amino ac'ids are absorbed by at

least three group-spec'if ic carrier systems - (l) acidic am'ino acids' Q)

neutral am'ino acids, (3) dibasic am'ino acids'

In add'ition to the transport of free amino ac'ids, there is now

strong evidence to support the idea that pept'ides are absorbed' This'is

not a new theory. Physì ol og'i sts 'in the I ate n'ineteenth century bel ì eved

that polypept'ide absorpt'ion occurred but th'is theory lost ground when

free amino ac'ids were discovered in the intestinal contents' The

,,classical ther:ry" of prote'in absorption was born. Experiments in the

1950s demonstrated the abil'ity of some d'ipept'ides to pass across the

ìntestinal mucosa. Subsequently craft et al ('l968) demonstrated that

pept-ides not on'ly have a separate transport system from amino acids but

one wh'ich is more efficient. Other studies have since confirmed these

f .indi ngs , establ ì shi ng that transport of both d'ipepti des and tripept'ides

occurs. These find'ings are of clinical importance because they suggest

that oral prote'in hydrolysates and whole protein d'iets may be superior to

am.ino acid solutions for enteral nutritional support provìd'ing the gut'is

'intact (Trotter and Calman l98l ) (Append'ix VII )'

Carbohydrate

Almost all carbohydrates are absorbed as monosaccha¡ides' A very

smallpercentageofd.isaccharjdesareabsorbed.Absorptionof
ts
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transport is coupled to sugar transport jn such a way that movement of

sodium across the celI ntembrane uses a carrier to whìch g'lucose aìso

binds. In this way, energy expended 'in transportìng sodium allows

glucose to be moved jnto the cell w'ithout any additional expenditure of

energy.

Starches are hydrolysed to maltose and isomaltose by the enzymes

ptyalin ìn saliva and pancreatic amyìase. The maltose is then converted

to g'lucose by i ntest'inal mal tase and i somal tase. Lactose i s converted

to ga'lactose and g'lucose by lactase. Sucrose is converted to fructose

and glucose by sucrase. These enzymes are s'ituated 'in the intest'inal

brush border m'icrovilli where they convert any disaccharides into

monosacchari des 'immed'i ately pri or to absorpti on. Lactose def i c'iency can

occur as an acquired defect in the malnourished patient and results'in

the accumul at-i on of I actose wh'ich , 'i n turn, cau ses f I atul ence, abdomi nal

crarnps and di arrhoea.

L'ip'i ds

Most fat digestion occurs 'in the small jntestine by pancreat'ic

ì'ipase with less than 1% digested in the stomach by gastrìc'l'ipase'

B.ile salts emuls'ify the d'ietary fat and by the'ir detergent action break

the fat down'into small enough particles to allow efficient enzyme

activity. Pancreatic f ipase breaks fat into monoglyce¡ides' fatty acids

and glycerol. Bile salts help remove monoglycerides and free fatty

acìds by form'ing mjcelles. Because of the revers'ible nature of

tri glyceri de hydrolys'is , removaì of the products of hydrolys'is 'i s

important otherwise further fat digestion would be blocked' Micelles'

composed of between twenty and fifty moìecules of bìle salt, have a

central core of fat ìn which the free fatty acjds and monogìycerides

become trapped. The free fatty acids and monogìycerides are then
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transported to the 'intestinal epithef ium where they are absorbed

releasing the micelles into the gut lumen to repeat the process.

Monogìycerides and fatty acids, beìng fat soluble, diffuse through

the epìthel ial cel I membrane. 0nce jnside the epithel ial cel l, the

monoglycenides are further hydrolysed to gìycerol and fatty ac'ids by an

ep'ithe1 ì al cel I ì ì pase. Tri g'lyceri'des are then re-synthes'ized f rom the

fatty acids and formed ìnto globules together w'ith cholesterol,

phosphol ì p'ids and coated w'ith beta-l ì poprote'in. These gl obuì es

(chylom'icrons) are then extruded from the cells and enter the lymphatics

through wh'ich they pass'into the venous system via the thoracic duct.

NUTRITiON AND FOOD ABSORPTION IN CANCER

I am convinced digestìon is the great secret of life.

Reverend Si dneY Sm'ith.

Normal assimilation of foodstuffs is dependent on an 'intact gut.

The widespread use of enteral nutrit'ion jn the cancer pat'ient'impìies the

knowledge that the gut is intact and function'ing normal1y. There have,

however, been a number of reports that cancer, radiotherapy and cytotoxic

drugs can all interfere with intestinal structure and function. Th'is

top'ic has been revìewed by Shaw, Spector and Ladman (.l979) who conclude

that some patients may develop malabsorpt'ive problems due to mal'ignancy

but that these effects are much more likely to occur folìow'ing

chemotherapy or abdom'inal radiotherapy. For these reasons, patients

entered'into studies in this thesjs were not to have had chemotherapy

w'ith'in 3 weeks of study and no h'istory of abdominal rad'iotherapy.

Al though th'i s does not necessari ìy excl ude pers'i sti ng mal absorpt'ive

problems induced by previous chemotherapy, three weeks was cons'idered of

sufficient duration to allow adequate recovery of any cytotoxic-induced
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cellular damage. There ìs lìttle evidence that in the rnaiority of

cancer patients, the absorptive capacìty of the gut is signjficantly

comprom.ised except perhaps where major portions of the gut have been

resected or where endocri ne pancreat'ic i nsuff i c'iency ex'i sts '

Some degree of small'intestinal villous atrophy is common in PEM

(Jameslg77)andsimilarf.indingsincancer(Stuart1979;Shilsl977b)

may s-imilarly reflect malnutrìtjon. In some tumours there is a clear

association wìth malabsorption and primary gut lymphoma frequentìy

co-exists with subtotal villous atrophy. Lymphoma should be cons'idered

.if the dì agnosi s of adul t coel 'i ac di sease i s bei ng contempl ated ( schei n

et al 1975; Shils .l977b).

NORMAL METABOLISM OF PROTEIN, FAT AND CARBOHYDRATE

0verv'i ew

All organ'isms require energy for homeostasis and growth' Energy is

made available by the ut.il.izat'ion of fuel whìch'is prov'ided by food'

Energyformostmetabol.icprocesses.isprov.idedbytheh.ighenergy

phosphate bond wh'ich i s predom'inantly produced 'in the mi tochondri a '

Glucose'is the ma]n substrate for energy product'ion'in man although both

am.i no aci ds (f rom prote'i n ) and keto aci ds and f atty aci ds (f rom I i p'id )

can be utilized as energy sources. Energy production is triggered by

the presence of ADP and energy Storage by the accumulat'ion of ATP'

Acety'l coA, which is the major m'itochondrial energy source' is

formed from the breakdown of carbohydrates, fatty acids, keto acids and a

number of amino ac1ds. Acety'l coA enters the t.icarboxylic ac'id (TcA)

cyclefortheultimateproduct.ionofh.ighenergyphosphatebonds.ATP

thus generated has a ìarge number of uses which include the ma'intenance

of electro.lyte gradients across cell membranes, the main energy source

for muscle contraction and the synthesis of storage compounds (for
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example glycogen, fatty ac.idS). In addìtion, heat is generated to

maìnta.in body temperature, much of which is liberated during the

formation of ATP. The Synthesis of storage compounds is cruc'ial to

surv.ival.Anima]srelyonsuchstoresìntìmesofnutr.itional

deprivat-ion or stress. L'ipid'is the most'important of the energy

stores.Gìycogenstoresamounttobetweenl00andl50gramswhichare

suffìc'ient for only about l2 hours of energy needs' In fact' gìycogen

stores are usually depleted during the usual overnight fast which occurs

durìngsleep.Theenergyva]ueofbothcarbohydrateandprote.inis4

k.ilocalories per gram, that of fat 9 kilocalories per gram' An average

of 12 kilogram of fat in a 70 kiìogram male could therefore suppìy

108,000 kilocalories (447 MJ) of energy'

Protei n Metabol 'i sm

Amino acids der-ived from dietary protein are rapid'ìy removed from

thebloodafterabsorpt.ion,usuallywith'in5tolOm.inutes.Ce]ls

throughout the body take up am'ino acids wh'ich are probab'ly rap'idly

convertedtoprote.inw.ithinthecell.Thereis,inaddìtìon,arapid

turnover of amino acids in the blood and the entire plasma amino acid

pool probably turns over every few hours. Am'ino acids are transported

into cells by facil'itated dìffus'ion or act'ive transport' Am'ino ac'ids

are released from cells after proteìn degradation to replen'ish low serum

concentrati ons .

Plasma concentrations of amino ac'ids are maintained at fa'irly

constantlevelsafteranovernightfast.Hormonesa.idinth.is

regul at'ion . The adrenal corti costero'ids ì ncrease prote'in catabol i sm and

i nsul-in and growth hormone i ncrease protei n synthesi s ' Al bum'in i s an

exceptioninthatadrenalcorticosteroidsseemtoincrease.itssynthes.is.

Other pì asma protei ns i ncl ude the 91 obuf i ns and f ibri nogen ' As wi th the

[-ra r¡anrr r"ani d and
pl asma am'i no ac'i ds, the genesl s oÏ p ldsllrd Pr ur'c I rr vqrr
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the lìver is capable of synthesizing up to 50 grams per day' Large

prote.in I osses such as occur w'ith the nephroti c syndrome, protei n I os'ing

enteropathy or from burns can often be matched by hepat'ic synthes'is' In

addi ti on , there ì s evi dence that pl asma protei ns, i n part'icul ar al bum'i n '

can be used as a source of am-ino acids during malnutrit'ion. whole

proteins are taken up by the retjculo-endothel'ial system where they are

degraded 'i nto am'i no ac'ids . Pl asma al bumì n normal ly has a pì asma ha]f

I i f e of 2l days . Pl asma al bum'in 'i nf used to correct hypoaì bumì naemi a

often has a much shorter half life, due'in part to'its d'igest'ion for use

as a food source. Other reasons for a short p'lasma half life of albumìn

.i ncl ude i ncreased 'l oss , i ncreased catabol i sm and an 'increased

extravascular to'intravascular ratio'

Am.ino acidS 'in excess of body requirements are metabol'ized to

acetoacetate or to products of glucose oxidation. Energy can then be

generated by ox.idation or, alternatively, used to synthes'ize g'lycogen or

fatforstorage.Degradat.ionofaminoacidsoccurspr.inc,ipa.lly.inthe

I .iver and i nvol ves deami nat'ion whi ch rel eases the am'i no groups ' Most of

the ammonia so formed'is converted to urea which'is then excreted by the

kidneys. conversion to urea'involves the urea cycle (Figure 1'1)'

About 20 per cent of urea'is excreted in the b'ile and degraded in the gut

to C0, and NHt;

recycì ed .

the C0 is excreted by the lungs and the ammon'ia is

Deam-inated amìno ac'ids form keto acids wh'ich can be oxidized to

produceenergy.0x.idationoccursviathecitricacidcycìe.The

formation of g'lycogen from amino acid (gluconeogenes'is) and of keto ac'ids

and fatty acids (ketogenes'is) can readily occur from most of the amino

ac-ids (F.igure 1.2). The glycogen and fatty ac'ids can be metabolised for

energy needs as outlined bejow'

2
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FIGURE I . I
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FIGURE I.2

ENERGY PRODUCTION FROM AMINO ACIDS AND LIPIDS
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Carbohyd rate l4etabol i sm

Fructose and galactose absorbed from the gut are converted'in the

l.iver to glucose. Glucose uptake by cells is fac'ilitated by'insulin

whìch is essentìal for ensuring gìucose avaìIabiIity for celIs' In the

absence of i nsul'in, there 'is 'increased I i poìys'is, glycolys'is '

gluconeogenes.isandacetoacetateproductionwhichresultìn

hyperglycaem.ia,prote.inlossandmetabolicacìdosis.These

abnormal.ities are often presenting features of uncontrolled juven'ile

onset d'i abetes mel I i tus .

Glycogen, a branched-chaìn polysaccharide, is formed .in liver and

muscle which contain 100 grams and 250 grams respectively' Gìycogen can

be broken down into glucose by the act'ion of, first, phosphorylase which

forms gìucose -6- phosphate, then by gìucose -6- phosphatase which spìits

the phosphate from the glucose -6- phosphate. Glucose -6- phosphatase

is present only in l'iver cells. The phosphoryìase can be activated by

adrenal i ne or gl ucagon wh'ich 'increase the amount of cel I ul ar cycl i c

adenos'ine monophosphate (cyc1ic AMP) '

Glucose is metabolized by the glycolytic pathway to form pyruv'ic

acid.Thìsprocessgenerates2molesofATPpermoleofglucose.

Pyruvicac.idìsthenconvertedtoacetylCoAwhichentersthecitr.icac.id

cycìe to undergo degradat'ion to carbon dioxide, hydrogen and oxaloacetic

acid.Thìscycleisself-regeneratingandproducesafurthertwo

molecules of ATp as stored energy. The bulk of the energy formed during

oxìdat.ion of gìucose is formed by oxidative phosphorylat'ion of the

hydrogen atoms f ormed duri ng glycoìys'is and the c'itric acid cycìe ' A

further 34 molecules of ATP are formed by ox'idative phosphorylat'ion

mak-ing a total of 38 molecules of ATP per molecule of glucose' control

of gìyco'lysis occurs by the presence or absence of ADP (adenos'ine

Adenos'ine di hos hate 'is requ'ired durì ng glycoìys'is so
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that ATP can be generated. If all the ADP has been used to form ATP'

g.lycoìysìsceasesunt.ilfurtherADPisgeneratedfromATP.

Glucose can also be metabolìzed via the phosphogluconate pathway

(hexosemonophosphate shunt). This pathway 'is inlportant for convers'ion

of carbohYdrate to fat.

In the absence of oxygen, g'ìycolysis can continue (by anaerob'ic

glycoìys.is) but very little energy is produced per molecule of glucose'

Pyruvic ac'id must be converted to lact'ic ac'id'to allow the process to

continue (corì cycle) (rigure 1.3). some workers have shown that there

is an increase in cori cycle act'iv'ity in cancer pat'ients and the

-importance of this as a metabol'ic drain is d'iscussed further below'

Lip id Metabolism

Afterabsorptionfromthegut,lip'idsaretransportedas

chylom.icrons'in the lymph from where they dra'in into the venous blood'

They are rap'idly removed from the blood by'lìver cells and fat cells'

L.ipoprote.in lìpase, present in the cell membrane of fat cells, hydro'lyses

totriglycer.idestog.lyceroìandfattyacìds.Thefattyacidspass.into

the fat cells where they are reformed into triglycerides by combination

wi th gl ycerol . Gl ycerol i s produced w'i th'i n the cel I f rom

gìyceraldehyde, a breakdown product of glucose

Whenfatisrequiredforenergy,thestoredtr.iglycer.idesare

hydrolysed to form fatty acids and glycerol. This process is controlled

by hormone-sensitive trig'lyceride l'ipase. The act'iv'ity of this enzyme

.is ìncreased by adrenaline and noradrenaline and possibly aìso by

glucocort'icoids and growth hormone. Insul'in increases fat storage and

thyroxine increases fat mobilization. Fatty acids are transported 'in

the blood bound to album'in where they are called free fatty ac'ids or

non-esterified fatty ac'ids (FFA or NEFA). The plasma turnover of free

fatty acids 'is verY raP



-46-

FIGUI'{E I .3
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m'inutes. Free f atty ac'id concentrat'ion is kept at f a'i11y constant

I evel s under basal condi t'ions, but i ncreases i n prote'in-energy

mal nutri ti on and di abetes mel I 'itus '

L.ipids are also transported'in the body as lipoproteins, wh'ich are

complexes of prote'in, cholesterol, tr.iglycerides and phospholipids'

Most lipoproteins are formed'in the lìver and are the principal means by

which cholesterol and phospholìp'ids are transported. There are several

classes of lipoprote'ins but these are not discussed further here'

cholesterol and phospho'l'ip'ids are essent'ial for the structuraì ìntegrity

of the cell membrane and of the membranes of the cell organel'les'

The ljver has an'important role'in lìp'id metabol'ism and not only

metabol i zes f atty ac'ids but al so synthes'i zes chol esterol and

phospholipids from fatty ac'ids and synthes'izes triglycerides from

proteins (amino acids) and carbohydrates'

The oxidat'ion of fatty ac'ids occurs in the m'itochondria' They are

transported to the mitochond¡ia w'ith carn'itine acting as a carrier'

Qnce insìde the mitochond¡ia, the fatty acids are converted to acetyl CoA

by ,,beta oxi dat.ion,, . By th'is process, acetyl CoA ì s regenerated each

t.ime a two-carbon segment of fatty ac'id'is oxidized' Ox'idat'ion of the

acety'l coA ìn the citric ac'id cycle and of the hydrogen atoms released

(by oxidatìve pohosphorylation) y'ields a large amount of ATP per fatty

ac'id mol ecul e (Fi gure I .4) .

Much of the acetyl coA produced by the I i ver.is converted to

acetoacet'ic acid by the condensation of two molecules of acetyl CoA'

Most of the acetoacetic acid is converted to B-hydroxybutyric ac'id and

acetone. These "ketone bodìes" are then transported to the peripheral

t.issues. Here, they are reconverted to acetyl CoA for entry 'into the

c.itr-ic ac.id cyc'le for the formation of ATP and energy'

,{t(
t¡

V
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FIGURE I.4

ENERGY PRODUCTION FROM LIPIDS
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BODY COMPOSITION

A 70 kiìogram male of body surface area 1.73 n2 has a total body

water of approximately 43.0 litres, total body fat ll.0 kilogram and

total body prote'i n of l2 .0 k'i I ogram. A 57 k'il ogram f emal e of body

surface area I .60 nZ has a total body water of 29 l'itres, total body fat

17.0 k.i'lograms, total body prote'in 8.0 k'i'lograms (Keele and Ne'il' 1965)'

Although these values vary between indjviduals, they provide a gu'ide to

the body reserves of prote'in and fat. Total body fat varies between 12

to 20 per cent of body we'ight and an estimate can be obta'ined from skin

fold thìckness measurements (discussed below). Body cell mass var.ies

from 35 to 45 per cent of body we'ight (Moore et al' 1963)' Percentage

of body water i ncreases as the percentage of fat decreases '

Lean body mass is the whole body less non-essent'ial or excess

I .ipi ds . The I ean body mass i s rel at'i vely constant, un1 i ke total body

fat wh.ich varies considerably and reduces body density. Specific

gravity is usually substìtuted for density because of its greater ease of

measurement and'is simply the ratio of body we'ight to volume' Body

vol ume 'is readi 1y cal cul ated by water di spl acement us'ing Archimedes'

princ.iple. The measurement of lean body mass can be made using K

anaìysi s or neutron acti vat'ion ana'lys'i s and i f avai I abl e, those

techniques are simpler than the derivat'ion from densitometry'

40

METABOLIC CHAN GES IN STARVATION

Fasti ng 'in excess of 24 hours resul ts i n 'l 'i po'lysi s wh'i ch rel eases

fatty acids for muscle metabolism. Net protein catabol'ism occurs as

.insulìn levels fall with the falìing plasma gìucose' The amino ac'ids

produced from protein are converted to glucose by gluconeogetles'is'in the

I .i ver. In acute starvat'ion, uri nary ni trogen I osses average l2 grams
t
I
I

¡

ivalent to about 75 grams of muscle prote'in or 320

!
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grams of Wet muscle mass per day. If this loss Were to contìnue, 30 per

cent of the total muscle mass would be lost in 20 days' (Brennan 1977)'

Normally, however, adaptat'ion to the use of fat as a maior energy source

occurs and the brain changes to keto ac'ids as'its pr.incìpal source of

energy (the brain ìs responsible for consum'ing 25 to 30 per cent of basal

energy expendìture). U¡inary nitrogen excret'ion falls to 3 to 4 grams

perday.There.isar.iseintheketoac.idsacetoacetateand

B-hydroxybutyrate wh'ich results in a mild metabolic acidosis' These

conservat.ion mechanisms ensure that only about 400 grams of muscle mass

(2 per cent of the total ) is lost 'in 20 days of chron'ic fastìng' Any

majortraumaor,illnessmayresu.lt,however,.inahypercatabolicstate

such that the catabol'ism of protein continues unabated' Marked and

rapid loss of lean body mass results'

Theconsequencesofuncomplicatedprotein-energyma]nutr.itionwere

comprehens'ively stud'ied by Keys et al (1950) 'in one of the most famous of

human metabolic experiments. A group of 32 young adults, a.l1

consc-ientious objectors to war' were housed 'in a football stadium for

per.iods of up to a year and subjected to carefully mon'itored dietary

calor.ic restriction. Instead of their usual average dietary intake of

3490 kilocalories, only 1570 kilocalories were provìded' A loss of 25

per cent body we'ight occurred over t;he 2a weeks of dietary deprivation'

Subjects developed generalized wasting of body t'issues, dry skin'

.increased pì gmentati on, sl ow ha'ir growth and moderate al opecì a ' cuts

healedmoreslowlyandwoundsbledlessfreely.Heattolerances
.increasedbuttherewascold.intolerancew.ithassoc.iatedcoldhandsand

feet. Muscle cramps were frequent, movement became slower' There was

loss of ambit.ion and a narrowing of interests, depression, irritability

and loss of l'ibldo. There were falls'in body wejght, packed cell

volume- blood volume, total plasma prote'in, plasma albumin, pu'lmonary

I

I
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ventilation, basal oxygen consumpt'ion, pulse rate and hand g¡ip strength'

Body weight changes were often mäsked by the development of oedema'

po]yuria and polydipsia were common as were flatulence, colic and

diarrhoea. Basar metabor.ic rate feil by 20 to 40 per cent with a

pers.istent negative nìtrogen balance. Recovery wìth re-feedìng was

often slow. Apathy and lethargy improved rapid'ly but cramps' flatulence

and stomach ache often persìsted for some t'ime or appeared during

rehabi I 'itat'ion . Fat accumul ati on preceded a f eel i ng of wel I -bei ng by

several months.

I

ì

t

I

I
{
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NUTRITIONAL SUPPO RT IN CANCER PATIENTS

I NTRODUCTION

Malnourished patìents should have nutrit'ional support considered as

part of therapeutìc strategy. Johnston (.l981) wrote that ""'no patierrt

with a reasonable chance of response to treatment should ever be asked to

forego h'is true nutrit'ional requirements at any time" '

Nutr.itional support can be prov'ided by either enteral or parenteral

routes (Table 1.4) (Snils 1977, Lee 1g7g, Sm'ith l97B' Cope'land et al

1977, Dudr,ick et al 1977, Kelìy 1986, Torosian and Daly 
.l986, 

Nixr-'n

I 986 ) . Ì¡,lhere the gut 'i s i ntact , most authors agree that enteral

nutr.iti onal support, by oral or tube f eed'ing, i s the most approprì ate '

Parenteral nutritìon should be reserved for those pat'ients 'in whom

gastro-'intest'inal i ntegrity i s comprom'i sed '

Untilrecent.ly,tubefeed.ingwasoftenpoorìyto]eratedduetothe

use of wide bore naso-gastric tubes and bolus feeds' The introduct'ion

of fine-bore (l mm' internal diameter) naso-gastric tubes with continuous

drip feeding has markedìy improved patient tolerance' Enteral nutrit'ion

haslargelyreplacedparenteralnutrit.ionalsupport.inthecancer

pati ent . Parenteral nutri t'ion 'i s st'i I I necessary where nausea and

vomit.ing, gastro-'intestinal obstruction or ma]absorption prevent adequate

nutritional support w'ith oral or tube feeding'

Muchnutr.itionalsupportforthecancerpatientcanbeprov.idedby

the dietitian who'instructs the patient (and spouse'if approprìate) on

su.itable h.igh protein and h.igh energy foods whilst pay'ing particular

attentiontof,lavour,teXtureandpresentat.ion.0ralsuppìementalfeeds

areprovidedwhennecessary.Thereisoften]ittleexperimentat.ion

w.ith d.ifferent foods with'in the home. smaller and more frequent meals

are of ten he'lPf uì .
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TABLE I.4

t4ethods of Nutritional SuPPort.

0ral d'ietary suPP'lements

- whole protein

- defined formula diets

protei n hYdrolYsates

"el emental " di ets

Sof t d'iets

Tube feedi ng

Enterostomy feeding

Peripheral venous supp'lementary feeding

Central venous total parenteral nutrition

Vitamins (4, C, th'iamine, foìate)

M'ineral s (Zn , Mg , Ca )

Electrolytes (Na, K, Cl, P)
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ENTERAL NUTRITION

Tube feedìng is the preferred init'ial approach to nutritional

support once c¡ral 'intake has proven 'inadequate. some cancer patients

are unable to tolerate therapeutìc amounts of tube feeds because of

severe nausea, vom'it'ing or abdominal bloat'ing (Trotter and calman l98l )'

These pat'ients may require parenteral nutritìonal support' as will some

patients undergoìng bowe'l surgery, who have malabsorpt'ion or a shc¡rt

bowel syndrome. In most instances, unless anticancer therapy ìs

contemplated, such intensive support'is not warranted' certa'inly' a

proportionofpat.ientsimprovesignificantìyfollowingvigorous

nutrit'ional support but in the absence of effect'ive anticancer treatnrent

the nutrit'ional response is usualìy short-lived'

Terepka and l.laterhouse (.l956) reported on the effects of forced

feedìng, by ìntubation if necessary,'in a group of nine cancer patients'

Increasesinbodywe,ightwereusualbutwe.ightrapìdlyreturnedto

baseljne values on cessatìon of feeding' The 'increase 'in body weight

was assunted to be due to fluid retent'ion after ana'lysis of bcldy

compartments. This report demonstrated that nutritional supplementat'ion

could .improve anorexia but fa'iled to prov'ide evidence that reta'ined

nitrogen was used for protein synthes'is. In a sub-group of patients'

hostmetabol.icratesandcaloricexpenditurewereaccentuatedby

force-feeding, and'it was suggested that tumour growth might have been

st.inrul ated . Peden , Bond and Maxwel I (1957 ) studì ed f our pati ents w'ith

cancerandcomparedproteinrepletioninducedbyoralnutrìt.ional

supplementsortubefeedswithacontrolgroupoffourmalnour.ished

non-cancer pat'ients. They found that 'increases ìn total c'irculatory

album.inandweightga.inwasgreatestìnnon-cancermalnutrit.ion

suggestìng a fundamental difference'in the metabolic response of the two

groups to nutritìonal suPPort'
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Pareìra et al (1955) addressed the questìons of whether cancer

cachexiawastumour-inducedordues.implytoanorexiaandwhether
,,nutrit.ional rehabìl'itation" of the cachectic cancer patient could be

achieved. sixty-four terminal cancer patients were studied; all were

fedbynaso-gastr.ictubeforanaverageof2ldays.Manybedfast

pat.ients ìmproved sufficiently to enable home care to be re-instituted

f<¡rawh.ile.Improvementinanorex.iawasalmostun.iversalexceptin

thosepatìentswhosurvivedrlomorethanafewweeksafteradmiss.ionto

hosp.itaì. It was concluded that cancer cachexia was due to malnutrition

-induced by anorexia and that hyperal'imentat'ion could break the anorex'ia-

malnutrition cycle. It should be noted that although haenroglobjn

improvedandnitrogenbalanceWasrecordedaspositive'thereWasno

change in p.lasma album'in. It was also recorded that"tumours that were

palpableorvis.ibleseemedtoincrease.ins.izepari-passuw.ithgainin

body we'ight". Tumour s'ize was not measured'

Theseear.lystudiessuggestedthatnutrit.ionalsupportwasof

benefìt to some cancer patients but that for many others the nutritional

rep'let'ion was i nadequate '

Attempts to reverse the malnutrit'ion of mafignant disease gathered

momentum in the late 1970s w'ith the development of su'itable intravenous

solut.ions for feeding and improvement'in the equipment and techn'iques for

central venous parenteral nutrìt'ion' In additiOn' fine-bore nasogastric

tubeshaves.implif.iedtheadminìstrationofenteralfeedstothe

anorectì c Patì ent '

F.ineborenaso-enter.ictubeshaverequiredthedevelopmentof

sui tabl e I ow vi scosi ty I'iqu'id foods '

acceptance, allow more mobilization'

These tubes have high Pat'ient

easier home feeding and reduce both

compl ications and

(Sh'ils 1977).

nurs'ing tinre when compared with parenteral nutri ti on
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Nixon et al (1978) fed ten cachectic cancer patients, most with

gastro--i ntestì nal rna'l 'ignanci es , vi a f ì ne-bore naso-gastric tube and

concluded that it was as successful as parenteral nutrition in improv'ing

Serum al bumi n , tr.iceps ski n-f ol d th.ickness and uri ne creatì ni ne.

However, only five gained rveìght rap'id1y with tube feed'ing alone and

peri pheral parenteral nutrì t'ion was al so utì I 'ized i n three pat'i ents

making ìnterpretat'ion of results diff icult. In a subsequent publ'ication

(Nixon et al lg8l) it was reported that nutritional support'is less

successf ul ì n cancer pat'ients than 'in non-cancer pat'ients ' El emental

bal ances , serum prote'ins , anthropometri cs and creat'i n j ne/hei ght rat'io

were monitored. There were no d'ifferences between enteral or parenteral

nutrì tì on .

Enteral nutritional support for patìents undergo'ing surgery for head

and neck cancer was shown to be useful by Tweedle et al (1979) who

observed a posi t'ive ni trogen bal ance 'in such pati ents ' It shoul d be

emphasi zed, however, that pos'it'ive n'itrogen bal ance does not necessar.i 1y

equate w'ith an i ncrease i n I ean body mass. Neverthel ess ' 
'in pat'ients

respondingtoant.i-neoplast.ictherapy,ithasbeenreportedthatlean

body tissue can be restored as ev'idenced by total body potassium

measurements and nitrogen flux stud'ies (Burt et al l9B4)' These stud'ieS

were on pat'ients w'ith l'inÏited carc'inoma of oesophagus wh'ich studies'in

thisthes.ishavesuggestedaremorelikelytobehypometabolicandto

thereforerespondwelltonutrìtionalrepletion.0therauthorshave

alsosuggestedthatnutrìtionalsupportcanimprovethecachexìaof

cancer (Ballantine et al .l978' Ching et al l97B)'

The'importanceofpatientselect.ionish.ighlightedinastudyby

Elkort et al (.|98]). Twenty-four well nourished breast cancer patients

were gi ven enteral nutrit'ional support duri ng e'ither adiuvant

chemotherapy or chemotherapy for advanced dìsease' Some pat'ients were
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obese. All malnourished patients were excluded' comparison w'ith a

control group eat'ing a free choice d'iet showed no surv'ival advantage for

the nutritiona'lly supported group and a suggesiion that we'ight gain was

assoc.iated with an increased rìsk of recurrent disease and mortalìty'

The ìmportance of advis'ing weight reduction for obese breast cancer

patients is highlighted.

Tubefeedinghastheadvantageofobviatingsomeoftheproblems

assoc.iated w'ith product palatability and even allows the use of the

,'elemental" diet. There'is, however, little evidence of a benefit of

such diets over whole protein foods (Trotter and calman' l98l) (Appendix

7). In fact, silk (.l979) cons'iders that'in many'instances whole prote'in

diets are better than elemental diets because there is strong evidence

that many d'ipept'ides and tripeptìdes are better absorbed than single

amino acids. The beneficia'l versus adverse effects of enteral

nutritional support are listed ìn Table l '5'

PRACTICAL ASPEC TS OF TUBE FEEDING

The methods and berrefits of tube feeding have been reviewed by Lee

(lg7g), Alison et al (.l979) and Fearon and calman (1986)' There are

several types of fine-bore tubes available, some with a we'ighted tip'

others which require a guide w'ire to aid insertion' It is important to

ensure that the t.ip of the tube is pìaced in the stomach (or ieiunum'if

requ.ired) prior to commencement of feed'ing because intubat'ion of the

bronchial tree .is possìbìe. where feas'ib1e, feeds should be g'iven by

continuous dr.ip as th'is mìnimizes bloatìng, refìux and satiety'

patients should be encouraged to eat and drink to supplement the tube

feed. Advantages of naso-enteric feeding over parenteral nutrition are
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TABLE I .5

Effects of Enteral Nutritional Support

Benef i ci al Adverse

Subjecti ve:

Objectì ve:

Incneased weì ì -be'ing

Appeti te

Response rates

lilorbi di ty

Toxi cì ty

Tumour ki netics

Posit'ive nitrogen

bal ance

We'ight ga'i n

Increase adiPose

tí ssue.

Comfort

Aestheti c

Fluid retention

Di arrhoea

Hyperosmo'l a1 i tY

Intubatìon Problems

Stimulate tumour

growth.
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showrì i n Tab'le I .6. Preparati orts contai n'ing l actose are usua'lly

satisfactory but occasìonally cause diarrhoea due to 'uhe relative lactose

deficiency present 'in sofile patients. A change to a non-lactose product

(for example soya-based) vtill usually obvìat.e ih'is problem. Patients

should be encouraged to mobilize as exercise is a potent arrabolic

sti¡nulus. Teaching patients how to administer the'ir own feeds allows

feeding to cont'inue at home although nìght-time admirristrat'ion may not be

feasib.ìe. if problems with gastric retention, refIux or nausea occur'

duodenal or jejunal sìtìng of the tube may obv'iate thenl.

A regu'lar drip fìow is often difficult to achieve by grav'ity alone

and cont'inuous infus'ion pumps des'igned for use w'ith naso-enteric tubes

are nOw available. Most of these pumps are small and mob'ile enough to

enabl e pati ents to rema'i n ambul ant.

Energy intake should approximate 
.l30-150 kiloioules (30-35

kiIocalories) per kilogram body wejght per day. Most cancer patients

w'ill requ'ire at least .l1,000 kjloioules (2,500 k'ilocalories) per day

although many wì.l1 not tolerate the 2.5 to 3 litres of flu'id required to

deliver this amount of food. Attempts to reduce the volume of l'iquid

feed and ma'inta'in calorìc content 'increases the osmolality wh'ich

pred.i sposes to d'i arrhoea. Pat'ients whr.¡se gut has been rested f or

ì engthy per.iods (such as those on I ong term parenteral nutri t'ion ) or who

have had long ternr severe anorexia may requìre diluted feeds in'itially'

Concentration of feeds should be half strength or less ìrrit'ial1y and

'increased to f ul I strength over several days . Pat'ients eat'ing

moderately well will usually tolerate full strength feeds.

A proteìn load of about 1.0 gram per k'ilogram body weight is

normalìy adequate but may need to be escalated'if excess'ive protein loss

.is occurring, for example from a fistula. A nìtrogen:kilocalorie ratio

of between l:200 to l:150 is probably optìmaì in allowjng for full
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TABLE I .6

ADVANTAGES OF TUBE FEEDING OVER PARENTERAL NUTRITION

Ease of admi n'i strat'ion

Econom'ic

Less nursìng time

Better pat'ient accePtabì 1 i tY

Pati ent mobi I ì tY greater

Ease of outpati ent aPP'l ì cati on

Fewer s'ide effects



-61 -

ut'i I i zat'ion of the protei n . The more catabol ì c pati ent may requ'i re a

higher ratio of energy to n'itrogen (Bozetti, 1979) '

Metabol i c abnormal 'iti es 'in pat'i ents on enteral tube f eedì ng can

include hyperg'lycaemìa, hypoglycaem'i a, hypernatraemia, hyperkal aemìa,

hypophosphataem'i a, hypozì ncaemi a and hypomagnesaem'i a (vanl and'ingham et al

l98l). Periodìc evaluatìon for these metabolic abnormalities shoujd be

undertaken .

PARENTERAL NUTRITION

The methods, uses and compfications of parenteral nutrition have

been wel I desc¡i bed (Si I k , Lejberman , Sharott I 978; Smj th 1978; Ausman

and Hardy 1978; Lee 
.l974) 

and on'ly a brief rev'iew is described here'

Although the first'intravenous iniection was given as ìong ago as

1657 when sir christopher v,lren and Robert Boyle gave t'incture of op'ium to

a dog, it took over 300 years for parenteral nutrition to become a viable

proposition. The pioneering work of Dudrick in the late 1960s was a

m'ilestone'in med'icìne and paved the way for the routine introduction of

parenteral nutrit j on 'in cl'ini cal practi ce. Early stud j es cl earìy

demonstrated a reduction'in perì-operative morbidity as a result of the

use of energet'ic parenteral nutritional support. In '1977 Copeland' Daly

and Dudrick reported the results of parenteral nutrition'in four hundred

and six cancer patients who had rece'ived parenteral hypera'l'imentation for

per.iods up to one hundred and forty seven days (average 23'9 days)' In

many (one hundred and seventy-five patients) chemotherapy Was given

concurrentìy w'ith the nutritional support making results difficult to

.interpret. In addition, th'is was not a randomìzed study' However'

weight ga.in was usual (mean 2.5 ki'logranr). A tumour response was

obtained 'in 27.8 per cent of patìents'
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Bl ackburn ¡g77 ) al so descri bed wei ght ga'in i n a sel ected pati ent

populat'ion who had surv'ived at least three weeks of concurrent treatment

(chemotherâpy, radiotherapy or surgery). Patìents receìving enteral

nutrition were not separated from those receiving parenteral nutrit'ion'

improvement 'in the v'isceral proteì ns, al bumi n and transf erri n ' were

recorded al though the ri se i n al bumi n f a'il ed to reach s'ign'if i cance ' A

more recent study has confirmed the safety of parenteral nutrjtion in

cancer patients (Dindogru, l98l) but the overall value remains the

subject of controversy. Indeed, N'ixon (1986) restricts his use of

parenteral nut¡ition to three groups of patients; those with compromised

gut f uncti on , cachecti c pat'ients wjth responsi ve neop'l asms requ'iri ng

nutr.it.ional support and pat'ients stud'ied i n tr.ial sett'i ngs '

BENEFiTS AND PROBLEMS OF NUTRITIONAL SUPPORT

Many have vo'iced concern that tumour growth could be stimu]ated by

nutrit.ional support. some an'imal studies devised to examine this issue

have provided data which suggests that tumour growth can be stimulated by

nutr.it.ional support but the relevance to humans is debatable'

Tannenbaum and Silverstone (1953) reported that tumour growth 'in the

experi mental an'ima l was dependent on nutrit'ional status ' These f i ndi ngs

have been conf.irmed by others (Ota et ar 1917; Lowry et al '1978). 0f

more importance is that most stud'ies suggest that tumour wejght'increases

ari passu w'ith host body wejght. Tumour growth has also been shown to

accel erate when 'in'itì al d'ietary restrict'ion 'i s repl aced wi th an ad-l i b

d.iet. Tumour growth, however, eventually p'lateaus at a level s'im'ilar to

rats fed an ad-l'ib diet commenced at the time of tumour innoculation

(Oaty et al, .l980).

cameron and Rogers (1977) showed in hepatoma-bearing rats treated

p

that eral'imentation improved response rates but
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shortened survival. It 'is possible that the increased response rates

reflected an alteration of tumour k'inetics such that more cells were

recruì ted i nto the cel I cyc1e. A cel I k'ineti c study 'in man ' however '

has reported Iittle ev'idence of increased tr.itiated thymidine uptake by

col on'ic tumours f ol I owi ng several weeks of parenteral nutri t'i on ( Mul I en '

Buzby and Gertner et al,1980). The shortened survival of rats'in the

cameron paper is'important and lends some support to a study by Njxon et

al(1983).inwhichgutcarc.inomapatientsonparenteralnutr.itionand

receiving chemotherapy had a shorter survival than patierrts not receiving

nutritional support but having the same chemotherapy' Although others

have not yet confirmed these find'ings (Brennan (l9Bl) reported no change

in surv'ival in a literature rev'iew), they demand further invest'igatìon'

There have been a number of prospective random'ized trials'in the use

of parentera'l nutrìt'ion as an adjunct to cancer therapy' Most stud'ies

have accrued onìy small numbers of patients mak'ing the results d'ifficult

to .interpret or stati st'ical ly val uel ess. No survi val advantage has been

demonstrated for either enterally or parenteral'ly supported pat'ients

compared with non-nutrit'ional ly supported pat'ients' Amel iorat'ion of

treatment-i nduced tox'ic'ity has been exami ned i n some studi es ' Issel I

(¡l978)hassuggestedareduction.inchemotherapeutictoxic.ityw.ith

parenteral nutrition but Popp (.l982) did not substant'iate thìs claim'

Serrou (1979) reported an improved response to chemotherapy fo]1owìng

nutrit'ional support but a subsequent report was less favourable (Serrou

lggl). valerio (.l978) reported results which failed to demonstrate a

benef.itwithTPNasadjunct.ivetherapywithradiotherapy.

In a comprehensive trial Levine et al (.l982) studied 4? patients

w.ith di ff use h'i sti ocyt'ic ì ymphomas who were treated wi th predni sol one '

high dose methotrexate, adrìamycin, cyclophosphamide and VP-]6-2.|3.

Subseouent consol'idatìon therapy employed n'itrogen mustard' vincrist'ine'
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procarbazine and predn'isolone. Patients were randomized to receive

adjuvant parenteral nutfiition or a standard djet. There was nc)

difference 'in drug tolerance, degree of myeìosuppression or lean body

mass between the groups. Initial nutrit'ional status also made no

d.ifference to the outcome. A second study reported in the same art'icle

examined the use of parenteral nutritjon'in 32 young patients receiv'ing

'i ntensi ve chemotherapy f or metastat'ic sarcomas . Agai n , nutri t'ional

suppìementat'ion produced no berrefit over a control group with respect to

response rates and median survival. There was no suggestìon that

patients had a poorer prognos'is as a result of nutnitional support'

These and other s'im'ilar results suggest that there may be fundamental

metabol i c abnormal i ti es 'in cancer pati ents wh'ich prevent adequate

nutri ti onal rePì et'ion .

One other problem inherent'in these studies is the use of different

patient populations and therapìes mak'ing d'irect inter-study comparisons

dìff.icult. It 'is quìte feas'ible that cancers from different primary

s'ites respond 'in different ways to nutrìtional support and that' as a

consequence, the outcome of treatment may be mod'ified' In many studies

tumours wi th normaì 1y 1ow therapeut'ic response (f or exampl e co]on, 'lung 
)

have been examined. It could be justifiab'ly argued that any lack of

therapeutic efficacy 'in such tumour groups is predictable because of

their normally 'low response rate to any form of therapy' Conversely'

tumours which respond readily to therapy could be inappropriate to study

si nce such pati ents usual 'ly do weì 
'l 

wi thout nutri t'ional support '
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METHODS OF ASSESSMENT OF

USE IN MONITORING RESPON

NUTRiTI ONAL

SE TO NUTRIT
STATUS AND THEIR
IONAL SUPPORT.

Ideally, tests of nutritional status should: (l) detect early

malnutrition; Q) quantify the nutrit'ional defic'it; (3) be appf icable

to al 
.l pat.ients w.ith mal ì gnant d'i sease; (4) be reproduci bl e and

reliable;(5)beeasytoperformand.interpret.Noonetestfulf.ils

all these requìrements.

Atpresent,therefore,anumberoftestsarenecessarytoadequateìy

document the state of the followìng: 'lean body mass' adipose tissue'

vi tam'i ns and mi neral s .

PHYSICAL SIGNS OF MALNUTRITION

Most physì cal s'igns of mal nutri ti on are not spec'if i c f or i nd'ivi dual

deficienc'ies (Van Itallìe I g77) ' Some vitam'in def iciencies' however'

produce spec'ific abnormalities such as corneal and coniunctival xerosis'

keratomalac'ia and B'itot's spqts in v'itamin A def iciency' calf muscle

tenderness, ìeg weakness, card'iomyopathy (thiamine), angular stomatit'is'

che'ilosis (riboflavin), naso'lab'ial seborrhoea, glossit'is' periphera'l

neuropathy (v'itamjn Bu), petech'iae, bleed'ing gums, foll'icular

hyperkeratos'is (vitamin C), r'ickets (children) osteomalac'ia (adults)

(vitamin D), anaemia' paraesthes'iae, areflexia' dement'ia (vitamìn BIZ)'

Defìciencies of trace metals usual'ly produce non-specific signs and

symptomssuchasweaknessandlethargy.z-|ncdef.iciencymaycause

acrodermat'itis enteropathica'in children and s'imilarly a diffuse sk'in

eruption has been described in adults'

Prote.in-energymalnutr.itìonmayproducehaìrdyspigmentationand

l oss, a dermatos'i s, ì ncreased sk'in p'igmentat'ion partì cul arly over the

malar prom'inences, weakness and bradycardia (Jelliffe 1966) ' Detection

of less maior d'isturbances of protein and energy'intake ìs on clinical
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grounds more d'ifficult; loss of body fat and lean body t'issue may only

be evident after careful measurement. In add'it'ion, documentation of the

nutritional changes durìng longitud'inal studies needs obiective

measurement. Table 
.l.7 l'ists the tests of nutritional status currently

avai I abl e.

DIETETIC HISTORY

The estìmatìon of food.intake forms an essential part of determinìng

overall n.itrogen balance. A long d'ietary (seven day) diary is a more

accurate rnethod of assessing proteìn-energy intake than a shorter d'iary

but is difficult to perform'in practice. A 24 hour dietary recall

history 'is almost as accurate and simpler to adm'in'ister (costa 1977b)'

The most common prob'lem with the shorter h'istory'is the overestimat'ion of

low'intakes (Madden et al 1976)' Therefore' the studies in this thesis

whi ch uti I i sed a d'ietary hi story are I 'ikely to have overest'imated

ìntakes. As an added precaution, for the dietetic study, a 20%

reduction ìn the minimal dai]y allowances for nutrients was made to

ensure that the documented dietary deficienc'ies were real' The results

therefore probably underestimate the extent of dietary deficìences'

AN THROPOMETRIC DATA

The use of body measurements is one of the s'imp]est ways of

assessing nutrit'ional status (JelIiffe I966). such measurements have

been extens'iveìy val'idated'in the assessment of PEM' In develop'ing

countr.ies body weight, percent weight 'loss, upper arm circumference and

sk.in fold th.ickness have an establ'ished place'in nutritional assessment

.in the field. Body weight is an unreliable index of acute nutritìonal

changes but becomes more rel'iable once PEM is establ'ished (weeks to

3 . !'lei ht chan es are unrel i abl e when there 'i s
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TABLE I .7

Assessment of Nutritional Status

Di etet.ic H'i story: cal ories Protei n vi tami ns M'ineral s

Anthropometric Measurements: t^le'ight, % weight loss

UPPer arm circumference

Ski nf ol d th'icknesses

Bì ochem'ical : Urine : Ni trogen bal ance

HYdroxYProl 'ine

3-MethY'l hi sti di ne

Creatinine - Height index

Blood: Proteins - Albumin, Transferrin

Ret'inol bi ndi ng Prote'in

Pre-al bumi n

Am'ino Aci ds

Hormones

Mi neral s

Vi.tami ns

Haematol ogi caì : LYmPhoPen'ia

Anaemia: haematocrit

Sk'in anergY

Hai r root ana'lYs'i s

Body Composition: K40 estimation (lean bodY mass)

Body densitY (adiPose tissue)

Isotope d'ilution (tluid compartments)

Neutron activat'ion analvsìs,lll;:åHi

CT scanni ng (ad'i Pose ti ssue )

Ultrasound (adìPose tissue)

Basal Metabol'ic Rate: Oxygen consumption

Whole body colonimetrY
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f I u.id retenti on (e .g . kwask'iokor , asci tes , peri pheral c¡edema) or an

.increased extravascular f'luid volume (e.g. cancer)'

lrleasurement of he'ight is useful because 'it correlates with sex and

weight. Hume (1966) has produced a formulae for predict'ing lean body

mass from heìght and we'ight. Hìs study was undertaken on a Glasgow

popuì ati on. Th'is f ormul a f or I ean body mass was uti l'ised f or data

analys.is in the albumin metabol'ism study but was not consìdered a useful

adjunct to the standard anthropometric data used in the other stud'ies'

Assessment of body fat from the measurement of sk'in-fold thickness

using standardized skin-fold calipers has been shown to be reliable and

reproduc-ible (Durnin and v,fomersley 
.l974; Durn'in and Rahaman 1967;

Frisancho 1g74). Body fat can be predicted from skinfold measurements

with an error of + 3.5%. Different skinfold thicknesses produce

correl at'ion co-ef f ic'ients of around -0.80. There 'i s therefore I i ttl e

need to measure more than one sk'infold thickness because the increase in

accuracy ìs marginal . S'ites measured by Durn'in and l"lomersley were the

triceps,subscapular,b'icepsandsuprailiac'Allmeasurementswere

performedonther.ightsideofthebodyonaGlasgowpopulat.ion.

A'lthough Jelliffe ('l966) has suggested that the non-dom'inant (left side)

mightbethemoreappropriate,measurementsinthisthesisrefertothe

r-ight arm so that comparison could be made w'ith Durn'in's Glasgow data'

For optimum reproduc'ib'i'lity, these tests are best performed by a s'ingle

observer because there can be a relatjvely large 'inter-observer error'

upper arm circumference measured at the m'idpoint of the humerus can

be corrected for trìceps skinfold th'ickness (TSFT) to produce an estimate

of the m'id-arm c'ircumference (MAMC) and hence of lean body mass (i 'e'

MAMC = arm c'ircumference - Tf(TSFT)). MAMC has been shown to correlate

reasonably well with ìean body mass and w'ith weight (Martorell et al

r*
t(
u

Ph'il I i s 1973; Jelliffe 1966).
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ES TIMATION OF LOSSES

(a) ENERGY STATUS

Measurement of energy output 'is diff icult and requ'ires e'ither direct

or indjrect calo¡imetry (Shenkin I979a). Energy expenditure depends orr

basal metabolic rate, physical act'ivity, age and climate (Costa 1977b)'

controlling for these variables'is not easy and in most situations basal

metabol'ic rate is determined at rest under standard cond'it'ions of

temperature. Most calorimetric studies are 'indirect due to the

di f f i cul ty of usì ng d'i rect cal orì metry 'in humans . Energy expendì ture i s

calculated from measurement of oxygen consumpt'ion and carbon d'ioxide

product i on .

The product'ion of ketones as possìble markers of the utilization of

fat stores has been invest'igated and Rich and whitehouse (1979) have

shown an assoc-iation betweerr the fa'ilure of post-operative ketone

production and mortaf ity. Lack of a ketone response probably represents

the persìstence of prote'in catabolism with a rap'id loss of lean body

mass . Th'i s 'i s conf i rmed by 3-Methy'l hi sti di ne excreti on ( see bel ow)

wh.ich js h'ighelin pat'ients who have not shown keto-adaptation to

hypoca'lori c f eedi ng (l^l'i I I'i amson et al 1g77 ). cancer pat'ients f requently

show a poor keto-adaptation to starvat'ion and may be a part explanation

for the high ìncidence of cancer cachexia. Non-excretion of ketones'

however, a'lso occurs w'ith adequate caloric ìntake and therefore the use

ofketoneproductìonasanutrit.ionalmarker.islim.itedtotheirpresence

whi ch 'imp'l 'i es keto- adaptat'i on '

(b) PROTEIN STATUS

(i) Urine Tests

Ni trog en bal ance

Despite ìnaccuracies, n'itrogen balance studies have rema'ined one of

:.*
l,j

j

Ì

I

the most-used tests of prote'in turnover because of their ease of
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appl.ication. There has, howeVer, been some controVersy about the

val'id-ity of the techni que (costa 1977 ; I saksson and S jogren .l967 
) '

Total uninary nitrogen increases with the amount of net prote'in

catabol.ism, and can be very large (up to 50 g/day) (shenkin .l979b)'

Allowance of 2 g of nitrogen per day for losses other than urìnary (e'g'

skin and faecal ) 'is usually sufficient' If fistulae' large amounts of

exudate, diarrhoea or malabsorption are present losses may be greater'

Allow'ing for loss of nitrogen in vomjt can also be d'ifficult and' as a

ru'le, over-est'imat'ion of intake and under-estimation of outpub c¡ccurs

wh.ich results in a more positive n'itrogen balance than actua'lly exists'

The test, however, gives a useful guide to the extent of overall protein

metabol i sm.

costa ('l977b) raises the questìon of other losses such as exp'ired

nitrogen,andpresentssomedatatosuggestthatth.ismightbean

important source of unaccounted n'itrogen loss' There would seem

considerable doubt.in the majority of peopìe, that th'is represents an

ìmportant route of n'itrogen excretìon. It'is true however' that a net

positive nitrogen balance using th'is urinary nitrogen technique'is common

desp.iteclearev.idenceofcontinu.ingnetproteincatabol.ism.Theexact

reasons for this frequent anomaly remains an enigma (Hegsted 1976)'

3-MethY lhist'id'ine

:.*

!!

,j

3-methylh'ist'idine is a catabolic product of muscle breakdown' It

cannot be re-util'ised and is excreted unchanged'in the urine' Its rate

of excretion ìs proport'ional to the rate of skeletal muscle catabolism

wh.ich can be estimated providing dietary intake ìs known' Meat products

cause an.increase in excretion of 3-methylhist'idine wh'ich can persist for

up to three days following withdrawal from the d'iet (Tomas' Ballard and

Pope 
.1979). There 'is also a suggest'ion that the increased catabolism

associated with the increased anabolism of a good d'iet may'increase the

t
I

l

l
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ur.inary excretì on (Shenk'in and Steel e 1978) . Th'i s test i s potenti al ly

useful (Haverberg et al 1975) prov'iding problems of the muscle content of

3-methyì hi st-idi ne can be resol ved (Hol brook, Gross, Irv'i ng 1979 ) '

Further research is necessary to define'its role before thìs test can be

usedroutine.lyasanindexofskeletalmusclecatabolism.

Creat'inì ne-hei ht i ndex

The producti on of creati n'i ne f rom creati ne i n muscl e 'i s i rreversi bl e

and occurs at a fa'i11y constant rate. creatinine excretion therefore

gives an estìmate of total skeletal muscle mass provìd'ing there 'is no

rapid muscle catabolism. The 24 hour excret'ion of creatinine' expressed

as a percentage of the calculated ìdeal value (as obta'ined from "ideal"

body weight tabìes) 'is called the creat'inine-he'ight index' The index

requ.ires accurate urine collect'ions and frequently fails to correlate the

est.imates of skeletal muscle mass as determ'ined by MAMC (Shenk'in and

Steele 1978). (shenkin personal communicat'ion lg8l).

UrinarY HYdroxyprol i ne

Hydroxyproline excretion 'increases with muscle breakdown but 'is not

a useful .index of muscle catabol.ism 'in cancer patients where bone

destruct.ion, whi ch al so i ncreases .its excret.ion , may be present .

( i'i ) Total assl um

40K.un be measured in whole body monitors and from th'is'lean body

masscanbeest.imated(HawkinsandGoode19T6).Thismethodis

difficult with il'l patìents, requ'ires facil'ities for the equ'ipment and

has errors which are greatest'in pat'ients with the most muscle wasting

(oewys, personal commun'icat'ion 1981 )'

(i'i'i) Total bodY ni troqen

The measurement of total body nitrogen provides the most accurate

âcsêssment of whole body protein status available at present' The

I
I
I

¡

Þ
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methodology involves neutron activation anaìys'is (oxuy et al 1978) ' The

techn.ique has been used to follow the changes in body compos'ition in

surg'ical pat'ients (Hi I I G. L. et al 1978) . Neutron acti vati on analysi s

ìs not ava'ilable 'in most centres and for appf ication to il1 pat'ients

requì res on-sìte f ac'il'iti es. Us'ing thi s techni que Cohn et al (l9Bl )

have shown that we'ight loss'in cancer patients w'ith solid tumours was

mainly due to loss of body fat and muscle mass. Muscle mass was lost at

the expense of adi pose ti ssue. vi sceral prote'in mass was I arge'ly

spared.

(iv) Hair Root AnaìYs'is

Hair root morphology has been reported as a sensìtive'index of

malnutrìt.ion and one wh.ich can detect marg'ina] degrees of malnutrit'ion

(Bradfield 1 972a, 1g72b). Hair matrix celis pro'liferate at a rate

greater than all other tissues with the exception of bone marrow' Hair

synthesis occurs principaìly in the bulb and the entire germinative

matr.ix can be replaced'in less than a day. Th'is rapid turnover of

prote.i n makes the hai r bul b sens'iti ve to d'ietary protei n depri vati on '

Changes'in the bulb have been shown to occur within ten days of d'ietary

prote-in restri ctì on, and sì gnì f i cant reduct'ions ì n bul b dì ameter have

been noted after l5 days of protein deprivat'ion 'in nornlal volunteers

(Bradfield 197?6) -

This makes ha'ir root analys'is a more sensitive index of PEM than

plasma albumin, which takes up to 3 weeks to show a response' and

probabìy a less sensit'ive test than the shorter half-life p]asma proteins

(RBPandPA).Jordan(]976)hasconfirmedthatha.irrootchanges

precede serum albumin changes'

Normal ha'ir ex'ists in a grow'ing phase (anagen) and resting phase

(telogen). Intermediate, or involut'ing hairs are known as catagen

'+ ã'l ["rì n
ha'i rs. Normal'ly, anagen hai rs comprl se gredter- Lrrorr uv/o u I uvvg I
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counts but there is a w'ide normal variation. Johnson et al (1976)

reported 80.1 + 16.3% anagen hairs 'in a group of we]l nourished chìldren

and48.l+23.8%forsevere.lymalnour.ishedch.ildren.Theyfailedto

find, however, s'ignificant dìfferences from normal in anagen counts or

percent of atrophi c hai rs 'in modera-uely ma]nouri shed chi I dren

(we.ight/he.ight ratìo 71 .Bg% of standard) . 0ther morphoìog'ica1 changes

i n anagen hai rs , descri bed by Bradf i e'ld, i ncl ude bul b atrophy, bu'l b

dyspigmentatìon, sheath changes and shaft changes. lr'lany of these

changes,suchasbulbandshaftdysp.igmentat.ionaredifficulttoquant.ify
-in an adult populat'ion where dysp'igmented hai¡is common' Minor changes

such as bulb fraying are also d'ifficult to evaluate (Johnson et al 1976)'

An add'it'ional probìem in the cancer pat'ient'is the effect of cytotoxic

changes on the hair matrix wh'ich frequent'ly results in ep'ilation' bulb

atrophy or shaft thinning (van scott, Reìnertson, steinmuller 1957;

Crounse and Van Scott 1960) '

Although some authors have claimed the technique of epilation as

traumatic (Kanawat'i and McLaren 1970)' others have found this 'is not a

probìem (Bradfield 1970b; Jordan 1976). Most authors are agreed'

however, that the procdure of examinjng the hairs by light microscopy to

determ.ine morphol ogy 'i s ted'ious , and Johnson et al ( 
.l976) 

concl uded '

'largeìy because of th'is problem, that this method had little to offer

over conventìonal anthropometric tests'

The prote'in content of the anagen ha'ir root can also be assayed

(Jordan 1976; Crounse, Bo]'lett,Owens 1970; Za'in et al 1977)' Haìr

root prote'in is reported to correlate well with bulb diameters and simply

reflects bulb vo]une, and Bradfield has suggested, that the techn'ique has

no added value over and above morphologica'l assessment' It is of

interest, however, that Zain et al found that ha'ir root protein and DNA

cont-ent reflected the severity of PEM in children'
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More recently Bradfield (Bradfie1d, chan, Stephens I98l ) has

conf .irmed the abnormal i ti es noted above i n mal nutri t'ion and pl aced

greater emphasis on the contribution of transitional forms (i 'e' bulb

atrophy, fraying, dysp'igmentation, shaft narrowing and sheath absence) to

thevarianceìnbulbdiameter.Jourdan(1980)hasalsoconcluded,ina

study on surgìcal patients, that ha'ir root morphology prov'ides an easy

assessment of prote'in status. Morphoìogicaì changes correlated well

with serum albumin changes but not with anthropometric measurements' He

noted s.ignificant changes'in the anagen percentage wìthin ten days of

major surgery.

(v) Blood tests

Pl asma transport proteìns

Albumin (Alb), pre-albumin (PA) , ret'inol-bind'ing prote'in (RBP) and

transferrin (TF) have all been shown to be useful markers of nutritional

(Ingenbleek et al I975; Shetty et al I979b; Ed'itorial

Album.inmetabolism.isdiscussedindetail.inSect.ionlll.Compared

w'ith the other pì asma protei ns ment'i oned above, al bum'in has ' 
'in normal

man, the'longest half life of about 2l days. Th'is long ha]f life means

that dietary changes may not be reflected in changes'in plasma album'in

for several weeks. In fact, plasma album'in may change very ìittle even

w.ith moderate PEM of several months duration. Keys et a'l (.|950) showed

lìtile change in albumin levels in induced uncompìicated PEM after 26

weeks of semi-starvation. Album'in concentratìon has been frequently

used, however, as a marker of nutritional status, desp'ite this fact'

Hypoaìbuminaem'ia in PEM is more a feature of kwashiorker than marasmus

due to a rel ati ve]y greater protei n depri vati on ' In th'i s s'ituat'ion i ts

status 'in PEM.

r973).

Al bumi n



-75-

concentratìon may serve aS an'index of the severity of the rnalnut¡ition

(Shetty et al 1979a).

The commonest cause of hypoal bum'i naemi a j n the Gartnavel /western

Infirmary Hospìtals, Glasgow is cancer (A' Fleck' unpublished

observat'ions). Hypoalbum'inaem'ia carl occur early in the cl'in'ical course

of cancer and th'is suggests that causes other than malnutrition may be

operat'ive .

Transferri n

Transferrin is a plasma transport protein w'ith a half life of about

7-8 days. Normal values vary over a 'large range wh'ich l'im'its its

usefujness as an index of early malnutrition (Shetty et al 1979b)' Iron

deficìency'notuncommoninmal.ignancy,also.interfereswithits
'interpretatì on by st'imul ati ng synthesi s '

RBP - PA

Ret.inol bind'ing protein (RBP) circulates as a complex bound to

pre-album'in (PA). Pre-albumin has a short half life of about 3 days

whereas that of RBP is a mere l2 hours. These short half lives make

these proteins potentiaìly sensitive indices of PEM and both shetty et al

(l|979)andlngenbleek(]975)havereportedthatthis.isthecase.

Am'ino Acì ds :

PEMproducesacharacteristicp.lasmaaminogramwhich.isd.iscussed.in

detailinSectionllltogetherw.iththereportedabnormalit.iesincancer'

and the'ir role as tests of nutritional status'

Acute Phase Reactants

The acute phase reactants are a group of plasma prote'ins whose

concentrat.ions .increase as a response to phys'ical stress e. g . trauma,

.inf ecti ons. Exampl es i ncl ude f i brinogen, aì pha-'l -ant'itrypsi n and

c-reactive prote'in. The presence of an acute phase response in cancer

has been shown in a number of reports (Coombes et al 1977; ch'ild et al
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lgg0, Huggins c..l949, Raynes and cooper 1983, Grindul'is et al .l98.I,

Durdey et al 1984).

The relevance of this acute phase response to the metabolic changes

of cancer.is not clear, but the concentrations of other piasma prote'ins,

espec.ially a]bumin, ffiôY be reduced as a consequence. Because of the

complex interactions of acute phase prote'ins with other plasma proteins

and because of theìr potentiaf importance in determ'inÍng or in monìtoring

metabol .ic events , c-reacti ve prote'i n was mon j tored 'in pati ents under

study'in th'is thesis.

The acute phase response of infectìon causes a sì'ight to moderate

decrease in the p'lasma concentratìons of the hepatic export proteins

al bum.in, RBP, PA, TF (Johnson 1g7g). These changes are 'important anci

reinforce the need to monitor the acute phase reactants during

nutritional studies in cancer pat'ients'

V ITAMI NS

vitamìn status can be assessed w'ith reasonable accuracy from a

dietaryhistory.Potent.ialdeficienc.iesmaybedetectedbefore

laboratory tests become abnormal. Assays for some v'itamins are also

difficult and V'itam'in A was selected for assay for the nutritional

studies ìn this thesìs because'it is bound to RBP-PA, ìs often abnormal

.in cancer patients (Soukop and Calman lgTg), and may be important for

chemotherapeutic response (soukop and calman 1978), tumour induction (low

levels)(Wald et al 1980) and prevent'ion (normal or h'igh leve'ls) (Newberne

and Rogers 
.l973; Sporn 1976; Editorìal l9B0a)'

vitamin A has an'important role'in the maintenance of cell membrane

f unct.ion (especi a'l'ly of epithel i al ti ssue) (oi Palma and McM'ichael 1979;

Sporn 
.|979). Vitamin A and its analogs (retino'ids) may be useful in

cancer prevention by stabilìsing cell membranes although willett et al
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(1984), in a review of epidem'iological data, failed to show an 'increased

risk of cancer with low serum v'itam'in A levels' Hennekins et al (1986)

consider, however, that the we'ight of data ìs in favour of a relatìonship

between low vitam'in A levels and cancer and call for prospect'ive

randornìzed trials to answer this ìmportant question.

Smith et al (1973) have suggested a defect ìn hepatic ret'inol

release as a cause of reduced Vitam'in A, RBP and PA in PEM' It'is knoWn

that children with PEM placed on h'igh proteìn diets devoid of v'itamin A

can result in a r.ise in vitam'in A. This suggests that the fall of the

carr.ier protein'is the lìm'iting factor, and needs to be borne in mind

when.invest.igating the cancer patient. Zinc may also play a roìe in

hepat'ic reti nol rel ease (see bel ow) '

TRACE ELEMENTS

The role of trace elements in cancer has been rev'iewed by Schwartz

(1975). Those essential (from animal experiments) are: iron, 'iodine'

fluor.ine, copper, nlanganese, z'inc, cobalt, chrom'ium' se'ìenium,

molybdenum, ti n, vanad'ium, si I i con and n'ickel . 0f these, only zi nc i s

d.iscussed further. Because of its potent'ial role 'in many of the

abnormal'ities invest'igated in this thesis,'it was considered approp¡iate

to measure serum z'inc levels'in associat'ion with the other tests of

nutri ti onal status .

,,Zi nc metal 
'lo-enzymes are of bas'ic 'importance to many 'intracel I u'l ar

bi ochem.ical mechan'i sms ; i n parti cul ar they regul ate vari ous stages of

protein and nucle'ic acid synthesis" (rell and Burns 1976 and 1978)'

Zi nc def i c'iency 'i s assoc'i ated w'ith poor wound heal 'i ng ' presumabì y because

of its role in protein synthesis. It may be important, as'is v'itamin A'

for cell membrane integrity. There has been a suggest'ion, too' that

z'inc defic'iency, aS a result of increased urinary losses seen in chrr¡n'ic
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al cohol 'ic c'irrhosi s can cause a reduced I i ver synthesi s of RBP and

reduced ret.inìne reductase activity. It has been suggested that vitam'in

A levels ìn lung cancer may be low because of reduced RBP production as a

result of low zinc levels (Atukorala et al 1979). In additìon, low

plasma z-inc and vitam'in A levels may be co-factors jn the cause of

oesophageal carcinoma (Mellow et al 1983)'

Z.inc deficiency has also been ìncriminated as a cause of smell and

taste abnormal i t'i es (Henki n l97l ) '

lrlost zinc ß8Ð is intracellular but this is difficult to measure

and the usual measurement 'is pìasma zjnc by atomic absorption

spectrophotometry (Delves 1976). Infect'ion, drugs, and moderate-severe

PEM lower pìasma zinc which often remains within the normal range in the

early phases of PEÌvl. F'ifty to s'ixty percent of circulatìng zinc'is

bound to album'in , 20-30% to an alpha-2-macrog'lobulin, and l0% to amìno

acid complexes, w'ith 3% found in white cells. There is also a c'ircadian

rhythm for plasma z'inc and higher values are found in the afternoon than

the morni ng.

About 70 zinc metallo-enzymes have been isolated of which alkaline

phosphatase is but one. Alkaline phosphatase falls with zinc depletion'

as do t'issue levels of zinc, RNA, DNA and total protein (Fell and Burns

I e78) .

Z'inc deficiency has also been shown to cause'impa'irment of cell

mediated .immunìty in mice (Fernandes et al 1979) and atrophy of lymphojd

tìssueandthymus.ChildrenwithPEMalsohavesimilar.immunolog.icaì

changes and anergic delayed sk'in hypersensitiv'ity reaction can be

restored with a top'ica1 zinc preparation (Golden et al .l978)' Zìnc

absorption through skin is great enough to correct zinc defic'iency in the

rat (Kean and Hurl eY 1977) '
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IMMUNOLOGICAL AND HAEMATOLOGICAL TESTS

Law, Dudrìck and Abdou (1973) evaluated the immunocompetence of

pat-ients w.ith PEM and f ound i mpai red T cel I f uncti on (depressed del ayed

sk'in react'ivity and 'in vitro lymphocyte responses to

phytohaernagglutinin). The B-lymphocyte was evaluated by determin'ing

serum IgM ant'ibody responses to keyhole limpet haemocyan'in and was also

foundtobeìmpaired.TheyfoundthatTPNcouldreversethese

abnormal 'iti es . l{one of thei r pati ents had cancer '

B'i stri an et al (.l975 ) f ound reducti ons i n total 'lymphocyte count and

i n del ayed sk'i n hypersensi ti v'i ty ì n a group of semi -starved hospi tal 'i zed

pat.ients.Thed.iseasetypeswerenotdiscussed.ThereWereno

carefully conducted studies in cancer patients to verify the value of

delayed hypersens'itivity tests as tests of nutrit'ional status at the time

this thes'is was planned, although they had been widely advocated as being

of value for this purpose. copeland, Daly and Dudrick ¡977 ) provide

data wh.ich suggests that skin 'immunocompetence is frequently restored

with nutrit.ional repìet'ion but the effects of anti-cancer therapy cannot

be d.issected from the effects of nutritional support 'in th'is study'

Blackburn et al lg77) reported that all pat'ients who failed to

respond to nutritional support were anergic and subsequently d'ied 'in

hosp.ital but failed to mention the number of responders who were anerg'ic

or to correlate anergy w'ith nutritional status' Lymphocyt'ic act'ivity

and skin reactiv'ity to antigenic st'imul'i have been reported depressed in

leukaem.ia, Hodgkin's disease and lung cancer, but th'is may be a result of

surgery, chemotherapy, the cancer or of malnutrition, making the

.interpretationoflymphopaeniaandskinanergydiff.icult.Infact'

normal controls and even relat'ives of cancer pat'ients, ffiâv have sk'in

anergy (Morrìs e+, al 1979a). Douglass (1980) found total lymphocyte

counts the least pred'ict'ive parameter of potent'ial response to
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nutrit'ional therapy that he measured, but was a better test of pred'icting

response to nutritional support or ant'ineoplast'ic therapy than were skin

recal I tests to atrtì gert.

Daly, Dudrick and Cope.land (1979) published a paper examin.ing

,,nutrì tì onal i ndì ces as prognost'i c 'i nd'i cators " . cr.i teri a of

inal nutri ti on i ncl uded two of the f c¡l 1 ow'i ng: recent we'i tht I oss greater

than l0%, serunì albumìn less than 3.5 g/l and negat'ive reaction to a

battery of five recall skin test ant'igens. They found greater weight

loss in skin test negative patìents, a lower plasma albumin and arl

.i ncrease 'i n postoperat'ive mortal i ty and morbi d'ity . Thi s paper however

fa.ils to clarify whether nutritional problems per se were the cause of

thepoorprognosisortypeandstag.ingofdisease,and.inaddition

whethersk.inanergY.isaspecif.icornon-specificprob.ìem.

More recently, Twomey, Ziegìer and Rombeau (1982) reviewed the

usefulness of skin tests as an assessment of nutritional status' 0f two

hundred publicat'ions rev'iewed onìy 15 provìded obiective data correlated

wi th pati ents ! I n add'it'ion , only three used aged-matched control s '

They had to conclude that the value of "sk'in test'ing in nutritional

assessment rema'ins unProved" '

Keys et al (1950) suggested that haematocrit correlated best with

weight loss'in uncomplicated PEM. In cancer pat'ients' anaem'ia is common

bothasacomplicatìonofthed.iseaseandofìtstreatmentrenderingthis

testinval.idasanindexofnutr.it.ionalstatus.

MONITORING NUTRITI ONAL STATUS IN

Therehavebeenfewpublicat.ionsinwhichthemeasurementof

nutr.it.ional status in the cancer patient was the purpose of the study'

In most publications, evaluat'ion forms part of another study in wh'ich

varìables have been correlated w'ith prognosjs or used to assess response

CANCER PATIENTS
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to nutritional suPPort.

been exam'ined.

Stuart ( I 979 ) sums up we1 I when he writes " nutri t'i onal assessment i s

more,of an art than a quantitative sc'ience at present. No formulas

allow prec.ise estimation of nutritional welì-be'in9 ...". At the time

the studies'in this thes'is were planned (1978),'it was clear that

nutritional status should be assessed as fu]]y as possib'le. Lack of

ready availabìlity of some of the more sophisticated tests and the need

to consider the welfare of ìll pat'ients meant that tests of nutritional

status were conf i ned to I ocal ly ava'i I abl e I aboratory and cl i n'ical

expertise. Table 1.8 lists the "nutritional screen" which became the

basis for assessing the nutritìonal status of pat'ients studied in this

thesi s.

What's past is Proìogue.

Shakespeare

Tempest ì I

In most, only a few selected variables have
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TABLE I.B

Tests c¡f Nutritional Status used in this thesis.

Dietary recall history (24 h<¡ur).

Total energy + Prote'in intake

Anthropometric data.

Wei ght. He'i ght.

%weight loss

Mi d arm muscl e c'ircumf erence (MAMC )

Triceps + subscapular sk'infold thicknesses

Uri nary data ( 24 hour col I ecti ons ) .

Total uri narY ni trogen

UrinarY urea, creatinìne

Uri narY z'inc

4. Bl ood.

Serum: al bumi n

pre-a1bum'in

reti nol bi ndi ng Prote'i n

transferri n

total prote'in

"Acute phase" proteins

C-reactive Protei n

alpha-ì-antriptysin (albumin study)

Liver funct'ion tests

Renal function - urea

creati n'i ne

Vitamin A

Pl asma zi nc

z

3
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Skin recall antigen tests

TrichophYton rubrum

Mumps

Candi da

P.P.D. l:1C00

Ha'ir root morPhol ogYÂ
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AIMS

The studìes descrjbed'in this thes'is investigate ma]nutrit'ion'in the

cancer patì ent 'in two separate , but 'i nterrel ated areas ' The f i rst f iel d

of research (Section II) was des'igned to investigate the impact of cancer

on the nutrit'ional status of the host and to evaluate the role of enteral

nutri t-i onal support i n the cancer pat'i ent . I n th'i s regard, the

fol I clwi ng studi es were conducted:

('l) An 'investigat'ion of the prevalence of anorex'ia and other

gastro-.intest.inalsymptomsinanoncologyoutpatìent

poPu'l at'ion .

e) An eval uat-ion of di etary recal I hi stori es i n determi n'i ng the

'i nci dence and nature of di etary i nsuff ici ency 'i n cancer

Pat'ients .

(3) An assessment of the paìatabiI'ity of various commercial oral

dietary suppìements and the possìble influence of paìatability

onadequacyoforalnutritionalsupp.lementation.

(4) An examination of the prevaìence and type of taste

abnormalìt.iesinthecanceroutpatientpopuìation.

(5) An assessment of the extent and nature of the nutritiona'l

def ic'it 'in a group of cl i ni cal ìy ma]nouri shed cancer pati ents

us'ing anthropometric and biochemical tests of nutritional

statuswithamultivar'iateana.lys.isofeachtest.

(6 ) An eval uati on of the rol e of enteral nutrì t'i onal support 'i n

.improving the nutritìonal status of cancer patìents, us'ing the

tests of nutri t'i onal status measured i n (5 ) above , 'i n the

absence of the .influence of cytotox'ic chemotherapy.
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(7) Hair root morphology was evaluated for changes wìth

nutritional support and to determine the value of this

techniquefortnonitorìngnutritionalstatusincancer

pat'ients.

(8) C-react'ive prote'in was mon'i tored 'in mal nouri shed cancer

patientsaSapossiblemarkerofanacutephaseresponseand

poss.ibleindicatorofchangesinwholebodymetabolism.

The second f ield of research (Section III) 'involved 'investigation of

abnormal .it.ies of protei n metabol ì sm i n cancer patì ents w'ith wei ght 'loss 
'

The f ol'lowi ng stud'ies were undertaken '

(l ) Plasma amino ac'id profiles ìn cancer patìents with we'ight ìoss

weremeasuredasapossibleindexofchangesinproteìn

metabol 'i sm.

Q) Al bumi n metabol'ism (rate of synthes'is and catabol i sm) and

distributionwasstud.iedtoaSsessthecausesof

hypoa'lbumi naem'i a ì n mal i gnant d'i sease and by 'i nf erence, the

metabolic rate of cancer patients'

(3)Changes.inplasmaproteinswerestudiedfollowingplasma

exchangeaSawayoftestìngahypothesisthatmanyofthe

metabolic abnormalities 'induced by maìignant disease are the

result of products released by the tumour tumour-bearing host

and which alter host metabolìsm'

The thesis concludes with a d'iscussion wh'ich ìntegrates the results

of the separate studies (Section IV) '
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SECTION II

STUDIES OF THE NUTRITIONAL ABNORMALITIES

rr'r-õÀñcrn pATIENTS AND 0F THE EFFEcTS 0F

ENTERAL NUTRITIONAL SUPPORT.

One swears by whoìemeal bread' one by sour milk;
v"geta"lániim is t-he onìy road.to salvation of some'

oiñ.., ins.ist not only o-n vegetab'les alohe,. but on

;ãti.õ those raw. Ai one time the only thing that
rnãitôËt is calo¡ies; at another time they are crazy
about vitamins or about roughage'

The scientific truth may-be put more briefly;

"at moàãiuiãry having an ord'inary mixed diet and

don't worr' 
sir Robert Hutchìson
Ñ"*.uitle Medical Journal, vol 'ì2, 1932'
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SECTION II

ONAL ABNORMALITIES iN CANCER PATIENTS

AND THE EFFECTS OF ENTE RAL NUTRITIONAL SUPPORT

I THE PREVALENCE

GASTRO- iNTESTI
OF ANOREXIA AND OTHER

NAL SYMPTOMS IN CANCER

Now good dìgestìon wait on appetite,

And health on both!

Shakespeare (l 564-l 61 6)

Macbeth 'iv 3

Introduct'ion

As part of a larger study (Trotter et al lg8lc and append'ix vII)'

the prevalence of gastro-intestinal compla'ints present'ing to the liaìson

health v'is'itor were documented in patients attending a medical oncoìogy

outpat'i ent dePartment.

Method

The I i aì son heal th vì s'itor worki ng w'ith the oncol ogy unjt documented

the reason for her assessment of outpatients and the Source of referral

over a f .ive month study peri od. Symptoms of anorexì a, nausea' vom'iti ng '

const'ipation and d'iarrhoea were amongst those documented (see Trotter

et al l98lc - Appendix VII for details)'

Results

0f the symptoms volunteered by patients, anorexia was by far the

conìrnonest and the one that seemed to concern patients most ' 0f 237

assessments made during th'is study pe¡iod, anorex'ia occurred in l2l

patients (51% of those ìnterv'iewed) and was often associated wìth nausea

(31%) and vomiting (.l8%) (Table 2'l)'
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TABLE 2. I

GASTROINTESTINAL SYMPTOMS

Anorexi a

Nausea

Vomi t'i ng

Consti pati on

D'iarrhoea

121

75

44

54

l0

IABLE 2.2

CAUSES OF ANOREXIA

Number
of pat'ients

Percent of total
assessments

5l .0

3l .6

18.6

?2.8

4.2

Numbe
( samp

r of pat'iettts
le size = 237)

( samp le s'ize = 237)

Percent
of

total
assessments

Percent
of

pat'ients
wi th anorex'i a

48.8
.l6.5

7.4

27.3

Caused by cYtotoxic
chemotheraPY

Caused bY rad'iotheraPY

Caused by analges'ics

No obvious theraPeut'ic or
iatrogenic cause

59

20

9

33

24.9

8.4

3.8

1 3.9

121 5l .0 100.0
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In alnrost half those patients the major cause of anorexia was

cytotoxic chemotherapy, w'ith radiotherapy and analges'ics implicated in

l6% and 7% respect'ive'ly (Tabl e 2.Ð. Th'irty-three (27%) of the

anorectic patientS, however, had no obvious iatrogen'ic cause for the'ir

anorexia, which may have been caused by the ma]ignant disease'itself,

psychologica] factors, or both. 0ral nutritìonal supplements were

supplied to 38 patients by the visitor during home vis'its.

Constipat'ion, probab'ly related to analges'ics, worri ed 23% of pat'ients

interviewed. Diarrhoea WaS an infrequent problem, occurring 'in only 4%

of pat'ients .

Discussion

This study has cìear1y shown the h'igh incidence of anorexia in

oncology outpatients, and demonstrates the importance of the l'iaison

health visitor as a l'ink in the chain of nutritional support' The hìgh

'incidence of other gastro-intestìnal symptoms such as nausea and

vomiting, in association w'ith anorexia, suggests a high probability of

mal nutri ti on 'in the study popul ati on '
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2. DIETARY RECALL HISTORiES IN ONCOLOGY PATIENTS

G'ive me ne'ither poverty nor rì ches ;

Feed me w'ith food conven'ient for nie'

Proverbs 30.8

introduct'ion

Thed.iet.it.ian,whoseexpertìseisfundamental.inestab]ish.ingthe

compos.it'ion of dietary intake by pat'ients, has a central role'in the

d.ietary management of pati ents . Di etary h'istory i nf ormat'ion 'i s

essent-i al f or ni trogen bal ance studi es and f or provì d'ing a bas'i s f or

desìgn'ing oral dietary supplementary regimens'

in v-iew of the h'igh'inc'idence of anorex'ia noted'in onco'logy

outpatients, 'it was cons'idered useful to determ'ine the extent and nature

of dietary insuffìciency in a cancer population attending a clinical

oncology un'it, and to assess the efficacy of a linear ana'logue scale

assessment of anorex'ia in detect'ing changes 'in energy and prote'in

i ntakes.

Method

A 24 hour d'ietary recalì h'istory was obtained by the d'iet'itian from

oncologyoutpatìents.Twogroupswereevaluated:thosew.ith

symptomatic anorex'ia and a second group, not prev'iously seen by the

d.ieti t.ian , sel ected at random f rom the outpati ent popul at'ion ' A record

was kept of specific food aversions and food fads'

The dietary data was anaìysed on an ICL 
.l900 

computer us'ing a

programme devised by Tayside Health centre based on the Mccance-l'liddowson

tables of the composition of food (Paul & Southgate 1978)' Analys'is ofI

!

as made the c uter and combined to Provide the
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total intake of the elements (sodjum, nìagnesium, copper, chloride,

potassiunt, phosphorus, zinc, calcìum, 'iron, sulphur); vitam'ins

(th'iamìne, nicotinic ac'id, r'iboflavin, 86, pantothenic ac'id' vitam'in C'

vitamin E, vitanrin A (as ret'inol), carotene, vitamin Bl2, folate' v'itamin

D) and of protein, fat, carbohydrate, total nìtrogen and total energy

content. values for zinc were based on a Br.it'ish normal daily intake of

l0 mg. which ìs coits'iderably less than the l5 mg.reported'in the u's'A'

and canada. potassium intakes can vary over a w'ide range but 'increased

requirements are often necessary in cancer pat'ients and therefore 40 nmol

perdaywastakenastheloweracceptablelevelof.intake.

These results were then compared with tables of recommended daily

.intake c¡f nutri ents (0. H. S. S . recommendati ons I 969, Shenk'in and wretl and

1977) and with figures for the nat'ional norm (Darke, Disselduff and Try

l980,.spr-ing, et al .l979). Table2.3 l'ists intakes the D'H'S'S'

recommendatìons for energy and protein'intakes for males and females w'ith

a sedentary'l.ife-styie and amounts calculated at B0% of recommended daily

intake (R.D.I.) are shown' All results'in this study were compared w'ith

BO% of R.D.I. because of the wide safety rnarg'in given to all tables of

recommended ì niake.

Statistical analyses were carried out on the un'iversity of Gìasgow

computer (ïCL 2976) usìng the M'inì-Tab Package, Pennsylvan'ia State

Uni vers'itY.

D.ietet.ic eval uati on by the nutrit'ionì st (24 hour d'ietary recal I

h-istory) was undertaken on two occas'ions with a two month'interval'in a

groupofmalnourishedcancerpat.ients.Aljnearanaloguescale

assessment of appetite was also obtained from this group of patients at

the same t'ime points. Patjents were asked to mark a 20 cm' line at the

po'int wh.ich they considered most represented their appetite' Extremes

L

qï

I
r

I
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TABLE 2.3

RECOMMEN DED PROTEIN AND ENERGY INTAKES (DHSS)

Men

( sedentary)

Women

( sedentary )

9v
.) (k.cal )

251 0

2400

2400

2l 50

( Energy )( -20% )
(k.cal )

2000

\920

I 920

1720

1720

I 520

I 344

Protei n

lsl-
63

60

60

54

(Prote'in )( -20% )

50

50

50

43

43

38

34

Ener
(N. ¿

1

I

4se

I 8-34

35-64

65-7 4

75+

1 8-54

55-7 4

75+

10.5

l0 .0

10.0

9.0

9.0

8.0

7.0

2l 50

I 900

I 680

54

47

42

J
u
rE

1'

¡

I

l
I

I
I

r
I

I

t
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of the line were marked "worst appet'ite ever" and "best appetite ever"'

Marks were placed at 5,10, l5 cm. and IabelIed "bad appetìte",

"moderateìy good appetite" and "goocl appet'ite" respectìveìy'

Resu I ts

F.ifty-nine oncology outpatients were stud'ied, of whom 26 were

pat'ients referred to the d'ietjt'ian with symptomatic anorexia and 33 were

random'ly sel ected f or di etary anal¡'si s f rom the outpat'ient popul ati on '

Table 2.4 documents the energy and prote'in abnormalit'ies detected'

Fewer $7.6%) randomly seìected patìents failed to attain 80% of the

R.D.I. of energy than anorectic referred patients Q3'1%) as expected but

this difference fa.ils to reach signìficance. There were significant'ly

f ewer pat'ients who were 'ingest'i ng i nadequate prote'i n ( 30 ' 5% ) than energy

rc4.4%)andmostofthosewereinthesymptomat.ical.lyanorecticgroup(p

less than 0.0.l ). Intakes bore no relationsh'ip to chemotherapy' perhaps

because s'ignificant numbers of pat'ients w'ith advanced disease and

anorex'ia had had active therapy withdrawn'

l,lany pat'ients were ingestìng inadequate amounts of Mg' cu' Zn' Fe

and K (Table 2.5). For all these deficiencies' there was no statistical

d'ifference between either group'

Allofthev.itam.insevaluatedshowedah.ighprevalenceofdef.ic.ient

-intake except r.iboflavin and vitam'in c in the random'ly selected group

(Table 2.6). Folate intake was low'in almost all the patients and

intake of other v'itamins low in the diets of over half' The D'H'S'S'

recommended.intakeofvitaminCat30mg..is20mg.lowerthanU.S.

recommendat'ion. Qver 70% of anorectic pat'ients and 57 '7% of randornly

selected outpatìents were Iow in ascorb'ic acid'intake' sign'ificant

d'ifferences between the two groups is'indicated in the tables and reaches

I



PROTEIN - ENERGY DATA : DIETARY RECALL HISTORIES

Nutrient defìc'its in the diets of 59 oncology_outpatìents
(ã6 reterred to the nutritìonist for adv1ce, 33 selected
at random frorn the oncology outpatient populat'ion).

No. &) of
total (0.8 (RDI)*

No. &) of 33
random selected
<0.8 (RDI)

No. &) of 26
referred patients

<0.8 (RDi)

le (73.1)

l3 (50)

P

5 0.3

8.3 <0.01

chi
SquareNutri ent

Energy

Prote'in

--{

@r
rrì

It
Þ

I
\oÞ

I

38 (64.4) re (57.6)

l8 (30. 5 ) 5 05.1)

* RDi : Recommended da'i ly i ntake (tabl e 2. I )



MINERAL AND POTASSIUM DATA : DIETARY RECALL HISTORIES

No. &) of
patients (0.8 (RDI)

46 (78.0)

50 (84.7)

3l (s2.s)

40 (67.8)

32 ß2.7)

No. (%) of random
sel ected pat'ients

<0.8 (RDI)

No. (%l of
referred patìents

<0. s (RDr )

chi
Square

Putrìent R.D. I 0.8 (RDI )

200 mg.

'l .2 mg.

8.0 mg .

8.0 mg.

40 mmol.

nesl um

opper

inc

ron

otass'ium

250 mg.

I .5 mg.

l0 mg. *

l0 mg.

40-80 mmol.

25 (75.8)

28 (84.8)

14 G2.4)

21 (63.6)

16 (48. 5 )

21 (80.8)

22 (88.5)

t7 (65.4)

te (73.1)

t6 (6r.5)

0.2

0.0

3.1

0.6

1.0

0.7

1.0

0.08

0.4

0.3

--{
(p.b'-i
!t
(tr

*Canad'ian and U.S. recommendations 15.0 mg- but

Britìsh national average 9-'10 mg. (spring et a'l 1979)



TABLE 2.6

N tri ent

lne

n86

avi n

I

1

nC

nic Acid2

'l equ'iv.

R.D. r. 0.A (RDi )

No. &) of random
selected patients

<0.8 (RDr )

No. (%) of
referred patients

<0.8 (RDr )

VITAMIN DA

No. ft) of total
(0.8 (RDI )

TA : DIETARY RECALL HISTORIES

chi
Square P

Th'i

vit

Rib

I .0 mg.

I .0 rng.

I .6 mg. (M)

1.3 mg. (F)

30 mg.

18 mg.

750 mcg.

300 mcA.

0.8 mg.

0.8 mg.

I .3 mg.

0.8 mg.

25 mg.

ì4 mg.

600 mcg.

240 mcg.

34 (57.6)

35 (s9.3)

t e ß2.2)

3e (66.0)

5r (86.4)

3r (s2.s)

58 (e8.3)

17 (sr.s)

17 (5r.5)

7 fiì.e)

24 (12.7)

28 (84.8)

t6 (48.5)

33 (r00.0)

17 (65.4)

r 8 (6e.2 )

12 Q6.2)

I s (s7.7 )

23 (88.5)

l5 $7 .7')

2s (96. r )

0.3

0.2

<0.05

0.2

0.8

0.5

0.63

1.2

1.9

4.1

1.5

0.2

0.5

-{
@t;3
!tl
ot

v'i

Ni

Ret

Fol

l. Normal values as recomrnended by Shenk'in and bJretlind 1977.

2. No correction for tryptophan content of dìet.

3. Fisher's exact test.
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si gni f i cance only f or prote'in and ri bof I aV'in , 'i ntakes of both be'i ng

better preserved 'in the randomly selected group'

0fthegroupof5gpat.ients,on.lyl0metthedailyenergy

requirements for age and sex (faUl e 2.7). Despite th'ìs, potentìa'l1y

inadequate'intakes of Mg, cu, Fe, v'it. c and folate were documented in

some of these Patients.

The linear ana'logue assessment of anorex'ia was used'in'15 patients

on two occas'ions B weeks apart together with dietary recal'l history

analysis. Increases 'in energy and protein 'intake in excess of 25% tn

three patients were reflected in an increase of more than 25%'in the

I i near ana.logue assessment of anorex'i a. Ei ght pati ents wi th a change i n

energy or prote'in ingestion of +25% between each assessment had changes

in subjectìve assessment of appetite on the linear analogue Scale withìn

the same range but not necessarily in the same direct'ion' There was no

stat-istical correlation. Four patients had a fall in proteìn/energy

intake of greater than 25%, but aga'in without a correlation w'ith the

l.inear ana'logue scal e assessment. Two of the l5 pat'ients everl had

d'ivergent changes 'in the I i near anal ogue scal e and energy/prote'in i ntakes

of more than 25%.

Di scuss'ion

These results clearly demonstrate that cancer patients are a h'igh

rìsk group with respect to the development of nutritional defic'iencies

and that these deficjenc'ies may also apply to those pat'ients who meet the

da.i1y recommended intakes of energy and protein. Although th'is does not

necessari 
'ly 

mean that pati ents w'i I I devel op a spec'if i c vi tami n and

mìneral def iciency or even PEM, 'it does mean that reserves of vitam'ins

and minerals may be low so that, should a period of increased

requ.irement, ìncreased loss or further reduced intake occur, spec'ific
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TABLE 2.7

DIETARY NUTRITIONAL DEFIC ITS IN IO CANCER PATIENTS

MEETING THE DAILY ENERG Y REQU IREMENTS FOR AGE/SEX

Protei n

Magnes'ium

Copper

Zi nc

Iron

Potassi um

Th'iami ne

Vitamin 86

V'itam'i n C

N'icot'i n'i c ac'id

Ret'inol equ'iva'lents

Fol ate

R'ibof I av'i n

0.8 R.I.**

0

3

4

0*

2

0

0

I

2

6+

0

l0

0

R.I

0

8

7

2

3

0

2

3

4

7

0

l0

0

* From figures for !'lest of Scotland.(Lyon et aì 1979)

and Greãt Britaìn (Darke et al 1980)
(Spring et al .1979)

+ No al I owance for tryptophan added.

** Recommended intake (R.t.) as suggested by the D.H.S.S.

tÈñéiäñál or Food and Nutrit'ion Board (U'S'A' )'

See also M'inistry of Agriculture, Fisheries and Food (.l978)

and ThomaS, S., ôorden, M. (1977).
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defic.iency syndromes or general malnutrjtion may result. The general

lack of stat'ist'ical d'ifferences'in nutr.ient intakes between randomly

selected patients and referred patients means that 'in many pat'ients

potenti a] nutri ti onal def i c'its are be'ing overl ooked .

Burke et al (lgg0) also found a significant decrease in energy

intakes in cancer pat'ients compared with the D.H.S.S. recommendations'

In addition, they found a relative sparing of protein intakes which

mìrrors the results in the present study. unfortunateìy further

breakdown of the nutritional intake was not undertaken in the'ir study'

They concluded that sìnce the main d'ietary deficiency appeared to be

energy content, supplementing cancer patients with an energy source

shoul d prevent we'ight I oss 'in most pati ents '

The h.igh prevalence of proteìn and energy deficient diets in th'is

study suggests a high prevalence of PEM in the cancer patient wh'ich

should be reversible w'ith appropriate nutrit'ional support prov'iding the

metabolic response is norrnal . That this is too s'implistic an

interpretation is demonstrated 'in subsequent studies'

Thelowdietaryfolateintakeinalmostallpat.ients.isa

reflect-ion, in part, of a wìdespread phenomenon in the study community

(Spring et al 1979) and is the result of inadequate dietary intake of

green vegetables. Low v'it. c intake is also a reflect'ion of poor

vegetabì e and frui t consumpti on. The general]y 1ow i ntakes of near'ly

all basic nutrients leads one to suggest that m'ineral and v'itamjn

supp'lementati on shoul d co-exì st w'ith protei n and energy suppl ementat'i on

in the cancer pat'ient 'in the population under study'

A linear analogue scale assessment of changes'in anorexia was found

to be an unreliable index of changes 'in d'ietary 'intake'
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3 A STUDY OF THE PA LATABILITY OF ORAL LI UID D IETARY SUPPLEMENTS

An artìcle of food and drink which is

slightly lvorse, but more palatable' is

to be preferred bo such as are better

but I ess Pal atabl e .

Hi ppocrates (460-377 B. C. )

Introduct'ion

It will be apprec'iated from the first two stud'ies discussed above

that there is a frequent need for nutritional supp'lementation to be

provìded for the oncology patient. To ensure opt'ima1 compf iance w'ith

taking these suppìements, the products need to be palatable' In

add.itjon,toavo.id,,tastefatigue''itispreferabìetohaveseveral

preparat'ions for use 'in rotat'ion'

This study set out to determine wh'ich of the most frequent'ly used

oralsupplementaryproductspatientspreferredandtocomparepreferences

with several control groups'

Method

Sixcommerc.ialoralnutrit.ionalsupp.|ementswerechosenfor

evaluat'ion. They are I'isted in Table 2'8'

Each product was made up followìng the manufacturer's ìnstructions

andsubjectswereprov.idedwitha50m].sampleofeachtotestìn

sequence and asked to drink it al'l if possible' The mouth was rinsed

w.ith dìstilled water between tasting. Subiects were asked to rate each

productonasevenpo.intscale,rang.ingfromverybadtastetoverygood

taste (after De Wys and Herbst 1977) (faUle 2'9)' The subjects' ratìng

was I ater scored from +3 to -3.
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TABLE 2.8

Product

Complan (FarleY Health' 
Products Ltd. )

Tniosorbon (Pfrimmer & Co.)

Flexical (Mead-Johnson Research
& Bri stol Labs. )

Bu'i I d-Up (Carnati on )

Cl 'i ni f eed 400 (Roussel Labs . Ltd . )

Clinifeed LLS (Roussel Labs. Ltd.)

TABLE 2.9

RATING SCALE FOR SOLUTIONS

Very bad taste

Moderately bad taste

M'i 1 dl y bad taste

Ind'ifferent taste

Mildly good taste

Moderately good taste

Very good taste

at.t-':,j

Fl avour

Strawberry

Strawberry

Strawberry

Vanilla

Vanilla

Chi cken

Score

-3

-2

-l

0

+l

+2

+3
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I¡ addjtion, subjects were asked to desc¡ibe why they fiked or

disliked a product and the comments noted. Sequenc'ing of solutions was

re-randomized everY B subjects.

Four groups of subjects were assessed: l' a group of cancer

patients selected at random from the outpatient populatjon; 2' normal

controls selected from volunteer members of staff; 3' non-cancer medical

.inpat.ients and; 4. e1der1y, fit controls from a geriatric home'

Stati st.ical analys'i s was undertaken usi ng W'il I coxon's Rank Sunt Test '

Resul ts

Tabl e 2.10 lists the subiect numbers' mean ages and age range 'in

each group. The mean age of the cancer pat'ients'in group I was 52'0

years and that of the other three groups combined 47.8 years.

Overall mean preference scores are listed in Table 2'll' Products

are listed ìn order of preferences. Adiectives used by subjects in

descr-ibing products are listed in Table 2.12 and Table 2'13 shows the

d-istributjon of product descript'ion by subjects. The sweetest products

(Comp1an, Buiìd-Up and Triosorbon) were all more frequently described as

too sweet by cancer patìents, whereas clinifeed vanìlla, a less sweet

product, was less often rated excess'ively sweet by cancer pat'ients and

more thought it was bland. More control pat'ients than cancer patients

thought this product had an unp'lesant taste and smell than did control

patients. There was general agreement on most other descriptìons except

perhaps a greate|inc'idence of a powdery, dry texture reported by control

than cancer pat'ients f or the ch'icken f I avoured Cl i n'if eed ' More control s

than cancer patients recorded an unpleasant smell for Flexjcal' and an

unp'leasant appearance for Triosorbon'

comparìng the product rat'ings for each of the four study groups

(F.iqure2.1),therearesomecleardifferencesareev.identbetweenthe
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TABLE 2.1 O

PALATABILITY STUDY

DI STRI BU TION OF SUBJECTS WITHIN GROUPS

Group Number of
subj ects

5l

44

20

26

Mean Age
(years )

52.0

28.8

82.1

53.7

Age Range
(years )

19-76

17 -49

71-94

43-60

Mean age of combined groups 2, 3' 4 = 47'B years

TABLE 2. I ]

PRODUCT PREFERENCES

0veral I mean

Product preference score SEM* Product ratì ng

I . Cancer Pat'ients

2. Normal control s

3 . E'lderìy control s

4. Medi cal Pat'ients

Bu'i1d-Up

Compl an

Tri osorbon

Cl'ini feed (vani I I a)

Clin'ifeed (chìcken)

Fl exi cal

I .73

l .l4

0.32

-0.01

-1.46

-2.51

0.123

0.122

0. 
.l38

0.157

0. 
.l38

0. 10

I

2

3

4

5

6

*SEM = Standard error of the mean
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TABLE 2. I 2

PRODUCT DESCRIPTION CODE

Sweet, too sweet, sickly-

Pl easant , 0. K. , ì ove'ly, ni ce, very n'i ce, tasty ' very good '

Awful, horrible, unpleasant, bad taste, disgusting'

Unpleasanb smeì1, smells off, horrible smell '

No taste, taste'l ess, f 1 at, watery, b'l and ' i nsi p'id '

L'i ke soup , ch'icken, meaty ' savoury ' pea soup ' cri sps '

Miìky,'icecream, creamy, milkshake.

Li ke a med'ici ne.

Papery, dry, PowderY, chalkY, grittY'

Bì tter .

Unpleasant after taste, leaves a funny taste'

Other (coffee, waìnuts' banana, oily)'

Indifferent, not too bad.

Looks unp'leasant .

great.
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BUILD-UP COMPLAN TRIOSORBON CLIN IFEED
(Vanilla)

21

o
Ø

+l

;
ul
Ír
o
O
(Í)

uJ
Oz
[tJ
É.
TU
LL
UJ
fr
o-
z
ul

+ 3

2

1

+

+

0

1

CLIN IFEED FLEXICAL
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groups (Figure 2.2). Non-cancer medical patìents rated comp'lan

sìgnifìcantly better than all the other groups' There were no

statìstical differences between each of the other three groups' All

groups rated Bu'ild-up the best and mean scores were very nearly

ìdentìcal.Vanj-1.ìaflavouredClinifeedwasratedsign'if.icantlybetter

by cancer patients than normal controls, whose rat'ing was sign'ificant'ly

worse than the e'lderly controls and medìcal patjents' Although the mean

Score for cancer pat'ients was greater than all other groups' signìficance

was reached orrìy for the younger normal controls (group 2)' Chicken

flavoured Clìnifeed was rated the same by the younger control group and

med-ical patients. cattcer patients and elderly controls also rated thìs

product the same and gave a higher score than did normal controls and

medical patients. The increased score for both groups I and 3 was

s.ignif.icantlyd.ifferentfromthatofgroup2(Plessthan0.05).

Triosorbon was rated sìgnificantly better by cancer patjents than

eì derly control s and sì gni f i cant'ly worse than med'ical pati ents ' Medi cal

pat'ients rated this product as good as Build-Up' producing a score

sign'ificantly greater than all the other groups'

Flexicalwasc.learlyratedun.iformìypoorlybya'llgroupsandits

mean negatìve score was greater than the Buiìd-up score was positive'

The younger control group rated this product worse than d'id all other

groups.

Di scuss i on

The mean age of the two groups with illness (cancer and medical

patìents) was similar (52.0 vs.53.7) and the mean age of cancer pat'ients

and of the other groups comb'ined was also sim'ilar' In the study of De

l,lys and Herbst fg77) , age of controls is not mentioned' In add'it'ion'

onìya5cc.alìquotofso]ut.ionwasg.iventosubjectstotaste.
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FIGURE 2.2

STATiSTICAL DIFFERENCES BETWEEN STUDY

GROUPS FOR EACH NUTRiTIONAL SUPPLEMENT

Cancer
Patì ents

Normal
Control s

E l der'l y
Control s

Med'ical
Pati ents

Compl an

Bui'ld-Up

Cl i n'if eed
(van'illa)

Cl'inifeed
( chi cken )

Fl exi cal

ba ar b, C

d d, e, f e f

g 9, h h

Tri osorbon k, I m k, n l, rIì, n

o O¡ pr I q p

Stati sti cal correl at'ion as f ol I ows:

a
b
c
d
e
f
g

p
p
p
p
0
p
p

< 0.0'|
< 0.05
< 0.01
< 0.00.l
.1>p) 0.05
< 0.05
<0.05

< 0.05
.'l > pz 0.05
< 0.05
< 0.01
< 0.005
<0.0?
< 0.01
< 0.005

h
k
I
m

n
o
p
q

p
0
p
p
p
p
p
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In this present study, a 50 cc. al'iquot was used whjch was drunk from a

cup: as it would be'in practice. It can be difficult to determine

subtletjes of flavour with a 5 ml' sip'

cancer pati ents f ound some products excess'ively sweet, a f i nd'ing

conf irm'ing a cl'inì cal impress'ion. More cancer pat'ients than control s

thought van-illa clinifeed bland. A bland product'is not necessarily a

bad thìng if several tumblers of the feed are expected to be drunk daily'

Fewer cancer patients than controls thought thìs product tasted

unpl easant and th'is ref I ects the h'igher score g'iven by cancer pat'ients to

th'is product.

The h'i ghest rated product ' one whi ch was mj I k-based (Bui I d-Up ) '

scored well 'in al'l groups, and the milky quality was often commented

upon . vani I I a Cl 'i ni f eed al so rece'ived comments that i t, too, tasted

milky or l.ike ice cream. cl'in'ifeed (van'illa) obta'ined a mean preference

score of almost zero, suggest'ing indifference to the product' Thìs

attr.ibute might be useful for long term use and, perhaps allow d'ifferent

flavours to be added.

Allgroupswereunan.imousinscor.ingthefreeaminosolution

Flex'ical the lowest. The range of scores was lowest for the younger

control group (group 2) than the others, suggesting more fixed taste

preferences. This was also true for several other products' and d'id not

confirm the find'ing of De Wys and Herbst that a narrow'ing of taste

preferences occurred 'in cancer pat'ients'

Age.intheolderpopulationmayhavelesseffectontaste

preferences tharr the younger normal group whose taste preferences fel I

outs.ide those of the other three groups more often' It'is suggested

that populations w'ith an age range under 30 are more l'ikely to rate free

amino acid solutions and bland or savoury supplements lower than older

k
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populations. Both these latter products (Clinifeed ch'icken (savoury)

and vanilla (bland)) the cancer pat'ients and e'lderly controls rated

(stat.istically) better than younger controls. Med'ical pat'ients had no

greater preferences for chicken Clinifeed than the younger control group'

desp'ite the same mean age as cancer patients'

This study has clearly demonstrated that d'ifferent groups of people

can have different taste preferences and, in part'icular, that cancer

patients may have taste preferences wh'ich are d'ifferent from those of the

staff who suppìy dietary supplements. This is an'important factor to be

taken into account by d.ietit'ians who are plann'ing dietary support for

cancer patìents. The broader taste preferences of the cancer patients

compared wìth younger controls may represent a change in basic taste

recogn.ition threshc¡lds, a poìnt wh'ich is'investigated in the next study

wh'ich exam'i nes taste i tt cancer pati ents '

I

r
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4. TASTE THRESHOLDS IN CANCER PATIENTS

Things sweet to taste prove ìn digestion sour'

Shakespeare (1564-1616)

R'ichard II 'iiì 236.

Introduc'bi on

Abnormal i t'i es i n taste threshol d i n cancer pati ents (ttre

concentrat.ion of solution at whìch a bas'ic taste is recogn'ised by the

subject) have been d'iscussed previ ously (see Sect'ion I ) ' Most reports

have been at va¡iance wiih each other, probably because of different

pat'ient selection and control groups. Elevat'ion of the threshold for

sucrose and reduction of the threshold for b'itter were described by De

wys and walters (.l975) but others (l^lìlliams and cohen l97B) reported a

lowered threshold for sour but not for sweet or b'itter' carson and

Gormican 
,(.g77) reported reduced salt and sweet sens'it'iv'ity'

Itwasdec.idedtoinvestigateposs.ibleabnormal.it.iesoftaste

sensati on i n a Scotti sh oncol ogy outpat'ient popul ati on, by us'i ng a range

of concentrations of urea, sodìum chloride, sucrose and hydrochloric ac'id

ìn solution to determ'ine the taste thresholds for bitter' salt' sweet and

sour respectivelY.

As abnorrnal i tì es of pl asma z'inc concentrat'i on have been 'incrimi nated

as a cause of taste abnormalities (Henkìn l97l ), plasma zinc

concentrat.ions were also measured. Finaily, as recent exposure to

cytotox'ic chemotherapy may also 'influence taste (Carson and Gormican

1g7l), patients who had recently received (with'in one month) cytotoxic

therapy were compared with those who had never received, or not receivedT

¡

I
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l4ethod

S'ixty-two patients were selected at random from the outpatient and

inpatìent population of the oncology department and twenty-e'ight controls

from volunteer members of staff. The aEe range of patients was 24 to 71

years and of control s was 20 to 40 years (mean ages 47 and ?7

respect'ively) .

Two groups were examined: (l) using three concentrat'ions of

solut.ion; Q) using seven concentrations of solution. The

concentratìclns of solutions are l'isted irr Tabl e 2'14' In'itially' three

d.i I utì ons of each test sol uti on were used. subsequent'ìy, a p'i 'l of study

was undertaken to evaluate whether the use of seven dilutions of each

testsolutionwasmored.iscriminatorythantheuseofthree.

Solut.ions were tested by placing I ml. of test solution on the

tongue us'i ng a p'l ast'ic teaspoon. Sol ut'ions were tested 'i n ascendì ng

order of concentration and the tasting stopped when each taste was

correctly -identif ied. The mouth was rìnsed w'ith water between each test

sol ut'ion .

Plasma zinc concentrat'ion Was also measured (by atomic absorption)

-in a group of normals and cancer patients concurrently with the taste

test'i ng .

A record was kept Of the date of the most recent exposure, if any'

to cytotox'ic chemotherapy. Patìents who had not had chemotherapy for at

least 2 months were regarded as not rece'iv'ing chemotherapy. Patìents

whose most recent pulse had been not more than one month previously were

regarded as receiv'ing chemotherapy'

Resul ts

The taste study results are presented 'in Figures 2'4-2'8' Fì9ure

?.4 plots taste recogn'it'ion thresholds us'ing three concentrations of

I

I
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TABLE 2. I 4

CONCE NTRAT I ONS OF TASTE SOLUTiONS (MMOI/I)

Strength Urea Sodiunl chloride Sucrose Hydrochloric acid

la

lb

lc

l*
2a

2*
3*
3**

29.97

59.94

71.93

89.91

179.82

299.7

599.4

7.24

15.38

?2.62

?9.86

45.24

59.71

90.47

7.24

14.49

22.64

29 .88

45.28

59.77

90.56

I .50

3.01

4.52

6.02

9.03

I 5.05

30. 1

* These concentrations were used for the assessment

oi patients described in figs. 4'1, 4'3 - 4'5

** Patients unable to recognise taste solution at h'ighest
concentratìon (3) were designated 3+'

I
L



TASTE RECOGN'TION THRESHOTDS 2.4

?ANCER ?AT|ENTS vs. CONTROL SUBJECTS (using 3 dilutions of fesf solution)
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TAST/E THRESHOTD 
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CAN CER PATIENTS REt ATED TO PLASMA ZINC CONCENTRATION
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solution and reveals that cancer patients had a w'ide scatter of taste

threshol ds and cons'iderabl e numbers of pat'i ents were unabl e to detect the

nature of the taste of the strongest solut'ion (f+¡. There ìs a

suggestion that taste thresholds were higher irt cancer pat'ients'

Intermediary Strengths were therefore 'introduced in an attentpt to

.increase d.iscrimination and a larger group of corttrol subjects was

studìed. These results are shown'in Fìgure 2.5. Statist'ical analysis

(üri square tests) revealed P values of 0.06, less than 0'0.l,0'07 and

less than 0.01 for the threshold d'ifferences for sour' salt' sweet and

b-itter respectìvely between cafìcer pat'ients and normal controls' There

ìs clearly an elevation of b'itter and salt thresholds and a strong

suggest.ionthatth.isalsoappliedtosourandsweetaswell.

Statìstical ana'lysis of the combined data of 28 controls and 62

cancer patients (F'igure 2.6) now reveals s'ign'ificant differences for all

four test solutìons (p less than 0.05, p less than 0.001, P less than

0.0landPlessthan0.00lforsour,salt,sweetandb'itter

respect'ive1y). The percentage of control vs. cancer subjects with taste

thresholds at a concentration of 3 or greater was as follows: sour 3'7

Vs.25.8;salt7.lVs.47.5;sweet3.7vs.26.2;b.itterll.lVs.40.0.
The mean age for the control group was 27.3 years and fOr the cancer

population46.Syearsfortheresultsdep.ictedinF.igure2.6.

Plasma z'inc analys'is was available on 37 patients (Figure 2'7) '

Comparisonismadebetweenpatientsw.ithnormalpìasmazinc

concentrat'ions (.l4-18 mmol/l) and low zinc levels (less than l4 mmol/l)'

There are no signif icant d'ifferences between the groups (F'isher's

t-Test).Seventeenofthe2?patientswithlowzìnclevelswere

receiv'ing chemotherapy at the t'ime of the study whereas only 8 of l5 were

on chemotherapy jn the normal zinc group'
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F'igure 2 . B compares pat'i ents e'ither recei v'inE or not rece'ivi ng

cytotox'ic chemotherapy at ihe t'ine c¡f study. Results on an additional

f i f teen pati ents are 'incl uded ì n thì s f igure. There are fìo stat'i st'ical

d'ifferences (Cfri Square Tests) between the groups and both groups

therefore show the same i ncreases i n threshol ds evi dent 'in the combì ned

group dep'icted 'in Fi gure 2 .6.

Patients who smoked had no obv'ious evidence of a d'ifference ìn

thresholds desp'ite sub ject'ive compl a'ints of taste abnormal i ti es '

Unfortunately, aìthough 'ìt was planned to record smok'ing habits' there

were too few adequateìy completed assessment forms for stat'istìcal

analys'is.

D'iscussion

This study presents evidence of a dìfference in taste thresholds

between cancer patients and a younger control group for all the four

basic taste sensations. s'ignificantly, no correlation between plasma

zinc concentrat'ion and taste thresholds was demonstrated' In add'itìon'

a definite effect of cytotoxìc chemotherapy on taste thresholds was not

demonstrable, suggestìng that malignancy per se is of more ìmportance ìn

producing taste abnormal ì tì es '

The demorrstration of s'ignifìcant elevation in the taste thresholds

of all four basic tast,e sensations almost certain'ly is a factor

contributing to altered d'ietary patterns in cancer pat'ients' Selection

gf controls and patients in th'is study mirrors closely that of De Wys and

Walters (.l975) who were on'ly able to demonstrate an elevation of

threshoìd for sucrose and showed a reduction for b'itter' The reason for

the differences between stud'ies is not clear. The maìn difference

between the two groups stud'ied was age although this does not expìain the

d.ifferences between the De hlys study and this present study since the
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ages of the groups were comparabl e Q9 vs 27 years and 6l vs 47

respect'ive1y) .

In another study, l¡lill'iams and cohen (1978) reported a reduction irr

sour thresholds in lung cancer patients but no alteration'in the other

taste sensatìons. Their study is at marked variance from both this

study and that of De wys. Results of other studies are discussed'in the

.introduct'ion. clearly taste thresholds vary widely ìn different patient

populat.ions, re'inforc'ing the need to'ind'ividual'ize therapy'

chemotherapy d'id not appear to affect taste thresholds' carsen and

Gormican ¡g77) found reduced salt and sweet sensitivity in pat'ients on

5-Fluorourac.il. There was no such trend 'in the present paper'

Elevat.ion of taste thresholds however' may explain why cancer

pat.ients tended to have broader taste preference scores in the

palatabif ity study d'iscussed in the previous section' Subjective

comp'la'ints of taste abnormal'ity frequently failed to co'inc'ide with

abnormal i t'i es of taste threshol d '

Despite suggesticns that zinc 'is important for normal taste' there

.is no evidence from this study that low plasma zinc correlates with

abnormal taste thresholds. It 'is of interest, however' that more than

half the patients Q2/37) had ìow pìasma zinc levels!

Th.is study does not explain why some cancer patients have spec'ific

foodaversìons.Increasedtastethresholdswill,however'flattentaste

appreciation by cancer patients and may account for the increased use of

savoury foods by some patients but fails to explain the usual concomìtant

aversion of sweet foods.

Concl us'ions

cancer pat'ients frequently have elevated thresholds of all basic

taste sensat'ions wh'ich wi I I contri bute to an al terat'ion 'in apprec'iati on
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of common foodstuffs. This problem would be expected to contribute to a

d'ifferent apprec'iation of commerc'ial nutritional supplements (as

demonstrated in the pa]atabiì'ity study, p.100) and is likely to

contr.ibute to anorexia and dìetary 'inadequacy (demonstrated in the first

two stud'ies) .

*****

The four studies presented above establish that cancer pat'ients have

a high preva'lence of anorex'ia, altered taste appreciat'ion and dietary

.inadequacy, factors wh'ich are reflected 'in a frequent dislike of

available commerc'ial food supplements'

The studies which follow evaluate the nutritional abnormalities in

cancer patients, the role of various tests of nutritional status and the

value of enteral nutritional support in a selected pat'ient popuìation'

l
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NUTRITIONAL ABNORI4ALITI ES IN CANCER PATIENTS VüITH WEIGHT LOSS
5

Imprisoned in every fat man a thin one

'i s w'i I dìy s'igna'ì I i ng to be I et out '

Cyriì ConnollY (1903-1974)

Part I I Te Pal'inure Petens

Introduct'ion

The aim of th'is study was to exam'ine the nature and extent of the

nutritional deficit.in cancer patients with sìgn'ificant we'ight ìoss, by

anthropometry and measurement of selected serum prote'in concentrat'ions'

Detaìls of the tests selected for use have been dìscussed in Sect'ion I

(p.65) and listed'in Table 1.8 (p.82). In additìon, poss'ibìe

correlations w'ith partjcular Lumour types and length of surv'ival were

sought.

Pat'ients and Method

Fifty-two hospital ised cancer pat'ients were stud'ied' with a primary

tumour d.istribut-ion of ll 'lung, 1B gut (5 oesophageal , 6 gastric and 7

colon carcìnomas) and 23 others (including 5 Non-Hodgk'in's ìymphomas'

carcinomas of 1ip, ìarynx' ovary, parotìd, sem.inoma, malignant melanomas

and paragangìioneuroma) . complete details are l'isted'in Appendix II'

The selection crìterìa were weìght'loss equal to or greater than l0% of

normal body weight within the preced'ing 6 months or weight loss exceeding

5%ofnormalbodyweightwìthinthepreced.ing4weeks.Patientswere

excluded 'if they hacl had cytotoxic chemotherapy, radiotherapy or surgery

withintheprecedingthreeweeks.Somepatientshadneverreceived

chemotherapy.Mostpat.ientshadadvancedd.isease.
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Anthropometric data (wei ght, % weìght loss, MAIqC, TSFT) ' serum

prote-ins (albumin, PA, RBP, TF and total prote'in), vitamin A, zinc and

cRP were measured 'in al ì pat'ients . Resul ts of these tests were

docurnented on spec'ially prepared forms (Appendix IV) and ana]ysed c¡n the

universìty of Glasgow lcL 2g76 computer usìng the Min'i-Tab Package'

Pennsy'lvan'ia State Universìty'

we-ight was measured us'ing an Avery beam balance' TSFT was measured

on the right arm by using Harpenden skin fold cal'ipers (British

Indicators Ltd.) and I4AMC obtained from measurement of the m'id upper

right arm cìrcumference as described in section I. Reduction in MAMC

and TSFT were expressed as a percentage of normal us'i ng reference to the

tables of Jellìffe (1966), and converted to a grad'ing between one and

s.ix. Table 2.15 reproduces thoSe tables and the percent ranges are

numbered 
'l-6 depend'ing on normal (l ) or less than 60% of normal (6) '

Percent weight loss was calculated as the real weight loss of the

pat.ient, determìned from the patient's recall of their former weight when

well. weìght and percent weight loss were not recorded or assessed when

oedema or ascites were Present'

Sk.inrecalltestswereperformedbythe.intracutaneous.inject.ionof

0.1 ml . each of mumps (Eli L'illy), cand'ida (Bencard), trichophyton rubrum

(Bencard) and PPD l:1000 ant'igen at separate sites'into the volar surface

of one forearm. Repeat tests were performed on the oppos'ite forearm'

Measurement WaS Carried out at 48 hours of the mean of two d'iameters of
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TABLE 2. I 5

MAMC AND TSFT
OF NORMAL ASS

MEASUREI"IENTS BY PERCENT

IGNED VALUES OF I TO 6

MAMC (cm)

Femal e

l

(From Jelliffe .l966)

2 3 4 5 6

Sex Standard gO% 80% 70% 60% <60%

Mal e 25.3 22.8 20.2 17 .7 15.2

23.2 20 .9 18.6 16.2 I 3. 9

Sex

TSFT (mm)

Standard gO% 80% 70% 60% <60%

Mal e 12.5 ll.3 10.0 8.8 7-5

Femal e 16.5 .l4.9 13.2 ll.6 9.9
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the area of indurat'ion usìng a ba1'l poìnt pen as advocated by sokal

(re75).

ThemethodsusedforthebiochemicaltestsaredocumentedinTable

2.16a, together with the normal ranges and standard dev'iat'ion' All

b.iochemical tests were undertaken by the B'iochem'istry Department'

Gartnavel General Hospital/Western Infirmary, G]asgow. Blood was taken

from a forearm ve'in after an overnìght fast so that blood for am'ino ac'id

analys'i s coul d be si mul taneous'ly coì I ected ' Al I bl ogd sampì es were

taken between the hours of 0830 and 0930'

Resul ts

AlltheresultsaretabulatedinAppendixll.Resultswere

compared between three tumour groups: (l) lung carc'inomas, (2) gut

carcinomas, (3) other tumours as in the groups above'

stat.ist'ical analysis of the three tumour groups revealed no

si gn.if i cant d'if f erences w'ith respect to age, we'i ght, we'ight l oss

(percent), MAtvlC and TSFT (using the grad'ing system detaìled above)' total

protein, albumin, transferrin, ret'inal bind'ing prote'in, cRP, zinc' urea'

v.itami n A or surv-ival . There were, 'in add'it'ion, no stat'isti cal

d'ifferences between sex and any of these measurements'

Accord.irrg.ly,furtheranalyseswereperformedonthegroupsasa

wholebecauseoftheapparentuniforrn.ityofthenutritionaldefic.itsof

the pat'ients .

In this group of pat'ients 75.5% had ìn excess of 15% weight loss'

whilst 53.1% had greater than 20% weight 'loss. The mean weìght loss was

?1.2 + 8.53% with a range of 5.0% Lo 38.6%. Mean surv'ival of deceased

pat.ients was 3.23 months which is a reflect'ion of the advanced nature of

the.ir d.isease. Survival exceeded 4 months in only 12 patients' 0f 6

patients surviving more than 6 months, 3 had responded to therapy'
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TABLE 2.16a

BIOCHEMICAL TESTS AND METHODS

TEST NORI4AL RANGE S . D. METHOD

Al bum'in

Total Protei n

RBP

35-45 s/1

62-79 s/1

40-80 mg/l

0.8

1.3

6

0.018

0.3

2.5

0

I

SMA l2/60 BCG dye b'ind'ing

SMA I 2/60 B'iuret

E I ectro'immunod'i ffusi on
Laurell rocket technique

A.A II Autoimmunoprecìp'itation

El ectro'immunodi ff usi on
Laurell rocket technique

Carr Price colour reaction

Atomi c absorpt'ion

PA

Transferri n

CRP

V.iI A

Zinc

0.1-0 .4 s/1

2.0-4.0 s/l

0-4 mg/'l

1.70-3.5 ¡mol/1

l4-18 ¡no1/1

il

2

3

TABLT 2.16b

BIOCHEMICAL RESULTS

TEST NO. ASSESSABLE
No. )ZSD
from mean normal % L}ly/,

Al bumi n

Total Protei n

Transferri n

RBP

P.A.

Tinc

Vit A

52

52

44

46

3

46

38

43

12

9

34

ll
45

4

82.7

23.1

20.5

73.9

33 .3

97.8

I 0.5
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Apart from one patient with a drug-related deat,h at 2.3 months, these

were the on'ly treatment responses'

Fi gure 2..|0 reveal s bhat sk'in-f ol d th'ickness was marked'ly reduced

(less than 60% nornlal ) in 69% of pat'ients whereas MAMC was less than 60%

of normal 'in on'ly 2.1% of pat'ients, suggest'ing fat loss'in excess of the

reductìon in lean body mass for most patìents'

A multivariate analysis of variables (Table 2.17) revealed a

s.ign.if.icant correlat'ion between weight and percent we'ight loss

(r = -0.508, P less than 0.001), weight and MAMC (r = -0'636' p less than

0.001),we.ightandTSFT(r=-0.568,pìessthan0.00l),MAMCandTSFT

(r = 0.560, p less than 0.001) and percent weight loss and MAMC

(r = 0 .417, p less than 0'01) (F'igure 2'g) ' Thus' most of the

anthropometric variables correlate significantly w'ith each other although

there is no sìgn'ificant correlation between percent weight loss and TSFT

(Figure 2.10).

0f l9 patìents'in whom sk'in recall tests were performed using the

four ant.igens PPD, mumps, trichophyton rubrum and candida' '13 patìents

were conìp'letely anerg'ic . 0nly 7 pat'ients had posi t'ive reacti ons ' one

w.ith one antìgen, one w'ith two, three w'ith three and one with four' The

meanweìghtìc¡ssofa]lpatientstestedwithskinreca]]testswas

19.g3%. The mean weight'loss of the pat'ients w'ith pos'itìve skin recall

tests was I 6.1%.

Somebìochem.icalresultsarenotavailableprimariìyrelatedto

diff i cul ti es wi th the assays, however, stat'isti cal analys'is and

calculationofdatahavebeenperformedontheavailableresults.

Table2.l6bdocumentsthebiochem.icaldataandpatientnumbers

assessable. Most pat'ients had low serum RBP and serum albumin'

Although the majorìty of pat'ients with a low RBP also had a low albumin'
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LOSS

MAMC

TRI C

SKI N

ALB
TP
TF
RBP

PA

CRP

ZINC
UREA

ViTA
SURV

TABLE 2. I 7

IVIULTIVARIATE ANALYSIS OF NUTRITION DATA IN

I^JGT LOSS MAMC TRIC SKIN ALB TP TF

.508***

.636***

.568***

.045

.102

.213

. 106

.028

. 143

.008

.002

.008

.012

.050

0. 560***
-0.021
0.000

-0. I 43

.152

.098

. 103

.123

. 100

.152

.006

.270o

.008

.0r 7

. 135

-0.040
0.179
0.230
0. 2600

-0. I 06
-0. I 36
a.217

-0. I 04
0. 078
0.004

0.147
0. 197
0. 109
0.324*
0.132
0.005

-0. I 44
0.178
0. 005

@

-0.027
0. 575***
0.378**

-0.23?

-0. 081
-0.089
0.027

-0.000
-0. I 00
0.135
0.137

-0. I 28
-0. I 02

MALNOURISHED CANCER PATIENTS

RBP PA CRP ZINC URLA VITA

0.4
0.2
0.2
0.0

17**
21

3l
240

0
0 . 168

.035

.286

.234

.013

.177

.132

0
0

-0
-0

0
0

-0
0
0
0
0

0
0
0
0
0
0 .167

-0
-0

0
0
0
0
0

-0

0.180
0.281 0.052

-0. I 53 -0.000
0.105 -0.'l 1 5

0.404** 0.041
-0.021 0.046
0. I 5l 0. 058
0.037 0. I 92

-0. I l9
-0. I 97
0.01 I
0.072
0. 235
0. 120

-0. 064
0.046

-0.027
-0.036
-0.087

0.066
0. 195

-0.079
-0.043
-0.115 0.062

I¿
N)
(O

I

*** P<0
P<0
P (0

.001

.01

.05

o o. r<p<0. os
**
*

G t^lGT = weì ght. L0SS = % we'ig
of nornal. TRIC = triceps
ALB = serum albumin. TP =

Pq = pre-album'in. CRP = C

VITA - serum v'itamin A.

ht loss from normal weìght. MAMC = rnid arm muscle circumference as percentì1e

it in fold thicrnðss as"percentile of normal. SKI¡ = graded.skin recall tests'
total serum proteìn. TF = transferrin. RBP = retinol bìndjng proteìn.

-reactive proteìn. ZINC = serum zinc. UREA = serurn urea.



40

35

30

-l 30-

FIGURE 2.9

WEIGHT I,N Vs MAIÍC rn CANCER CACHEXIA

>100 90-100 8C-90 ?o-80 00-?0

Mld Arm Muscle Clrcumle¡ence
( percent ot normal )

iJ
ìç
¡

.1

oo
o
.¡

ú
O¡
o
I

o
À

2S

1ã

5

20

10

<60

.i

I

'i

o

o

o

a

o
o
aa
a

o

o

o

o

o

o

a
o

-
o

o
o

o

o
a

o

t
t
o

o

t
O

o

o
o

o
o

I

I



-t3l-

FIGURE 2.IO

T/EIGHT LGIS V6 SISN FOLD TH¡CIC{ESS ln CANCER CACHEXIA
I

t0

30

il
'¡rì

I

20

o¡
o¡
ßÐ
o
È
Éoo
oÀ

10

0
9O-ræ 80-90 70-80

lrlcep¡ *ln Fotd Thicknese ( perc€nt

60-?0

of nornel )

<80
>100

àl

a
I
I
t
o
a

t?
]
t
O

a

a

o

o
o
o
o

o
o

o

o

a

t

o

I

I



_+

rìl

,

-132-

there were some who had normal

(Figure. 2.1 I ).

I evel s of one but not the other proteì n

Mean value for plasma z'inc was 9.5 umol/l wìth 84'8% less than

l2 umol/l and lg.6% less than B umol/1. There was no correlation with

zinc and albumìn (r = 0.005) but there was with total prote'in (r = 0'404

p less than 0.01 ). cRP was less than ì0 mg/l 'in 83'3% and less than

50 mg/l in 50% of Patients'

There were few correlatjons between indjvidual plasma prote'in except

for pA and album'in (p ìess than 0.05). None of the plasma proteìns

correl ated si gni f ì cantly w'ith the anthropometr j c data (exampì e shown 'in

F.igure 2.1Ð. InterestinglY, CRP correlated with urea (p less than

0.001) and vit. A (p ìess than o.0l) and there was a barely s'ignificant

correlation between TSFT and z'inc (p between 0'l and 0'05)' v'it A d'id

notcorrelatew'ithitscarr.ierproteìnRBP(r=0.235).

The best correlat'ion w'ith survival was with cRP where r = -0 '232'

This does not quite reach statistical s'ignificance (P between 0'l and

0.05 ) .

D'iscuss'ion

The results of th'is study suggest that there 'is I i ttl e val ue 'in the

use of serum protein data as a measure of nutritional status'in the

cancer pat'ient w'ith we'ight'loss. As d'iscussed in sectìon I' these tests

of nutrit'ional status have been wideìy used in PEM, and often appfied to

the nutrit'ional eval uati on of the cancer pat'ient '

TSFT results were compared with the w'ide1y used standard tables of

Jelliffe (.1966) wh'ich were found easier to use than those of Durn'in &

I,Jomersley (.|964) compiled from data collected on a Glasgow populat'ion'

i

*
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FIGURE 2.II

ALBIMTN Vs REP ln CANCER CACEEXIA
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FIGURE 2.I2

RBP VS MAMC iN CANCER CACHEXIA
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These latter tables gave higher means for females wh'ich imp]'ies that loss

of fat would have been under-estimated. For males, the two standard

tables are comparable. Frisancho Q974) provides results comparable

w.ith Durn-in & l^lomersly but again w'ithout the advantage provided by the

table of percentages of Jeìlìffe's'

No pat'ient in this study was unable to recall his/her former we'ight'

Th'is figure was thought to be a truerind'icat'ion of the effects of the

tumour on the ind-iv-idual than the calculation of we'ight loss from

standard tables of he'ight and we'ight for age and sex' many of wh'ich are

now outdated ( 'incl udi ng the 1959 Metropol'itan L'if e Assurance Tabl es whi ch

have been wìdely employed in the past) '

Thehighcorrelat.ionbetweenthedifferentanthropometr.ictests

suggests that these are relatively reìiable ind'ices of loss of fat and

lean body tìssue in pat'ients with marked weìght loss and that concurrent

losses of fat and lean body t.issue are usual . It 'is interesting to

note, however, that more patìents had trìceps sk'in fold thicknesses less

than 60% of normal than had m'id arm muscle circumference less than 60% of

normal. Cohn et al (1981)'in theìr study of the compartmental body

compos'it'ion of cancer patients, showed that although s'ignificant amounts

of muscle mass and body fat were lost (confirmed'in this present study)'

it was the skeletal muscle wh'ich was "predominantly lost". It would

appear that 'if th'is 'is a uni versal f i nd'ing 'in mal noufli shed cancer

patients, that anthropometrìc measurements are unable to detect it

re1 i ab1Y.

The h'igh preva'lence of' anergy to standard sk'in recall testing 'is

common in malnourished cancer pat'ients but does not necessarily mean that

the malnutrition is the cause. Mal'ignancy, especia'lly the ìymphomatous

neopìasms'arewellknowntocauseanergy.Itseemsreasonableto
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assume that mal nu Lri t'i on was the prì nci pa] cause of the anergy i n th'i s

group of patients but separatjon from the effects of the neoplasm (which

js more ìikely to be advanced'in the malnourished pat'ient) does not seem

feasible with th'is approach. These results are consìstent with the

recent report of Twomey et al (1982) which concluded that "skin testing

in nutritional assessment remains unproved" '

It'is clear that for the cancer pat'ient, pìasma prote'in data often

does not correlate wìth anthropometrìc data, and the possìble reasons for

this are many. Album'in, for instance, has a complex metabolism and' as

d-iscussed 'in secti on 3, thi s 'i s part'i cu1 arly so i n cancer ' Al bum'in has '

however, been widely used as an index of nutritional status'in cancer

(e.g.Milano et al l97B) desp'ite evidence from uncompl'icated PEM that ìt

is a poor index and with mìnimal falls even in moderately severe PEM

(Keyes et al l9B0). The fall in serum albumìn concentration is a late

event'in cancer and often accompanied by a rise'in C-reactive protein'

The poss.ible assoc'iat'ion of the cRP rise with a change'in metabol'ic rate

'is d'iscussed ìn a later sect'ion (p'ì75)'

signìfìcant falls in transferrin and pre-albumin occurred less often

than for retinol-bind'ing proteìn and would appear to be less sensitive

indices of visceral prote'in status. This concurs with data on these

prote'i ns descri bed by shetty et al ( 'l 979 ) and I ngenbl eek ( I 975 ) '

Transf erri n productì on i s reduced by ì ron def ic'iency ' Ne'ither pl asma

iron nor latent and total'iron b'inding capacit'ies were measured'in these

patients and haemoglobjn concentration 'is not a reliable index of

avai I abl e .iron . Transf err.in, reti nol -b'ind'ing prote'in and pre-al bum'i n

concentrat.ions fall sìightly followjng an acute phase response in

association with trauma (see p. 75). This'is a result of a temporary

fall in synthesis. It would seem that this does not account for the
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lack of correlat'ion between anthropometric data and these pìasma

proteins. It is possìble that the falls in serum concentration of these

prote.ins with stress may be nutritionally'induced. There are no data on

the synthesi s rates of these proteì ns i n ei ther s'ituat'ion.

As 50-60% zinc is bound to albumin in plasma' the lack of

correl ati on w.ith al bumj n I evel s i s i nteresti ng, part'icul arly s'ince a

stati st.ical ly s'ign'if i cant correl ati on was f ound between total prote'in and

z'inc concentrat'ions. A'lthough z'inc 'is al so bound to an a'lpha

2-macroglobuli n QO-30%) (fell and Burns 
.l978), ôîY correlat'ion would be

more likeìy expected with albumin'in view of the greater amount of bound

z'inc i t carri es . Zì nc ccincentratì on al so f al I s w'ith an acute phase

response. The I ack of a demonstrated correl at'i on however between zi nc

and cRP does not mean this does not exist. It may sjmp]y be that acute

phase effects on z'inc can occur w'ith mild elevations of CRP and that

max-imal responses occur early in the course of an acute phase response'

More l.ikely, however, is that the modest effects on zinc concentration by

CRP are masked by nut¡itional changes affecting z'inc and tumour-host

responses affecting cRP. This latter effect is discussed 'in more detail

I ater.

\/.it.A,unl'ikeRBP,correìatesw'ithcRPandth'iscannotbereadily

exp'lained and may be simpìy coincidental. \/itamin A storage in the

liver occurs with acute phase responses as a result of a fall in RBP and

zinc, both of which are important for serum vitamin A levels'

None of the tests of nutr.it.ional status , i ncl ud.ing al bum.in,

correlated w'ith survival .

Concl us i on

cancer patients w'ith s'ign'ificant weìght loss have been shown to have

frequent and compound nutritional deficiencies' The majority of cancer
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ENTERAL HYPERALiMENTATI ON IN CANCER PATIENTS l^IITH WEIGHT LOSS
6

Our body ì s a machi ne f or l'iv'ing '

It is organìsed for that, it is its nature'

Let life go on 'in 'it unhindered and let 'it

defend itseìf , it will do nlore than 'if you

paralyse it by encumbering it w'ith remedies'

Leo ToìstoY (.l828-.l9.l0)

hlar and Peace bk X, ch'29

Introducti on

The prev'ious studi es have establ 'i shed that there i s a h'igh i nc'idence

of nutrit'ional prob'lems ìn cancer pat'ients and have defined some of the

nutr.itional deficìts. Because anorexia 'is a significant factor in the

development of malnutrition'in the cancer patient, it was decìded to

investigate whether some c¡f the nutritional deficits of cancer pat'ients

w.ith advanced disease could be reversed by nasogastric tube feeding and

to evaluate the tolerance and side effects of th'is form of nutrit'ional

support.

Because of the potential effects of cytotoxic chemotherapy on

nutr.it'ion, patients who had received chemotherapy w'ithìn three weeks of

the study were excluded. Th'is study was not designed to examine the

role of enteral nut¡ition in reducing chemotherapeutic toxic'ity or

improv'ing response rates in malnourished cancer patients' These aspects

and the results of other studies have been discussed in detail in section

Methods and Pati ents

ï

The criteria used to select pat'ients for th'is study were the same as
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those used ìn the previous study. All patients remained in hospital for

the two weeks of the study to allow opt'imal data collection and

nutritional supporl. A total of 28 studies were undertaken on 27

patients. One pat'ient was studied tw'ice wìth an interval cif e'ight weeks

between studi es .

Nutr.it'ional support was provided in two ways. Fìrstìy, a diet'itian

obtained a dietary h'istory from the pat'ient, discussed food preferences

and attempted to supply all requested foods from the hosp'ita1 k'itchen'

D.ietary suppìements were provided to every patient, selected from the

products tested'in palatability study discussed above (p'.|00)' In most

instances, as mìght be anticipated from results of the palatability

study, the products prov'ided were Buìld-up, complan or Triosorbon'

These products were suppìied regu'lar1y from the dìet kitchen on a da'i1y

basis and patìents were encouraged to take them'in addition to the'ir

normal da.i ly f ood 'intake. The di eti t'i an vi si ted pat'ients regul arly

dur.ing their.inpatient stay and provided a pre-study and thereafter

weekìy dìetary recal'l h'istory w'ith assessment of oral prote'in and energy

i ntake.

secondìy, a f ì ne-bore naso-gastri c tube wi th I mm' 'internal d'iameter

(cl i ni f eed system 'l , Roussel Laboratori es ) was used to admi n'i ster I 'iqui d

nutrìtional supplements (clinifeed 400, Roussel Laboratorìes Ltd' or

Isocal , Mead-Johnson Ltd. ). Insert'ion of these tubes requ'ired the use

of an introducer. Tube pos'it'ion was checked 'in the stomach by

instillat.ion of a'ir and auscultat'ion or by x-ray (the tubes were

.impregnated wìth barium sulphate to render them radiopaque)' The

nasogastric tubes were fixed in posìtion with adhes'ive tape to the nose

and cheek, a method found to be more satisfactory than fixation to the

forehead.
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A cont'inuous 24 hour drip feeding techn'ique was used, e'ither by

gravity or with the use of peristaltic pump (Clinifeed'ing Pump, Roussel

Labora'[orìes Ltd.). An attempt was made to supply at least 2'500

Kcal/day of energy w'ith a N:Calorie ratio of between l:.|50 and l:200 to

all patients. Concentrat'ions of tube feeds were introduced at half

strength for 24 hours and'increased to fulì strength in the abserrce of

s'ide effects such as abdom'inal fullness' nausea or d'iarrhoea'

In patients where nausea or cough was a prob'lem, a weighted mercury

t.i pped naso-enteri c tube (Dobhof f Enteri c Tube , Vygon ) was 'i nserted '

Th.is tube was of ìarger bore than the cl'in'ifeed tube and was therefore

not used in the first ìnstance.

Nutritional Status was monitored by measu¡ing the parameters l'isted

in Table 1.9 (see Section I) on all patients, where possible, on at least

two occas'ions: (l) prior to commencement of nutritional support

(,,basel-ine" data); Q) after two weeks of nutrìtional support'

Eìectrolytes, liver and renal function tests' serum proteins and

anthropometry were performed at least weekly. Skin recall testing and

hair root morpho'logy were examined in a small group of patients prior to

commencement of the study and after 2 weeks. Nitrogen excretion l^|as

measured 'in conti nuous da'i 1y 24 hour urinary col I ect'ions ' Uri nary

creatinine was used as a gu'ide to the accuracy of the daiìy collections'

Apparent'ly i ncompì ete col I ect'i ons were excl uded f rom analys'i s ' Ni trogen

balance was calculated by subtracting est'imated nitrogen losses (24 hours

ur.inary nitrogen + 2 G) from estimated'intake (nasogastric feeds and oral

intake). Two grams nitrogen loss was allowed for loss from the bowel'

skin, hair, etc. (see p.70). Aìthough urinary z'inc measurements were

undertaken, the results were subsequentìy found to be valueless due to

contam.ination of the specimens by zinc from the collection receptacles'
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Anthropornetrìc tests were performed by the author and biochemical

tests were performed by the Department of Biochemistry' Gartnavel General

Hosp'ital as described in the prev'ious study'

Skin recall tests were performed as discussed previous'ly (p.12a).

Repeat tests were performed on the opposìte forearm at the complet'ion of

two weeks of enteral nutrition.

Hair root morphology ìs discussed separateìy (p.ì62).

Data was collected on the results sheets reproduced in append'ix IV'

Statistical anaìyses were undertaken on the Univers'ity of Glasgow

ICL computer usìng the Minitab Package: stat'istics Dept.: Penn' State

Uni versì tY.

Resul ts

28 studies were ava'ilable for anaìys'i s on 27 pat'ients. There were

59 attempts to complete the enteral feed'ing protocol' but 3l studies

(52,5%) were'incomp'lete. Incomplete stud'ies were the result of pat'ients

decl.inìng to contìnue the study (6), intolerance of the nasogastric tube

(3), premature pat'ient dìscharge (3), death (6) and 'inadequate laboratory

data despite completing 2 weeks of tube feed'ing ('13).

Pat.ient stati sti cs are detai I ed 'i n Tabl e 2. I 8. The study group

comprised: 7 ìung cancer pat'ients,12 gastro-intestinal cancer (stomach

5, colon 4, oesophagus 3) and I others (lymphoma 3, k'idney 'l ' max'i'llary

antrum 1, postcricoid 1, ovary ì). One patient with a malignant

lymphoma was studied tw'ice. Mean age of the patients was 56'6 years

(range 37-Bl ). Male:female ratio was 2l:7 (3:l ), with a mean survival

of 4.56 months (range 0.5 - l4'5)

Extent of d'isease was graded l-4 on the following bas'is ['l :

regiona'l dì sease, 2 : bulk reg'ional (mass greater than 4 cm' dìameter)'

^ - k.,1ru mn*rci¡tì^ l-acqpq. nreat-et^ than 4 Cm.
J : lllgLd5UALlUt .t 

' vur^ rrrvvsJ
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TABLE 2.IB

PATIENT STATISTICS

Pati ent Pri mary
Tumour type

Res ponse
io therapy***

Surv i val
(months )

PerformanceAge 5ex tllgu status (ECoG)

I
2
?

4
5
C
U

7

I
9

l0
il
1?
l3
l4
l5
l6
17
l8
l9
?0
21

?2
23
24
25
26
27
?8

Lung
Stoinach
0esophagus
Lung
Stomach
Lymphonta
Lung
Lu ng
Kì dney
Colon
0vary
Lymphoma
Lymphoma
Colon
Postcri coi d
Stomach
Lung
Col on
Stomach
Maxillary ant.
Itlesothel 'ioma

Lymphoma
Lung
0e so ph agu s
Lung
0e sophag u s

Col on
Stomach

3
?
IJ
I
?
2
I
3
2

2
2

2

3

2

3
3
2

2

3
2

3
2
I
3
I
I
2
2

2

4
3

4
I
4
2

2

4
4
2

4
4
2

I
4
2

2

4
4
4
3
2
aJ
2

3

3

2

M

M

F

F

M

M

M

M

M

M

F

M

M

M

F

M

M

F

M

M

M

F

M

F

t4

M

M

M

63
64
45
60
57
45
5?
62
37
5t
43
46
46
54
44
65
72
63
64
50
68
7o
66
8t
50
58
6l
45

NR

SD
*cR

PR

NR

0.5
2.2
3.75
3.0
3.0
3.0
5.0
0.5
4.5
4.5
2.0
3.5
?.5
6.0
1.25
2.0
7.0

il.0
5.0

11.25
1.5

14. 5
1.0
5.0
6.5
6.0
2.0
0.75

NR

NR

NR

PR

PR

NR

NR

NR

NR

NR

PR

NR

NR

NR

NR

NR

Mean
survi val

4. 56
*Cause of death - drug tox'ic'itY

**Stage: 1 Reg'ional
2 Bulk regional
3 Metastati c
4 Bulk metastatic

***Response to therapy, ryR No response sD

PR Parti al resPonse CR

Stabl e d'isease
Complete response
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TABLE 2. I 9

E.C.O.G. PERFORMANCE STATUS

Ful'ly acti ve, abì e to carry out al I pre-dì sease acti vi ti es
w'ithout restrict'ion a¡rd w'ithout the aid of apalges'ia.

Restrìcted in strenuous activity but ambulatory and able
to carry out l'ight work or pursue a sedentary occupation.
Pat'ients who are f ul 'ly acti ve but requi re anal ges'ia.

AmbuTatory and capable of all self care but unable to
carry out any work. Up and about more than fifty per cent of
waki ng hours

Capable of only limited self care, confìned to bed or chair
more than fifty per cent of waking hours.

Comp'letely d'isabled. Unable to carry out any se'lf care
and confined totalìy to bed or cha'ir.

0

I

2

4

3

l
'.1
I
lr

li
,;

il
"i
;il

I

li
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ev.idence of oedema d1d not develop during tube feeding where none exjsted

at the basel'ine assessment '

Tabl e 2 . 20 presents the d'ietet'ic and ni trogen bal ance data on the 26

stud.iesforwhichadequatedataisavailable.Dieteticdatawas

inadequate for two pat'ients (subjects l0 and l2)' Total n'itrogen

ur.inaryexcretioncanbecalculatedfromtherespect.ivecolumnsby

apply.ingtheformula:n.itrogenexcret.ion=meandaìlynitrogen.intake

-2-meanda.iìynitrogenbalance.Itcanbeseenthatallbutone

patient were in negatìve n'itrogen balance at commencement of the study

and all but 6 patients ach'ieved a pos'it'ive n'itrogen balance of greater

than 1.0 g/day wh'ich 'is probably the l'im'it of accuracy of d'ietetic

evaluation. Eighteen of the 26 assessable patients had a basal n'itrogen

loss of greater than I g/24 hours wh'iCh, in the presence of a negat'ive

nìtrogen balance, is abnormal except in situations of acute stress (e'g'

trauma, burns' surgery, shock). One of these pat.ients was in posìtive

nitrogen balance but on'ly by consuming 
.|2.8 g' n'itrogen da'iìy' E'ight

pati ents ß0.7Ð f a'i I ed to ach'ieve an on-study energy i ntake of greater

than2500k.cal/day.Inallinstancesth.isWastheresultofan
.inabil.ity to tolerate the volume (2500 ml/day) of tube feed requ'ired

because of abdom.inal fullness and bloating. Nevertheless, all patients

.in this sub group were keen to persevere with their tube feed'ings' sjx

of thìs group had mean nitrogen balances of less than l'0 g/day' All

butoneofthesepat'ientshadprimarylungorbowelcarcinoma.One

pat.i ent (no . 7 ) had a net negati ve ni trogen bal ance despi te receì v'i ng

more than the target on study energy 'intake'

Tab]e2.2ldocumentsthemeanenergyandn'itrogen.intakesforthe

three groups and for the whole. There is no sign'ificant d'ifference
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DI ÈTITI C AND NiTROGEN BALANCE DATA TNTERAL NUTRITION STUDY

Pat'ient

I
2

3

4
5

6
7

8
9

l0
ll
1?
l3
l4
l5
l6
17
l8
l9
20
21

22
?3
24
25
26
27
28

I 300
I 430

440
I 100
2500

780
r 150
800

r 500

2l l0
?640
I 600
2700
4?00
3345
2750
I 280
2890

10.2
15.2
10.0

19.2

-4.4
-3.2
-5.0
-4. 5

-0.5
-5.8
-9. 3
-1.0
-3.7

+0.6

+0.4
+l .0
0.0

+3.6
+7 .8

+11.6

+0.6
0.0

+l .6
+5.2
+9.0

2036 2800

6.4
7.8
1.5
4.6
4.7
2.9
5.2
6.1
5.4

12.8

1.0
4.8
3.4
7.0
3.4
7.7
6.7
3.2
3.0
6.4
5.8
2.1
9.6
5.7
5.8
9.6

+?.2
-0.1
+0. 9
+l .4

14.2
15.4
13.6
r 4.8
8.1

10. 5

0.0
+4.4
+0. I
+3. I

+12.0
+4. 3

+5.4
+2.8
+4.7
+3.7
+6. 3

-l

@r
rrl

:'
N)o

I
J

Þ
!

I

Ir80
950
650

I 060
638

l3l0
I 640
720
650
973

I 400
580

I 539
l0l0
I 130
I 950

2500
1750
3325
2600
3300
?040
3950
2271
2250
3860
2700
2950
2900
3300
2330
4l 40

13.4
9.6

12.6
17 .6
20.8
1?.4
r3.6
ll.5.l3.6

24.2
15.0
14.4
14.8
17 .4
13.3
18.2

-9. 5

-2.6
-5.1
-4.0
-?.4
-l .3
-?.2
-6.6
-7 .0
-0.6
-3.2
-4.0
-1 .2
-l .l
-3.8
-l .0
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TABLE 2.2I

ENERGY AND NITROGEN INTAKES.

BEFORE AND DURING ENTERAL HY

MIAN VALUES FOR 26 PATIENTS'

PERALIMENTATION.

Group No.

Al I pati ents 26

Lung 7

Gut, I I

Mi scel I aneous I

RESPONSE TO

NUTRI TI ONAL

SUPPORT

I NCREASE

NO CHANGE

DECREASE

Energy (k.cal )

Basel'ine Duri ng Feedi ng

I 170 2788

1072 2500

1273 2864

I 120 2999

IABLE 2.22

ANT HROPOMETRIC DATA

Nitrogen (g)

Basel'ine Duri ng Feedi ng

5.48 14.37

5.51 I 3.94

5.76 14.28

5.0.l I 5.0

TSFT
NUMBER (%)

e/28 (32.1 )

14/28 ß)

5/28 (17. e)

*
v\lEIGHT
NUMBER (%)

22/26 (84.6)

4/26 (1s.4)

MAMC

NUMBER (%)

3/28 (21.4)

10/?8 (35.7)

12/28 G2.e)

* 2 PATIENTS WITH CLINICAL OEDEMA NOT INCLUDED.
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between the groups with respect to energy and n'itrogen'intakes and the

mean energy intakes for the groups met' or exceeded,2500 k'cal' per day'

Inallgroupsbaselinen.itrogenandenergyconsumptionwasmorethan

doubl ed dufii ng f eed'i ng . The mean basel ì ne energy 'intake of al 1 pati en bs

combined was 1169.9 + 493 Kcal/day (range 440-2500 kcal/day) which

increased lo 2787.7 + 754 kcal/day (range l2B0-4200 kcal/day) durìng

feed.ing. The mean daily nitroger[intake of the whole group'increased

from a baseline of 5.48 + 2.68 g/dal to l4'4 + 3'64 g/day folìowing

enteral nutrition. 0verall mean da'i1y nitrogen balance also improved

from a baseline of -3.55 + 2.61 g/day to +3'54 + 3'5 g/day foì'lowing

f eed.i ng . Al I these val ues represent si gn'i f i cant i mprovements ( pa'i red t

tests).

Pat.ients who failed to meet an'intake of 2500 k'cal and/or achieve

positive n1trogen balance had a mean we'ight ga'in of +0 '77 kg' as opposed

to the patients w'ith an adequate energy intake whose mean weight ga'in was

+2.lkg.Thisd.ifferencealsoapp.|iedtomeanchangesìnMAMC

(-0.15 cm. vs +0.?7 cn.) and TSFT (+0.02 mm. vs +0'2 mm') respect'ive'ìy'

In ll of the 20 patients who ach'ieved the target calorie intake the MAMC

and/orTSFTfellord.idnotchangeduringthestudyperiod.

The anthropometric data and b'iochemical data 'is listed 'in full in

Appendixlll.Computeranalysisofthisdatawasundertakentocompare

changes'in the anthropometric and biochemical data over the two weeks of

study.Nosign.ificantd.ifferencesinthebase]ìnedatawerenoted

between the three tumour groups'in any of the anthropometric or

bi ochemi cal tests . I n add'iti on, no sexual d'iff erences were evi dent '

The total group was therefore presumed to be nutritionally homogeneous

and further analyses were performed on the group as a whole'

Table 2.22 documents the changes 'in the anthropometric data with
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TABLE 2.23

PLASMA PROTEINS

RESPONSE TO

NUTRITI ONAL

SUPPORT

ALBUMI N

NUMBER (%)
TRANSFERRI N

NUMBER (%)
R. B. P.
NUMBER (%)

i NCREASE

NO CHANGE

DECREASE

5/?B (17.9)

12/28 Ø2.e)

11/28 (3e.3)

4/?3 (17.4)

14/23 (60.e)

5/2s QT.7)

10/28 (35.7)

11/28 (3s.3)

7 /?8 (25.0)

RESPONSE TO

NUTRI TI ONAL

SUPPORT

TABLE 2.?4

ZINC AND VITAMIN A

ZINC
NuNsen (%)

VITAMIN A

¡¡uNsER (%)

INCREASE

NO CHANGE

DECREASE

7 /25 Q8.0)

9/25 (,36.0)

e/25 (36.0)

12/20 (60.0)

6/20 (30.0)

2/za r0.0)
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and after nutrit'ional support (r = 0.651, p less than 0'001) (Figure

2.13). There was no correlation (r = 0 .22?) between changes ìn I'IAMC

wi th nutr.it.ional support and % weì ght 1 oss changes , as di st'inct f rom the

correl at'ion of these measurements i n the basel i ne data d'iscussed i n Ùhe

prev.ious study. There was also a lack of correlat'ion between TSFT arrd

MAMC w-ith feed'ing (r = 0.075). In addition, there was no correlation

bebween changes ìn the anthropometric data and serum protein data'

A moderate correlation was evident between changes 'in RBP and

albunin (r = 0.354 p between 0.ì and 0.05) and between V'it' A and its

carrier protein RBP (r = 0.437 p less than 0.05) (Figure z'14)' No

other correlat'ions were evident (e.g. albumin vs vitamin A (r = 0'299'

F-igure 2 .l 5) aì though pre-al bum'i n data coul d not be adequately assessed

due to 'inadequate data. There was no correlat'ion between pìasma z'inc

and albumin (r = 0.233) desp'ite the fact that 30% of p'lasma z'inc'is

al bumi n bound.

Table2.24adocumentstheresultsofskìnrecalltestsìnten

patients.Nopatientdemonstratedanysignificantimprovementw.ith

nutri t'ional support. Negati ve basel 'ine sk'in recal I tests became

posit.iVeonclnly4occas'ionsbutwereoffsetbyreducedorabsent

react-ions w'ith other of the sk'in recall tests'in the same pat'ients'

The cRP results are listed in Appendix III and presented'in deta'il

separateìy (see p.175). 0f the I patients w'ith daiìy n'itrogen loss of

less than 5 g., 7 had a cRP of less than 40 mg/l but only 6 of the other

l8 assessable pat'ients had cRP values clf less than 40 mg/l' Further

analys.is of th.is group of 8 patients (nos. 3, 5, 8, 14, 17, 22' 24' 26)

reveals that 3 failed to reach an'intake of 2000 k'cal during nutritional

support and two of these failed to improve or ma'inta'in MAMC or TSFT
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FIGURE 2. I4

CHANGES IN BIOCHEMICAL TESTS FOLLOI^JING ENTERAL

NUTRITIONAL SUPPORT IN MALN OURISHED CANCER PATIENTS

RET I NOL BINDING PROTEIN VS. VITAMIN A.
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FIGURE 2. I5

CHANGES IN BIOCHEMICAL TESTS FOLLOWING ENTERAL

NUTRITIONAL SUPPORT IN MALNOU RISHED CANCER PATIENTS

CHANGE IN SERUM ALBUMIN VS. VITAMIN A.
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TABLE 2.24a

SKIN RECALL TEST RESUL TS:ENTERAL NUTRITION STUDY*

Antigen Tested

I PPD l:1000
Patì ent

Study No. Pre Post

*PPD I:.1000 = Tubercul'in. T. rubrum = Trichophyton rubrum'

Diameter of skin reaction measured in mm'

pre- = baseline results prior to nutritìonal suppori.

Post = results after 2 weeks of enteral nutritional support'

000 50 0

I

I
I

I

027 0

I838325?6 525 ?.2

5l0Ill212 4323

550000222 4

007503 I
I

I

I

00l9

0000000017

02400725230l4

00000000l3

003000007

00l5400024

PostPrePre PostPre Post

T. rubrumCand'idaMurnps
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dur.i ng f eedi ng and body wejght f e1 I 'in one. Al I other pati ents i n th'i s

grouphadweightga.inand.improvementinl.lAl4CandTSFT.

Di scussì on

The baseline nitrogen excret'ion for many pat'ients in this study was

hìgh. Normal adaptatìon to PEM results in Conservation of leari body

mass and ut'ilìzatìon of fat stores as the ma'in energy source, w'ith

consequent reduction in nitrogen excretion to below 5 or 6 g'per day and

usually 3 or 4 g/day (see Sect'ion I). These results suggest' therefore'

that many carrcer patients have a hypercatabolic response to their disease

wh.ich may contribute to the cancer cachexia syndrome' Many other

authors have suggested that a hypermetabolic state (increased prote'in

synthes'i s and catabol 'i sm) f requentl y co-ex'i sts wi th mal 'i gnancy ( see

Section I). Such a hypermetabolic state may be chronic and ìow grade

wh.ich would be expected to produce a gradual wast'ing of lean body mass

such as occurs commonly in the wasting syndrome of cancer pat'ients'

The catabol i c state wh'ich usual ]y accompani es acute stress 'i s

assoc.iated with a rise ìn the serum concentrations of acute phase

proteins such as c-react'ive prote'in (see Section I)' Patients with low

cRp levels tended to have the lowest n'itrogen excretion wh'ich suggests

that the two might be used as indices of the underìyìng metabolic

response. Th'is subject is d'iscussed Iater (see p'I75)'

In this group of cancer pat'ients, most of whom had advanced d'isease'

there was very l'ittle success in reversìng established malnutrition as

indìcated by the frequent lack of improvement in the anthropometric and

b.iochemi cal parameters , desp'ite si gn'if i cant ìmprovement i n energy and

protei n i ntake and the establ 'i shment of posi t'ive ni trogen bal ance ' Thì s

appliedtoa]lthepatientgroupsana.lysed.However'manypatìentshad

stable tests of nutrjtional status during nutritional support as
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eV'idenced by no change or a sl'ight ri se j n 'indi vidual parameters ' Th'is

suggests that nutritional support prevented further nutritìonal depìet'ion

in some pat-ients for at least the two weeks of the study.

changes in the albumìn and plasma protein data did not correlate

with changes'in the anthropometric data perhaps because of changes'in

intravascular flu'id volume as a result of the increased fluid load of

nutr j tì onal support. The wei ght ga'i n of most pat'ients , theref ore ' i n

the absence of improvement in other nutritional parameters' probably

ref I ects f I ui d retent'ion duri n9 feed'ing. Others (Hi I I et al l97B) have

shown thìs to be the case w'ith parenteral nutritìon and Nìxon et al

('l979) with enteral nutrit'ion'

The lack of correlat'ion of RBP levels with albumìn levels is

irnportant because of the purported sensitìvity of RBP concentration to

changes in nutrit'ional status. Indeed' once serum album'in concentration

falls in PEt'l, one would expect RBP concentrat'ion to be universally low

and.if albumìn rises, that RBP should follow. Th'is is not the case'in

thisstudyandsuggeststhatplasmaprote.inchangesdonotaccurately

reflect nutrit'ional status or response to nutritional support in the

najorityofpatientswithadvancedcancer.Theseresu]tsa]sosuggest

that the metabolic responses of cancer patients to feed'ing may d'iffer'

even w'ith the same tumour type. Anthropometric data (with the except'ion

of we.ight) and nìtrogen balance data appear to be the best of the s'imp1e

tests of nutritional status for mon'itoring response to nutritional

supPort.

Unexpectedchangesintheplasmatransportproteinsmaybea

reflection of reduced ava'ilabil'ity of co-factors such as zinc which'is

essentialforRBPproductioninlìver.zlncdeficiencypersewiì1

cause a fall in RBP and of vìtamin A (Atukorala et al 1979) (see Sectìon
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I). The fact that zinc fell 'in 36 .O% of pat'ients duning nutritional

support has 'important implications for vitam'in A transport and prote'in

synthesìs. A]though plasma zinc does not necessarily reflect whole body

and tjssue zinc levels, low p'lasma levels probably 'irrd'icate low total

body stores ìn most 'instances. There'is little data at present to

determi ne the va] 'idity or otherwi se of th'i s assumpti on ' Al though

ur.inary z'inc levels were mon'itored'in patìents, these proved d'ifficult to

interpret due to the discovery of contam'inatìon of the urine by trace

amounts of z'i nc 'i n the col I ect'ing receptacl es '

The lack of improvement'in skin recall tests is also'in keeping w'ith

f a.i I ure to achi eve nutri ti onal repì et'i on al though eff ects of d'i ssemi nated

malìgnancy on 'immunological funct'ion may have masked any change (see

Sect'ion I).

De]ivery of adequate nutrjtion was a problem for almost a th'ird of

patìents due to'inab'i'lity to tolerate the planned volume of tube feed'

Useofthelargerduodenaltubesdidnotobv.iatetheprob.|emofabdominal

fullness and/or nausea and nine patients had a mean negative n'itrogen

balance durìng the study. This prob'lem'in food del'ivery via the enteral

route was not confined to patients with gastro-intestinal cancer and

occurred as often'in pat'ients with'lung cancer' It is of interest that

malignant cachexia is commonly associated with lung and bowel

ma1 i gnanci es suggestì ng a f undamental di ff erence 'in the metabol 'i c

consequences of the malignancy compared w'ith primary sites such as

breast, k.idney and mel anoma. The major.ity of patients, however,

tolerated the nutritional support sufficiently to enable maintenance of a

pos.itivenitrogenbalance.Fortypercentofpatìentsfeltsubjectively

better as a result of the feedìng and performance status improved'in all

these pat'ients.
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The theoretical risk of accelerat'ion of tumour growth has been

discussed in section I. There was no suggestion that this occurred in

the patients under study, with one poss'ible exception' This patient'

who had a carc'inoma of the lung, had a vis'ible and measurable increase'in

the s.ize of a supracl avi cul ar node mass duri ng the nutrit'ional support

but which ìnterest'ingly subsequently subs'ided spontaneously' Oedema may

have been the cause.

Aìthough subsequent definitìve therapy of cancer was planned for all

pat.ients rece'ivi ng nutritì onal support, onìy 20 survi ved or were wel I

enoughtoreceìveanytreatmentfollowingfeedìngandofthoseonly4

responded. All but one of these had 'lymphoma. The short survival in

th.is group'is an'ind'icat'ion of the advanced nature of the'ir disease'

The lack of objective response to nutritional support suggests the need

for earl i er.interventi on ì n provi di ng th'is support '

It 'is clear from th'is study that, 'in contradistinction to pat'ients

withuncomp-lìcatedPEM,mostcancerpatientsw.iths.ignificant

mal nutrì ti on and advan:ed di sease cannot be nutrit'i onal'ly repl eted w'ith

enteralhyperalimentationa]one.However,stabil.isat.ionofnutr.it.ional

status.is possìble in many patients and th'is mìght be a useful adiunct to

def.initive treatment .in some patients who have potent'ia'l'ly treatable

mal.ignancies.Theshortsurv.ivalofmostpatients.inthisstudy

reflects the fact that most tumours were non-responsive to therapy' For

thesereasons,nutrit.ionalsupportcannotberecommendedforcancer

patients who have tumours resìstant to conventìonal therapies'

Thereasonsfortheinabilitytonutritionallyrepìetepatients

includes an irrabiìity to deliver adequate food and a probable

hypermetabolìc state wh'ich prevents adequate utilization of prote'in

despite a susta'ined posìtive nitrogen balance' Evidence for a
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hypercatabolic state includes the n'itrogen balance data and possibly the

CRp data. The results of the hair root analysis (see overleaf) also

indicate that nutritìonal support of the cancer patient with advanced

di sease does not usual ly resul t 'i n net prote'in synthes'i s .



7 HAIR ROOT MORPHOLOG

NUTRITIONAL STATUS

-162-

Y AS AN INDEX OF

IN CANCER PATIENTS

There are sPread

0n the blue surface c.rf thine aery surge'

Like the bright hair uplifted from the head""'

P. B. Sheì I eY ¡792-1822)

0de to the l,Jest t,li nd

Introducti on

The use of ha'ir root morphological assessment and protein content as

a measure of p-E malnutrition was discussed in pages 72-74. Hair roots

from normal subjects, cancer pat'ients recently on chemotherapy and those

cancer patìents on enteral nutrit'ional support were examined'in order to

evaluate the usefulness of ha'ir analys'is as a measure of PEM and to

determine if nutrit'ional support could be demonstrated to improve the

bulb d.iameter of the ha'ir root in cancer patients as suggested by the

studies of Bradfield'in PEM patients (.|971,1972)' Jourdan (1980) noted

protein changes in hair roots w'ithin'10 days of surgery, wh'ich suggests

that a study period of l4 days should be adequate to demonstrate any

changes w'ith nutrit'ional repl eti on '

Method

Hair roots were extracted from the occ'iput of subiects as described

by Bradf ield og7Ð. An attempt was made to obta'in 50-100 hairs 'in 2-3

pulls.Thehairswerethencutandtheproximallcm.ofshaftwith

ìntegral bu]b placed in air tight sterììe glass containers and frozen at

-700C unti I examì ned. For exami nat'i on, ha'irs were p1 aced on gl ass

sl'ides and examined under 100x magnìficat'ion by a'l'ight microscope us'ing

subdued substage and added supra-stage 'l i ght'ing '
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Hai rs were morpho'logi caì 1y separated 'i nto anagen (growi ng ) and

tel ogen (rest'ing ) ha'irs, and the anagen haì rs subd'ivi ded 'into normal and

atrophì c . The rat'i o of atroph'ic anagen ha'irs to total anagen ha'irs was

determined as well as the percentage of anagen and telogen hairs' Irl

addìt'ion, the mean bulb and shaft diameters of at least 10 anagen and l0

atroph.ic ha'irs were determined with the use of a Huygens measuring

eyepìece (xl0) wìth grat'icule l0:.l00 (16 mm. ) which was calibrated us'ing

a stage micrometer scale. Mean values were calculated'

FourgroupsWerestud.ied:normalsubjects,post-chemotherapycancer

pat'ients;malnourìshedcancerpatìents;andcancerpatientsreceiving

enteralhyperalimentatìon.Inthislattergroup,hairrootswere

examined before, and at compìetion of two weeks of naso-gastric tube

feedi ng.

Haìr root prote'in was determined in the group of malnourished cancer

pat.ients us'ing the Lowry method for proteìn determination (Lowry et al

]95]),andadaptedbyJordan(1976).Allanagenhairswerecutatlcm.

from the t'ip of the bulb and homogenized in a ground glass homogenizer

for5m.inutesinlml.oflNNH40H.Alkalinecopperso]utionwas

prepared from 2 per cent NarCor, and 0'5 per cent CuSOo' 5Ht0 in 1 per

cent NaK tartrate as desc¡ibed by Lowry' Standard curves were prepared

us.inglmg/mlbovineSerumalbumin.To200¡lofproteìnsolution,]mj

of copper reagent was added, mixed and left for l0 minutes' then 
.|00¡1

of Fol.ic reagent (diluted I'in 2.5 with water) was added' mixed and left

30 minutes. The optìcal density was read at 750 ntn' on a

spectroPhotometer.

Resul ts

Individual results are shown in Tables 2'25 - 2'27 and summarised in

Tabl e 2.28. stati st'ical eval uat'ion 'i s presented 'in Tabl e 2 ' 29 and

t
I
I

i

l

t'd

1Lì

I
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sexual compari son i n Tabl e 2.30.

An average of 82.0 hairs (range 40-148) were analysed per patient on

each occas'ion which ensured a minimum of l0 anagen hairs ava'ilable for

protein measurement. A total of 70 samples were assessed w'ith a total

of over 5,500 haìrs morphoìog'ica11y classifìed.

Table 2.25 shows that for a group of normal subjects aged ?3-37

there'is a w'ide variat'ion'in the mean diameter of the anagen hair bulb

and that for only 3 of the 7 does the diameter of the bulb exceed

ll x l0-2 mm which is the normal suggested by Bradfield (1972) for a

group of children. Anagen bulb diameter was 25.8 x l0-2 mm for a group

of elderly American subjects exam'ined by Jordan (1976) who also reported

that the percentage of anagen hairs was only 45.5% w-tth a range of 3-86%.

Table 2.25 shows hair profiles in a group of cancer patients a1ì

wì th acti ve hai r regrowth fol 'lowi ng chemotherapy-'i nduced a1 opeci a .

Anagen counts are high, ind'icative of act'ive hair growth but atroph'ic

counts are also hjgh for some pat'ients. Anagen bulb diameters are not

sign'ificantly different from the normal subjects'

Table 2.26 documents the hair root profiles of l7 stud'ies in 16

pat-ients in the enteral feeding study (see p.139) who had hair ana'lys'is

before and after 2 weeks of tube feed'ing. During 2 weeks of feedìng'

anagen counts fell by more than l0% in 5, remained the same (+10%)'in 8

and rose by more than 10% in 4 ('in two of those the rise was

predomì nately atroph'ic ha'i rs w'ith a f al I 'in mean bul b d'iameter ) .

Teìogen counts varied from 1.3% to 72.1%, and in 5 patients rose by

greater than l0% in assoc'iat'ion wìth a fall 'in anagen count during

f eed'i ng .

t
I

,

I
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NORMAL

Subiect %Anagen %AtroPhic

TABLE 2.25

R ROOT MORPHOLOGY

Atrophi c % Te1 ogen
Ãñ-nagen

t 5.8
21.\
40.0
23.4
10. 3
29.3
5.8

0.25
0.67
0.42
0.20
0. 20
0.50

9.8
8.3

10. 3
10. 3
10.7
9.5

HAi

SUBJECTS

.83

.54

.92

.95

.08

.46

.43

.21

I

Oì(tr
I

-l
wt-
rrl

It
N)(¡

6.39
6.42
6.6

4
5
5

4
6
4
5
614. 3

0.13
0. 16
0.33
0.l l
0.23
o.z2
0. 38
0.44

t 0.6
12.5

I
2
3
4
5
6
7

8

6.26
6.79
4. 54
4.89
3. 56
3.48

84.2
78.9
55.2
76.6
89.7
70.7
94.2
85.7

20.0
7.8

21.2.l5.5

36.0
38. 0

Shaft diameter
x l0-¿ mm.

Bul b di ameter
x l0-2 mm.

I6.0
I 3.78
10.18
8. 57

12.09

9.72
8.91
7 .s9
2.44
9.90
6.85

CANCER PATIENTS RECENTLY ON CHEMOTHERAPY

I
2

3

4
5

6

90
9l
89
B9
89
90

2
7
7

7
3
5

23.0
6l .l
37.9
17 .9
17.9
45.2

I
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TABLE 2.26

Subject** % Anagen % AtroPhit ffilt
Shaft di ameter

x l0-2 mm.

Bulb diameter
x l0-2 mm.

HAIR ROOT MO

PRE AND POST

RPHOLOGY IN CAN

ENTERAL NUTRITi

% Tel ogen

CER PATIENTS
ONAL SUPPORT*

la
b

2a
b

3a
b

6a
b

7a
b

8a
b

9a
b

lla
b

12a
b

l3a
b

l5a
b

l6a
b

89.0
78. I
78.0
95.9
71 .4
72.3
49.4
49.2
40. 3
27.9
60.2
78.6
88.8
92"9

69.9
49.0
I 3.7
32.0
14. 3
34.0
3l .3
23.8
11.0
26.0
17.3
10.0
65.4
65.6
63. 5

45.2
25.3
46.7
73.9
38. 6
26.2
49. 3
28.7
20.6

11.0
21.9
22.0

0.79
0.63
0.18
0. 33
0. 20
0.47
0. 63
0.48
0.27
0.93
0.29
0. 13
0.7 4
0.71
0.76
0.58
0. 58
0. 56
0.98
0.97
0. 39
0. 64
0. 30
0. 36

5.64
5.22
5.07
5.3
5.87
5.80
4.05
4.28
5. l7
5.45
6. 88
6.88
4.5
4. l6
4.77
4. 14
5.?3
6.37
6.36
5. 37
5.46
6.51
5. l6
5.24

6. 10
4.09
7.8

10. 5
8.31

-l

@r
lrl

:"
f\)
Oì

5.1
28.6
27 .7
50.6
50.8
59.8

9.20
5.62
4.32
7.34
3.22
9.88
3. s7
4.72
4.46
4.68
6.03
8..l0
6.17
3.69
3"24
5.29
3.87
7.20
8. 56

I¿
Or
Ol

I

83

43.
82.
75.
40.
67.

72.1
39.8
21.4
11.2
7.1

16. 3
22.6
56. 5
17.3
24.6
60.0
32.8
24.7
3.0

42.9

I

7

5
5
7

4
0
2

77.

76.6
97 .0
57.1

* subjects for whonr both pre and post treatment data ava'ilabie'

:k:k ¿ = pre nutritìonal support (baseline). 5= post 2 weeks nutrìtìonal support'



Subiect** % Anagen % AtroPh'it ffi#
39.0
40. 4
26.8
34.2
26.5
27.7
40.6
25.3
40.4
34.2

l7a
b

22a
b

23a
b

24a
b

25a
b

63.4
80.8
93.9
98.7
71 .1
78. 3
76.8
53.9
76.6
8l .6

0.62
0. 50
0.29
0. 34
0.37
0.35
0.53
0.47
0. 53
0.41

TABLE 2.26 CONTINUED

% Te'logen

21.7
26.1
41 .7
23.4.l8.4

Shaft di ameter
x l0-2 mm.

Bul b di ameter
x l0-2 mm.

36.6.l9. 
I

6..|
1.3

28.9

I¿
Ol
\l

I

7 .45
7.30
0.38
8. 79
7.04
8.75
8.73
7.20
6. 50
7.84

6.20
6.55
7.4
6.3
4.76
5.7s
6.0
7 .15
6.3
6.4

--t
@r
frl

:'
1\)
Oì

c)oz
--l
z.c
rflo

* Subjects for whom both pre and post treatment data available.

rk* ¿ = pre nutritional support (baselìne). þ = post 2 weeks nutritional support'



TABLE 2.27

PHOLOGY AND HAIR ROOT PROTEIN CONTENT IN CANCER PATIENTSHAiR ROOT MOR

/o

Atrophì c
Atrophi c
magen

lo

Tel ogen

4?.9
38.2
68.6
9.5

29.3
43.7
51.2

Bulb diameter
x l0-2 mm.

Prote'in
ug/hai r
root

7.0
10.88
10.64
5.17
5.46
6. 58

il.ll
9.28

10.97

Subject

I
2
3
4
5
6
7

I
9

l0
ll
12
l3
l4
l5
l6
17
l8
l9
20
21

@
G

/o

Anagen

di
g-t

Shaft
XI

ameter
mm.

60.0
90.2
91 .7
71 .7
89. 7

71.4
57. I
6r .8
3l .4
90.5
70.7
56.3
48.8
53.2
45. 5

63.8
77 .2
49.4
21.5
92.7
6r .4

29.0
23.0
6t .l
31.7
37 .9
42.9
25.3
30.9
15.7
45.2
15.5
9.2

26.7
30.4
3l .8
49. 5

40.6
3r .3
15.7
63.5
6l .4

46.
54.
36.

0.33
0.25
0.67
0.44
0.42
0.4?
0.44
0. 50
0.50
0. 50
0.22
0. l6
0. s5
0. 57
0.70
0. 78
0. s3
0. 63
0.73
0.69
1.0

40.0
9.8
8.3

28.3
10.3
28.6

8
5

2

8
6
4
3

6

10.18
9.7?
8.91
6.04
7.59
6.80
8.78
4. 48
5.80
6.8s
6. 39
5. 70
3.42
6.12
3. 63
4.1I
7 .38
5.62
4.43
6.52
2.68

5.92
6.26
6.79
4.96
4.54
4.88
4.84
3.77
3.95
3.48
4.46
3 .65
3.75
4. l6
3.58
3.84
3.93
4.05
3.41
4.23
3.79

I

Ol
æ
I

-{
@
t-
rn

!t
f\)
!

5.82
5.12
3.49
2.62
4.41
1.62
4.23

22
50
78

7

38

lr.ll
11.06
14.4
14.71
10.93

@ No correlation by Spearman's Correlation Test'
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TABLE 2.28

HAI R R00T MORPHOLOGY : COMBINÈD RTSULTS

Cancer Pati ents
on enteral

hyperal i mentati on

Normal
Subj ect s

Cancer
Pati ents
on Chemo-
therapy

Mal -
nouri shed
Cancer
Pat i ent s

After
2 weeks

Nutri ti onal
Support

17

l7

71.88
+ 19. 73

35.44
+ 13.27

0. 52.|
+ 0.30

5.70
+ 1.44

6. 88
+ 2.87

No. of
subj ect s

Mal e/Femal e

Mean age
(years )

f'lo. v,ri th
we'igh't 'loss

% anagen
Mean + S.D.

% atrop
lvlean +

Atrophi c/
Anagen
Mean + S.D.

% tel ogen
iïean + S. D.

Shaft Diameter
Mean ,r+ S. D.
x l0-Á mm.

Bul b Di ameter
Mean + S. D.
x l0-2im.

Protei n
rooù :

Mean +

9.24
+ .|.97

5:3 2:4 ll:6

7

.41
12

55
+

hic
S. D.

7

j
2 99

I 9.4

I0.00
+ 3.67

6. 53
+ 0.60

/ha'ir
ug
S. D.

3
3

7.9
1

6.99
+ 1.84

5.43
+ 0.65

4. 39
+ 0.85

4.92
+ 1.37

5. 58
+ 0.86

?0
+

9.82
+ 0.85990

0
I 83

35

1
.47
l9

28.07
+ 16.7

j
0 498

0.23+ 0.19
0. 525
+ 0.06

0.25
+ 0.12

0. 37

33. 83
+ 33.58

33. 78
+ 15.77+ ll.3l

?0.2 36

1
ll
20.4

72.10
+ 16.7

90
+

64.57
+ 19.81

2

0 85
79.4
+ 12.39

21

l
I

20 17

30. I
+ 4.2

0
+

56.81
+ 16. 36

25

18.9
55. 4l
+ 12.7

12:9 6II

21B 6 17

Basel ì ne
Data

85



STATiSTICAL ANALYS

TABLE 2.29

IS OF HAIR ROOT DATA

STUDENT'S t TESTS

Mean age

% anagen

% atrophìc

Normal subjects
vs.

Patients recentlY
on chemotheraPY

* Paired t test.

Baseline Enteral Hyperalimentatìon Pat'ients
vs.

Po st -enteral
nutri t'ion
pat'ients*

NS

NS

NS

NS

NS

NS

NS**

-l
@
t-l
m

!
r!o.t
f\)
r.o

fnaggl rarì o
Atropnl c

% teìogen

Shaft di ameter

Bul b d'iameter

Hair root Prote'in

0.02>p>0. 01

NS

0.012p>0. 05
(NS )

NS

0.052p)0.02

Normal subjects
VS.

Mal nouri shed cancer
pa-uì ents

p<0.001

0. Þp)0.05
(NS )

0.0.l>p>0.00ì

0.052p>0.02

0.0Þp>0.02

NS

NS 0.0ì2p>0.00'l

p<0.00.|

Normal
subject s

p<0.001

0.05>p>0.02

p(0. 05

0.022p>0.01

NS

0. 02>p>0. 01

NS

Mal nouri shed
cancer patienÙs

NS

NS

NS

NS

NS

NS

p<0.001

** Spearmanrs cotFêlatìon test.
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TABLE 2.30

HAIR ROOT DATA

COI'IBINED DATA TABLES ?.26 AND 2'27

COMPARING MALE AND FEMALE PATIENTS*

FEMALES MALES
P

('t test )

TOTAL PATIENTS l5 23

Mean Age + S.D. 6l -67 + 11.59 52'61 + 12'74 0'05 p 0'02

NS
% anagen
Mean + S.D

70 .42 + 19 .47 66 .32 + I 8. 36

% atrophic
Mean + S.D

3l .9 + 1 5.57 36.72 + 19. 
.l 

6 NS

Alrophic rat.io 0.47 + 0.195 0.54 + 0.229
Anagen

Mean + S.D.

NS

% telogen ha'irs
Mean + S.D.

29.77 + 19.41 33.86 + 18.28 NS

Shaft dì ameter
x l0-2 mm.

Mean + S.D.

5.15 + 1.32 4.76 + 0.91 NS

Bulb diameter
x l0-2 mm.

Mean + S.D.

7.05 + 2.27 6.27 + 0.74 NS

*Female patients from table 2.26 are subject nos. 3

?2, ?4'and from tabl e 2.27 are subject nos' l, 3'
ll, 15, .l9.

,8, I
41 5,

l, 15,
8, .l0,
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All patìents had mean anagen bulb diameters of less than lÌ x l0-2mm

'in d'iameter before feeding. Qne pat'ieni had an'increase in mean anagen

bulb dianreter to greater than ll x l0-2 ntm post feed'ing but this rise did

not match anthropometric and serum prote'in data'

Hair root protein analysìs on 2l patients is listed, with their

morphoìog jcal data, 'in Tabl e 2.27. There i s no correlation between ha'ir

root morpho'logy and ha'ir root prote'i n content (Spearman ' s Rank

Correlatìon Test) and in the ì'ight of these data' further protein assays

were not unclertaken, In addition, there Was no correlation between hajr

bulb d'iameter and dietary proteìn intake'

Tables 2.28 and 2.29 detaìl the mean values of the morphologic data

and the statìst'ical analysis of the study groups. Malnourished cancer

patients and the entera'l hypera'limentat'ion patients both had

statistically greater mean atroph'ic hair counts, lower mean

anagen/atrophic rat'io, and hence lower mean bulb d'iameters than normal

subjects. Patients recently on chemotherapy had anagen bulb diameters

notsign.ificantlydifferentfromnormalsubjects.Therewasno

si gnì f i cant change i n any of the ha'i r root morphol og'ica1 characteri st'ics

followìng enteral nutritional support'

comparìson of male and female malnourìshed cancer patients was

undertaken by combining the data in Tables 2.26 and 2'27 (Table 2'30)'

There is no stat'istical d'ifference between the sexes w'ith respect to any

of the hair root morphoìogìcaì characteristics studied' The female

cancer patients were sign'ificantly oìder than the male cancer patients' a

f.inding wh.ich reflects the lower mean age of the male cancer population

'in general .

The techn'ique of hair sampl'ing was well tolerated by aìl patients

and none refused on subsequent occasi ons '
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D'i scussi on

Although ha'ir root da'ba m'ight potentiaìly provide a relativeìy easy

and cheap'irrdex of protein metabolism, it was found to be ted'ious tcl

-irnpl ement 'in pract'ice. Previ ous chemotherapy, even some months before'

seriously interferes wjth 'interpretat'ion of the measurements and the use

of ha.ir root morphology in cancer pat'ients ìs therefore l'imited to

patients who have had no prev'ious chemotherapy. In addìt'ion' the low

bulb d.iameters ìn many normal subjects tnean that Bradfield's criteria for

malnutrit'ion cannot be applied to th'is group of patients' The mean bulb

d.i ameter of the mal nouri shed cancer pat'ients was , however, si gni f icantly

I ess than that of the normal subiects '

Unlike the study of Jourdan (l9BO)' no correlat'ion between haìr bulb

d-iameter and prote'in (n'itrogen ) 'intake coul d be demonstrated ' Thi s may

reflect the different pat'ient populations (Jourdan stud'ied general

surgical patìents). In add'ition, cancer pat'ients frequent'ly do not have

simpie prote.in-energy malnutrition and some patients may have a h'igh

dìetaryproteìn.intakebutalowhairbulbdiameterduetoa

hypercatabolicstate.Acombinat.ionofthisgroupofpatientswith

those with a]ow prote'in intake and low hair bulb diameter due to a

hypocatabolic state may well mask any correlat'ion'

There ìs no signìficant .improvement in ha'ir root morphology w'ith

enteral nutrit'ional support over the two week study period' Improvement

.in anagen hair diameters.in some patìents may reflect sampì'ing errors

rather than true-increases ìn protein synthes'is and a significant number

of pat'ients contìnue to lose ha'ir root protein during enteral nutrit'ional

support. The lack of change in mean values with nutritional support

suggests an ì nab'i I i ty to repl ete prote'i n wì th enteral nutriti on i n these

pat.ients and a stab'i I'i zat'i on of nutri ti onal status durì ng 'tube f eed'i ng '



-17 4-

These conclusìons confirm those made on the same group of patìents using

different tests of nutrit'ional status and described in the previous

chapter. It would be ìnteresting and useful to compare ha'ir root

profiles with'in v'ivo protein turnover studies but this would be a very

difficult studY to undertake.

In conclusìon, although the lack of change'in hair root morphology

wi th enteral nutrì t'ional support may ref ì ect stabi I i zat'ion of whol e body

prote.in status during the study period, ìt a'lso suggests the lack of

benefit of nutritional support'in'improving ìean body mass in thìs group

of pat.ients. Ha'ir root morpho]ogy anaìysis was found to be too tedious

to be used as a routine test of nutritional status, and did not clearly

separate malnourished cancer patients from normal subiects'
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B C-REACTIVE PROTEIN

I ntroduct ì on

c-reactì ve prote'i rr 'i s an acute phase prote'i n of unknown f unct'iort

(see Section I, p.75) which was first described by Tìllett and Francis

(.lg30) i n f ebr.i 
'l e pat'ierrts and ì nf ected rabbi ts . In common w'ith other

acute phase proteins, the serum concentration of cRP rises'irt response to

phys.ica] stress, e .9 . trauma and i nfect'ions. Its assoc'i ati on wi th

maìignancy l^Jas subsequent'ly reported (Roantree and Rantz 1955' Com'ino et

al 196l) but the reasons for the rise jn cancer is not known' It is

possible t,hat its rise co-exists with other changes which occur

concomm.itantiy wìth hypermetabolic states'in humans' c-react'ive protein

has been shown to be produced by lymphocytes (Ikuta et al 1986' Kuta et

all986)a.lthough.itispossiblethatit.isalsosynthesizedbyother

t.issues. The serum cRP concentration is not a test of nutritional

status but was measured as part of the nut.it'ionar studies'in th'is thes'is

because of the serum protein changes wh'ich accompany an acute phase

response.Suchchanges.inserumproteinsmaymaskorconfusethe

utilisatjonofsuchproteinsastestsofnutritionalstatus.
Method

c-reactive protein was assayed in serum samples obta'ined from all

patients in study 5 and study 6 (nutrit'ional abnormalities in cancer and

enteral hyperalimentat'ion studies). No pat'ient had evidence of an

i nf ectì on. As f or those stud'ies, f ast'ing specimens were col I ected

between 0800 and 0900 hours. Assays were undertaken by the Department

of Biochem'istry, Gartnavel General Hospìtaì us'ing electroimmunod'iffusion

(Laurell rocket techn'ique). The norma'l range for cRP ìs 0-4 + 2'5 mg/]'

Results

TheC-reactiveprotein(cRp)resultsarelistedinfullin
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Appendices II and III.

In study 5, a total of 48 assays were avajlable for anaìysis in 52

patients stud-ied. The cRP concentrat'ic¡n was greater than l0 mg/f in

83.5% of the pat'ients and greater than 50 mg/l in 50% of pat'ients' In

addition, there was a trend wh'ich did not reach statìstìcal significance

when CRP was correlated with surv'ival (r = -0.232, P between 0'l and

0.05 ) .

in study 6, cRP Ievels felI'in some patients durin9 nutritional

support and rose 'in others, but no reason f or thi s 'is obv'ious except that

these changes may have reflected 'intercurrent 'illness' Levels of CRP

rose-in 2 patients during episodes of pneumonia. One patient w'ith an

undetectable CRP djed (in rem'ission) of drug tox'ic'ity (overwhelm'ing

sepsi s rel ated to pancytopaeni a) '

comparison of basel'ine serum urea Ievels shows a highly signìficant

correlation wìth c-reactive protein (p less than 0'00.l) (raule 2'17)'

It is also of interest that there'is a modest negative correlation

between CRp and n.itrogen balance (p between 0.05 and 0.0'l , Spearman's

correlat'ion test) (F'igure 2'16)'

D'iscussi on

The serum cRP leve] may be an'important index of metabolic status of

the cancer pat'ient and an elevat'ion may reflect a hypermetabolic state'

In pat.ients w'ithout ev'idence of infect'ion, a high cRP and high ur¡inary

nitrogen excretìon in the presence of a negative nitrogen ba'lance may be

indicatìve of hypermetabol'ism and useful as a guìde to the l'ikelihood of

a response to nutrit'ional support. The results in th'is study support

th-is concept and a modest negat'ive correlation of serum cRP concentrat'ion

with n.itrogen balance has been demonstrated. Mìlano et al (.1978) have

reported a rìse'in cRP occurring several months before death'in pat'ients
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with colo-rectal carc'inoma. These data support the fìndings in this

study of a poor prclgnosìs'in patients with a high serum CRP concentratìon

and-interestingly, th'is trend was almost of statist'ical sign'ificance'

A recent report by Darfington et al (1986) reported that tumour

necros'iS f actor and ì nterl eukì n I can i nduce an acute phase response 'in

human hepatoma cells in v'itro. If this is so, then'it is poss'ible that

a r.ise in cRP is a refletion of a rise'in tumour and/or host derived

substances wh'ich may alter the host metabolic response' Such a change

in metabolic rate to a hypercatabol-ic state is more f ike'ly to occur 'late

'in the course of the natural hìstory of the cancer and account for the

(often) late rise in cRP. It is post,ulated that patients w'ith a low

serum concentration of CRp are more like'ly to be hypo- or normometabol'ic

arrd more l'ikeìy to respond to nutrit'ional support'

The concept of a d'ifferent'ial response to nutrit'ional support

depending on metabolic rate'is developed further in sectjon III of thìs

thesi s.

This is not the end. It is not even the

begi nni ng of the end. But 'it ì s , perhaps,

the end of the beEinning.

Speech at the Mans'ion House, l0 Nov ' 1942

(0f the Battle of EgYPt)

S'ir h,l'inston Churchill (1874-1965)'
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SECTION IIi

STUDIES IN ANINO ACID ABNORMALITIES AND

ALBUMIN METABOLISM IN I4ALNOURISHED CANCIR

PATIENTS AND THE POTENTIAL USE OF PLASMA

EXCHANGE IN INVESTIGATING NUTRITIONAL

ABNORMALITIES.

it is a m'istake to suppose, as it ìs so easy to do'

that science enjoins upon us the vìew that any given

idea'is true or false and there is an end of it;

an 'idea may be neither demonstrably true or false'

and yet useful and 'interesting.

W'ilfred Trotter

Observation and Experiment and their

use 'in Med'ical Sc'iences (l930 )

The Collected Papers of W'ilfred Trotter

FRS n946)
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PLASMA AI4INO ACID PROFILES IN

cANCER PATIENTS tlJITH ì^JEIGHT LOSS

I NTRODUCT I ON

The pì asma ami no aci d prof i I e 'i n proteì n-energy rnal nutri ti on (PEM)

has been well established (Editorial 1973, Berry, H.K. 1970, Felig, P' et

al 1969, Holt, L.E. et al 1963, Mclaren et al .|965, Ittyerah et al .l965'

Weller et al 1973, Srnith et al 1974) and has been suggested as a useful

marker of the nutrit'ional status of the patient (Holt, L.E. et al .l963)'

In establ.ished and uncomplicated PEM there are s'ignificant reduct'ions in

the p'l asma concentrat'ions of the branched-cha'in am'i no aci ds, I euc'ine '

.i sol euc-ine and val i ne . In addi ti on, the pl asma concentrati on of

tyrosine is usually reduced. Restorat'ion of these abnormalities to

normal usual 
'ly occurs rap'id'ly w'ith nutri ti onal support ' Indeed '

refeeding of pat'ients with PEM usually resu'lts'in the rapid restoration

of a normal cl i n'ical state (Smi tfr et al 197 4) ' a si tuati on whi ch ' as

studi es .in th.i s thesi s have shown, rarely pertai ns to cancer patì ents '

in add.ition to the above pìasma amino ac'id changes'in PEM' plasma

essent.i al am.ino aci ds are usual'ly 'l ow and pì asma gìycì ne concentrati on

may be normal or h'igh . Pl asma al ani ne concentrati on 'i s usual ly I ow

because branched-chain amino acid concentrat'ions control the product'ion

of al an'i ne and 91 utarn'ine by skel etal muscl e '

After 3-5 days of fast'ing' normal subiects have aminograms w'ith h'igh

branched-chain amino acid (BCAA) concentrations' In these patients' the

elevated concentrat.ions reflect gluconeogenic act'ivìty with hepatic

release of BCAA, tyros'ine and lysine for peripheraì metabolism'
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The si tuat'ion i n nial i gnant dì sease i s I ess cl ear, and most early

publications did not cons'ider nutrjtional status (0kada and Hayash'i 1922,

Eades, C.H. and Pollack, R.L. 1954' Wa'isman et al 195?, Kelly and l.la'isman

1957, Brackenri dge 'l 959, Ni xon, D. et al .l980, 
Wannenlacher, R. lrrl. et al

.l976). In some of these studies the possible effects of cytotox'ic

chemotherapy on plasma amino acid concentration were neglected. Clarke

et al (1978) measured plasma am'ino ac'id levels by gas chromatography in a

small group of malnourished cancer pat'ients and concluded that the rate

of gl uconeogenesi s was ì ncreased.

It is ìmportant to know the prevalence of uncompl'icated prote'in-

energy mal nutrìtion (P.E.M. ) 'in mal ìgnant d'isease as dist'inct from the

hypermetabolic state of true cancer cachexia, as these factors may

.influence the response to nutrit'ional support in different ways and could

also affect the response to cancer therapy.

As part of the larger study 'invest'igat'ing nutrit'ional parameters 'in

cancer pat'ients wì th wei ght 1oss, f ast'ing peripheral venous pl asma ami no

ac.id prof.iles were determined by ion exchange chromatography. The ajm

was to determ'ine if the fasting pìasma amìno acid profile'in malnourished

cancer pat'ients was cons'istent with prote'in-energy maìnutrition, or

whether there were d'ifferences sufficient to indicate a distinct

metabolic response to prote'in-energy deprìvation'

METHOD AND PATIENT SELECTION

Thirty-nine pat'ients (26 male : l3 female), of mean age 57.0 years

(range 2l-8.|), and w'ith histoìog'icalìy confirmed cancer were studìed.

All had weìght'loss e'ither in excess of l0% over the preceding 6 months

or 5% over the precedìng 4 weeks. No pat'ient had rece'ived chemotherapy'

rad'iotherapy or had surgery withjn the preceding 3 weeks. The
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malignanc'ies studied were gastroìntestinal (15), lurrg (5), ovary (l)'

breast (4), larynx (4), testjs e), lyrnphornata (3), renaì (2), melanoma

(2) and sarcoma (l). All the cancer patients were anorectìc at the time

of the study and were consìdered to require nutrit'ional support'

A group of l3 pat'ierrts adm'it,ted for elective eye surgery' but

w'ithout systemìc disease, maf ignancy or weight 1oss, had fasting plasma

ami no aci d prof i I es determ'i ned pre-operat'ive'ly f or comparison '

Blood was obtained between 0830 and 0930 from a forearm ve'in after

an overnight fast and transported to the laboratory in a heparin'ised tube

where the pìasma was separated w'ithin an hour, deproteinized wit'h

sul phosaf icyl ì c ac'id and stored at -250C '

Thawed sampìes were later analysed by ion exchanged chromatography

on a Locarte amino acìd analyser (Moore, Spackman and Ste'in 1958).

RESULTS

The mean plasma amino acid concentrations are listed'in Table 3.la'

The mean am-ino ac.id concentrat'ions for the control group were comparable

with published ranges for normal values. Plasma levels of the essential

amino ac-ids, threonine and meth'ionine were all significantìy reduced in

the cancer population compared to the control subjects. Although the

mean plasma levels of the branched-cha'in amino acids isoleucine, leucine

and valine in cancer patients were not significantly different from

control subjects, there was a much wider scatter of ind'ividual values

(Figs. 3..|, 3.2, 3.3).

Examination of these scattergrams reveal a number of pat'ients with

elevated plasma levels of branched-chain am'ino acìds ('i 'e' valine'

leucine, ìsoleucine) who had had an acute reduction'in prote'in and energy

intake over the preced'ing one or two weeks (Table 3.lb). The causes of
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TABLE 3. I a

PLASMA AMINO ACID PROFILES

CONTROL PATIENTS
MEAN (umol7¡¡ + sEM*

CANCER PATIENTS
MEAN (umol/L) + SEM

P
AMINO ACID

Al an'ine

Argi ni ne

Asparagì ne

Aspart'ic Aci d

Citrulline
Cyst'ine

Gl utam'ic Ac'id

Gl utami ne

Glyc'ine

Hi sti di ne

I sol euc'i ne

Leuci ne

Lys i ne

Meth'ioni ne

Orn'ithi ne

Phenyl al an'ine

Seri ne

Threoni ne

Tyros'ine

Val i ne

65 5

53. 3.5

<0.001

0.0.I>p0.001

N.S.

N. S.

<0.001

0.01> p>0.00'l

0.05>p>0.02

N. S.

N. S.

<0.001

N. S.

N. S.

N. S.

0 .02>p)0.01

<0.00.l

N. S.

N. S.

0 .05>p>0.02

N. S.

N. S.

349.8

104.7

59.l
4.8

38.3

I10.8
44.9

395.2

175.5

87.4

65.2

I30.7

167

24

130

57 .8

93.7

11?

63.8

200.5

3.0

5.8

12.1

1.5

I 5.6

2.8

4.5

6.1

4.0

8.0

9

16.9

77 .9

79.5

326.6

180.6

5l .9
62.0

117 .4

t40.1

17 .9

78. I

63.2

93 .4

92.7

56.7

l7l .5

+

+

+

+

+

+

+

+

+

+

+

1
+

+

+

+

+

+

+

+

4.0

7.7

3.0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

I
+

+

+

7.3

7

20.3

5.4

0.5

3..|

17223.2 0

56

4

9.3

20l9 4

0

5

1.5

2.1

5.2

4.2

5..|

2.6

ll
8 4.5

4.8

7.7

8.5

1.2

5.5

3.6

l0 .6

* SEM = Standard error of the mean.
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FIGURE 3. I
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LEUCINE

FIGURE 3.2
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FIGURE 3.3
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TABLE 3. I b

Patients with elevated branch-chain amino acids
(vallne, Leucl hê, Isol euci ne )

Tumour Type t¡Je'ioht Loss Onset of weight
(U ót normal ) loss and durat'ion

Reason for
acute weight
I oss

I

Carc'inoma <¡f
1 arynx

Carcinoma of
col on

Renal cel I
carc'inoma

Carc'inoma
max'il l arY antrum

Carcinoma of
oesophagus

20.6

8.3

I 5.0

17 .9

25.2

Acute on chron'ic
2 weeks

Earìy chronic
I weeks

Acute on chronic
4 weeks

Acute on chron'ic
2 weeks

Acute on chronic
3 weeks

Acute
3 weeks

Dysphag'ia

Anorexi a,
hepati c
secondari es

Anorex'ia

Radi at'ion
mucos'iti s

Post-operati ve
anorex'ia and
depressi on

Hemiparesis due
to cerebral
metastases

li Carci noma of ì ung 12.0

I

i
t

I

I
t,

r
I
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the "acute starvation" ìn these patìents'included depression,

radi otherapy-'induce,l oral mucosi t'is, dysphagi a due to ì aryngeal carci noma

and swal l owi ng d'if f icuì ty due to cerebral metastases resul t'i ng 'in a

hem'ipares'i s and f ac'i al nerve Pal sy.

Low values of a branched-cha'in amino acid usually occurred 'in

associ at.ion wi th I ow val ues of other branched-chai n am'i no aci ds '

There was no correlation between the degree of weight loss, plasma

am.ino ac'id values, tumour type or duration of anorexia. The mean plasma

values of alanine, cìtrulline, cystine, ornithine, arg'inine and histidine

were sì gn.if i cant'ly l oweli n the cancer pati ents than 'in the control group

(Fìgures 3.4-3.9). Mean levels of glutam'ic ac'id and aspartic acid were

h.igher jn the cancer patients than in the control group; the latter did

not reach statist'ical s'ignif icance (F'igure 3.10)' A number of pat'ients

also had elevated levels of phenylaìanine, but the mean level in the

cancer group d'id not d'iffer s'ignìf icantly from the control group (Figure

3.il ).

DISCUSS ION

There has been 'increasì ng emphasi s 'in the I i terature on the possi bl e

value of nut¡itional support in cancer pat'ients prior to, and durìng'

therapy w'ith surgery, cytotox'ic chemotherapy and rad'iotherapy (Cope'land'

E.M.etal1977,Greenberg,G.R.etal1976,Serrou,B.etall98l'

val er.io, D. et al 1979 ) . However, the studi es reported i n th'is thesi s

and those of others (Nixon, D' et a1 1980' N'ixon' D' et al l98l) have

shown that not all cancer patients respond to convent'ional nutritional

support. D.ifferences 'in responses between studies may reflect

differences.in patient select'ion, but it is most'l'ike'ly that the cancer

popu'latjon is heterogeneous w'ith respect to the metabolic response that

I
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FIGURE 3.5
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FIGURE 3.8
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FIGURE 3.9
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FIGURE 3. ] I
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the malnour.ished cancer patient deveìops. The am'ino acid data presenled

here would lend support to the concept suggested by previous stud'ies in

thìs thesìs that cancer patients may be hypocatabol'ic or hypercatabolic'

It has been reported that the pìasma concentrat'ions of branched-

chaìn amino acids in malignancy are normal (clarke, t. et al 1978)'

These authors suggested that the absence of s'ignificant arte¡io-venous

differences ìn the amino acid concentrat'ions excluded excessive muscle

prote.in catabolism. They deduced that'increased gluconeogenesìs

accounted for the normal branched-cha'in and reduced g'lyc'ine' alan'ine and

threon.ine concentrati ons 'in the mal nouri shed cancer pati ents ' wh'i I st

this rnay be so for some cancer pat'ients' our data would suggest that

theremaybetwoothergroupsofcancerpatients.inone,elevated

levels of branched-chain amino acids inrp'ly acute muscle catabolism for

thepurposeofgluconeogenesis.Suchincreasesareseenjnacute

starvation(Feì.ig,P.etall969)and.insomepatientswithacute

leukaemia (rdaisman, H.A. et al 1952)' In thjs study' a recent acute

reduct'ion'in food intake was usually the cause for th'is pìasma am'ino ac'id

pattern,qndrepresentsanorma.lresponsetosuchas.ituation.

Inthec¡thergroup,.loW]eve]sofbranched-cha.inaminoacidsmay

reflect a normal metabolic response to starvation' It m'ight be

ant.icipatedthatsuchpat.ientswou]dbemoreìikelytorespondto

nutritional repìetion. It can be argued tha'u "normaì" plasma levels of

branched-cha.in am.ino acids are ìnappropriately elevated in relation to

reduced protein and energy intake, and may reflect an elevated catabol'ic

rate for the nutrit'ional state of the ind'iv'idual ' This "ìow grade"

hypercatabol'ic state may be the result or cause of the acute phase

response often seen 'in cancer patients'
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Serum levels of CRP were elevated'in all but five pat'ients'in this

study. None of the f ìve patient,s with a normal C-reactive prote'in had

elevated branched-chain amino ac'ids, and theìr mean plasma concentratjons

were not signìficantly djfferent from the mean values of the whole group'

The normal val ues f or hi sti dì ne, argi n'i ne, ìys'ine and gl utami c ac'id

ìn the patients with leukaemia mentjoned above (wa'isman, H'A' et al .l952)

-imply that these patients had a better nutritional state than those in

the present studY.

The fall'in the plasma levels of urea cycle amino acìds citrulline'

ornithine and arg'inine and the rise'in gìutam'ic acid levels in some

pat.ients suggests a reducti on ì rt urea synthes'i s as a resul t of substrate

def-ic.iency. These effects are comparable to those of uncomplicated

starvati on . The i r¡creased g1 utami c ac'id ( and perhaps aspart'ic ac'id ) are

consistent with increased gluconeogenes'is as reported by Clarke et al

(te7B).

The -increased pl asma I evel s of phenyl aì an'ine and unchanged or

reduced tyros'ine levels may reflect inadequate conversion by

phenyìalanine hydroxylase followìng increased muscle catabolism (Sm'ith et

al1g7Ð.Thismechanisnthasbeenpostulatedtoaccountforincreased

pìasma phenylalanine levels in viral or bacterial'infections in man

(ì¡Jannemacher l977). Wannemacher, R'I,J' et al (1976)' study'ing metabof ism

of l4c-pnenyl al anì ne, f ound that 'increased serum phenyl al an'ine I evel s

Weremore.like.lyaref]ectionof.increasedstr.iatedmusclecatabolism

rather than reduced hydroxylation'

Inconclusion,thesedatasuggestthatthemetaboììcresponseto

protein-energydeplet.ion.inthecancerpat.ientvariesbetween

individuals, even those w'ith apparently the same tumour type and extent

of d.isease. Some cancer patìents respond to protein-energy deprivat'ion
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in the normal way w'ith appropriate changes in the plasma amino ac'id

concenlrat'ion. 0ther cancer patients have evidence from the pìasma

am1no acid profìle of a hypercatabolic state, despite malnutrit'ion, which

ìs presumab'ly a consequence of a host response to humoral factors

produced by the host or tumour. It is predìcted that the pat'ient's

response to nutrit'ional support depends upon 'bhe type of metabolic

response produced by that patient.

SUMMARY

Fasting plasma am1no acid prof iles were determ'ined by ion exchange

chromatography in a group of 39 anorect'ic malnourished cancer patients'

most w-ith weight ìoss in excess of 10% of normal body weight.

Comparìson of these values w'ith a control group revealed s'ign'ifìcant'ìy

low values for the urea cyc'le am'ino acìds c'itrulì'ine, ornith'ine and

argìnine with an increase ìn glutamic acid. In addition, mean values

for the branched-chain amino ac'ids were normal but there was a w'ide

scatter of values, suggestìng that cancer patìents can be divided into

three groups:

( I ) Those wì th h'i gh pl asma I evel s of branched-chai n amì no

acids due to an acute or acute on chronic catabol'ic phase.

(2 ) Those w'ith I ow pì asma I evel s of branched-chai n amì no ac'ids

.i ndi cat.i ng a norma.| response to prote.in-energy dep.leti on, and

(3) Those with "normal" but 'inappropriately hìgh levels of high

branched-cha.inaminoacids'representingahypercatabol.ic

response 'in relation to bhe state of nutrit'ion of the

individual (i.e. a failure of normal adaptat'ion to

starvation). It is suggested that patìents wìth

fasti ng ami no aci d profi I es of the type seen i n
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uncomplìcatedproteìn-enerEymalnutritionshould

respond best to nutrit'ional repl et'ion '

The abnormal metabol'ic response to malnutrìticln demonstrable in

,,group 3,'patients may be the result of a humoral factor of either host

or tumour deri vati on.
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ALBUi.liN IT1ETABOLISM AND DISTRIBUTION

IN CANCER PATIENTS hITTH CACHEXIA

Al I human thì ngs must decaY

And, when fate summons, monarchs tnust obey.

John Dryden

MacFlecknoe l.l.

I NTRODUCTI ON

The cachexìa assocìated with mal'ignant disease is commonly

assoc'iated with hypoalbum'inaemìa (tulider l95l ), but the causes of the fall
.in plasma album'in concentration have not, been fuì1y eluc'idated (Lundholm,

K., Karlberg, I. and schersten, T. 1978). In the cachex'ia of

protei n-energy ma'l nutrit'ion, both al bum'i n catabol i sm and synthesì s are

reduced (nothch'ild, M.A. et al 1977, James, hJ.P.T. and Hay, A.M. 1968'

p.icou, D. and Waterlow, J.C. 1962). Several studies have suggested that

reduced album'in synthesis is the predominant cause of the

hypoalbuminaemia in cancer and that th'is may be assoc'iated with a low

rate of albumin catabolism (steinfeld, J.L. 1960, waldmann, T., Trier, J.

and Fallon, H. 1963, Costa, G., Bernbeck, P. .l966, Marianì, G. et al

1976). However, others have reported an increased rate of albumin

catabol-ism (Ross'ing, N. .l968). In some of theSe StudieS, however, a

commerc'ial albumin preparation was used, whìch might have been partially

denatured. This could g'ive rise to a falsely high est'imate of

f racti onal catabol 'ic rate.

There are at least four possible mechan'isms for the hypoalbuminaem'ia

which occurs in pat.ients with cancer. F'irstly, the basal metabolic rate

(BMR) may be increased, 'leading to increased albumin catabolism which

exceeds increased synthes'is (Mider 195'|, Warnold, I. et al 1978,
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l,Jaterhouse, C., Fenn'inger, 1.D., Keutmann, E.H. l95l)' In hyperthyro'id

patjer1ts with increased BMR' album'in catabolism is 'increased and

hypoaìbuminaemi a occurs (l.laldmann, T.A . 1977) . Secondìy, a mal ignancy

may be assûc'iated w'ith an acute phase response, whi ch i n turn I eads to a

decreased al bumi n concentrat'ion wi th possi bly an 'increased f ract'ional

catabol.ic rate. In recent years there has been 'increasing evidence that

cancer is assoc'iated with an acute phase response with elevatìon of acute

phase reactants such as C-react'ive prote'in (CRP) (Coombes et al 1977) and

fì brì nogen (Huggì ns, C. I 949) . Thì s acute phase response 'i s often

assoc.iated with a fall jn the concentration of some pìasma prote'ins, e.g.

album.in (Fleck, A. 1980). Hepatìc synthes'is of albumin may be 'impa'ired

ìn assoc'iation wìth the acute phase response (Darl'ington et al 1986)'

In addìtion, a change in cap'iì1ary permeabìlity may cause an'increase in

the extravascul ar to i ntravascul ar G/P) rat'io of al bumi n ' perhaps an

'i ncreased f ract'ional catabol i c rate, and a reduced p'l asma al bumi n

concentrat.i on . I n contrast , proteì n-energy mal nutri ti on 'i s assoc'i ated

with a reduct'ion'in the catabolic rate of albumin and a reduction ìn the

E/P ratio (Rothch'ild, M.A. et al 1977).

Thirdly, there may be direct losses of album'in from the gut'in

pat'ients wj th al i mentary tract cancer (Mari ani , G . et al 197 6, bladmann '

T.A., Wochner, R.D., Strober, l'1. 1969, Werdegar' D' et al 1963' Wangel'

4.G., Deller, D.J. 1965). Fourthly, protein-energy malnutrition may

contrìbute to the hypoalbumìnaemia. In some pat'ients this may be the

result of mechan.ical obstruction to the gut, as'in oesophageal cancer' or

.in others due to anorexia in the absence of significant host metabol'ic

derangement ìnduced by extens'ive or bulky tumour. In such patients

there might be no increase in metabol'ic rate and m'inimal acute phase

response.
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In order to determine wh'ich of these mechanisms is resPonsible for

hypoalbuminaemia in cancer patients, the metabolism and d'istnibution of

album.in were studied in malnourished cancer patients with a serum album.in

concentration of less than 30 g/ì. It was planned to determine the

fractìonal catabolic rate (FCR), transcapillary escape rate (TCER) and

extravascul ar to i ntraval scul ar rati o G/P) of al bum'i n and the f ract'ional

synthesis rate from the distrjbution and rate of excret'ion or synthesìs

of the appropri ate rad'io-acti ve products f ol 'lowi ng 'iniect'ion of

l3lI-ulbumin, Nul25I und t"turl4co, (see Methods)'

Al bumì n synthesi s 'i s normal ly 'i n equi I'i bri um wi th catabol i sm- Th'i s

has been shown by others usìng s'im'ilar methods to those ìn the present

study (Tav.il j, A.S. et al .l968, hlochner, R.D. et al l968).

METHODS

Patient Selectìon

El ì g.ib]e patì ents f or the study had h'istoì og'ical 'ly proven

maììgnancy, plasma albumin concentrations of less than 30 g/1 and weight

loss in excess of 10% of normal body weight over the preced'ing six

months. Patìents were excluded from the study if there was clinical or

radiological ev'idence of pleural effusion, ascites or peripheral oedema'

congest'ive card'iac failure, hypertension, diabetes mellitus, known

inflammatory d'isease, or d'iarrhoea. Also excluded were those who had

recejved cytotoxic chemotherapy e'ither withìn the preceding four Weeks'

or radiotherapy or surgery wjthin the preced'ing three months' Pat'ients

oncorticosteroidtherapywereexcludedfromthestudy.

Ten pat.ients (6 male : 4 female) were studied, most of whom had

metastatic disease (taUle 3.2). The bulk of metastat'ic disease was

small ìn pat.ient 3 and the only known metastatic d'isease (a cutaneous
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PATIENT DATA AN

NO. PATIENT SEX AGE PERF.STATUS TUMOUR TYPE

TABLE 3.2

D TUMOUR CHARACTERISTICS

EXTENT OF DISIASE
PREVI OUS

THERAPY

SURV I VAL
TIME

( DAYS )

l. T.C M64

J.L M64

3

2

Gastri c adenocarci noma

Adenocarc'inoma
of unknown orig'in

Adenocarci noma

oesoph agus

Adenocarc'inoma

Squamous ce'll ca.
I ung

Oat cell ca.
'lung

Pl eural
mesothel i oma

Ca breast

Ca breast

Gastri c adenocarci noma

Disseminated bone
metastases

Metastati c hePa'u'ic
di sease

Local recurrence :

stri cture
June 1974
pulmonarY metastases

Local di sease
stri cture
Cutaneous metastas'is

Local

Part'ial

None

0esophago-
gastrectomY
1976
5-FU I 976-77

Celestin tube

47

56

150

?

M.S

J.M

M.M

F8l

M72

F6l

2

2

2

3

3

3

--l
CPI
f- l\)rrt oÞ
3l
N)

4

5

J.C F45

N'il

Local Nil

t,'[ì de'ly metastasi s'ing Ni I

Extensive bone/
soft t'issue metastases

Extensive bone
metastases
Bul k i ntra-abdom'inal

il5

330

12

45

Chemotherapy I 3
Hormone Px

ChemotherapY 400
0n hydrocorti sone

Surgery 17

D.F M626

7 J.0 M68

M. L. F59I

9 3

10. J.A M45 3
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nodule) excìsed in patient 4. Patients 5 and 6 had local disease onìy

and no evì dence of metastati c d'isease on chest x-ray, hepat'ic

ultrasonogram or bone jsotope scan and had normal serum 'hepatìc'

enzymes. There were two pat'ients with each of gastric, oesophageal and

breast adertocarcinoma, three primary intrathorac'ic mal'ignancies and an

adenc¡carc'inoma of unknown origin. Qnìy patìents 8 and 9 w'ith breast

carcìnoma had prev'iously rece'ived cytotoxic chemotherapy. Patient 9 was

commenced on aminoglutethimìde 250 mg. four t'imes a day and

hydrocort'isone 20 mg. twice a day four days prior to commencement of the

al bumi n stud'ies. Hydrocort'i sone i n thi s si tuati on i s necessary as

adrenal replacement therapy for the aminoglutethim'ide 'induced adrenal

suppress ì on .

Survival ranged from 12 days to'in excess of 400 days fo]'low'ing the

study. The I ongest surv'i vi ng pat'i ent (pat'ient 9 ) had a carc'i noma whì ch

responded we1'l to the hormone therapy documented above' This jatter

patient rema'ined well with stable bone metastases for over l5 months'

Pat.ients ì, 2, 3 and 4 all had chemotherapy subsequent to the album'in

rnetabol.ic studies but fa'iled to respond. Patient 6 d'ied at 12 days of

an intercurrent bronchopneumonia, patìent 8 at l3 days of a probable

stroke due to severe thrombocytopaen'ia and extensive bone marrow

rep'lacement by tumour and patient l0 at l7 days following surgery for an

acute bowel obstruction.

The performance status of pat'ients ranged from 2 t'o 4 (Criteria of

the Eastern co-operat'ive Oncology Group) (raule 2.19). In general the

short surv.ival times reflected the poor performance status of patients at

the beg'inn'ing of the studY'

Reference ranges were determined from the results of album'in

metabolism studies'in seven control subjects using these methods'in the

same laboratory. The normal ranges for FCR were calculated to be

ü
,j

I

!
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0.085 -0.1.l of 'uhe total alburn'in pool per day; for TCER, 4-7% per hour;

and the E/P ratio, 1.3 - 1.5. There was good agreement between FCR and

FSR nleasurements (unpub'l'ished work, A. Fleck, G. Raines, S' Caine)'

These results are similar to those reported ìn the lìterature'

2. Nutrit'ional l'1 anaqement and Data Col I ecti on

All patients were adm'itted to hospitaì and commenced on a ward diet

at least 5 days p[ior to the start of the albumìn studies to collect

basel.ine nutritional data and allow t'ime for stab'ilisation after

commencement of enteral nutrit'ional support. A careful d'ietetic history

was obta-ined from each patìent by a senior d'iet'it'ian on admission and

twjce weekly thereafter. Nutritional supp'lementation was provided by

oral ì.iquid supplements of high energy and protein content or by

nasogastric fine bore tube (cl'inifeed system I ' Roussel Laboratories

L'imìted, Middlesex) drip feeding ìn an attempt to provide min'imum dai ìy

requirements of prote'in and energy as calculated from tables of

recommended intake. An attempt was made to provide a steady nutritional

.i ntake dur.ing the study period. conti nuous da'i ìy u¡.ine col I ecti ons were

made for measurement of total urinary nitrogen, urea and creat'inine

measurements , and n'itrogen bal ance was cal cul ated. l'Je'ight was measured

on an Avery beam balance. Mid-upper arm cjrcumference was measured wjth

a tape measure and triceps skin-fold thickness was assessed using a

Harpenden sk'in-f ol d caì'i per (Briti sh Indì cators L'imi ted) ' These

measurements were repeated weekly'

3 . Bi ochemi cal and Haematoloq i cal Mon'i tori ng

The following parameters were measured at commencement of the

studìes of albumin metabolism and at least week'ly during the studies:

haemoglobin, haematocrit (Coulter Model S, Coulter Electron'ics' Luton'

Bedfordsh'ire), alkaline phosphatase, bilirubin' aspartate

ami notransferase (AST ) , and al ani ne am'i notransferase (ALT ) ' al bum'in '

I
I

I
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total prote'in, IgG, IgA, IgM, retinol b'indjng prote'in (nAP), pre-albumin

(PA), transferrin, c-reactive protein (cRP), aìpha-'t-ant'itryps'in (o(lAT)'

urea, creati n'i ne and e'lectrolytes '

4. Studi es of al bumi n metabol i sm

(a) Cl'in'ical procedure.

To block the thyroid uptake of radioactive iodine, potassium iod'ide

tablets lvere given, 60 nrg. tabìet t'id., three days before and one week

after the'iniecticln. Thereafter the dose was reduced to 60 mg' bd' and

conti nued for at I east one month '

0n the day of iniectìon,50-60¡Ci sterile Nal25i "u, 
added to about

100 ¡Ci l3lt-HsR (l3lI-human serum album'in) and admin'istered together

wi th about 100 ¡Ci t'turl4COr. A Cathl on 'intravenous p1 asti c cannul a

(Johnston and Johnston,260 Bath Road, Slough, Buckinghamsh'ire) was

.inserted into a forearm vein to fac'il'itate frequent blood sampling and a

we.ighed amount of the radi oact.ive I 3l 
I -HSA/Nal25t *'ixture was 'i niected

with the ttturl4COt into a vein in the opposite arm making sure "wash'ing

ìn,,was as complete as possible. In order to determine the dose' the

residue (I.R.C. = ìnjection res'idue counts) left'in the syrìnge and

needre was made up to a standard vorume with bov'ine serum album'in (BSA)

(l g/1 .in l0% Teepol with KI (l g/l ) to prevent adsorpt'ion of iodide and

protein to g'lass). Venous blood samples Were taken at 10,20,30' 45'

60 minutes, 2,3, 4, 5, 6, 8, 10, 12,24, 30, 36, 48, 56 hOUrS; 3' 4' 5

etc.daysuptol4-2ldays.Fromthesesamp.lesthefract.ionalcatabolic

and synthes'is rates of album'in were calculated as well as the

transcapiìlary escape rate and extravascular to jntravascular ratio as

described below. single samples of urine were collected for the first 3

days; thereafter 24 hour collectjons were made unt'il the end of study'

using l0% Teepol in KI (l g/1) as a preservat'ive. Faecal samples were
i

þ
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collected for the first week. (See Appendix v for abbreviated flow

chart).
l3l

(b) Laboratory procedu re for the PreP arat'ion of I -HSA

Ster.ile precautions arrd pyrogen free solutions were used throughout'

Ste¡i1e g'loves were worn. All glassware used was rinsed with pyrogen-

free water and autoclaved prior to use, The appar^atus which could not

be autocl aved was steri I 'i sed usi ng ethy'l ene oxi de . Dì spens i ng of

reagents was carried out'in a lamìnar flow cab'inet (M'icroflow pathf inder

L'imited, Fleet Mill, M'inley Road, Hampsh'ire, England)'

13.|
MATERIALS USED FOR THE PREPARATION OF I.HSA.

AllreagentswereAnalarunlessotherw.isestated.
l3lt-So¿ium Iodìde (l3lI-NaI)-code no. IBS 30 and l25t-Nut-code no. IMSIP

was obtained from the Radiochemical centre, Amersham, Bucks'

Buffers - (a) .|.0 M. Glyc'ine/0'25 M NaCl at pH 8'5 and 9'l ' (b) 1'0 M

Na0H at pH 8.5 and 9.'l , (c) 1.0 M g]yc'ine 0..l M NaCl at pH l '5 and ll '5'

(d) 0..| M NaOH at pH 1.5 and 
.l1.5. The g'lycine Nacl was autoclaved

prior to the addìtion of fìltered NaOH. The latter must not be

autocl aved.

Neutral'ised Saturated Ammon'i um Sul Phate [ (NH4)25041. 200 ml I M NaOH

was added to 100% saturated (NH4)rS0O after the latter was autoclaved'

Rsephadex Gl0. (R Pharmacìa Fine Chemicaìs, Paramount House' 75

uxbridge Road, London) - swollen ìn sterile isotonic Nacl ß s/1) and

then autocl aved.

columns. Brunswick l0 ml syringes w'ith central aperture (sherwood

Med.ical Industr.ies L-im.ited, crawley, Sussex, Eng'lmand) Were used as

columns. "Vyon" porous polythene (Porvair Lim'ited, Estuary Road' King's

Lynn, Norfolk, PE3 zHS) and nets (Pharmac'ia, Code No' l9-0652-01) were

cut to size using a No. 11 cork borer. Each set including a rubber
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plunger was sterilised by ethylene oxìde'

0.9% W/V NaCl for injection (Travenol Laboratorìes Limited, Caxton !{ay'

Thetf ord, Norf o'lk ) .

Dr-ied Fresh Human Plasma. Scottish National Blood Transfusion Service,

Reg.i onal Bl ood Transfusi on Servi ce, Law Hospi tal , carl uke.

Human Al bumì n . 15% Vl/U saì t-poor human al bum'i n sol ut'ion (Scotti sh

National Blood Transfusion Service, Protein Fract'ionatìon centre' Ellen's

Glen Road, Edinburgh) was d'iluted I in 3 with sterile'isoton'ic sal'ine'

t3l
METHOD USED F OR THE PREPARATION OF I -HSA.

Human Plasma Albumìn (HPA). Autologous plasma album'in was prepared by

ammonìurn sulphate prec'ipìtat'ion prior to 'iodinat'ion' Twenty (zo) ml '

blood was collected from each pat'ient in a heparinised syringe and put

-into steril e un'iversal contai ners. The pl asma was separated and di I uted

I-in 3 with isotonic saline and then I in 2 with neutral'ised saturated

(NH4)ZSO+. Some pìasma was retained at 4oC for later use as 'car.ier''

After z hours at room temperature the m'ixture was centrifuged and the

super.natantadjustedtopH4.6w.ithglycinebufferpHì.5.Afterlhour

at Z5oC, the mixture was centrifuged again, the supernatant d'iscarded and

the prec.ipìtate dissolved in as small a volume of glyc'ine buffer' pH

.l1.5, as possib'le (not more than 1.0 ml ). Ammon'ium sulphate was removed

us.ing a sephadex Gl0 col umn equi ì i brated wi th i sotoni c sal 'ine ' The

albumin solution was then concentrated into a voiume of 0'5 ml using a

Minocon Macrosolute Concentrator. (Rmicon Corporation' Lex'ington' Mass'

U.S.A. ). Autologous album'in prepared by th'is method was used 'in the

first four Patients studied'

Thepercentagerecoveryofa]buminfrompìasmawasabout30.40%.

The Scott.ish Antì body Producti on un'it, carl uke, Lanarkshì re ' ki ndly
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suppl.ied album.in prepared from Austral'ia Antigen free hurnan pooled plasma

us.ing a chromatograph'ic procedure (Curl ì ng , J . M. et al 1977 ). Al bumi n

frorn this source was used for the album'in catabol'ism study'in the final

s'ix pat'ients studi ed.

Determ'in ation of Albumin Concentration. The concentrat'ion of albumin

was estinated using Bromocresol Green (g.c.G.) which reacts spec'ifically

with album.in at pH 4.2 (Dountas, 8.T., Straumfjord, J.V. .|973' 
Doumas,

B.T. et al l97l). Workìng standards were made from stock standard (10

g/.|00 mì) Human serum (Hoechst u.K. Limited, Hoechst House, Salisbury

Road, Hounslow, TlnJ4). Due to the water content of album'in, it was

necessary to dry the prote'in at l00oC to constant weìght before

calculat.ing the actual albumin content of the standards.

Twenty (20) ¡.¡l sample and 200 ¡1 water were d'ispensed 'into macro

d'isposabìe cuvettes. 3 ml B.C.G. working reagent was added and cuvettes

read at 620 nm on a spectrophotometer after l0 m'inutes' A reagent blank

was -included; all the reagents and read1ngs were at 25oC'

Iod.inati on . The al bum.in (autol ogous or SAPU ) was I abel ì ed by the i od'ine

monochloride (ICl ) method of l'tcFarl ane (McFarl ane' A'S' l958)' The

al bumi n was not ox'i di sed prior to i odi nat'i on . For max'imum eff i ci ency '

the molar ratio of ICI to album'in was made 2:l to g'ive between 0-5 and

.|.0 
atoms of .iodine bound per moìecule of album'in (l4unro, H.N., Allison,

J.8.1964).Afterfivem'inutes'incubat'ionwìththelabell'ingmixture'

20 y1 lvas removed to determine the percentage ìncorporation by

precìpìtat.ing the iodinated album'in w'ith trichloracetic ac'id (T'C'A' ) '

Af ter determi n'ing the radì oact'ivì ty i n both the preci pi tate and

supernatant, 5 mg sod'ium iod'ide was added. The solut'ion was passed

through a Sephadex Gl0 column to remove free iod'ide and 2 ml "carrier"

plasma, (or 2 ml reconstituted human plasma) was added to the eluate' and

the al bumi n was puri f i ed by ammoni um sul phate preci pjtat'ion as bef ore '
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After dissolv'ing *uhe precipìtate in glycine buffer pH ll'5' the labelled

album.in was pur'ified by passage through two Sephadex Gl0 columns' This

gave a labelled album'in preparatìon w'ith less than 0'5% free iod'ide as

determ'ined by T.C.A. precip'itat'ion'

After pfiinring the M'i]lipore fìlter (Millex TM Dìsposab'le Filter

unit, Sterile 0.22¡n, Millipore u.K. Lirnited, Mil'l'ipore House, Abbey

Road, London) with a dilute solution of sterile album'in to prevent

absorptìon of the labelled preparation, the latter was filtered into a

ster.il e bi ioux. Fi nal]y, .l00 ¡ì was d'i I uted to l0 ml ' w'ith phosphate

buffer, pH 7.5, and tested for pyrogens using the Lìmulus Amoebocyte

Lysate k'i t ( Laboratory impex L'imi ted , Li on Road, Twi ckenham' Mi ddl esex ) '

The fìlter was washed through w'ith 5 ml . "carrier" plasma or the d'iluted

salt poor human albumin. To min'im'ise self-'irrad'iation damage' the

specific actìvìty was kept below 5¡Cilmg a'lbumin (Munro' H'N'' Al1ison'

J.B. 1964). A sample was taken to check for sterifity'

5. AnalYs is of Results

(a) Al bum'i n catabol i sm.

plasma and urine radioact'iv'ity was determined us'ing a Packard

autogamma counter (5230) (Packard Instruments L'im'ited, caversham Br.idge

House, l3-.|7 church Road, caversham, Berkshire). The activity of the

sampìes was compared w'ith that of a standard conta'ining a known quantity

of the preparat'ion injected. In'it'ial processing of data was carried out

on a ldang 2200 desktop computer (hlang Electron'ics L'im'ited, 40-44 High

Street, Northwood, Middlesex)'

Thedatawaswe.ightedusìngrec.iprocalva]ues,andsemi-ìogcurves

of p and I, the plasma proteìn and inorganic iodide (125I) rad'ioact'iv'ity

respect'ively, aga'inst t'ime were f i tted us'i ng the Notti ngham Al gorithms

Group (NAG) 1ìbrary subroutine E04 FAF (Peckham, G' .|970) on an lcL 2976

Computer (University of Glasgow). The init'ial approximat'ions of the
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'intercepts and exponents were obtained by a "curve strìpping" approach

with a standard package sìng1e exponential curve-fitt'ing programfne on the

trrlang 2200 or wang 600 6T desktop programmable calculator. Data was

graphically represented by the package GH0sT in the lcL ?976 (Ca'lderbank,

V.J., Prior, I'l.A.S. 1977).

Ur.ine recovery of l25I and plasma l25I *.r" measured to mon'itor the

d.istr.ibution and raie of excretion of the rad'ioactive cataboìic products.

Faecal samples were counted fo. l3lt to check for gastrointestinal

losses. Plasma album'in was measured using bromocresol green on the

Gre.iner MK I I Sel ect'ive Analyser. (Greì ner El ectronì cs, Langentha'l '

Switzerl and) .

The following variables were calculated as folIows:

Plasma Volume (P.V.): the known'iniected dose of radioact'iv'ity

d'iv'ided by the radioactiv'ity per mì. at time zero. The latter was found

by extrapolation of the time-concentrations curve (over 60 minutes) of

the I 3l t-HsR.

Iod.ide Space (I.S.): as for P.V. but us'ing the p'lasma l25I .u.u".

The transcapi'llary escape rate (TCER) was determined over the first 60

minutes of the l3lt-HsR t.ime-concentration curve as the percentage of the

'intravascular mass of albumin passing into the extravascular space per

hour.

Lean Body Mass (t-.g.M.) was determìned by the method of Hume (Hume,

R. 1966).

Fractional Catabol'ic Rate (F.C.R'), and Extravascular to

Intravascular rati o G/P) and rate constants were determ'ined by

compartmental ana'lysis (Matthews, C.M.E. 1957). (See Appendix V)' An

experimentaì ,,short" method (24-30 hours) for determ'in'ing the metabolic

rate of album'in us'ing a two isotope method (lta]25t and l3lt-HSA) *u'

be.ing concurrently ìnvestigated by Prof. A. Fleck using methodology
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reported by Bianchi et al (.l973 and l976). The results using this

method are not discussed further here'

Absolute Catabolic Rate (ACR) of Albumin

=al bum'in x P.V. x F.C.R

Theoret.ical P.v. = Blood volume (l-*Haematocrit)

Blood Volume = 0.3669 H3 + 0.3219VJ + 0.0641 where H = he'ight (metres) and

W = we'ight (Kg) (Allen T.H' et al 1956)'

(b) Albumin sYnthesis

A'ìbum'in synthesis rate was determined by the l4C-tu'bonate method

or-iginated by McFar'lane (1963) and Reeve et al (1963)' Since then the

method has been subiect to a number of modifications (McFarlane, A'S' et

al 1965, Kaj, A., l4cFar'lane, A'S' .l968, Jeejeebhoy' K'N' et al 197?)'

The method.is based on the urea cycle of the l'iver. Following the

.intravenous ìnjection of t',turl4cor, toro, 'is incorporated 'into the

guanidine carbon of arginìne. The labelled arginìne forms a common

precursor poo'l for the synthesis of liver proteins and the product'ion of

plasma urea. By measu¡ing the spec'ific act'ivity of l4c in the plasma

urea and in the guanìdine carbon of the argin'ine in the plasma prote'in at

var.ious t'ime intervals and correcting these values for losses from the

intravascuìar compartment due to distribution, catabolism and excret'ion'

ìtispossibletocalculatethesynthes.israteoftheprotein.

In the present study, b'lood sampìes were taken at frequent time

.intervals and the spec'ific act'ivity of p'lasma urea and the guanidine

carbon of the arginine of album'in determ'ined by the method of Tavill et

al (1968). The specific activity of the argin'ine guanidine carbon was

measured on four samples taken at 8, 9' l0 and l2 hours' A

s.impfificatìon of the manometric method as used by these workers for the

measurement of spec'ific activjties was employed (ca'ine, S" Fleck' A'
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teB4).

Results were calculated according to Jeeieebhoy et al ¡972) '

RESULTS

Table 3.3 presents the nutrit'ional data. Eight pat'ients, on

adrnission, Were in negative n'itrogen balance and were 1osìng weight as a

consequence. In two patients (8 and 9) n'itrogen balance data was

ì ncompl ete, but had wei ght 'loss and anorex'ia. llutri ti onal

supp'lementation was prov'ided in an attempt to ach'ieve a steady state

dur.ing the study. Some pat'ientso however' were unable to tolerate

adequate amounts of food, w'ith consequent cont'inued we'ight 'loss' Most

pat-ients had a we'ight ga'in (nlean 1.4 kg) during the study but much of

th.is gaìn represented an increase in total body water rather than protein

or fat. The evidence for th'is is provided by the upper arm

circumference and triceps skin folds measurements which had mean changes

of -0 .?6% and +0.06% respectively' These changes are small and

represent mjnìmal changes in lean body mass and adipose stores during the

study in those pat'ients for whom measurements are ava'ilable'

plasma albumin ranged from 20 to 30 g/l (Table 3.4). The

concentrat'ions of the short half-life pìasma proteins Iretinol binding

protein (RBP), prealbumin (P) and transferrin (TF)l were also reduced in

most patients. There were no s'ignificant alterations in the

immunog'lobul i ns wh'ich were comparat'ively normal despite the reduct'ion 'in

the hepatic-produced p'lasma proteins ment'ioned above' Most patients

demonstrated an acute phase response with elevation of cRP and

aì pha-1 -anti tryps'in . cRP was over 50 mg/l 'in 7 and al pha-'l -ant'itrypsì n

was moderateìy elevated'in 6 of 9 patients, h'igh'in two and normal'in

one.

Table 3.5 shows that the Serum levels of hepat'ic enzymes Were
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TABLE 3.3

NUTRITIONAL DATA

BASEL I NE DURING STUDY (MEAN) CHANGE iN % CHANGE

MID ARM IN TRICEPS

MUSCLE CIRCUM. SKIN FOLD

DURING STUDY(%) THICKNESS
NO. PATIENT

HE I GHT
(cm)

I NITIAL
!.lE I GHT

(kg )

t^JE I GHT

L|]SS %

BASEL I NE

NITROGEN
BALANCE

(g)

-3.2
-4.0
-4. 0

-5.0
-2.6
-l .0
-7.0

-0. 5

N'itrogen
(g)

Energy
(Kcal )

2860

2060

2l 50

I 600

2600

I 280

2l 00

I 900

4l 00

N'itrogen
(s)

l s.4

l4.l
13.2

l0
14.6

8.1

l4

ll.8
18.2

CHANGE

IN
WE I GHT
(Kg )

l. T.C.

2. J. L.

3. M. S.

4. J. C.

5. J. M.

6. D.l- .

7 . J.0.
f . i'1. L.

9. M.M.

10. J.A.

178

172

155

172

177

167

164

162
.l60

177

5l .5

57 .6

34. 4

4l .8

50.0

49. 5

49.4

46.3

38.2

16. 4

13.5

35.3

l4.l
19.8

25.4

r 7.5

15.0

22.6

21 .7

I 430

I 060

600

470

640

800

650

-c.9
+3. 0

+2.8

+l .8

+4. 0

+0. 5

-1.4
-0.9
+3.4

+3.2

7.8

7.0

2.1

1.5

3.4

6.0

3.0

-1.0
-5.0
+2.4

+l .8

+4.6

-6.7

-5.9
+5.8

+4.7

0

+7 .l
-6.2

- 10.0

+l .8 0

Mean -0.26 Mean +0.06

---t

@ll- r\)
11l

(.'t

3l(,
0

5.0

9.6
590

I 950
+5

49.0



TABLE 3.4

PLASMA PROTEIN DATA

No. Pat'ient
Al bumi n
( 37-45 )

s/1

20

23

29

27

24

28

22

26

29

30

RBP
( N40-80 )

mg/ì

?0.4

38

30

37

36. 9

37

l6

69

47

26

Â

.l-0.4)
/1

IgG
7 -19
s/1

gA
-4.5
/1

IgM
0 .4-2.7

s/1

CRP
(0-4)
mg/l

AT

2-4
s/1

4.4

ll.0
5.?

4.5

5.2

3.8

I
0.9

I
P

(N 0
g

Transferri n
(2.0-4.0)

s/1

.l.3

3.2

3.1

3.?

1.8

1.9

2.0

1.8

t.

2.

3.

4.

5.

6.

7.

8.

9.

10.

T. C.

J.L.

M. S.

J.C.

J. M.

D.F.

J.0.

M. L.

M. M.

J. A.

0.05

0.06

0.1

0. l3

0.09

0.16

0.21

0.1

0.1

10.0

7.6

16. 0

14.0

21.5

14.8

13.6

8.8

8.8

13.2

2.4

2.7

6.0

3.0

2.9

4.4

3.3

1.4

4.4

2.8

1.6

1.0

0.6

1.6

1.2

1.2

0.1

0.4

0.6

1.0

77

136

28

3?

58

3l

255

258

64

64

10. I

6.l

5.3

-J
cplt- r\)
rnr

Ol
3l
Þ



LIVER AND REN/\L FU

TABLE 3.5

NCTION DATA AT COMMENCEMENT OF ALBUMIN STUDY

No. Patient

Al kal i ne
Phosphatase

(3-13)
K.A. units

45

60

12

8

14

12

l5

45

27

l9

Bi I 'irubi n
( 3-31 )

umol /l

12

l5

l3

5

5

6

l0

9

12

l0

SGOT
(1?-42)

u/1

SGPT
(8-55)
u/1

Urea
(2.5-7.5)

mmol /l

5.9

4..l

6.7

2.5

5.9

2.8

4.7

9.3

3.8

4.3

Creatì ni ne
(35-r30)
umol /l

80

89

67

6l

88

5l

71

99

67

8l

-l
(p
t-
rn

3
('l

l.
2.

3.

4.

5.

6.

7.

8.

9.

10.

T. C.

J.L.

M. S.

J. L.

J. M.

D.F.

J .0.

M. L.

M. M.

J. A.

60

95

32

l6

28

28

t8

26

24

50

49

70

20

l0

25

l5

l3

7

8

30

I
t\)¿{

I
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abnormaj .in pat'ient 2 due to 'intrahepatic metastases. Patients l, 8, 9

had el evated al kal'i ne phosphatase aS a consequence of bone metastases '

No patients had sign'ificant impairment of renal function although patient

8 had some pre-renal azotemia wh'ich persisted throughout the study perìod

and may account f or the h'igh val ue of RBP 'in thi s pat'ient.

Gut loss of total l3lt.adìoactiv'ity for the first seven study days

in sìx pat'ients (includ'ing those w'ith gastric and oesophageal

mal'ignanc'ies) was less than 0.1% of the admin'istered dose' Incomplete

faecal collections in four patìents prevented a reliable assessment of

I os s of al burni n f rom the gut .

Sample radioactive album'in decay curves are shown in Fìgures

3.12-3.14, illustrating h'igh, nornlaì and low fract'ional catabolic rates'

The fractional catabol'ic rate of albumin was elevated 'in 7 pat'ients

(Table3.6)andwaslov,/orlownorma].inthree.Thelatterpatientshad

oesophagea.l carcinoma (pat'ients 3 and 4) or lung cancer (patient 5)'

All patients demonstrated an elevated TCER except pat'ient 4 who had a

I ower than normal val ue. The E/P rat'io was sì 'ightly el evated i n two

pat'ients , very hi gh 'i n s'ix and I ow 'in two '

Figure 3..l5 shows the survival of pat'ients plotted aga'inst their

FCR. Patients w'ith a 1ow, or low normal FcR survived longer than

patients w.ith an elevated FCR. The except'ion was pat'ient 9 who

responded to therapy and, as a consequence, had an altered prognos'is'

if patient 9 is excluded, this survjval d'ifference is sìgn'ificant (P less

than 0.001, t test). There is also reasonable correlation between TCER

and prognosis (Fìgure 3..|6) except for two of the three pat'ients with low

FCR values and for the pat'ient who responded to therapy (pat'ient 9)'

Fract'ional synthesìs rates of albumin were calculated for six

patìents (Table 3.6). Three pat'ients had net albumìn catabolism, two a

net synthesis and one was in equ'ilibrium. The two pat'ients with the
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FIGURE 3.I2
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FIGURE 3.I3

RADIOACT¡VE PLASMA ALBUMI N DECAY
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FIGURE 3. I4

RADIOACTIVE PLASMA ALBUMIN DECAY
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ALBUMIN MET

TABLE 3.6

ABOLISM AND DISTRIBUTION DATA

No. Pati ent Pl asma Vol unte
FCR

(0.085-0. I I )
FSR (FSR-FCR) TCER

( N4-7 )
E/P

(N r.3-1.5)

2.353

r .533

2.478

3.492

1.521

1.156

2.465

3.370

1.001

I .96

Autol ogous
SAPU

A

B

Al bum'in Used Gut Loss of
l3lAlb. for
F'irst 7 days

(% of admìn. dose)

0. l0

0. 08

0.09

0.13

0.04

A

B

A

B

B

B

A

A

B

B

l.
?.

3.

4.

5.

6.

7.

8.

9.

10.

T. C.

J. L.

M. S.

J.C.

J. M.

D. F.

J.0.

M. L.

M. M.

J. A.

3033

3035

2104

2765

3l l6

2885

3?75

2264

I 585

2828

0.139

0.173

0.077

0.05

0.093

0.2.l1

0.166

0. 175

0.212

0. 187

0. 106

0.158

0. 103

0.21 5

0. 128

+0.0563

+0. 065

-0. I 08

+0.003

-0.059

8.6

9.9

il.9
3.6

9.1

ll.4
il.3
12.8

6.6

3l .8

0. I 35 -0.038

-l
cDl
l- r\)
rrl N)

f\)
3l
Oì

0.08
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FIGURE 3.I5

F.C.R OF ALBUM IN VS SU VAL TIME
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lowest FCR were those who had net albumin synthes'is' Patients w'ith

el evated catabol i c rates al I had net catabol 'i sm, desp'ite nutri ti onal

support'exceptpat.ientg.This]atterpatìentWasrespondìngto

ant'i-tumour therapy and was taking 40 mg. cort'isone dajly as adrenal

rep'lacement therapy, both of which may have contributed to the elevated

FSR. Serum albumin concentrations rose a nìean of 2 g/1 during the two

weeks of nutrit'ional support ìn pat'ients 3 and 4 and 4 g/1 in patient 5

but remained the same or fell 'in al I other pat'ients.

Di SCUSS I ON

One of the important quest'ions facing the cancer nutrition'ist 'is

whether the malnourished cancer patient can respond w'ith an appropriate

metabol i c response to prote'i n-energy deprì vati on . Thì s' top'ic has been

rev.iewed by Brennan (Brennan, M.F. 1977). In uncompl'icated PEM'

substrate deficiency causes a fall in protein synthesis wh'ich occurs

with-in days of d'ietary protein deprivation (Rothch'ild' M'A' et al 1977 '

James, I¡\l.P.T. 1977). Later, protein (and albumin) catabolism falls to

conserve body protein with a concomìtant fall in urinary n'itrogen

excret-ion. uncompf icated PEM 'is also accompan'ied by a reduced BMR

(Keys, A. et al .l950). In contrast, 'it 'is not uncommon for the patient

with cancer to exhibit evidence of an "inappropriate" hypermetabol'ic

state in the presence of cachex'ia, w'ith elevated basal metabolic rate

(Mi der, G. B. l95l , !,Jaterhouse, C. et al l95l , l.larnol d, I . et al l 978) .

In this study we have shown that in a population of malnourished cancer

patients there ìs a group with low or normal albumin catabolìc rates and

a group w'ith hi gh a'lbumi n catabol'ic rates '

Protein-energy malnutrition, uncomp'licated by'infect'ion' leads to

only a slight falf in plasma albumin concentration even with 25% loss of

body weight (Keys, A. et al 1950). The concentration of albumin'in

ü
,î
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plasma'is therefore a late and rather insensitive index of malnutrìtion

compared w'ith the rap'id turnover transport proteins such as RBP, PA and

transfer¡in (shetty, P.S. et al .|979b, Ingenbleek, Y. et al .|975).

Therefore, carìcer pat'ients who develop hypoalbumìnaemia more rapìd1y than

would be usual for PEM presumably have mechan'isns other than reduced

substrate defìcìency (and hence reduced catabol'ism) aS a cause' The

results of this study confirrn that th'is'is so. An elevated FCR was a

common fjnding in the study populat'ion and closely correlates with a poor

prognosìs unless there is a response to cancer therapy. The response to

nutritional support in th'is patient sub-group would be expected to be

poor because of the hypercatabol'ic state. The poor prognosiS presumably

reflects this fact as well as the probability that the hypercatabol'ic

state of mal'ignancy 'is frequently a pre-termi na'l event ' Th'is I atter

view is supported by the cRP data discussed prevìously and by results

pub'l-ished by Milano et al (1978) demonstrating a rise in cRP (and hence

the poss'ible development of a hypermetabolic state) several months before

death ìn pat'ients w'ith colo-rectal carcinoma. It would be anticipated

that pat'ients with a low FCR (suggest'ing a normal metabol'ic response to

malnutritìon)shouldrespondbettertonutr.it.ionalSupportthanpatìents

w.i th an el evated FCR of al bumi n . Pat'ients wi th uncomp'l ì cated PEM

respond rap'idly to nut¡itjonal rep'letion. As a consequence''it may be

appropriate to alter the therapeut'ic approach by preced'ing chemotherapy

wi th nut¡iti onal support i n the pat'ient w'ith I ow or I ow normal catabol i c

rate,butw'ithhold'ingnutritionalsupportunt'ilthetumouriscontrolled

wìth therapy in those patients with a h'igh catabolic rate'

ItisassumedthatthereisacorrelationbetweenanelevatedFCRof

albumin, ìncreased catabolism of lean body t'issue and jncreased basal

metabolic rate. In th'is study, those pat'ients respondìng best to

nutr.itional support w'ith the greatest 'increases in upper arm

t
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c.ircumf erence , trì ceps ski n f ol d th'i ckness and ì mproved perf ormance

status were those lv'ith low-normal or low FCR of albumin (patients 3,4

and 5). Pat'ierrts 1, 2, 6, 7 who also had nasogastric feed'ing, failed to

demonstrate the significant'improvement in these variables even where it

was possible to achjeve comparable energy and protein intake' In this

latter group of patients nausea and abdominal fullness often prevented

further increases 'in the volume of nasogastric feeds.

The FSR data reveals that net album'in synthesis ìs possìb1e durìng

nutrit'ional support if the FCR of albumin is normal or low, or there'is a

response to antìcancer therapy. That pat'ients w'ith elevated FCR fa'iled

to demonstrate a net synthes'is may have reflected either the inabilìty to

provide adequate nutr.it'ional support or, more l'ikely irrevers'ible

metabol'ic events preventing approp¡iate utiIization of nutrients'

Anthropometric data can prov'ide a fairly reìiable'index of body fat

and I ean ti ssue mass . sk'inf ol d thi ckness can prov'ide an assessment of

body fat stores with an error of + 3% or less (Durnifì, J.V'G'A' &

Rahaman, M.M. 1967). Mid arm muscle circumference can prov'ide an

est-imate of .lean 
body mass (Jell'iffe, D.D. 1966). The lack of

ìmprovement in sk'infold th'ickness and mid arm muscle c'ircumference 'in

th.is study ìs consistent with the poor response to enteral or parenteral

hyperalimentat'ion wh'ich other authors have reported in surgicaì pat'ients

using the technique of neutron activatìon anaìysis (H'ill, G'L' et al

1978). It is also possìble that chemotherapy can alter protein

synthesì s and resul ts f rom other stud'ies, e.g. Ross'in9, N. .l968, 
where

these drugs were used during the study period, need to be viewed with

caution. In add.ition, it can be very d.iff.icult to ma.inta.in the steady

state in a cancer pat'ient with progressive d'isease' some authors have

relied on constant we'ight and haemoglobin as implying a stable

nutritional state. This 'is frequently not so'

I

r
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The preponderance of patients with advanced disease 'in this study

w.ith elevated FCR of album'in'implìes that an elevat'ion of catabol'ic rate

'is often a I ate event 'in the natural h'istory of mal i gnant d'isease ' It

therefore Seems reasonable to postulate that pat'ients with early cancer

or w-ith a small bulk of tumour are more likely to respond normalìy to

protei n and cal ori c deprivat'ion w'ith a f al I 'in FCR. Progressi on of

disease may result in an increase'in FCR wh'ich could rise from low'

through the normal range to high. A normal FcR, such as pat'ient 5'

could therefore be ìnapproprìately high for the nutritìonal state of the

indivìdual and imp'ly the same fa'ilure of normal regu'latory processes

presumably operative in the pat'ient with a h'igh FCR'

How tumours alter host metabol'ism has not been determ'ined but has

been extensively debated (Trotter, J.M. et al (l9Blb), Shaw, D' et al

lg8l , costa, G. 1977a, Theolog'ides, A. 1g7g, Blackburn, G'L' et al 1977) '

Some localised tumours can cause considerable cachexia, and patient 6

with a local'ised tumour had an increased FCR of album'in presumably

tumour--induced. The data presented prov'ides no simp]e way of

determ.ining whether pat'ients wìth tumours of s'im'ilar bulk and

h-i stol og i cal type , are hypercatabol 'i c or not . Ne'i ther p'l asma al bum'i n

concentration nor anthropometric data prov'ide a clue about the underly'ing

metabol'ic rate. The renal n'itrogen excretion may prov'ide a clue sìnce

renal nitrogen excretion exceeded I g/24 hr in patients l, 2 and 7 but

wasundersg/z4hrinpat.ients3,4and5.Urinarynitrogenfor

patìent 5 was about 5.0 g/24 hr. All patients were in negat'ive nitrogen

balance. Although nìtrogen excretion tends to paralìeì the FCR values'

caut.ion must be exercised in reach'ing thìs conclus'ion. For a patient'in

negat'ive nìtrogen balance conservat'ion of nitrogen is usual but 'is also

dependent on dietarY 'intake.

'l
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A fall .in plasma album'in can be due to factors other than increased

catabolic rate. Reduced albumìn synthesjs is usual 'in PEM and'it may be

'impa'ired in pat'ients w'ith extens'ive liver d'isease (Warnoìd, I' et al

l97g). pat.ient 2 had signìf icantly 'impaired hepat'ic funct'ion due to

metastat.ic d'i sease, but unl 'i ke pati ents wi th c j rrhosì s had both an

elevated FCR and FSR of albumin. In add'itìon, in the group clf pat'ients

with c'irrhosis reported by Rosenoer (Rosenoer, V.M. 1977), neither

album'in synthesis rates nor pìasma albumin concentration predicted

survi val .

Plasma album'in concentration can also fall if there ìs an increase

.in the TCER or E/p ratio of albumin. All but one pat'ient in th'is study

had an elevat'ion of TCER and Corradi, C' et al, (1966) have reported

similar findìngs. There is some data to suggest that albumìn catabolism

takes p]ace p¡incìpaììy in the vascular endothel'ium (þlaldmann, T'A'

1977). The ìncrease in the passage of albumin across the capiìlary wall

to the extravascuiar space (measured on TCER) may be yet another remote

effect of malignant disease on the host, and may contribute to the

'increase ìn the FCR of albumìn. The very low FCR in patient 3 co-ex'ists

w.ith a low TCER. Hypertension can increase the TCER (Rossing, N' et al

¡I976)butnopatientinthisstudywashypertens.ive.Anelevated

capilìary permeabil'ity is usually a'lso seen in acute inflammatory states

(Ellman 1984, Anderson et al 197Ð where there is an assoc'iated acute

phase response. Al though an acute phase response may be postul ated to

be respons'ible for the elevated TCER, the rise in TCER occurs with'in 3

hours of cardìac surgery un]ike the 7 hours usually needed to generate an

acute phase response (Fleck, A. et al 1985). All pat'ients had an

elevat'ion of cRP and 5 (of the 9 assayed) also had an elevation of

alpha-ì-AT. The reason for the associatìon of cancer with an acute

phase response is unclear, but patients 2, 7, 8 and 9 w'ith the h'ighest

I

I

I
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CRP values also tended to have the highest FCR values (F'igure 3'.l7)'

Any di rect rel at'ionshì p has yet to be establ ì shed, and caut'ion i s rreeded

because ìnfection will produce a marked rise'in acute phase proteinS and'

espec-ially 'in the preserrce of fever, an 'increase ìn metabolic rate'

Such patients may show a similar relationship between TCER and acute

phase prote'ins. These results tend to support the associatiorr of a

relat.ionsh.ip between cRP and n'itrogen balance demonstrated prevìous1y

(Secti on 2, part 8) and suggest bhat CRP 'is more likeìy to be elevated 'if

the metabol 'ic rate i s 'increased .

Although the E/P ratio has been reported to be elevated'in cancer

pat.ients (Rossing, N. .l968), 'it would seem to bear no close relatjon to

e.ither FCR or TCER. No pat'ient had clinical ev'idence of oedema or fluid

collection wh'ich might have accounted for elevated E/P rat'ios although'it

.is possible that patients 3 and 4 with oesophageal mal'ignancy had some

obstruction of the thoracjc duct thereby slowing lymphat'ic return. Two

patients (6 and 9) had a h'igh TCER but a low E/P ratio' Both patients

had higher haematocr.its and haemogìobin concentratìons at the

commencement of the study than on adm'iss'ion and these subsequently

stabilised at lower values after several days of the study' No other

patients demonstrated these changes

Gut loss of tl3l-albumin was insign1ficant in those patients with

available stool measurements to account for any contribut'ion to the

hypoal bumì naemi a 'in these pati ents. Al though some 'iodi ne I ost to the

gut may be reabsorbed, thus rendering evaluation of losses by faecaì

analysi s unrel 'i abl e, l,laì dmann et al ( I 963 ) d'id not demonstrate any

excessive gut ross of arbum.in when using tl3l-potyvinyìpyrro'l'idone (PVP)

to studY al bumi n metabol 'i sm '

i ntesti nal enzymes .

PVP 'is a macro-molecule unaffected by
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Normal concentrations of the plasma globulins have been previous'ly

reported 'in cancer (Huggi ns , C. 1949 ) . There was no correl at'ion between

pl asma g'lobuf in concentrat'ions and the FCR of al bum'in 'in thi s group of

pat'ients .

In conclus'ion, hypoalbuminaemia occurs in many cancer patients

somet.imes.in associat'ion with small tumours. In th'is group of patients

.it.is poss.ible that a hypermetabol'ic state ex'ists w'ith an increase in the

FCR of albumin, an'increased TCER and possibly also an increased E/P

ratio. It ìs suggested that thìs group of patìents will respond poorly

to nut¡itìonal support and wìll have a poor prognos'is unless they respond

to anti-cancer theraPY.

Another group of pat'ients responds to 'increased protein and energy

.intake with the metabolic response seen ìn PEM. This group of patients

may benef.it from nutritional support prior to ant'i-cancer therapy. The

albumin synthesis data tends to support th'is v'iew. l^lhile ne'ither FCR

nor FSR may ref'lect the overall net albumin metabol'ism, FCR seems to

prov'ide the best overall index of the metabol'ic response of the host to

the tumour. An acute phase response often occurs 'in association w'ith

malignant dìsease and is usually related to an elevat'ion in the TCER of

album'in and also of the E/P ratio. The mechan'ism for these changes

remains to be eluc'idated, but'it is clear that they contribute to the

hypoa'lbum'inaem'i a of the cancer pat'ient '

SUMMARY

Album.in metabolism was studied ìn a group of ten malnourished cancer

patients wjth serum album'in concentratjon of less than 30 g/l ' All

patients had progress'ive disease but none had received cytotoxic

chemotherapy w'ithi n the precedi ng f our weeks . Anorex'i a-'induced dì etary

i nsuff i c.i ency was suppì emented wi th f i ne-bore nasogastri c tube feed'i ng ì n
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B pat-ients . The di stri but'ion and rate of excreti on or synthesi s of the

appropr.iate rad'io-actì ve products were determi ned f ol I owì ng i niect'ion of

l3l t-ulbumin, Nul25I and lla, tOrOr. From th'is data, the fractional

catabolic rate (FCR), transcapillary escape rate (TCER) and extra-

vascul ar to i ntravascul ar rati o G/P ) of al bumi n were determi ned. The

fract.ional synthesis rate of albumin was calculated by the l4c-carbonate

method originated by McFarlane and others by determin'ing the specific

activìty of plasma urea and the guanìdine carbon of the arg'inine of

a'lbum.in, and by correctìng for losses from the intravascu'lar compartment

due to distribution, catabolism and excretion (utilis'ing the rad'io-

iod.inated decay curve of the catabol'ic study). seven of the ì0 pat'ients

had an elevated FCR and most had rises in TCER and E/P' These results

are contrary to those expected 'in uncomplicated protein-energy

malnutrit.ion. Some patients (3) demonstrated a reduced or normal FCR

consistent with normal adaptat'ion to starvation and these patients had

the best obiective response to nutritional support. Net albumin

synthes.is was a feature of patients with low albumin catabolism but not

ìn pat'ients w'ith a h'igh FCR of albumin. It ìs concluded that the

metabolic response to cancer is variable and that pat'ients with a tumour-

.induced hypercatabolic state are less likeìy to respond to nutrit'ional

support than patìents who respond to the same prote'in-energy deprivation

by reduc'ing their basal metabol'ic rate and protein turnover.
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Nutritional aspects of plasma exchange in
cancer patients

J. M. Trotter. D. Shaw. E. Carlyle, J. Shephard and K. C.
Calman

L'nit'er.stt.t' of Clu.sgttrr'. Glusgr¡tt' ( L' K. )

"False lacts are highty injurious to the progress olscience. flor they often

enclure Iong. but false views. if supported by some evidence. do little
harm. lor everybody rakes salutary pleasure in proving them rvrong".

Darwin
The Descent of Man

TNTROD UCTION

The associarion of malignant disease with weight loss and progressive wasting of
body rissues has been known flor thousands of years. The poor prognosis of patients

with progressive weight loss has been appreciated at least since the time of Hip-
pocrates. Cancer cachexia. a syndrome characterised by anorexia with weight loss

and wasting of lean body mass in the presence of increased metabolic requirements, is

a leading cause of morbidity and mortality in patients with malignant disease. The

metabolic consequences of cancer cachexia have been extensively investigated and a
iarge number of metabolic abnormalities determined lL, 6,21,251.

Abnormalities of carbohydrate, lipid and protein metabolism can often be de-

monstrated in patìents with cancer and these are not due solely to protein-calorie

malnutrition. Whereas this latter problem can be largely overcome by providing
adequate nutritional support, the cancer-induced metabolic abnormalities remain.
The hypothesis on which this presentation is based is that plasma exchange can be

used to alter these metabolic abnormalities in the lavour o[ the host and at the same
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time help to prove or disprove a number of existing theories on the aetiology of a

variety of para-neoplastic syndromes.

The tollor,i,ing lilpotheses are theretore proposed and ar-suments in favottr oleach

are presented tì'om the li¡erature. To the best olour knowledge h,v"porheses -1. 5 and ir

in this conre\t hare not been previously'published and it is possible to tes¡ their

validity. Methods how this can be done are suggested and some e.rperimental data are

presented.

II.t'potltc.scs

t) that malignant tumours or the tumour bearing host produce substances which are

released into the host circulation
l) thar these substances alfect host metabolism and contribute to. or cause. the

s.v-ndrome ol cancer cachexia
j) that these substances exert an eftèct on distant or-sans by bein,e transported either

lree or bound in the plasma

-t) that plasma exchange shoutd remove these substances and result in chanr¡es in l'rost

metabolism towards normal
5) that any demonstrable improvement in host metabolism tbllowing plasrna ex-

change would lend support to hypothesis I

6) that reinlìsion of exchanged plasma should reproduce the metabolic abnorma-

lities

7) rhat dialysis of exchanged plasma could be a preliminary step in establishin-e the

nature and physical characteristics of these postulated substances.

TUMOUR AND HOST PRODUCTS

The su_egestion that tumours have distant metabolic eflects on the host is not a new

concept. lt is hard to understand how a smail tumour can sometimes produce severe

metabolic derangement leading to cancer cachexia without postulating the elabor-

ation by the tumour of "toxins" or "chemical mediators". It is well documented that

some tumours do produce substances that affect aspects of host metabolism. Ectopic

hormone synthesis is an example of the secretion of such a mediator and it is clear

that the hormone or hormone analog circulates in the plasma. In addition, a number

of these "ectopic hormones" have now been measured in plasma and their structure

elucidated.
The anaemia associated with malignant disease has been attributed in part to

"tumour toxins" [10]. Fever is not uncommonly found in patients with advanced

malignant disease and it is not always caused by infection. The best known example is

the fever that develope in some patients with Hodgkin's disease and non-Hodgkin's

lymphoma. Although endogenous leukocyte pyrogens [13] or aetiocholanolone may

be responsible, this is not proven and it might result from the secretion of metaboli-
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caliy active substances by the tumour. Patients with these malignancies who have

either a fever or a signifrcant loss of weight have in addition an abnormality of

collagen metabolism expressed as a pathologicaily increased excretion of hydroxy-

proline [5] and exploration of the role of plasma exchange as an investigative and

tl-ieräpeutic modality in this situation may prove rewarding.

ln addition to the above. a number of authors have purported to have isolated

specific tumour toxins that could affect host metabolism t5. 9. l0]. "Toxohormone" is

probably the best known ol these toxins and has been shown to depress hepatic

catatose in vivo Ila]. Celi-free e.\tracts oltumours have been shown to have metabolic

efflects on rhe liver in mice [11]. tn this model. reductions in acetyl-coA and citrate

were described. There is. therefore. increasing evidence tor the existence ol tumour

derived (and perhaps host-<ierived) substances that alter host metabolism. Theolo-

gides [2+]postulated. on the basis of such evidence. that tumours produce intermediary

rnerabolites and short-chain oligopeptides which are responsible for causin-s the anor-

exia o[ malignanr disease by their effect on the satiety centre o[ the brain situated in

the area postrema ol the tburth ventricle'

Signitrcant abnormalities oI carbohydrate. protein and fat metabolism have been

¿.s.lib.d in parienrs with malignant disease 122,261. ln particular. there is a high

incidence ol diabetic-type glucose tolerance in cancer patients and this is associated

with insulin resistance. Although it is possible that the insuiin resistance may be

related to quantitative changes in insulin receptor status. qualitative changes are also

possible [22]. These qualitative changes. it could be postulated' may be caused by

tumour-derived "toxins".

Alteration of protein metabolism in malignant disease is readily appreciated in any

patient with cancer cachexia where muscle wasting is a prominent feature' The hypo-

albuminaemia ol malignant disease may be the result of reduced synthesis plus an

increased fractional catabolic rate [18]. The reason [or this paradoxical finding is

obscure. but the fact that peptides are often secreted in the urine of patients with

maiignant disease suggests that the tumour releases substances which may affect the

host-protein synthesis [19,25]. It is possible, of course, that tumours induce the host

to próduce peptides which then affect its own metabolic pathways.

It can be appreciated from the foregoing review that there is considerable evidence

that metabolically active substances are produced by the tumour or by the host in

response to the tumour, and these substances are capable of causing a considerable

derangement of the host metabolism' Further, these metabolic upsets are part of the

syndrome of cancer cachexia. Nutritional repletion by currently available ¡gçhniques

is able to reverse at ieast in part the protein-calorie malnutrition associated with

cancer cachexia but clearly is unable to reverse many of the abnormalities in protein'

fat and carbohydrate metabolism. Although it is true that curing the malignant pro-

cess will also cure the metabolic abnormalities, most malignancies remain resistant to

aggressive therapy at the present time. Therefore, it might be that removal of tumour-

derived toxins would improve host metabolism and this could be particularly per-
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tinent as improving the nutritionai status of the patients appears to improve the
response rates to specific treatments [a]. In addition, if it were shown that patients'
metabolism improved following the removal of these substances this would suppor
the hypothesis that circuling mediators effect host metaboiism.

PLASMA EXCHANGES AND HOST METABOLISM

Clearly one of the best ways of removing substances circulating in plasma is br
plasma exchange or plasmapheresis. These procedures have been used on a limiteci
basis in patients with malignant disease on the assumption that plasma exchange can
remove "blockin-e antibodies" that reduce host cell mediated immunity [7-9]. In
addition. a number o[ authors have reported partial tumour responses by this
method. although these have generally been short-tived [7. 8].

Brown et al. [3] reported a fall in the serum blocking effect on control T-cells after'
plasma exchange of 2 litres in two patients with malignant disease and this effect
lasted about 4 rveeks. Enhancement of T-lymphocyte activity after exchange. withouL
washing of lymphocytes. lasted 4-7 days. These results suggest that some effects ol
plasma exchange may persist for up to 4 weeks. and that T-tymphocyte activity could
be enhanced for up to a week with only a 2.0 litre exchange. Israel et al. [9], on the
basis of the time taken for host recovery olserum protein estimations, suggested thar
plasma exchan,ee for optimum results needed to be performed every 48 h. The basis
for this conclusion is. however, rather tenuous. Measuring time-course chan_qes in
proteins atter plasma e.rchange does not necessarily reflect their synthesis rates nor
does it necessarily ret-lect the synthesis rates of the "non-specific blocking factors"
which were presumed to be responsible for the immune suppression mentioned
above. Not only do fractional catabolic rates vary from one protein to another, but
also the extravascuiar and intravascular compartments change during and after
plasma exchange. It is well-known that haemogiobin values immediately post-ex-
change are usually lower than those observed on the following day, which is pre-
sumably due to changes in the intravascular volume. It is argued, therefore, that some
effects of a single plasma exchange may last in excess of 48 h and up to l-2 weeks.
Indeed, long-term remissions of several weeks or more have been reported following
plasma exchange lor myasthenia gravis [7] and immune thrombocytopenia purpura
[2]. Although these illustrations are not necessarily representative of malignant dis-
ease, they serve to illustrate both the variability and complexity of the matter and the
crudeness of the tests available to measure response.

Design of clinical studies to investigate metabolic effects of plasma exchange in
cancer patients

From the discussions above, it can be appreciated that plasma exchange is potentially
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a useful method of investigating the causes of some of the metabolic consequences of
malignant disease and at the same time perhaps beneflting the patient. If tumours do
produce substances that alter host metabolism. a reversai or improvement in these

changes should be evident if the substances are removed in sufficient amounts. Be-

cause some ol the metabolic etfects of malignant disease are difficult to measure. it
was decided that problems that were potentially reversible and evaluable should be

investi-eated. These included the problems ol taste. anorexia. protein metabolism.
glucose metabolism and endocrine abnormalities.

In a pilot study. a 35-year-old white maie patient with advanced metastatic renal

carcinoma rvas treated with three plasma exchanges at weekly intervals and a fourth
l0 davs after the third exchanse. Anorexia was monitored by measuring anthropom-
etric data and carefìl dietary assessment by the oncology dietitian. Those plasma

proteins that are good indices of nutntional status were measured:transtèrrin (TF).
retrnol-binding protein (RBP). pre-albumin (PA) and albumin (Alb) together with the

acute phase protein. C-reactive protein (CRP). The poor nutritional status of this

patient rvas improved with 2 rveeks of naso-qastric fine bore tube leeding during which

time he gained 2 kg in rveight. This weight gain was aimost entirely the result of the

tube tèeds because his appetite and consequently his voluntary oral intake lell with
tèeding. although this is a littie unusual in our experience. His oral voluntary protein
ingestion was 34 g at the commencement of feedin,e but oniy 20 g at completion. His
energy intake had remained constant (1500 kcal at commencement compared with
1400 kcal at completion) only because of the ingestion of high glucose drinks.

Nasogastric fèedin-e increased albumin (Fig.9.l). RBP (Fig.9.2), but lowered TF
(Fig.9.3) and CRP (Fig. 9.a). There was no significantchan,ee in skin fold thickness
(triceps and subscapular) or upper arm circumference. During feeding, an average of
70 g ol nitrogen and 2200 kcal were supplied daily b¡r nasogastric tube. At the

completion ol 14 days feeding. the flrst plasma exchange was performed. All ex-

changes were accomplished using a Haemonetics model 30 cell processor and the

replacement solution was human pooled fresh frozen plasma on all occasions. Ex-

changes oî 4.2. 3.3, 4.1 and 4.3 litres were performed at days 18, 25,33 and 46 from
the onset of nasogastric feeding which was stopped on day 16. No other therapy was

given throrlghout this period.

Results of weekly plasma exchange

Subjectively the patient felt better after the fi¡st exchange with an improvement in

appetite that was maintained until alter the fourth exchange. At this time, because of
evidence of enlarging intrapulmonary metastases, further plasma exchanges were

cancelled. Careful dietary history on the day of the second exchange revealed a
protein intake of about 41 g daily and an energy intake of 1800 kcal Protein in-
take at the time of the fourth exchange was 52 glday with an energy intake of 2500

kcal. It can be seen that despite progressive disease, energy consumption and
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protein consumption remained higher than at the commencement or comple[ion oI
nasogastric tèeding. rvi¡h voluntary protein intake o[ more than double that at the
completion ol nasogastric leeding. Throughout the month of plasma exchange. no
significant weight change was observed. Weight at commencement was 45.8 kg and at
completion ol the iourth exchange a5.4 kg. Retinol-binding protein demonstrated
brief rises followin-e plasma exchange. but the general pattern was one of a stable
RBP level throu-ehout the period of plasma exchange. This is particularly relevant
considering that the half-life of, this plasma protein is about l2 h. The transfernn
levels rose with each exchange but fell steadily over the period of study. This protein
has a half-life of about eight days which makes the fail during enteral hyperalimen-
tation and following plasma exchange difficult to explain. This protein, however, has

been reported as an unpredictable assessor of nutritional status because it can be

influenced by a number of tàctors unrelated to nutrition such as iron deficiency 1231.
The CRP vaiues demonstrate an interesting and steady fall in values over the four
exchanges, the smaller trough in relation to the second exchange presumably reflect-
ing the smaller volume of exchange (Figs. 9.2 9.4).

Fig. 9.5 shows serial changes in selected plasma amino acids. It can be seen that
high lasting values of the branched chain amino acids, leucine and isoleucine, fall
rapidly with nutritional support, as did ornithine and histidine. Subsequently these
values remained low throughout the period of plasma exchange, presumably reflect-
ing the stable dietary intake. Slight falls in ieucine and isoleucine following the second
exchange were corrected with the larger third exchange, as were rises in ornithine and
histidine. These changes suggest that plasma exchange per se might be influencing
protein metabolism but this needs further study for conflrmation.

These results reveal that repeated plasma exchange at about weekly intervals over a
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period of four weeks was associated in this patient with ingestion of sufficient oral

food to maintain weight and those plasma proteins that are sensitive indices of nutr-

itionai status. It could be postulated that the reason for this was removal of anorexi-

genic peptides resulting in improved appetite and/or possible removal ol "toxins"

influencing piasma protein metabolism. CRP is an acute-phase reactant and its fall
with plasma exchange, in the absence of an infective lesion. might best fit this latter

hypothesis.
So that the metabolic consequences oI plasma exchange. could be monitored in

closer derail. it was decided to investigate changes in glucose metabolism, protein

metabolism and plasma proteins following a single exchange. AII patients for this

protocoi had advanced metastatic mali-snant disease which had failed to respond to

conventional ther4py. Plasma exchange oî 44.51 was carried out using a Haemon-

ecics cell separator as described tor the previous case report. On the day prior to

exchange a 3 h glucose tolerance test (GTT) was performed with 100 ,e glucose load

and btood samples taken at 0. 30. 60. 90. 120 and 180 min for glucose, insulin. cortisol

and growth hormone estimation. Simultaneously. urea synthesis was determined

using the merhod described by Jones et al. fl l]. The acute-phase reactant (CRP)
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together with the plasma proteins, RBP, PA and TF, were measu¡ed immediately pre-

.".hung. and subseqrr.nily 6 hourly fot 72 h together with lipoprotein apoprotern

determination. At 4g h after commencement of the plasma exchange and about 44 h

after its completion, a repeat GTT with hormone assays was performed as described

above together with a..p.u, urea synthesis study. The clinic dietitian assessed dietary

energy and protein intake before and after the exchange, assessed the patient'S ap-

petite using a linear analog scale and tested for changes in the four primary taste

modaiities. No drug alterations were made during the time of the protocol and no

parient had had u,iy .h..otherapy within the preceding three weeks' It should be

emphasised that all results were preliminary and that this study is continuing'

RESULTS

To date. two patients have been studied: however. not all the results are discussed

here. Both patients are male and have disseminated metastatic malignant disease' one

with malignant melanoma. the other wi¡h renal cell carcinoma' They had a weight

loss of 15,,o and 6,o. respectively. in association with anorexia. Skin-fold thicknesses

were rvithin normal limits. plasma exchanges of 4 litres were accomplished without

side-effects. except lor transient pyre.\ia in one patient presumed to be due to a

transtìsion reaction. There was no change in protein or caloric intake in either

patient at 2 days or 7 days post-exchange. The results of taste testing is shown in Fig'

9.6. It is of interest that taste recognition thresholds for several ol the primary tastes

showed a decrease after exchange. Although this might be accounted for by the

experience gained by repeated testing, it does not explain the elevation in threshold ol

several tests.

Total serum triglycende and cholesterol demonstrated no change at 48 h post-

exchange from centrai levels. HDL cholesterol concentration remained constant as

did (vLDL + LDL)cholesterol. Serial plasma changes in one patient of apoprotetns

A, and B are shown in Fig. 9.7 and demonstrate a nadir al24h post-exchange and a

rise to the 20 h values bY 48 h.

Acute changes in RBP, CRP and TF following plasma exchange were monitored

for 48 h. There were transient falls in RBP in both patients which rose above basal

ievels at 36 h. CRP was not detected in the patient with a smailer weight loss' Levels in

the other patient had returned to basal levels at 36 h' There were no sigmflcant

changes in transferrin leveis.

SUMMARY

Cancer cachexia with its attendant metabolic abnormalities is a common cause of

morbidity and mortality in the patient with malignant disease' Mechanisms by which
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these metabolic abnormalities occur have been discussed together with evidence from

the literature in support o[ the hypothesis that substances derived either from the

tumour or lrom the host affect host metabolism. It is postuiated that such substances

may affect protein, carbohydrate and lipid metabolism and cause anorexia and taste

abnormalities. Furtherrnore. it has been suggested that removal oI such substances

by plasma exchange may alter host metabolism towards normal' Methods of examin-

ing rhis hypothesis are discussed and preliminary data are presented suggesting that

anorexia. taste and protein metabolism may be altered by plasma exchange' In an

attempttoprovidedefinitiveansv/ers.thisstudywillbecontinued.
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SUMMARY AND CONCLUDING DISCUSSION.

..causa finìta est
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SECTION IV

SUMMAR Y AND CONCLUDING DISCUSSION

Voilä le commencement de la fin

0n the announcement of Napoleon's defeat

at Borod'i no I 81 2 (Attr . )

Charl es-Mauri ce de Ta1 1 eyrand ( I 754-l 838)

Malnut¡ition ìs a major problem for many cancer patients' A survey

by a liaison health v'isitor of oncology outpatients attending an oncology

clìn'ic in Glasgow revealed that just over half of the patìents compla'ined

of poor appet'ite and for more than a quarter of those no'iatrogenic cause

was ev.ident. The potent'ia1 f or thi s to cause si gni f i cant nutriti onal

defic'ienc'ies was further hìgh'lìghted w'ith a survey of dietary'intakes of

cancer patients by the oncology d'ietitìan. Many patìents had dietary

.intakes well below the recommended levels for not only prote'in and

energy, but also essent'ial vitamins and mìnerals'

Attemptstoprovidenutrit.iona]supportw.iththeuseoforal

nutri ti onal supp'lements h'inge 'l arge'ly on the pal atab'i I i ty of the product '

personal preference is, of course, the dec'iding factor, but the study in

th'is thesis of a number of commerc'ial products demonstrated that some

were unacceptabìe for both normal control and cancer pat'ients'

Interestinglv, some products were rated better by cancer patients than

control groups, a finding since confirmed by others (eallagher and

TweedlelgS3).Tasteabnormalit.iesmayaccountforthesedjfferences.in

palatabif ity and taste thresholds 'in cancer pat'ients were shown to be

significantly higher for bitter and salt w'ith a suggestion that this also
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applied to sour and sweet. Others (De Wys and Walter 
.1975 and Ga1ìagher

andTweedlelgB3)havereportedh.ighersweetandlowerbìtterthresholds

for cancer pat'ients but d'ifferent patìent populatjons may account for the

d-ifferent findings for b'itter in the thesis study. It is clear,

however, that carlcer patjents frequent'ly have an altered taste threshold

wh'ich may alter apprec'iatìon of basic foodstuffs and this fact should be

consi dered when nutri t'ional suppl ementat'ion and di etary adv j ce i s g'iven '

The hi gh .inc.idence of such probl ems means that a tra'ined dì eti ti an shoul d

be ava.il abl e to consul t each cancer pat'ient, espec'i al ìy dur.i ng routi ne

outpatient visits, so that d'ietary modifications can be discussed when

appropri ate.

Mal nour.i shed cancer patì ents (pat'ients wi th s'ign'if i cant wei ght l oss )

often have very severe nutritional deficits. The lack of correlation

between anthropometric data and plasma protein data suggests a rather

more complex metabolìc process than that commonly seen in simp'le

protein-energy malnutrition (PEM) .

Ha.ir root morphology and prote'in content was not shown to be a

useful index of malnutrit'ion 'in the cancer patient a'lthough typìca1

morpho'l og'ical changes characteri st'i c of mal nutriti on were usual ly

present. There appeared to be no measurable changes 'in hair root

morphol ogy w'ith nutriti onal suppl ementati on . I n add'iti on , enteral

nutrit'ional support 'in malnourished cancer patients was shown to be

unsuccessful in correcting the nutritional deficits in nearly al'l

patients. Heber et al (1986) also failed to demonstrate a benefit from

nutr.itional support in head and neck cancer pat'ients despite a da'iìy mean

positive nìtrogen balance.

Most cancer pat.ients stud'ied i n thi s thes'i s were s'ign'if i cantly

catabolic, many w'ith higher negat'ive n'itrogen balance than would have

been expected for simple PEM, suggesting a possible hypercatabolic state'
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I n add'iti on , el evated C-react'ive protei n i n many pat'ients correl ated

moderately with n'itrogen balance suggesting ihat'in hypercatabolic states

CRp .i s more 1 i kely to be el evated. Very recent I 'iterature (Beutl er and

cerami 
.l987 ) descri bes cachect'in as an 'i nf I ammatory med'i ator and i t 'i s

possible that may be the cause for both the elevated metabol'Íc rate often

seen in maligrrancy and of the elevated CRP or thatit is part of the same

metaborìc sequence of events. Th.is does not mean that cachectin (tumour

necrosìs factor, TNF) 'is the ult'imate cause of cancer cachex'ia'

However, cachectin'is a possible candidate for the host derived substance

which was hypothesised ìn the paper on p'lasma exchange.

Aderka et al (1985) have shown elevated cachectin levels in some

cancer patients and ìnterest'ingly those who showed the greatest rise in

TNF to PHA st'imulat'ion were the most emaciated and had the shortest

survival. work in this thesis has shown a trend toward shorter surv'ival

for pat'ients w'ith the h'ighest CRP levels. C-react'ive protein changes

may therefore mirror changes in cachectin plasma concentrations' The

data on albumin d'istributìon suggest that albumin was redist¡ibuted to

the extravascular compartment in cancer patients and this therefore

contri butes to the hypoaì bum'inaemi a. Thi s red'istri buti on was al so

demonstrated'in patients w'ith injury and this data has been since

pub'l.ished (Fleck et al .l985). cachectin is d'irectly tox'ic to vascular

endothel i al cel I s ( Beutl er and Cerami I 987 ) and may be the agent

respons.ibl e f or these noted changes of al bumi n di stri buti on part'icu'l arly

.if the serum rìses in injury or stress rise more rapid'ly than acute phase

reactants such as CRP.

It ìs suggested in analysìs of the enteral nutrition data, the

albumin data and the amino acid data that two groups of malnourished

cancer pat.ients exist - those w'ith a hypermetabolic response (presumably

.induced by host and/or tumour products) and those with a normal or
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hypermetabolic response to starvation. More recently, Bistrian (1986)

also makes this po'int but separates the two groups of patients into

protein calorie malnutriton (PcM) and hyperalbuminaemic malnutrition

(that due tc¡ stress or hypermetabol'ic malnutrition)' Although the

patient numbers were small, it ìs argued that these two types of

malnutrition can be seen in the album'in metabol'ic study where high and

low fractional catabol'ic rates of albumìn were noted and where those

pat.ients w.ith low fract'ional catabolic rates tended to fare better w'ith

nutrit'ional support. The maiority of cancer patìents who more closely

resemble the hypercatabolic state of stress do not respond well to

nutr.itì onal support and thi s mi rrors the si tuat'i on 'in pat'ients w'ith acute

trauma. The abnormal'it'i es of i ncreased metabol i c rate i n cancer

patients have been shown by others, 'in more recent years, to be definite

with respect to protein metabolism (Jeevanandam et al 1984) although the

hypometaboìic group was not distingu'ished by this latter group, probab'ly

because of Pati ent sel ect'ion '

The p1 asma ami no ac'id resu'lts, i t 'i s suggested, a1 so I ends support

to the concept of a mixed pat'ient popu'lat'ion with respect to metabolic

rate changes ìn response to mal'ignancy. Such changes may be important

with respect to the l'ikelihood of response to nutrit'ional support' It

may also be possible, as suggested in the discussion on plasma exchange'

to alter the host metabolìc response to the cancer by remov'ing the

offendìng substances from the pìasma, providing that the frequency of

pìasma exchange'is such that'it exceeds the half l'ife of the substance in

question. If cRP acts as a marker of the offending substance or

substances (e.g. cachectin) it may be possible to pursue this

invest'igational method since cRP falls were read'i1y demonstrated

following plasma exchange. Th'is topic is worthy of further research'

Measurement of protein synthesis changes folìowjng plasma exchange
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.is not easy due to the'length of time involved fclr most methods'

Measurement of urea synthesis as an indjcation of whole body proteìn

turnover is a poss'ib'ility s'ince the procedure js of short durat'ion' In

conjunction w'ith the studies presented in this thes'is, prelìminary

studies of urea synthes'is us'ing l4C-.u.bonate were undertaken pre- and

post-p'lasma exchange using nrethodo'logy sìmilar to that previously

pub'l-ished (charlwood 1965, Regoeczi et al 1965). Results calculated by

seamus caine, using methodology since pubììshed (caine and Fleck 
.|984)

areshowninAppendixVlandalthoughthereisnotasign.ificant

difference between pre- and post-p'lasma exchange fract'ional synthesis

rateofurea'thereisatrendìnmostpat.ientstowarda]ower

post-exchange synthesi s rate . Furthe¡invest'igati on of thi s approach

would seem warranted .in further exploring these hypotheses. Indeed,

since this data was obta.ined, Matthews and Downey (1984) have publ'ished

data validating the measurement of urea k'inetics'in humans and Kosanov'ic

(1gg5) has utilised the method for mon'itoring nutritional care in the

acutel Y i 
'l 1 Pat'i ent .
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How dull it ìs to Pause, to make an end,

To rust unburn'i sh ' d, not to sh'i ne i n use !

As tho' to breathe were I 'ife. Li f e p'i I ed on I'if e

We're all too little, and of one to me

Little remains: but every hour is saved

From that eternal silence, someth'ing more'

A bringer of new things.

Ulysses 1.6

Alfred Lord TennYson

( r 809-l 8e2 )
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ENTERAL NUTRITION STUDY - ANTHROPOMETRiC DATA AND CHANGES I^IITH NUTRITIONAL SUPPORT
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APPENDIX III
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a = Before b = After nutr.itional support. Norma'l ranges: Refer to table 2.I6a-

APPENDIX III cont.
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+0.48
+l .8

-0. I
-0.2
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a

38
25
27
37
26
22
33
28

37
36
38
26
29
34
29
23
33
33
36
26
3l
29
29
33
33
l8
35

29

b a-b

Al b.

-18
-9
-5
-2
-7
-7
+3
+3
+l
-l
-4

0
0

-2
0

+5
+3
-9

28

22

35
36
l8
29
21

27
27

3l
24
27
32
25
3l
33

26
36
34
35
22
3l
29
27
33
38
21

26

0
0

+6
-l

-7
-l

0
-5
-t
+9

a b

77
49
58
73
64
63
60
66
55
80
69
6l
5l
74
78
70
74
68
59
78
68
54
67
64
80
76
67
68

71

53
59
69
59
66
65
67
67
82
60
58
47
64
62
50
80
72
64
70
69
53
71
72
71

75
94
65

a-b

T.P

-6
+4
+l
-4
-5
+3
+5
+l

+12
+Z
-9
-3
-4

-'l0
-16
-20
+6
+4
+5
-B
+l
-l
+4
+6
-9
-l

+24
-3

2.3
1.3
3.0
3.4
2.4
1.7

1.9
1.9
2.7
3.3
2.8
1.7
3.5
3.0
2.6
1.9

2.8
2.3
3.2

3.1
3.4

I
I

I
8

a b a-b

T.F

1.9
1.5
2.8
2.9
3.2
2.0
3.8
3.2
2.6
1.8

+0
+0

4
2

2
3
3
8

0

0
0

0
0

0

1.9
l.l
3.2
3.7
2.7
2.5

2.6
1.8
5.2

0.2
0.5
2.0

l.l
2.7

0
1.0

3.3
2.8

-0.
-0.
0.

.2

.6

.t

.4

.l

.4

.4

.3

.3

.2

a

27
48
49
65
27
30
17
37
21

40
84

27
39
?7
25
50
65
3l
36
l6

l0l
47
36
8l
39
l5
26

26

b

32
17
50
43
4l
29

103
40
4l
70
28
?1

26
29
25
39
32

32
36
21

122
67
49
49
53
26
25

57

a-b

R B.P

+5
-31
+l

-22
+14
-l

+86
+3

+20
+30
-56
-5
-l

-10
-2

+.l4
-18
-8
+l

0
+5

+21
+20
+13
-32
+14
+ll
-l

a b

0.04

0
0
0
0
0
0

c7
ll
ll
09
09
22

07
l3
09

0
0
0
0
0
0
0

l9
08
2
23
2

04
I

0
0
0
0

0
0

.16

.35

.17

0.08

0. l7
0.24
0.13
0.06
0. l9
0.05

0.47
0.16

0.05
0. l4
0.10
0.18

0. l6
0. l0
0.09
0.06
0.1I
0.4

P. A.

a-b

-0.02
+0.01
+0. 0l
+0.02

+0.12
-0.01

+0.04

+0. 09
-0.01
-0.02
-0.03
+0. 02
+0. l8

+0.02
-0.16
+0.07
+0.17
+0.01
-0.01

a

74
225
213

39
42

162
0
0

3l
255

36
0

l0
180
168

86

ll

0
47
27

56
l6

b

89
lll

30
52

0
175
l8

3l
53
24

183
58
25

6
123

62
0

32
3l

180
0

75
17

132
44

142
100

C. R. P.

a-b

-21
+55
+.l4
+14

0
+l 28

-19
-5

-21
-201
-30
+19
-15

+6
+37

- 100
0

+32
0

-75
0

-12
-19

+132
+34
-38

-68

a

ll.5
5.8
9.7
8.3
6.4
9.8
9.9

9.4
10.3
5.8

10.3
6.0
8.3

10.8
9.3

10.3
6.4

il.7
8.6

10.2
10.2

12.7
il.1
10.0
9.2

b

10.4
12.9

10.
ll.

7.2
9.6
9.9

l0.l
6.1

ll.

8.2
9..l
9.9
8.5
7.9

10.6

8.
12.
12.
10.

7
7

I

5

6
6
5

c
7

9
4

2.
9.
7.
3.
7.

a-b

7n.

+0.9
+l .3
-3.2
-0.8
+l .0
-4.6
-2.9
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-2
+2
-l
-0
-2
+0

-4
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+2
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+3
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+3

3
8
2

8
3
6
0

I
7

8
I
3

4

0
6
3
4

2.5

I
I .04
1.7
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1.3

2.9
l.l
0.3
2.8

0.4
0.8
1.4

0.7.l.5

0 .84
1.8

.46
2
I
2 .2

.0

2.3
2.1
1.2

0.6
l.l

1.9
1.3
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7
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65
I
9

7

I
I
I
I
I

3

6

4
6

I
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3.
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l.
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PRE PARATION Of RADIOIODINATE D HIJMAN A L BT'MIN

Determine protein bound activitY

Add carrier plasma

PRECIPTTATE LABELLED ALBUMIN

Filter (millipore)
Test for pyrogens

Test for sterility
D€ iermine protein-bound activity

Filter (millipore)

ADD Sopci N"125I

COMPUTE

F.C.R. : TCER Eh

I

Y

UNDE NATIIRED HUMAN ALBI]MIN

LABEL wIT¡T 
131I-

REMovE rnnE 1311-

LABELLED ALBT'MIN

ADD CARRIER PLASMA

MEASURE TOTAL RADIOACTWÍTY

INJECT APPROX. 100r¡ Ci RADIOIODINATED
ALBIJMIN IÌ{TRAVE NOUSLY

FAECESBLOOD IJRINE

SAMPLING
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EQUATION for DECAY of RADIOIODINATED

ALBTIMIN iN PLASMA

n=3 -bttP L Ai.
i=1

eA -br ter. + A2
-bzt + Ar"-b3t

1

Where A = Y intercept at time 0.

b = e:çonential.

EQUATION for CALCULATION of F. C.R.

1

F. C. fl. = @
P

1

n=3

Aie 1

æ I -b t

i=1

1

0

0

A1

b1

A3AZ

b2
+ +

b3
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APPENDIX VI

UREA SYNTHESIS RATE DATA

1û.'C-urea

Ef f i c'iency
r

Number of sampìes
n

5

5

6
6

I
2

3
4

501
370
473
575

1.99.l
2.696
2.lll
1.736

0.994
0.991
0.983
0.993

CANCTR PATIENTS

6
6
6
6
5

I
2

3

4
5

I 039
354
477
491
473

0.961
2.8?2
2 .093
2 .033
2.lll

0.890
0.994
0.997
0.996
0.093

CANCER PATIENTS PRE (A) AND POST (b) PLASMA EXCHANGE

6a
6b

**6a
6b
7a
7b

***/¿
7b
8a
8b
9a
9b

329
589
357
374
810
337
544
613
495
527
700
729

3.02
1.695
2.796
2.664
1.231
2.970
1.836
1.626
2.015
1.893
1.427
1.370

0.002
0.996
0.973
0.994
0.992
0.958
0.995
0.979
0.987
0 .993
0.98]
0.999

7

4
6
6
6
6
6
5
7

6
7
6

* FSRu (¿-l) = fract'ional synthesis rate of urea per day'
** 3 months after first studY.

*** 2 months after first studY.
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Clinical ToPics

Problems of the oncologY
outpatient: role of the liaison
health visitor
J M TROTTER, R SCOTT, F R MACBETH,
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Abstr¡ct

heelth care team.

Introductlon

During their illness patients with malignant dísease are con-

oncology
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fronted by various medical and social problems. The liaison
health visitor has important roles not only in helping to provide
social and nursing care, but also to be an important link between
the hospital oncology team and the community health care
teâm, andbetween thepatient at homearid thehospital. Toaccom-
plish these tasks the liaison health visitor, who is a trained.nurse,
undertakes a l2-month course that includes studies in the
early detection of ill health; the surveillance of high-risk
gtoups; and sociology, social PolicY, and psychology. This
preparation, together with wide nursing experience, equips her
to meet the mental, physical, and emotional needs of the in-
dividuals and families in the community'

This study was undertaken to document:
(l) The extent of nursing and social support provided by the

liaison health visitor for outpatients attending the clinical
oncology service of a large hospital.

(2) The symptoms of which patients complained to the visitor.
(3) The adequacy of pain relief and the degree of drug

compliance,
These d¡ta were used to define the role of the liaison health

visitor in managing outpatients attending an oncology depart-
ment.

The study was undertaken in a clinical oncology unit that
manâges 70-80 outpatients a week. The predominant
malignancies treated are cancels of the breast, ovary, gastro-
intestinal tract, and lung, The liaison health visitor attends these

outpatient clinics, as do the dietitian, pharmacist, clinic¡l
psychologist, research nursing sister, and data manager'

Method

One of us (RS), a liaison health visitor who has been working with
the oncology unit for several years, documented the reason for her
assessment of outpatients and the source of referral. It was con-
sidered that outpatient assessment (especially home visits) might high-

nurse, or health visitor.
Spccific symptoms Euch as anorexia, nauscit' vomitir¡8, constipation,

diarrhoca, dyspaoça, and depression were tecorded. No atternpt was

made to use rating scales for these symptoms. Finally, patients were
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questioned in detail about pain and analgesic ingestion. The adequacy

of any prescribed analgesia was recorded and a check made on the
compliance in taking these and other prescribecì drugs.

Results

Over the frve months' study period, 237 assessments were made,

a mean of about 12 a week' Table I shows that 460o of assessments

were carried out by the liaison health visitor either during a home visit
or during a routine elativelY

few patiènts (11o,' medical

staff. Interestingly, ¡elatives

and a further 9'),, t to be-
reaved relatives. Although 9ou of the frrst assessments during the
study period were for tracing clinic defaulters, the actual outpatient
non-attendance rate is only 5o,. (mean yearly figure 1979).

appliances were also suPPlied.' iable III shows that 3l no of patients assessed had clinic appoint-
ments either arranged or altered for their convenience' Arranging or

rAslt l-R¿asons for assessment oJ 23? patients b1t liaison health aisito¡ and

source of referral ouer afiae-month perioil

No ( 9;) of patients

58
5L
2a

25

4

(24.5)
(2r.5)
(lr'8)
(r 1.4)
( lo.5)
(e'3)
(e'3)
(r'7)

rearranging transport was needed by l29n of patients. Home help,
district nu¡se, community health visitor and general-practitioner
refèrrals were also arranged by the liaison health visitor where these

were considered appropriate' Most general-practitioner referrals were

for the control of pain. Thirty patients were placed in short-term
(under one week) or long-term (over one week) care in hospice or
convalescent home, and 30 patients were provided with socialior
financial assistance' or both, with the help of the social worker'

Of the symptoms that patients volunteered, anorexia was by far the

commonest and the one that seemed to concern patients most'
Anorexia occurred in l2l patients (51 o,, of those interviewed) and was

r¡nt¡ ¡¡-Nar¡ó er (Y,) ol þatients neeiling nursittg oids atd ptostl*ses

No (9;) ofpatients No (%) of patieno

Nursing aids
Provision of wigs
Mammary prosthescs
rValkinc aids

Ocilpation¡l thcrapY aidr Q \?'5-)
Stomâlappliances 

- 
?(q'q)

Orhcr 2 (0'E)

35 (r4.8)
27 (t1.4)
l5 (6.3)
r5 (ó.3)

TASLE IrI-Num ber (%) ol þatients needing liaison and ¡tlacement assistance

No (%) of a!!6!mcnts No (9â) of ss¡csemcnt¡

Ananging clinic aPPointments 74 (11.2)
n (t2.7)
r8 (7.ó)
iz f¡.ti titiona
n (r2.7)

24 (1o.r)

'With sæial workcr.

20 (8.4)
e (3.E)
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often associated with nausea (3lon) and vomiting (18', ) (table IV) ln
a u/as cytoloxlc
icated in l6'',,
f the anorectic
their anorexia,

TABLE tv._Num ber (y) of patients who suffered gastrointestinal symptoms

No (9å) ofpatients No ( o,,) of patients

ConstipationAnorexia
Nausea
Vomiting

12r (51 o)
75 (11.6)
44 (18 6)

Diarrhoea
54 (22 8)
10 (4-2)

TABLEv--4auses ol anorexiain 721 patients

No
of patients agsessments

/o Total :o Patients
wilh ânorexis

Cytotoxic chemotheraPY
Radiotherapy
Analgcsics
No obvious therapeutic or

ratrogmic cause

59
20

9

13

249
8.4
3.8

t3.9

488
I ó.5
7.4

273

which . may have be disease itself or
psychological factols upplements we¡e

iuipliedio 38 patient sits. Constipation,
p.ðËably often relate of patients inter-
viewed. Diarrhoea wa ring in only 4o/o of

T |IJLE vr-Problems tD;th an^lgesi¿ in 237 patients

No (%) of pstients No ( o7i) of patients

Patients
ÞÀii"ntt esia
Inadequ

67 (25'1) No d
¿¿ iió.01 An bed
59 (24.9) Mi

49 (2o.6)
(4 6)
(3'0)

I
7
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Discussion

Of the members of the hospital oncology team, the liaison
health visitor is in a unique po',ition. She is the one person who
not only sees patients both in I'ospital and at home but who has
regular personal contact with hospital nursing and medical
staff, general practitioners, corrununity nurses, and social
workers. Her role as it has evolved in this clinical oncology unit
is threefold: firstly, she gathers information about patients,
relatives, and their problems; secondly, she co-ordinates the
provision of support services ; and, thirdly, she is a counsellor.

Her usefulness depends on her efficiency in identifying those
patients who need her help and on the ease with which she can
contact the appropriate sources of advice and help. Table I
shows that most assessments resulted from her own vigilance
while attending ward rounds and outpatient clinics and talking
informally to pâtients and relatives. That only 1l]'" of assess-
ments were ínstituted by referral from medical staff reflects this
vigilance rather than the doctors' inefficiency.

Home visíts are an essential part of her job. Patients and
relatives are likely to be less anúous in their own surroundings
and more prepared to discuss problems that they might not
mention in the busy atmosphere of ward or clinic' She can also
assess the home conditions herself and therefore the need for
particular aids, prostheses, nursing carer or social support.
Finally, she can get a better idea of thc family interactions and
ability to cope. Local general practitioners have been told by
letter of her existence and of the possibility that she may visit
selected patients at home, A home visit is often done without
prior consultation with the general practitioner.

The informal rapport that develops is probably the main
reason why the liaison health visitor uncovered an unsuspected
high incidence of gastrointestinal symptoms, inadequate control
of pain, and non-compliance with drugs. The distressing
symptoms of anorexia and constipation are often overlooked in a
busy chemotherapy clinic. She usefully provides simple dietary
advice and through the hospital or general practitioners supplies
laxatives.

Although problems of drug compliance are conrmon to all
groups of patients,l 2 this study shows that poor compliance
with analgesics was seldom due to misunderstanding of pre-
scription directions. Instead, it was usually due to self-imposed
underdosage by patients. The liaison health visitor recorded that
this was often in the belief that the regular use' or use of larger
doses of the drug, would reduce the efficacy of the drugs if the
severity of the pain were to increase. In only one patíent was
drug abuse detected, with the consumption of a narcotic



analgesic in excessive amounts. Better education of the patient

wheã prescribing the drug may obviate these problems' The high

incidence of inadequately prescribed analgesia, as interpreted
by the liaison healìh visitor, is important. It remains to be

dátermined whether this is because of inadequate analgesic

prescription by medical staff or inadequate description of the

ieverity of the pain to the doctor. Probably, however, some

patients minimise symptoms to avoid the addictive drugs about
which they are concerned.

The fialson health visitor has therefore become an essential

part of the oncology team, integrating the hospital and còm-

munity services and supporting patients through chronic illness

and tóxic treatment by assessing their problems' antícipating
their needs, and mobilising maximal support'

This study was undertaken while one of us (fMT) was supported

by a grant fróm Roussel Laboratories Ltd. rfle tha;¡k Mrs A Cameron,

senior nursing officer, for her helP.
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T-cell dependent or T-cell independent polyclonal B-cell
activators, with o¡ without the addition of purifred T cells

from normal allogeneic dono¡s. T cells from the patient,
however, were able to support differentiation of IgA-
secreting cells when co-cultivated with allogeneic B cells in a

pokeweed-mitogen driven system. Thus, a B stem-cell
maturation defect appears to be the underlying defect in the
patlent.

Selective IgA deficiency is often associated with a relative
or even total lack of IgG2,a In the donor-recipient pair
desctibed here, however, normal levels of IgG subclasses

were found. Specific antibodies against carbohydrate
ântigens are normally mainly ofthe IgG2 subclass,T although
in children substantial amounts of specific IgGl antibodies
are also formed.s Despite having normal IgG2 serum levels,
however, both children showed a relative lack of specific
IgG2 anti-carbohydrate antibodies. We have observed the
same type ofaberrant subclass distinction in occasional IgA-
deficient adults (unpublished), which may suggest a defect
more fundamental than a mere lack of IgA.

We thank Ms Lotta Tauson and Ms Cha¡lotte Åman for skilful technical

assistance. This work was supPorted by the Swedish Medical Research

Council, the Petrus and Augusta Hedlund Foundation, and the Valter' Ellen

and Lennart Hesselman Foundation.
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INCREASED VASCULAR PERMEABILITY:
A MAJOR CAUSE OF HYPOALBUMINAEMIA IN

DISEASE AND INJURY
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K. C. C¡LuaN**

Departments of Patho logical Biochemistry, Anaest hetics, and
Surgery and Oncologt, Vlestern Infirmary, Glasgow G11 6NT

Summary The rate of loss of albumin to the tissue
spaces (measu¡ed as transcapillary escape

rate) rose by more than 300% in patients with septic shock,
and the average increase within 7 h of cardiac surgery was
100%. The transcapillary escape rate in cachectic cancer
patients was twice that ofa group ofhealthy individuals. The
rate of loss of albumin to the tissue spaces is normally 590lh,
which is more than l0 times the rates of synthesis and
catabolism, and these large rate increases indicate that
increased vascular permeability is an important cause of the
lowered concentratioin of albumin commonly seen in acute
and chronic disease.

Introduction

THE concentration of albumin in plasma is commonly
below normal during infection,r after injury (including

Present addresses: Department of Chemical Pathology,* Charing Cross and
Westminster Medical School, St Dunstan's Road, London 'ù16 8RF.
Departmcnt of Chemical Pathology,f Royal Liverpool Hospital, Prescot
Street, Liverpool L7 8xtùl The Pa¡amatte Hospital,f Westmead Centre,
riØestmead, New South Wales, 2145, Australia. Department of Medical
Oncology,$ Royal Perth Hospital, Box X2213 GPO, Perth, \Vestern Australia
ó001. Anaesthetic Departmentl I and Departme nl of Surgery,t Western
Inhrmary, Glasgow Gl I 6NT. Departnent ofClinìcal Oncology,** Glasgow
University, I Horsele¡hitl Road, Glasgow Gl2 8QQ.

781

REFERENCES

I HansonL-A,Biö¡kanderJ,OxeliusV SelectivelgAdeficiency.In:ChandraRK,ed.
Immunodeficiency di*ases Edinburgh: Churchill Livingsrone, 1984. 62-44

2. Hammarstrôm L, Smith ClE. HLA A, B, C and DR sntiEens in iomunoglobulin A
defìciency. Tisute Antigens 1981;2lt 75-79,

3 Hammarström Ç Axelsson U, Biörkander J, Hânson L-r{, Mõller E, Smith CIE HI-A
ânrigens in selective IgA defìciency. Tissue Antigent 1984t21t 15-39

4. Oxelius V, Laurell A-8, Lindquist B' Golebiowska H, Arelsson U, Biðrkander J'
Hanson L-4. IgG subclâsses in selecrive lgA defìciency: lmportânce ofIgG2-IgA
deñciency. N Engl J Med l98l; l0l: 147ó-78

5 Chandra RK, Sahni S, Dea¡loue J, et al. Clinicâl and immunological studi€s ofchildren
v¡th selective IgA deficiency. AJr J Clin Exp Immunol l9E2;3t 281-92,

6 Elson CO. T cclls specific for Ig,{ switching and for IgA B-cell differentistion. Izz¿¿o,l
Todot 1981i 4t 189-90

? Håmma¡ström L, Granstróm M, Oxelius V, Persson MAA, Smith CIE. IgG subclass

disi¡ibut¡on ofântibodies againsr S aurezr reichoic acid and o-toxin in normål Ðd
immunodefìcienr donorr Clin Erp Immunol 1984;55: 593-601

8 Freiid A, Hammarström L, Pe.sson MAA, Smirh CIE, Specifìc entibody levels in
otitis-prone children I An analysis ofplasme anti-pneuñæoccel ân¡ibody adiv¡ly
ofthe IgG class and subclasses. C/ø:Erp lzmunol 1984;16z 213-18

9. Hammarsr¡ôm L, Persson MAA, Smith CIE, Anti-IgA in seleclive IgA defìciency: In
vitro effects and IgG subclâss påttern ofhumznanti'lg{.ScandJ Imñunol l98J;l8r
509-13

10 Flânagan JG, Rabbilts TH. Arrangemenr of human immunoglobulin heavy chain
constanr region genes implies evolurionary Cuplication ofa segment conraining 7, e

ând o genes. Naturc 1982;300t 709-13.
I I Hammârsrröm L, Holm G, Pâlmbled J, Persson MÂ4, Sm¡th ClE. Lack of IgG in a

healthy adult: A rare case ofdysgammaglobulinemia with undetectable se¡um IgG,
IgA2 and ¡gE. CIin Immunol ImmunoPothol l984ttot l-10

I2 Hâmmarström L, Granström M, Möllby R, oxelius V, PerssoD MAA, Smith CIE
Ontogeny of IgG2 anribodies against S aureus teichoic acid in norñal and

immunodefic¡ent children Acta Poediatt Scard (in press)

l3 BensinBer W, Buchner CD, Thomas ED, Cliff RA ABo-incompatible marrow
transplånts Transþlontation l992t33t 421-29.

I 4 Wahren B, cahrron G, Linde A, Liungm¿n P, Lönqvist B, R¡ngdén O¡Sundqvist V'A
Transfer and persistence of virål antibody producing cells in bone mar¡ow
lransplanÌation J inlect Dis (in prcssl,

Subiects and Methods

The "normal" range of the TER of albumin was determined in 7
laboratory staff and before operation in 3 patients admitted for
minor elective surgery who had no signs of infection or active

disease. TER was measured åt various intervals up to l7 days af,ter

the onset ofseptic shockÌ6 in patients in the intensive care unit.

elgctive surgery)2 and myocardial infarctionr3 in patients with
malignant dise"t.,n and in critically ill patients.5

The factors which determine the concentration of

n few, ifanY,
lymphto the
and reliable
eins in the

extracellular fluid presents many problems.e

l0% ofthe intravascular albumin is catabolised or replaced

by synthesis each day in healthy subiects,ro'rr but the rate of
loss to, or exchange with, the tissue spaces is more than l0
times greater.ó'10 In the present study we determined whether

increases in TER occur in acute and chronic disorders which

although haemorrhage or other losses may contribute to the

reduction in the concentralion of plasma albumin after

injury, change in vascular permeability may be the most

important cause of hypoalbuminaemia in many diseases.
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TER was also measured in 16 patients within 7 h after the start of
cardiopulmonary bypass for coronary-artery vein graft, mitral-valve
replacement, or aortic-valve replâcement and in a group of 1l
cachectic cancer patients) most ofwhom had metastases and all of
whom had a subnormal plasma albumin concentration (less than 3l
g/l). None ofthe patient; had hypertension, which increases TER;8
the patients with septic shock and cardiopulmonary bypass patients
were slightly hypotensive. Blood loss from the wound site in the
septic-shock and cardiac-surgery patients made a negligible contri-
bution to the lowered plasma albumin concentration. Changes in
fluid volume were unrelated to the low albumin concentralion in the
cardiopulmonary bypass patients. Loss of albumin in wound
drainage was negligible in the septic-shock patients. In all patients
proteinuria was absent or scarcely detectable. In those with fistulae,
no albumin was lound in the fistula fluid.

TER was measured by means of either autologous radioiodinated
human plasma albumin or albumin prepared from an Australia-
antigen-free pool.8 Thyroid uptake of radioactive iodine was

blocked either by giving sterile sodium iodide intravenousl¡
initially at a rate ol180 mg/24 h then 120 mgl24h for up to 2 weeks,

or by oral administration of 60 mg potassium iodide, initially 3 times
daily then twice daily for 2 weeks.

After insertion oFan intravenous'Cathlon' cannula into a forearm
vein to facilitate frequent blood sampling, 5-10 ¡Ci sterile
radioiodine-labelled albumin was rapidly injected into the opposite
arm. 14 2 ml blood samples were taken at 3, 6, 9, 12, and l5 min alter
injection then at 5-min intervals up to 60 min. The exact time of
sampling was noted.

The radioactivity of the plasma samples was measured by
pipetting 0'75 ml plasma into the sample tube with an'Oxford
pipette', the accuracy of which had been carefully determined
beforehand. Alter correclion for background the counts were
plotted semilogarithmically against time. The gradient of the line
was calculated with the least squares method after eliminating any
grossly deviant points. All TER values were obtained from lines
computed from at least 5 data points. The gradient, expressed as

Volh, gave the TER.
To avoid even slight denaturation, albumin was prepared by

ammonium sulphate precipitationlT and labelled with McFarlane's
iodine monochloride methodls to not more thân 2 atoms of iodine
per molecule of albumin. After iodination 2 ml of the patient's
plasma, which had been kept sterile, was added and the labelled
albumin re-isolated by repeating the salt fractionation to minimise
the proporlion of non-albumin iodine-labelled proleins present.
The final preparation was sterile filtered before use and a sample

tesled to exclude bacterial contamination and pyrogen.

Results

There were no signifìcant difnerences either in plasma

albumin concentration or TER between the 6 healthy men

and 4 healthy women. The median normal range of TER of
albumin in these l0 subjects was 5'090 h with an overall
range of 4'4-6' lVolh. This is within the range found by
others for healthy individuals.s This was not the case when a
commercial source of radioiodinated albumin was used, and

so we prepared, labelled, and tested human albumin for this
study. The median plasma albumin concentration in the

healthy subiects was 43'5 g/l (range 42-47 gll).

In the disorders studied, or after operation, the concen-
tration of albumin in patients' plasma was either clearly
subnormal or close to the lower limit of the âccepted normal
range of35-50 g/l.re

The changes in TER after septic shock are shown in fig l.
TER was initially elevated in all patients by at least 20090, but
after the first 2 days the TER fell towards normal. The wider
range and levels ofTER observed in 5 patients between days

6-17 after the shock episode may be due to recurrence of
infection. The numbers of patients in whom TER was deter-

mined from days 0 to 5 were: 6, 2, 4,3, 3, and 3, respectiveiy.
The measurements at day 0 were made within 24 h after the

THELANCET, APRIL 6, I 985

onset of shock, at which time the mean and median values
were l3'490lh and ll'l%/l¡ respectively. The values of
TER in these patients in shock are signihcantly different
from those for the l0 healthy subjects-eg, comparing the
values on day 0 with those for the healthy subjects gives
t=4'61, 14 dt and for day 5, ¡=4'30, 1l df.

In 4 patients with septic shock who had received steroids
(methylprednisolone 30 mg/kg) TER was close to normal
within 24 h of the onset of shock. This was in contrast to the
larger group not given steroids. The patient, given stercids,
in whom the TER was marginally raised (7%/h) had not
received steroids until 2 days after the onset of shock. 3

patients who had received a single dose ofsteroids 3,4, and l7
days before the measurement had raised TER, l0'l7olh,
15.5Volh and 10.890/h, respectively, and were not classifìed
with the group given steroids.

Comparisons of preoperative ând postoperative measure-
ments of TER and albumin concentration in plasma in the
cardiopulmonary bypass groups of patients are shown in
frg 2.

After operation TER had risen considerably, in some cases

by 300To in 3 h. Plotting the change in TER (ie, postoperative
value minus preoperative) against time did not show a clear

ó-t70I2345

25

Êzo
3- 15
B

l0É
ts,

0

40

E
E
fÞ

35

30

25

20
012345ó-17

Days after shock

Fig 1-Transcapillary escape rate and plasma album¡n concentrat¡on
in septic shock.

Data are shown as meantrange. Shaded areas indicate normal reference
ranges.

trl t5t
pr.q hß ád ÐA¡r3 9r.4 hr¡¡ll6 bYlt¡

Fig2-Transcapillaryescaperateand plasmaalbuminconcentration
after surgical operation.

Individual values are shown. The shaded a¡eas indicate the normal
reference ranges.

I
Ë

*
g

:
r
I

P

î

E

æ

l5

t0

l)



THELANCET,APRIL 6, 1 985

pattern of increase in postoperative TER with elapsed time
after t\e start ofthe bypass.

Analysis ofvariance indicated that there were no signifiôant
differences between any of the 3 cardiac-surgery oPerative
groups in preoperative or postoperative albumin concen-

tration, TER, or time of measuring 'fER after bypass had
begun, which was on average 75 min after the first skin
incision. We concluded that it would be acceptable to group
the results from all I 6 ofthe cardiac surgery patients together.

9 out ofthe I I patients with cancer cachexia had a signifr-
cantly raised TER: median 12'ls/olh, range 5'6-26' Volh.

The corresponding concentrations ofalbumin in serum were:
median 25 gll, range20-30 g/1. There were 2 exceptions with
normal TER. These were the only patients with cancer (ofthe
oesophagus) in this series to show a response to nasogastric
tube feeding.

Discussion

To determine the no¡mal range of TER of albumin it is

essential that the labelled albumin preparation used is not
denatured, otherwise slightly elevgted values of TER will
result.8 !üe used autologous albumin where possible, or
undenatured albumin carefully prepared f¡om Australia-
antigen-free blood donors.

Cardiac surgery leads to a prompt (within 3 h) increase in
TER. Thus, although some patients were in mild congestive
cardiac failure before surgery, which could have contributed
to the raised preoperative TER observed in 5 of the 16

parienrs,20 TER did not fall in any patient after surgery. Since
fluid replacement was only equivalent to measured losses the
increase in TER was due to the response to tissue damage and
not to haemodynamic changes, although a small amount of
haemodilution could have contributed to the fall in the con-
centration of albumin.

Our results indicate that, in patients with sepsis and cancer,
while processes leading to tissue damage continue TER is
likely to be raised. However, in patients treated for septic
shock it is likely that elevated TER falls (fig l) in response to
effective treatment. Although it appears from fig I that as

TER falls towards normal the concentration of albumin rises,
we did not find a significant correlation between these 2

variables. The infusion of large volumes of crystalloid solu-
tions to maintain central venous pressure and cardiac output
might in part account for this.

The pattern of the changes in TER shown here is in
contrast with the changes ofthe acute-phase response. The
acute-phase plasma proteins do not show an increase in con-
centration until 7 h after the first skin incision of elective
surgery,2r'22 whereas TER in this series was raised within 3 h
of the fìrst skin incision. Also, after minor surgery, such as

herniorrhaphy, although the acute-phase response is clearly
demonstrable there is no fall in the concentration of
albumin.2r This is consistent with the failure to find a change
in TER of albumin after minor surgery (Moore P., personal
communication). Thus, although the increase in TER after
surgery is less sensitive to the magnitude of injury than the
acute-phase response, it occurs ea¡lier.

An increased leakage of albumin into the extravascular
spaces will reduce the oncotic pressure diflerence across the
walls of small blood vessels and must alter the exchange of
water between blood vessels and tissues, so that oedema is

more likely. Thus, it is possible that an increase in TER is an

important factor in the development and maintenance of
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oedema in septic Y caPillaries are

equally affected, sYndrome'23

Although we value obtained
includes a contribution from catabolism, which is about l07o

of the total in healthy individuals and in patients in septic

shock. It may include an undetermined contribution from
losses-eg, from the gut or in urine. Thus, in septic shock the

raised value of the TER of albumin merely gives a combined

index ofpathological processes which influence the concen-

tration of albumin, but the true rate of loss of albumin to the

extravascular space is likely to make the greatest contribution
to this value.

An inc
lymph fl
enough t
vascular
been noted after burning injury2a and surgery26 and which

an ameliorative effect on the concentration of protein in
plasma.27

Although our data do not permit a clear delineation of the

duration ofthe changes in TER after uncomplicated surgery,

we have shown that increased microvascular permeability is
an important cause ofhypoalbuminaemia in serious acute and

chronic disease.

We rhank the Scottish Hospirals Endowment Research Trust (HERT 560 to

AF) and the Canccr Resea¡ch Fund (SP 1429 to KC) for hnancial support'
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RENAL FAILURE AND THE USE OF MORPHINE
IN INTENSIVE CARE

MADEI.EINE BALL H. J. MCQUAT'

R. A. Moonr M. C. Arleu
A. FrsH¡n J. Snen

NufJietd Deparunents of Clinical Bìochemistrjt and Anaesthetics,

John Radctifle Hospital and Radclilfe Infirmary, OxforQ and

Oxlord Regionat Pain RelieJ Unìt, Abingdon Hospital,
Abingdon, Oxon

Summary Intravenous morphine infusions were given

to 20 patients in the intensive-care unit to
provide sedation and analgesia. In l0 ofthe patients renal

impairment was already present or developed during inten-

sive care. Plasma morphine concentrations for a given dose of
morphine and morphine clearance depended on renal func-

tion; dose-related plasma morphine concentrations rose as

renal function deteriorated. Reduced morphine clearance

leads to increased elimination halFlife of the drug, and

neurological impairment caused by unrecognised high
concentrations of morphine could result in an incorrect
diagnosis ofcerebral damage in patients in intensive care.

Introduction

A NUMBER ofdrugs used for sedation in the intensive-care

unit (ITU) have lately been withdrawn.r As a result there has

been an increase in the use ofopiates, particularly morphine.2
However, many ITU patients who require sedation also have

renal or hepatic impairment, which could interfere with
morphine metabolism, leading to high plasma morphine
concentrations and impaired recovery.

Drugs ofthe morphine family can cause respiratory depres-

sion ofunexpected degree and duration in patients with renal

impairment.r'a Cancer patients with raised piasma creatinine
levèls need less morphine for pain relief.5 The implication is

that morphine elimination is reduced in renal failure.
Evidence for the dependence of morphine elimination on

intact renal function came from studies in renal-transplant
patients, in whom no morphine elimination occurred until
ih. donor kidney began to function.6 This suggested that

there was little or no hepatic involvement in morphine elimi-

nation at therapeutic concentrations, and this view has been

strengthened by clinicalT and experimentals work'
ITU patients may be given high doses ofdrugs, over long

periods; many have hepatic or renal complications, or both.
Understanding the physiological background of drug elimi-

nation is important in these circumstances, because it may

help the interpretation of otherwise unexpected clinical
events which may have dire consequences for the patient'

Morphine is a particularly important example because of its

widespread use in intensive care and because ofcontroversy
about the mechanism of its elimination in man.e This study
investigated plasma morphine concentrations during intra-

venous morphine infusions in intensive-care patients with or

without renal or hepatic dysfunction.
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Patients and Methods

20 patients were investigated while receiving intravenous
morphine infusions in the intensive-care unit of the John Radcliffe
Hospital, the study having been approved by the local ethics
committee. Patients were considered to have abnormal renal
lunction if the plasma creatinine was above 140 ¡rmol/I. 8 patients

had abnormal renal function on admission, renal failure developed
in 2 on the unit, and the other 10 had normal renal function
throughout their stay. Patients were considered lo have normal liver
lunction if plasma concentrations of bilirubin, aspartate transa-
minase, y-glutamyl transaminase, and alkaline phosphatase were

within the normal range for the laboratory; elevation ofunconiu-
gated bilirubin and aspartate transaminase following blood trans-
fusion or surgery were not regarded as indicating liver disease.

Arterial blood samples were taken from an indwelling arterial
catheter at the same time as routine biochemistry and haematology;
this was usually at 8 AM and 4 p¡ur. Haemodialysis, when required,
was done against'Renalyte', using a hollow-fibre dialyser for 3 h;

additional blood samples were collected before and after dialysis.
Creatinine was measured on an American Monitor Parallel

analyser using the kinetic Jaffe reaction. 
^Plasma 

morphine was

measured witñ specifìc radioimmunoassayl0 using a method shown
not to cross-react with the main morphine metabolite, morphine-3'
glucuronide. Morphine clearance (in ml/min/kg) was calculated by
dividing 1000 times the morphine infusion râte over the previous
4 h (in nmol/min) by the product of morphine plasma concentration
(nmol/l) and the patient's weight (in kg).

Results

Details of the patients are given in the table. l3 of the 20

patients required sedation for ventilation after surgery, 4 had

respiratory disorders, 2 had multiple trauma, and I had

pancreatltrs.
l0 patients had no renal or hepatic complications, and these

were studied for I to 8 days. The median 4-hoûrly morphine

DETAILS OF PATIENTS

Patient no

Norntal rcnol

function:
I
2

3

4

5

6
7

8
9

l0
Renal dltsJunctiott:

It
t2
l3
t4
l5
t6
17

l8
l9
20

Condition

Pneumonia
Oesophagogastrectomy
Total hip replacement
Bowel resection (Crohn's)
Gastrectomy (Crohn's)
Aortic aneurysm repair
Ao¡tic valve replacement
Mitral valve replacement
Road traffic accident
Aortic valve replacement

Road t¡afTìc accident
Pneumonia
Aortic aneurysm repair
Respiratory/renal failure
Aortic valve replacement
Pancreatitis
Aortic aneurysm repair
Aortic valve replacement
Aortic valve replâcement
Pneumonia
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suggest that ibuprofen.has minor effects on the cardiovascular system'

but our experience poinrs to lhe contrary'- -Care 
snoìt¿ be exercised in prescribing ibuprotèn to people who are

liable to take overdoses.
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mechanisms producing the symptoms. It may be possible to isolate
circulating factors in exrracorporeal blood with in-se¡ies selective
affinity columnsr and use dialysis of exchanged plasma to establish
their nature and physical character¡stlcs.

J M Trotrer was in receipt of a grant from Roussel Laborarories Limited.
Ve thank Dr T Habeshaw for referring one of the patients.
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