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o .~ . ABSTRACT , O\ . 4 :
" .

3 N . “ . ] »

Several studies have demonstrated subnormal c1rgulat1ng

retlnol valueg in patlents w1th ‘cancer of epltE;llal brxgin. -
Cond1t1ons such as stress and dlseﬁses other than‘cancer are

:known to‘déﬁress'serumretinolleve}s.-'Fogﬁthis‘reason,‘

vitamin A statuskin colorectal cancerﬂpatientstwas;asseSSed :{
usiné subjectstwith‘benign'GI disease'as controls:' Serum

samples from healthy subjects, 40 benign GI disease 8.
pa{fjjts"nd 4l‘colorectal cancer;patients were obtained;"o I

e'sera‘ an§‘of thelMayo Clinic, Rochester. Serum

from-

B

iconcentrations f retinol and its carrier prbtéins,_RﬁP and
prealbumin, were higher in healthy subjects (p<0L05),than in

" benign or malignant GI patients. Circulating levels of N

' 21nc, Wthh 1s requlred for the\synthe51s of the carrier

A?rotelns, wegg 81gn1f1cantly hlgher 1n healthy subjects as

compared to benlgn but not mallgnant patlents. No S1gntf16ant,
»~ 4\ . N
dlfferences were detected between benlgn GI and colorectal

'cancer patlents for retlnol or the factors—lnvolvep in

. retlnol metabollsmx'vW1thﬂthe exceptlon of 21nc, the serum
Iparameters were depressed to the same extent by both benlgn ”
‘and ma11gnant GI' dlsease.- | | ‘
| When d1scr1m1nant functlon analfsxs was used to f'
‘pevaluate thesewserum parameters .as dlagnostlc 1nd1cators,“;}‘“

only 56 6% ofﬁgubjects were correctly categorlzed as belng

e :healthy or dlseased. Because of ‘the con51derable overlap 1n

‘?fserum values between healthy and patlent groups, these .

"'_'.iv'f f'
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blochemlcal 1nd1ces lack the spec1f1c1ty requlred of

‘ olagnostlc tumour markers. ' b
) o . ) [ /'_ ,' \ R
: ‘ Postoperatlve serum samples from 134 patlents w1th
Y .

curatlve resect1 s of Duke s B2 or Duke S C colorectal

‘Acancer were analyzed in order to evaluate the progn%ftlc_
sign1f1cance of v1tam1n A and its related factors. These:
‘patlents were 1nvolved in' the adjuvant therapy trlal for

) ;colorectal cancer at the Cross Cancer Instltute, Edmonton.

. Serum levels of v1tam1n A, RBP, prealbumln ‘and zinc d1d not

*51gn1f1cantly dlffer between patlentS\who subsequently |

"\t & Yomy

developed a recurrence of cancer and patlents who. remalned

"
S &

.“'ldlseaseefree. Clrculatlng levels of these §hrameters do not

‘

*—*——sfziﬁs of postoperatlve colorectal cancer patlents,:‘

-

appear to be of value 1n predlctlng the long term survayal
.\‘ "\
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Bacille Calmette Guerin

BCG =

C = degrees Celsius
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1. INTRODUCTION ' ‘.

Vitahin A has a‘cﬁnsiderable,controlling influence on
~epithelial differentiation. During'yigamin A deprivation,-
norméi épithelium.undergoes metaplastic change similar to
_that seen in early neoplasia (Wolbaéh & Howe, 1925).
Exten51ve laboratory @and epidemiological, 1nvestlgatlons have
led to the suggestlon that vitamin Ais a natural 1nh1b1tor
of the development and progresszon of preneoplastlc and
neoplastic lesions. 'Subnofmal conceﬁtratibns of EirculatingJ
retinol have been demonstrated in patients with{various
epithelial cancers and subjects who subsequently developed
cancer. The majority of sgch‘studies have used healthy
subjects as controls. However, as stress, infections and .
diseaseS'o;ber than cancer a}e known to deﬁress retinol
levels, 1t 18 cruc1al that patients with approprlate benlgn
disease be used—as—eeﬁtrols. Tﬁe primary goal of this

study was to evaluate the vitamin A status in coloreétal
cancer patients uslﬁg subjects wity Penlgn gastrointest?nal
diseasé as controls.

Liétleiinformation is aQailable regarding e;fher the
prognostic significance:of vitamln'A status 1n‘patients'witq
established cancer or the dlagnostlc 81gn1f1cance of this
v1tam1n in populatlons at rlsk for cancer. Therefore, ~the
.use of serum levels of v1tam1n A and 1ts related factors as
dlagnostlc and prognostlc 1nd1cators tor colorectal was
investigated. N _



1.1 VITAMIN A ACTIVITY

Vitamin A was flrst descrlbed in 1915 by McCollum and
IDav1s as a growth-promoting faflor 1solated from animal fat
and fish oil. In_the,strlctest sense, v1tam1n A refers to
all-trans retinol however, the term v;tamln A is used to
 descr1be the naturally occurrlng analogues of retxnol
Recently, the word "retinoids" has been used,po encompass
any natural or sinthstié moiety of vitamin A. K\
) Vitamin A is requ1red for sevefal 1mportant \
phy51ologlcal functlons partlcular1ly vision, growth,
- reproduction snd maintenance of epthelial fissue, These
fuhctions involvs different forﬁs‘of4§itamin A.~ The
biologically active form in mammalian tissuss is all-trans

retinol. Retinol can be oxidized to the aldehyde

etinal, which is a visual pigment precursor (Wald, 1968).

"oxidation irreversibly forms retinoic acid. While
rstinoic acid is able to support normal sody growﬁh and
differentiation of epithelial tissues, it cannot replace
.retlnal s v1sual role (Dowling and Wald, 1960), nor can it
support reproductlon (Thompson et al., 1964) “With b\ |
exception of its role in v1s1on, the molecular mechanlsms of .

v1tam1n\A act1v1ty are not fully understood



1.2 EFFECT OF VITAMIN A ON EPITHELIUM
'The retinoids'are well known for their importance in .
the growth, differentlatlon and functlon of eplthellal
cells. Whlle the exact mechanlsm by which' vitamin A
1nfluences these cells remains unclear, def1c1ency studles
have demonstrated the effect of vitamin A on eplthellum
Squamous eplthelﬁum lines the external part of the body and
its OtlflCeS while the gastr01ntest1nal, lower resplratory
and urogenltal tracts are lined wr&h glandular epithelium.
Duning vitamin A deprivation, normal mucus-secreting
epithelium undergoes metaplastic Change‘into’stratified,

‘keratlnlzlng squamous eplthellum. Growth act1v1ty of th1s
,altered eplthellal tissue is increased as well (Wolbach &
’Howe,.l925). Upon refeeding with v1tam1n A, thls
metaplastic process is reversed (Wolhach & Howe, 1933).

- An exceptlon is the 1ntest1nal mucosa, where degeneratlon of
‘mucus -secreting cells occurs: w1thout kerat1n1zat10n of the
epithelium (DeLuca et al., ] 1969) Because the appearance of
metaplasia is common to both v1tam1n A def1caency and early

"4;neop1as:a, a def1c1ency of this V1tam1n mlght enhance the :

[N
TN

neoplastlc response to chemlcal carcxnogens or produce a,

“preneoplastlc c nd1t10n. RN s

Brevar 1., (1985) demonsefated that vitamin A

'supplementatlon 1ncreased the number of goblet cells 1n
colorectal tlssue of rats, concomltant W1th the |

norma11zat10n of muc1n type and an 1ncrease in mucus
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secretion. Since the mucus coat acts as a protective

. barrler agalnsf bacteria, Vlruses and forelgn substances in
-

normal 1ntest1nal.ep1the11um, an 1ncrease 1n sulfated mucins

could provide for a more protect1ve mucu' coat and prevent

Q}

dlsease ~causing agents from cdhlng in contact™ w1th the

.-

epithelium. It has'been 1nd1cate£Lthat vitamin A is-

required for the biosynthesis of glycb%rogeins;lthe

«4“..

principle constituent of goblet cells (DeLuca'et:al.f'1972r
DeLuca, 1977). As glycoproteins are common constituent8 of

membranes necessary for a variety of cellularffpnctiqns} the

)

effects of retinoids on glycoprotein-biosynthesis may
explain many of the anomalies in.cellular metabolism o

associated with vitamin A deficiency. = i

Isolation of cellular binding proteins for retinol.
(Bashor et al.[‘l973)‘and retinoic acid (ong and Chytil,
1975), led to the hypothesis that retinoid action is

cbmparable to that of steroid hormones. It has béen

suggested that 1ntracellular blndiegrprotelns may play a

A

direct role 1n blologlcal expresslon of v1tam1n A act1v1ty,‘

analogous to sterold hormone receptors. These protelns
dellver retlnol and ret1n01c ac1d spec1flcally 1nto the
f nucleus (Takase et al., 1979) where the ret1n01ds seem to
1nteract thh nuclear components and 1nfluence gene
"'regulatlonr In fact,fevzdence shows that protein synthesis
and RNA metabollsm are affected in several tlssues of
:‘V1tam1n A def1c1ent an1mals (Johnson et al., 1969 lee and

".DeLuca, 1970) Zachman (l957)«obta1ned'a 2 to‘3rfold»~

I

e

- —
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increase.in the.rate of 3NA-synthesis‘in;the'colon‘and‘
intestinal mucosa by reintroductiOn of'physiological levels
of retinol‘into.vitamin A-deficient rats Cellular binding
‘protelns are present in many epithelial tlssues and may be’
present 1n elevated levels in some tumours as compared to
normal ad]acent tlssue. It.1s p0551ble that these proteins

ex1st inany tissue where vitamin.A is known toeffect

eplthellal dlfferentlatlon.

1.3 METABOLISM OF VITAMIN A
| | §
‘Dietary sources of vitamin A consist of long;chaln

retlnyl esters in certain. foods of animal orlgln (1argely
- milk, cheese, butter; egg yolk and llVeI) and spec1f1c
‘caroten01ds; such as,beta-carotene, Wthh are precursor‘
'forms of the: v1tam1n. : Pr1nc1pal ‘sources of carotene are
,dark green, leafy vegetables and certain yellow -red fru1ts
and vegetables. Beta’carotene 1s largely converted to

ret1nol in the 1ntest1nal mucosa,»although humans can absorb
‘~small amounts of the 1ntact prOV1tam1n (Goodman et '_‘5 |
al., 1966) Dletary retrnyl esters are hydrolyzed in the L
rlntestlne formlng ret1nol, whlch 1s then absorbed 1nto
'dmucosal.cells.; In the mucgsal cells, ret1nol from e1ther the fﬁgf?~
';ester or prov1tam1n source is reester1f1ed pr1mar1ly w1th B
”ypalmltlc ac1d (Ganguly, 1969) ' In assocratlon w1th i CiE
fgchylomlcrons, these retlnyl esters are transported flrst VI:'-v

athe lymphatlc system and then v1a the systemlc blood and are

I C T
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taken up by the liver for metabollsm and storage (Goodman et
al., 1965) Most of .the v1tammn A in thé body is: stored in -

hepatic cells, largely as. long chaln, saturated retlnyl

esters. Other tissues, including the kldneys, lungs, ,% ; N

—

A

'adrenals and 1ntraper1toneal fat, contaln about 9. pertent of
the total and the serum contalns approx1mate1y l percent of
jthe total body" reserve (Moore,V193l) . Total body reserves'
ofv1t;‘1n‘Acanbebestapproxlmatedbythetotalllver
concent?atlon, wh1ch 1ncreases with the d1etar¢‘1ntake of
ré?inol. As dletary 1ntake of v1tam1n A 1ncreases, the
'eff1c1ency w1th Wthh it is stored decreases The llver
responds to hlgher levels of v1tam1n A .intake and storage by
1nduc1ngva‘metabollc process for the 1ncreased excretion of
'»v1tam1n ‘A (Hicks, 1984; Olson, 1984)' Retinol and its
ox1dlzed product, ret1n01c ac1d are conjugated in the 11ver
with glucuronic acid The newly formed glucuronldes are
;‘excreted inthe blle and na; be partlally reabsorbed 1n the
‘plntestlnal tract and re-excreted in the b11e, thus |
k~“establlshing an enterohepatlc cmrculatlon of V1tam1n A 5th‘f
’a'metgbolltes (Llppeﬂ and Olson, 1968) The”majority of thgfeiiv-
blllary glucuronldes, however, are hydrolyzed 1n the
llntestxne and excreted in the fece as a mixture of free
lret1n01c ac1dl possibly free retlnol and the 1ntact
~‘folucuron1des. (DeLuca .and’ Roberts,1969) rf -;p_ﬁﬂp'-pﬂfﬁf"
| When a metabollc requ1rement for V1tam1n A exlsts; ;f{bbl g
aiistored retlnyl esters are hydrolyzed to form all trans

’:*retlnol The ret1nol is then mob1llzed from the liver and

Lo L R LTSRN S B - -
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”7dellvered to peripheral tissues bound to a specific

;transport protein, ret1nol blndlng proteln (RBP) RBP 1s a

-

‘81ngle polypeptlde chaln witn a molecular welght ot
'approx1mately 20,000 kD and a s1ngle b1nd1ng site for retlnol .
lKanal et al., l968) that is synthes1zed and secreteé by
‘hepatic parenchymal cells (Glover et alq 1974) ~In serum,i‘

' RBP normally c1rculates bound to retinol, form1ng hoio RBP,-

" and complexes with prealbumln. Prealbumlnvls a tetramerlc
proteln of 54,900 kD molecular welght ‘which is also syntheS1zedjﬁ’
in the 11ver (Kanada et al., 1974) Although prealbumln is

thought to have four b1nd1ng srtes for ‘RBP, the two protelns - ?i

fform a l 1 complex.

The . 1nteract10n of retlnol Wlth RBP serves to

-

solublllze the vitamin 1n serum and protect the unstable

P K

retinol molecule agalnst ox1dat1ve damage._ Formatlon of the

[,

‘protein-proteln complex appears to stablllze the blndlng of

retinol to RBP and prevent glomerular flltratlon ot the

'relat1vely small RBP molecule (Kana1 et al” 1968L-

K

C1rcu1at1ng retinol that is bound to RBP is taken up byfdudjﬂW

‘lnon-hepatic cells wrthout a concomitant uptake of RBP.' The

o

:uptake process appears to be medlated by a speclflc membrane

~¢,receptor that recognlzes~RBP but not retlnol (Peterson et

}h'al., 1974- Heller, 1975- Rasx and Peterson, 1976) Nelther .“

“free retlnol nor a retinol-albumin complex can be taxen up

r'by cells (chap and Heller, 1977), 1nd1cating a specifzc needf‘v;

”ﬁfor the reCOgnition of RBP by target cells. Durlng the fj;{iyﬂbd'”

‘fﬁuptake process an altered form of RBP 1s produced which

e
N =)



 Thi apo RBP cannot blnd retlnol or. prealbumln and is T:‘

‘s lectlvely flltered by‘the renal glomeru11 for catabollsm.
Serum RBP levels appear to be regulated by the
nutrltlonal status of V1tam1n A.‘ In rats,‘retlnol L
deflclency results in low serum RBP concentratlons together
‘w1th elevated liver RBP levels.‘ Admlnlstratlon of oral or
1njected V1tam1n A stlmulates the . rapld secretlon of RBP
“from: the expanded liver pool into the serum (Muto et
al., 1972). These flndlngs suggest that vitamin A def1c1ency
speo&flcally 1nterferes W1th the secretlon, rather than the
synthe81s of RBP by the llver.s Thls effec& appears to be |
' spec1f1c for RBP as prealbumln levels are not affected by a ‘
vitamin A def1c1ency (Smlth and Goodman, 1979) |
Eecau§“of1tsroleJthheplasmatransportandv ) :¢

‘cellular uptake of retlnol, RBP is necessary not only Lor - -
cellular utlllzatlon or th1s V1tam1n; but also for the ‘
preventlon of v1tam1n A tox1c1ty.. V1tam}n A tox1city occurs
when body stores of vitamln A a-re soLg/éat that retlnol | -

o beglns to c1rculate and 1nteract w1th/membranes 1n a complex

- bound to llpoprotelns rather than RBP (Smlth and Goodman,

1979) As retinol 1s known to be a. h1ghly surface-active ’h

compound whlch 1s potentlally membranolytic, binding of the.b’

o v1tam1n to RBP may serve to prevent retlnol'from damaging

blologlcal membranes.tJ7

T IR T




' .l 4 REGULATION OF SERUM AND TISSUE VITAMIN A LEVELS

[

Serum concen?batlons of retlnol are hlghly

characterlstlc of the 1nd1V1dual and less characterlstlc of

k .

the exceptlon of sevgre d1etary

’_av1tam1n A 1ntake~

deflclency and ‘exce s.} The homepstat1c level of 01rculating

o) vary con31derably among well nourlshed

fretlnol is known
1nd1v1duals llv‘ng 1n 1ndustr1allzed countrles (Wald et

al;, 1980) st of th1s dlver51ty can be attrlbuted to the .

I

1nfluence of phy51ologlcal, nutrltlonal, cllnlcal ‘and

:genetlc factors whlch affect serum retlnol levels by a S -

"

’varlety of mechanlsms o

w

Only 1n cases of extreme hypo- and hyperv1tam1nos1s A

do serum levels of retlnol correlate with llver stores;'

-

V(Rletz et al.,,l974) Under condltlons of 1nadequate'

_dietary 1ntake, llver storesware drawn upon to malntaln a.

k4

‘relat1vely c0nstant serum retlnol value until the stores are ‘

nearly exhausted " When the llver 1s depleted of 1tS* - . ,‘~“.f

reserve, serum levels fall rapldly | Segghllevels rise to a
L@ﬁateau when llver storage concentratlons reach 10 - 30 ug

retlnql/g 11Ver.1 Homeostatlc control malntalns thls plateau
“untll a storage level of oVer 300 ug retlnol/g llver 1s |
'rreached (Olson, 1984) At th1s pornt the 11ver storage
}mechanrsm 1s largely saturated and desplte an 1ncrease 1n
‘U;retznol metabollsm, serum Vltamln A rlses to tox1c levelsru.i,ldf“:

fﬁTherefore, withln a wrde range of vztamln A concentratlonSn ff““

fiXBO - 300 ug/g 11ver) serum ret1nol values are not good

SN L
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i1nd1cators of total body reserves. serum carotene levels,j

however, are much more var1able th‘n those of v1tam1n Afin

that they dlrectly reflect d1etary 1ntake of caroten01ds

L

r ' . e

\h(See flgure 1. 1) - : e - o ;

r - o |

"1.4.1 EFFECT OF DIETARY VITAMIN A. '

! s ‘ | /< .; -
¢

fhe majorlty of 1nd1v1duals,in developed countrles
consume adequate amounts of V1tam1n A so that addltlonal
5v1tam1n A supplementatlon/produces llttle,‘lf any, 1ncrease
“Q1n RBP bound retlnol ‘In studles of, Wlllett et al (l983h
.supplementatlon W1th 25 000 U retlnyl palmltate falled to

‘ 51gn1f1cantly elevate plasma retinol levels in healthy "

~subjects. . In the same subjects, supplementatlon w1th 30 mg
(5, 000 RB) of beta carotene trlpled plasma carotene levels.

but agaln d1d not 1nfluence retlnol concentrat1ons.

’

However, in a subgroup of~women wlth relatlvely low plasma

retlnol levels, a da11y 10 000 IU supplement of v1tam1n A Vg,

1

produced a small 1ncrease in plasma ret1nol (W1llett et al”
t

n‘1984) : Th1s 1ncrease ‘was greatest amoung_lndlylduals w1th o

. '

;low prlor v1tam1n A 1ntake.f Retlnol supplementatlon 1n

'~[cancer pat;ents falled to shqw s1gn1f1cant changes 1n Bave
) [

-;dpatlents w1th normal pretreatment plasma retlnol concentra-r

f{ﬁthnS whlle three pat1ents wzth low pretreatment retinol

’l,levels all had a rlse 1n plasma V1tam1n A (Goodman et al«,*
0 x.,.

m'1984) These»rncreases 1n plasma ret1nol levels may simply h:

"frepresent the normalizatlon of a vztamln A def1c1ency.}:\
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'1.4.2 * INFLUENCE OF OTHER NUTRIENTS e

———
B

Bﬁkaddltlon to the 1ntake of the v1tam1n 1tself, the .
"
dretary 1ntake and nutrmtlonal status of several other

nutrlents effects body v1tam1n A concentratlons.‘ Low -fat.

‘pdlets hamper the absorptlon of both v1tam1n A and

lcaroten01ds, thus resultlng 1n low serum retlnol leVels. :ftf
- .

‘follows then, that d1seases 1nvolv1ng defeCtlye fat L
W .

'absorptlon e1ther due to reduced absorptlve surface area or SRR

b ) -,

~pancreat1c and/or b111ary 1nsuff1c1ency are also assoclated

w1th depressed serum v1tam1n A concentratlons (Underwood,

" v

1974)

It has been observed that blood levels of V1tam1n A and

q

prealbumln correlate llnearly to levels of RBP 1n both Y

‘healthy subjects and in patlents w1th a varlety of dlseases
. - S A
- ﬂ(Smlth et al. / 1971 Underwood 1974) Because V1tam1n A is

)

transported in: assoc1at10n Wlth two protelns, proteln-"~
O def1c1ency condltlons accentuate retinol def1c1ency
Patrents Wlth proteln energy.malnutrltlon typlcally have

”.low serum retlnol concentratlons whlch reflect an 1mpa1rment

v

Cim, hepatlc release of V1tam1n A due to defeotlve synthesxs

“”‘of plasma protelns (McLaren et al., 1969; Smlth et aluv

T i R

"lﬂ1973) Depressed vsynthes1s of RBP and prealbumln due to

"ullver dlsease results 1n>low serum levels of these protelns"

qaccompanled by decreased serum v1tam1n A concentratlons

ﬂ‘j(Smlth et al., 1971) In contrast to depressed levelg,nv;m,,~

DICERE N

assoc1ated W1th lrver dlsease,. levated concentrat1ons of



vitamin A are seen in renal disease. As the kidney is
S . 8 ‘

ly the maLn catabolic'site‘for RBP, in renal disease

m1n levels remaln normal in this condition.
‘“‘ ™
THe trace element zxnc is also essentlal for

maintenance Of normal’blood vitamin A 1evels zinc

deficient rats were shown to have very low plasma retinol
\

concentratlons with an acoumulatlon of vitamin A in their
llvers (Smlth et al‘, 1973). After dietary or

1ntraper1toneal 21nc repletlon, the plasma vltamln A

[
\

returned to normal (Brown et al 1976) Normal-weanling .

rats demonstrated a decrease in hepatlc and an iricrease in.
l

plasma»levels of v1tam1n A two hours after the intra-
per1toneal admlnistratlon of 21nc (Ette et al., 1979).

These results reflect the involvement of zinc in the

mob1llzat10n of‘v;tamln A from the liver to the circulation
' . ' }

- within*’é&'ghort time period. Smith further dembn“s'h??ted'that
. o

a severe zinc defitiency in rats reduced plasma Rﬁ? to one

,’ S

quartef t he normal values accompanied by liver RSP of ,

approximately one half the normal (Smith et al., 1974)‘_ .

Recently,a 7Sday metabollc study of low zinc intake o

resulted 1n a s1gn1f;cant reductlon of serum RBP, albumln
'and prealbumln levels 1n six men (Wada and Klng, 1986) The
low plasma v1tam1n A levels seen in zinc def1c1ency were
attrlbuted to an 1mpa1red mob111zat10n of vitamin A from the

llver 1n t,he form of the ret1m01 -RBP complex. Low RBP and : '\

MR AR A
total pla§ﬁa proteln concentratlons in these rats suggests .
. . %

e
\

’ Y ‘ ,
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that zinc deficiency'resuits in depressed synthesas of
hgpétic proteins. This is supported by the fact that zinc
is essential for protein and‘nucleic’acid synthésis in
‘micréorganisms (Wegener and Romano, 1973) and raté
(Swenerton et al., 1969). Several enzymes involved in
protein synthesiéﬂ sucp as thymidine kinase and .DNA-
dependent RNA polymérase are known to~be zinc dependeﬁt.

Zlnc.deflciency‘also affects the utilization of vitamin
A. Alcohol (retinol) reduétase, a zinc metalloenzyme; is
nécessary for the interconversion of retinol to ;etiﬁal, a
process essential -for normal visaion. Zinc deficiency
results in a sighificant reduc&xon in liver and retihna
levels and acnivity of tnis enzyme (Huber,énd Gershotf,
1975). Improvement of dark adaptation in alcoholiE
‘qirrhoﬁics upon zinc supplementafion may be due to enhanced
activity of preQiously depressed retinol redJctase'(Mbrrisdh

»

et al., 1978). .

1.4.3 HORMONAL REGULATION
Some.regqiétioé qt'serum vitamin A is likely mediatéé
Vhdrmonally as méleS\have higher levels than do'females
(Pearson, 1967)‘énd administrationlof estrogens as oral
contraceptives cadses a‘ﬁarked increaé§_1n serum levels of
RBP-bound retinol (Gall et al., 1971; Banji and Ahmed,

1978).



1.4.4 EFFECT OF STRESS

Stress, from thysical or’ emotional sources is.also
known to 1nfluence c1rculat1ng retlnol, cau51ng a transxent
reduction in blood concentrations. ThlS effect has been
demonstratedvin postoperatiye patients (Kasper et al., 1975)
-and subjecta‘with severe burns (Cynober et al., 1985) and
infections (Sivakumar aad Reddy, 1972). The decreases in
body vitamin A levels observed under corditions of Stress

may be mediated by alterdtions in the absorption or

metabolism of the vitamin. ‘ o
1.5 COLORECTAL CANCER

Colorectal cancer is one df the most important cancers
in developed ccantries in tetme of both incidence and
moftaiitf? (See figure l.2f The incidence rates for
colorectal cancer for 1985 in Alberta were 36.6 and '35.9 per
100,000 for men and women, respectively.

It is expected that every person born in the western-
..world today has a five percent chance of developlng cancer
of the large 1ntest1ne (Van de Velde et al., 1986). As
| nelther the 1nc1dence rate nor the survlval rate of patlents
follow1ng surglcal treatment have markedly 1mproved in the
past decades, efforts into the prevention of this dxsease

ot e

are crucial.
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1.5.1 PREDISPOSING FACTORS

Sy

Factors which predispose to colorectal cancer include

rare genetic disorders as well as the presence of specific

17

’

polyps, diverticular disease, chronic ulcerative colitis and

regional enteritis or Crohn’s disease.

It has recently been confirmed that the risk for
development of colorectal cancer is 3 times greater for
patients with ben1gn polyps (partlcularlly adenomatous
polyps) in comparlson to the general populatlon (Lofti et
al., 1986). -While the maJorlty of benign polyps never
become malignant,‘it'is generally accepted that adenomas
.should'be‘regarded as precancerouS'lésions (Wegener et al.,
1986). 1In the populations studied, the risk.of large‘bovel
cancer 1ncreases with the size and number of aoenomas, thus
suggest1ng a dose- response relatlonship Clinical
observatlons 1nd1cate that it usually takes many years for a
polyp to evolve 1nto cancer (Morson, 1974), correspondlng to
the long latent period before patlents present with
colorectal cancer symptoms.,

There is a very close@arallel in the epidemlology of
.large bowel cancer and adenomatous polyps. Cancer and lf
“benign polyps share similar shlfts 1n frequency when.
comparing low and high r1sk populatlons (Stemmerman and
‘Yatani, 1973).. It has also been demonstrated that
divertlcular dlsease seldom occurs 1n populatlons which

al <carc1noma or polyps.

experlence a low rlsk,for_colore
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Patiefts withfinflammatory bovel disease are known to :
- be at‘an increased riskrfor developlng large bowel cancer'
The ba51s for thlS relatlonshlp, however,nls unknown 51nce
the genesis of both the pred1sposxng dlseases and the
'carc1noma remaln largely unclear (Watson, 1974). Rather
than be1ng a cause- effect relatlonshlp, assoc1ated etlologrc
‘factors for the dlseases may be 1nvolved ‘ Before-cytotoxic
.agents,-lncludlng carcinogens, can reach cells or'the‘
cblbnic:epithelium, t he protectlve mucosal layer must be
'damaéed or removed Bennet (1986) proposed that in ,J o
genetlcally susceptlble 1nd1v1duals, ulceratlve COlltlS is
caused by a bacterlal metabollte of bile ac1ds or
.cholesterol and that thls substance is 31m11ar or 1dent1ca1
to‘bacterlal_metabolltes‘1mp11cated in the development of
colon cancer. Bile'acids can, in fact, cause the removal of .
the mucus layer of COthlC eplthellum, ac%ompanled by the ‘
“loss of the upper- most layer of the. eplthellal cells. |
Several types of gastr01ntest1nal operatlons have also
been reported to predlspose to the development of colorectal
cancer by affectlng cell k1netlcs and modlfylng 1ntest1nal
‘mlcroflora (Trlchopoulos, 1986) The 1ncreased 1nc1dence of
Tllarge bowel cancer 1n women who had undergone A o

‘cholecystectomy may have been the. résult of an altered bile

lac1d comp051t10n (WEISS et al., 1982)

Coa
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©1.5.2 bI‘FT AND cor.oREcTAL CANCER

Epldemlologlcal studles 1nd1cate that exogenous
‘factors are major determlnants of many common cancers,
‘ ppartlcularlly in eplthellal derlved tumours of the: lung,
breast and gastrozntestlnal tract Doll and Peto (1981)
-estlmated that approxlmately 90 percent of colon cancer 1n
‘men and women in the United States was potentlally
' avo1dable as was 85percent ofrectal cancerajmmen and 75
percent dY rectal cancer in women. Substantlal
'\Lnternatlonal varlatlon in the 1nc1dence of colorectal
o cancer. 1s present W1th hlgh values in western Europe and

.

north Amerlca and low values in southeast ‘Asia and Afrlca.

3

.19

'Mlgrant studles 1ndlcate that the rlsk of colorectal cancer

may be dramatlcally altered w1th1n a personﬁs llfetlme and
”that dletary d1fferences may explaln the 1ncreased frequency

‘of these tumours 1n developed western countrles compared
< .

w1th the underdeveloped countrles.

.

Because the development of colorectal carc1noma is
thought to be a multlstep process 1nVOIV1ng 1n1t1at10n,
“promotlon and progre531on, there may be potentlal for'

—_- -

.rlnhlbltron at each step., The food we eat may carry

.potentlally mutagenlc and carc1nogen1c substances as well as B

'fpossmble antlcar01nogens.f AntlcarC1nbgen1c nutrlents may N
j’offer protectlon elther by modlfylng the product1on or'"i
fpfmetabolrsm of potentlally harmful substances or 1nd1rectly '

) "f.bY mamtammg the normal mtegnty of tlssues and of

« “"‘;



cellular'processes (Underwood; 1984) Stbdles in man and in
anlmal models suggest that the most - s1gn1f1cant dletary
‘factors 1nvolved in colorettal cancer are the amounts of
;dletary fat and f1bre. However, the rflatlonshlp between

‘dletary consumpt1on of v1tam1n A and cancer rlsk is .

currently‘of con31derable.1nterest.

1.6 | VITAMIN }'\ AND‘ CANCER ' -

“‘Exten51ve laboratory and epldemlologlcal 1nvestlgat10ns
‘have led to the conclus1on that v1tam1n Ais a natural
rlnhlbltor of the development and prOgresSion‘of ’
.preneoplastic‘conditlons,‘such as hyperpla51a and
"metapla51a, as well as - neoplastlc le51ons.. As eplthellal
,tlssues, dependent on V1tam1n f ‘for normal cellular
;dlfferentlatlon and growth,yaccount for over half of ‘the

| total prlmary cancer in humans, 1nvestlgat10ns have been

hundertaken to study the effects of ret1n01ds on eplthellal

Y

w‘tlssues after exposure to various car01nogens."Theﬂ'

-

| hypothe51s that the etlology of eplthellal cancers mlght be |

related to dletary def1c1enc1es of V1tam1n A suggests the

Y

jposs1b111ty that ret1n01ds may be used, through d1etary or

) pharmaceut1cal means, as a preventlve measure - to reduce the
! o

,Jb.

fmortallty and morbldlty of cancer.: f:‘



'“:‘susceptible to llver cancer and develqped a ngpercent

21

'1.6.1 = EXPERIMENTAL STUDIES

In-experlmentallanlmals; tw0‘general lines of research
‘1have been pursued the flrst related to the cancer promotlng
'effects of v1tam1n A def1c1ency and the second concernlng
benef1c1al effects of the. adm1n1stratlon of ret1n01ds ~ The
R assoc1at10n between v1tam1n A and cancer was dlscovered in
the 1920 s when a v1tam1n A def1c1ent diet was 1nterpreted
to be the cause of gastrlc carc1noma in rats (FUJlmakl,'.
1926). In.the same decade Wolbach and Howe (1925)
,discovered that. a deflCiency‘of vitamin h leads to
metaplastlc changes in spec1f1c eplthellal tlssues wh1ch may
.be con31dered as‘the first step in the transformatlon from 'i'
normal to. preneoplastlc and f1nally neoplastlc tlssue.' .
Whlle 1t has been establlshed that v1tam1n A def1c1ency
'alone does not cause .cancer (Kummet and Meyskens, 1983), ‘
}numerous anlmal studles have demonstrated that the feedlng .
of a d1et def1c1ent 1n retlnolds followed by exposure to L ;ﬁhw
‘car01nogens resu}ts in a larger than normal 1nc1dence of B
.:neoplastlc and preneoplastlc les1ons. Newberne and Rogers
‘(1973) showed that, when glven the hepatlc carc1nogen~.h
f'faflatoxln ¥ rats on'a. uatamln A-def1c1ent d1et were more

m

1nc1dence of colon cancer. In addltional work by Newberne,.“"

'“ff'marglnal def1c1ency of dletary v1tam1n A 1ncreased

n‘fthat requlres metabollc actlvatlon.i In rats exposed tO DMHr

fsuscept;blllty to d1methy1 hydra21ne (DMH), a carc1nogen

.".‘P



7‘100 percent of those def1c1ent 1n V1tam1n A develOped colon
,'carc1noma compared to 60 percent of those supplemented w1th
‘rv1tam1n A (Nawberne and Suphakarn, 1977) Slmllarlly,
‘v1tam1n A def1c1ency has been shown to enhance
| SUSCeptlblllty to chemlcacharc1nogens in the trachea (Rowe
,‘and Gorlin, 1959), bladder (Cohen et al 1376)‘and lung
;(Netteshelm et al., 1975) . | _' ; g . |

Ret1n01d def1c1ency enhances the b1nd1ng of the
'metabollte of the carcinogen benzo(a)pYrene to tracheal
‘eplthellal DNA. Approx1mately ‘four’ tlmes ‘as much carc1nogen
was bound to tracheal DNA from hamsters fed a diet def1c1ent“'
'1n V1tam1n A as compared to normal anlmals (Genta et al”
. N e
. Ornithine decarboxylase (ODC) act1v1ty correlates w1th .
'cell prollferatlon and can be stlmulated by tumour promotors”f

~

. such as b11e ac1ds. It was recently shown that v1tam111A_
‘ldef1c1ency, W1thout cllnlcal manlfestatlons, resulted 1n
elevated oDC act1v1ty 1n the colon mucosa of" rats (Dallam et
‘ N
j;al., 1986) Admlnlstratlon of a- blle ac1d led to a |
"p51gn1f1cantly 1arger ODC response in a V1tam1n def1c1ent fdwkﬁ “1
”;fgroup compared to non def1c1ent rats. ThlS suggests that a d pf?'J
‘"tdef1c1ency of thlS V1tam1n 1ncreases sen31t1V1ty to the'
-Nipromotor actlon of blle ac1ds.r Hence, retlnol is |
'a-phy51ologlcallly necessary for natural re51stance of ‘
m_plntestlnal cells agalnst chemlcally lnduced tumour '

o -

’,promotlonz H;}“;w_; _ka.‘ﬁfg;3-‘;,3;gﬁiffd o yf”f[r}ff'f"

Because V1tam1n A- def1c1ent an1mals lose welght and



:.‘

‘ show 1mpa1red 1mmune functlon, reduced mdcus secretlon and
' other phys1ologlcal defects, the enhanced growth of some

neoplasms ‘may result from general physrologlcal(debrlltatlon3

I'\rather than spec1f1cally‘l om he absence of V1tam1n A.
Numerous.studles h ve shown that ret1n01ds can suppress‘
and preventfboth:the‘process‘of carcinogenesis induced by
\ varlous agents in exper1menta1 anlmals and the development
of the mallgnant phenotype 1n v1tro. Natural and synthet1C‘
uV1tam1n A derivatlves can 1nh1b1t prollferatlon and
.stlmulate dlfferentlatlon and/or maturatlon 1n normal and
many transformed cells. ThlS effect has been demonstrated
1n tlssues that depend on v1tam1n A act1v1ty for ma1ntenance‘-\
of normal differentlatlon and 1ntegr1ty, such as that of the'
resplratory tract, skln, mammary gland, urlnary bladder, |
pvintestlne, stomach, esophagus, cerV1x, pancreas, lung and"
fliver.' Although a number of studles 1ndlcate that ret1nozdsf
'act pr1mar11y at the stage of thmour promotlon, other ‘jr:gﬁ"‘
‘lstudles show that ret1no1ds, g1ven prlor to 1n1t1at10n,‘ | |
'-‘mlght also be effectlve 1n 1nh1b1t1ng tumour growth. (For
tﬂrevrews see Hlll and Grubbs, 1982; Sporn and’ Roberts, 1984)' d s
Hyperplastlc and anaplastlc eplthellal les1ons 1nduced yv?thi
cidby chemical carc1nogens can also be reversed by b.”j_,,"fyf:d;e?
'ﬁ;supplementatlon wrth ret1nords, even after the leS1ons have
:‘ffﬁdeveloped.u The ret1n01ds are thus able to cause cellular :

' iFﬁfrepair of the neoplastlc process 1nduced by chemical

"‘rfgcarc1nogens (Chopra and W1lkoff, 1975) The effectlveness

f‘<°f*'a'_?et1n°ld as.a Chemopreventlve agent is. dependent upon




. H‘ y. L . ' ' * ' ' .
. *, ‘, . ' Pt e - B ) “ “ l y .
the type,of retlnoid the car01nogen and the target t1sSue.‘

In rev1ew1ng the' rolecnfv1tam1n AJJ)C&DCGI ‘,a' ; d\w-‘ VLu

) S

preventlon, Peto et al (1981) suggested that beta carotene

~ i ,‘ ol

may be the . major molecule prOV1d1ng antlneoplastlc act1v1ty._

Beta carotene may exert a beneflcral effect, 1ndependent VV‘f'“Vdfn

’r K '

of 1ts prov1tam1n A role, by deactlvatlng reactlve s1nglet

oxygen and free radlcals\‘thereby protectlng l1plds and DNA'“[kanﬁ

» . L.
- ' o

“from ox1dat1ve degradatlon. o A L
Supplementatlon with large. doses of beta carotene, -

! ~ Y i

three to nine weeks after carc1nogen adm;nlstratlon, BT T L R

resulted in a dramatlc 1nh1b1t10n of rat mammary S Qm-‘ﬂﬂ."y

,tumorlgenesis (Rettura et al., 1983) Muto and Mar1wak1 ‘hg@fﬂﬁﬁ“ﬂ

(l9§47‘ however; found that beta canotene was lesé actlve‘f'

than retlnol or retlnol esters 1n suppre351ng the, - ,*

»development-of elther skln or‘llver tumours.‘ In another

."study, v1tam1n A and beta carotene were both able to’ reduce

- genotox1c damage in: oral mucosa of betal nut and tobacco

-

'chewers whlle canthoxanthln demonstrated no protect1ve5

.=effect (Sthh et al., 1984) ' As canthoxanthln 1s a good

. v a—

trapper of oxygen 51nglets but cannot be conVerted 1nto

1

JV1tam1n A, 1t appears that V1tam1n A and beta carotene

v7,exerted the1r 1nh1b1tory effect on precancerous le81on
K|

:“'t,development by a mechanlsm not 1nvolv1ng the scavenglng of - i
,\fffree radzcals., A dlfference 1n the Preventlve act1v1ty Of’:il
_fbeta-carotene and canthazanthln was also observed when they
‘fhwere applled to halrless mlce palnted W1th dlmenthyl benz(a)u

oy .
v

“1qanthracene (Mathews—Roth, 1982) f;?;;fVﬂf"“f




lfﬂ:%i_' Whlr@ the exaét mechanlsm by Wthh ret1n01ds exert

antlneoplastxc act1v1ty 1s as yet unknown, proposed
PR 3

.y“‘“ mechanlsms 1nclude 1ﬁmunologlcal effects, 1nteract10n w1th

 5 cell membranes, effect' on ar01nogen metabol1sm,
R 1ntera§tion w1th th
" «_. quenchlng of reactlve

PR Meyskens, 1983)
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TABLE 1.1

HISTORY QUESTIONAIRES

. . ' . 9
. “n . ' . H » 1 )

1. . VEGETABLES

. Peas - Tomatoes
Carrots :
- Frozen mixed
' vegetableées
Green beans
‘Brocéoli
Asperagus
Zucchini’

Lettuce

. Spinach
. Swiss’ Chard
Green pepper
VegeEable soup
Tomato soup

II. FRUITS

\

Mangoes
Watermelon

i Oranges
‘Peaches‘,.
Bananas

* Papayas
Canteloupe
Apricots
Pineapple.
Apples -~

- Avogado

03p

e e L } . . D
IIT. DAIRY PRODUCTS _ "

"Mardarine
‘Cheese
- Cottage cheese
i Yogurt ‘

‘Milk

Creanm e
- Ice .eream |
Butter.

v. MISCELLANEOUS'"" A

* _‘ A “ . N .x:' . ‘ oy R ‘,“ Vo

Lo Liver. oo
'Beef:' -, L
“BEggs .-

o . . X B
TR ) i " - .

"t . adopted from Hankin et al., 1984 -

. )
o 10 '

VITAMIN A CONTAINING FOODS LISTED IN DIET

'Cabbage;uﬂ ‘7:

Citrus juice .

Vltamln fortlfled o
U .breakfast. cereals
R V1tam1n supplements

" - squash'i 0
~ Pumpkin -

Corn- -~ .0 0 -
‘Carrot juice Lo
Tomato juice’ ‘

. L
i iy
. A
' ! e
1
\
.
!
s
i . “‘ A
P v
’ ‘A ,
'A
-
|
. r
[ ' v |

Sweet potatoesf.“p.
Potatoes‘

<

)
v"! <:| i
W o
. . [N - ‘ [ !
Plneapple julce;
Aprlcot nectar
Frult @rinks -
Coo b
\“ '.
o '5
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men were followed for 5 years during which time 36 developed

lung cancer. A vitamin A index, which'chiefly assess®d

Y;“inversely associated with lung-cancer incidence at all

7geta—carotene.intaKe, showed that low intake values were

THe 265,118 respondants to a dietary guestionaire,

levels of\wigarette smoking (Bjelke, 1975)f

given in Japan’s 1965 census, were followed forLlO years.

v

Fromvthe 7,377 people wto subsequently‘developed cancer, a

t

+significant negative'associetiOn wWwas detected between cancer

@

of 519 lung, tolon, 'stomach and prostate and.daily

consumptlon of vegetables rich in beta—earotene (Hirayama

et al., 1979). - .2 :

.
f

'Shekelle et al. (1981) found that the intake of beta-

carotene-was inversely related to the 19 year 'incidence of,

¢ [

lung Cancer_in a prospeétive study of 1}954'middle-aged men

whlle the intake of retinol was not'cigpificantly related to
the rlsk of lung or other cancers. The estimated carotéf'i‘e&a
1ntake was lowest for colon and rectum cancers comgéred to
all other carcxnomas developed in the entire study group.

.A fourth prospectlve studyi us1ng an elderly -
populatlon, examined the association between cOnsumption of

i

carotenejgontalnlng vegetables and subsequent 5 year
mortallty (COldltZ et al., 1985). Again, ‘a 51gn1f1%:nt
trend of decreased cancer 1ncidence assoc1ated w1th

1ncreased intake of carotene .was demonstrated. o

It 1s possxble that the negattve assoc1at10n between

carotene-cbntalnlng foods and cancer rlsk, shown in these

{@1 ‘ : , .
: - , : : S I

”

S
[T I
n

¢
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v

four stndies , is not causal. Other protective agents

-
within the vegetables, including vitamin C; indoles, plant
phenols or trace elements such as selenium,‘may ne
responsible for the demonstrated effect.
| Numerous retrospective dietary studies have been used
to investigate the relationship between vitamin K’and
cancer. The majority of these studiesnhavé‘conpinea

preformed vitamin A and its precursor, beta-carotene, as the

: . , . , . »
total vitamin A intake so that the effects of preformed and

'\/ \
pro-vitamin A cannot be distinguished. Because suchl a large

S

proportion of dietary vitamin A is actually contributkd by
beta-carotene, only a few case—control studies have examined
the specific effect of retinol intake in relation to cancer
risk. | A

In the first retrospective dietary study, Bjelke (1974)
showed that patients with stomach, colon and rectum cancers
from Norway and tée United States had signf%icantly lower
intakes,of vitamin A as compared-to control subjects. Two
other independent studies falleo to find any relatlonshlp
between total v1tam1n A 1ntake and gastr01ntest1na{ cancer,

while they did demonstrate a protectlve effect of beta-

carotene contalnlng vegetables (Graham et al., 1978; Moden

et al., 1981). D L

Intake of preformed vitamin A from the diet or‘
supplements was found to be‘signlflcantly 1ouer in male lung

cancer patients versus controls (Gregor et. al., 1980L

'similarily; Hankin et al. (1984) showed that relative to-

. e
a N {

28
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those men with the highest intakes, the men who consumed

less vitamin A or carotene had a ‘higher risk for lung cancer

~

.in a dose-response relationship. These findings were not

. ' A\ ,
apparent for females in either study. Ziegler et al. (1986)

also found that men with low caroten01d 1ntake had greater
rlsk tor lung cancer whxle no increased risk was associated
with low consumption of retlnol or total vitamin A. In thlS
study, the intake of dark green and yellow orange vegetables
showed a stronger,assoc1at10n with lung cancer than did N
carotenoid intake. ' | ' ,
'The effect of retinol-containing preparations on cancer
1nc1dence‘was 1nvestlgated by comparing 800 newly d1agnosed
cancer patlents to 3 433 patlents with noh malignant
conditions (Smith and Jick, 1978). Whlle'there was a slight
protective effect for men,'no_pyerall evidehce was provided
to suggestvthat regular cohsumption of vitamip A !
preparations protected against‘the development of cancer.

In reviewinghcase-control studies, Graham (1984)

concluded that retinoids appear to have no relatiénship to

29

: o : : 4
risk of cancers of the colon, rectum, esophagd% stomach and '

Vcorpus uterl. However, they do appéar to be associated with

- a lower risk of cancers of the lung, bladder, mouth, larynx,

cervix,dbreast and ovary. Desplte inconsistent findings and

instapces in. which an association has'not been observed, the
weight of evidence suggests' that the‘intake of vitamin A may
, : R . r I T

" inhibit the onset of cancer. It remains to bevseen,‘

however, whether intervention based on this knowledge will
rever , v ed on tA g



w
|
\
|

—

4
N s

reduce cancer 1nc1dence in humans In one 1ntervent10n
study, 50, obo I0 of vitamin A, given-on a dally basis: for
over a year along with ripoflavin‘and zinc, *had no effect on
the prevalenﬁe or severity‘of precancerous esophageal‘lesions

in a-high risk group (Munoz et al., 1985).
[
\ A

- \
|

1.6.2.2. SERUM\YITAMIN<A LEVELS IN CANCER PATIENTS

[l

Prospective studies have been conducted in which blood
samples were coll cted from ‘a large group of sub)ects who

were then followed for the development of cancer

|

Blochemlcal parameters were- compared between those subjects

who deyeloped cancer\and those 'who did not. Thenpurpose of

these Studies was to determine if the presence of low blood-

vitamin A levels preceded the development .of cancer. A

\
<A ‘
summarization of th se\prospective studies is given in Table
1.2, \
In the first prospeogive investigation, conducted in

England by Wald et al. (1980), 16,000 men were followed for

3to 5 years by which time\86 men had developed'cancers‘ of

various sites. ' As compated\ to 172‘ControI subjects, the

cancer patients had_signific‘ntly-IOWer serum retinol

levels; ' the greatest differe ce being for lung and-
gasttointestinal cancers.‘.The authors'suggested that setum
cancer development. "

In a study from the Unzted tatesaoverfB,OQO.

30
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1nd1v1duals were followed for 12 to 14. years (Kark et al.,
'1981) Agaln,‘serum retlnol levels‘were s1gn1f1cantly lower
in subjects who developed_cancer versus those who d1d not.
-The effect was greater for men than for women

| Further prospectlve stud1es>suggest that the
relatronshlp between serum vltamfﬁ‘h\levels‘and‘cancer
‘development may‘be S1te s%(clflc Stahleln et.al (1982%

found 31gn1f1cantly low serum vitamin A 1evels only 1n

subjects who subsEquently developed stomach cancer. ? ‘ Jii

Similarily, no sagnlflcant association was detected between
"retinol, RBP or total carotenoid levels in predlagnostlc

seruml and the.‘_inc'ide'n'ce of cancer of any site other than - -‘ S

that Jf the gastrointestinal systemVKWillett ettal' 1984).
In addition, the assoc1at10n between low serum retlnol

concentratlons and an 1ncreased cancer rlsk was fpund to be -

'.s1gn1f1cant for resplratory cancer and for all cancerS'

among smokers (Salonen et al., 1985) A weak relatlonshrp
was also seen for gastr01ntest1na1 cancers in this study
In confllctlng reports, “Wald et al. (1984). failed to ~
. confirm-a relatlomihlp between plasma retlnol and the_‘ij
vdevelopment of breast cancer., Beta-carotene levels,a’
' however, showed a tendency to Ue lower 1n women who‘i“
tdeve10ped breast cancer than in controls, but the d1fference ?,h
liwas not stat1st1cally 31gn1f1cant.‘ A ten-year follow-up |

study of 6 800 Japanese men- 1n Hawa11 showed no signlflcant

: assoc1at10n of serum ret1nol thh any ep1the11a1 cancersre,f,ig"

g However, there was a strong negatlve aSSOCIatlon between "u}7f;

L



such prospectrve studles present many methodologlcal

33

‘ lung cancer and beta carotene (Nomura et aI p 1985)

Whlle f1nd1ngs of these prospectlve serum studles are

[

not con51stent, they do suggest that subnormal serum V1tam1n
- ]

A, and perhaps beta carotene, levels precede the development
of spec1f1c cancers.y~Thls relatlonshlp appears to be,f

particularily'strong for gastrointestinal cancers . Because -

problems, 1nclud1ng the necess1ty of very large numbers of -
subjects and prolonged follow- up t1me, the relatlonshlp
between human cancer development and serum V1tam1n A has

been 1nvestlgated more exten81vely through retrospectlve

!

studies. ﬁ
The p0331ble protectlve effect of V1tam1n ‘A 1n cancer

development has been assessed by comparlng levels of v1tam1n A

'and related parameters in the blood of cancer patlents w1th

those 1n healthy persons or subjects w1th non- mallgnant

dlseases. The majorlty of such retrospectlve studles have
IR - .

shown that serum ret1nol concentratlons are lower in ."

patlents w1th cancer compared to control subJects. Flndlngs

_—-———f—

s of depressed serum'carotene levels in: cancer patlents have

also been reported.' Retrospectlve studles 1nvestlgat1ng the

V1tamin A-cancer relatlonshlp have been summarlzed 1n Table'r

Because the relatlonshlp between blood v1tam1n A levels
and cancer may be“51te—spec1f1c, many studles have .

rnvestigated SPECIflC neoplastlc dlseases.\ In the f1rst

study of thls type, Abels et al.”(194l) measured plasma R PTr

. f?
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;lvitamln A levels in 51 patlents-w1th gastr01ntest1nal

cancer, 1nclud1ng that of the esophagus, stomach and rectum.w

~When compared to values from healthy subjects, 86 percent of;

the cancer patlents had subnormal v1taman A concentratlons..
vPatlents with precancerous 1e51ons (oral &eukoplakla and

latrophy of the gastrlc mucosa) or benlgn gastr01ntest1nal
vvle51ons-(ulcers, COlltlS or sprue), however, dld not4 o (
vvdemonstrate low plasma v1tam1n A levels. After evaluatlng . |

dlet histories. and~agasma levels of other v1tam1ns, the

¢ ]
vgn . »

';authors conclu@ i't fin the major1ty of the ‘cancer

‘patlents, depressed plasma v1tam1n A concentratlons could

yfof the‘vltam;n.

"'fpatlents w1th more advanced large bowel tumours, 1e. w1th

'i‘fthh subsequenf cancer recurrence had 1n1t1a1, post-a*

yffﬂflesspwhan thos/

’pf[fmay have prognosticiandfpredlctlve value in colorectal

”not be attrlbuted to dletary deflclency or malabsorpt1on of

. .

-1es have also demonstrated low serum retlnol

,(s in patlents w1th colorectal cande{\present
}l 1985) and wlth colorectal cancer surglcally

‘ Vasu et al.. 1985) Basu et al (1985) found that

7lymph-node metastases, had 51gn1f1cantly lower serum—RBP

“,

,qlevels than patlents w1th no nodal 1nvolvement. When 341

i

””cancer patlents 1n thls study were followed, those patlents '

lre

poperative ser p retlnol and RBP concentratlons s1gn1£1cant1y o

who remained dlsease free.” It was fjiih‘

1pOstulated that‘the levels of c1rcu1at1ng retinol and RBP




Milano et al (1978) suggested that the depressed : S
'flevels of serum RBP and prealbum;n seen in- patlents with,

colorectal cancer were a consequence of mallgnancy due to

-y
/

‘altered proteln blosynthe31s 1n the llver. Low
concentratlons of these transport protelns are not unlque to

large bowel cancer- he same: effect has been seen in

patlents w;th a varlety of cancers (see Table 3)

o An 1ncreased requlrement for ;1nc,\due to tumour load,

may depress serum levels of thlS mlneral in cancer patlents.

o

‘Subnormal 21nc concentratlons have been detected 1n the

l

blood of esophageal (Mellow et al., l98l) and lung

(Atukorala et al., 1979) cancer patlents.‘ If body 21nc )
stores are reduced or depleted 1n cancer patients, the :ﬁ' R
synthesls of RBP and prealbum1n may be 1nh1b1ted, resultxng o

" in the observed low c1rculat1ng levels of V1tam1n A,

[y -2 , - . . . . Y

1.7 CONCLUSION AND PLAN OF PRESENT stooy . o os o d

a

‘h The nelatlonshlp between V1tam1n A def1c1ency and

g
©

-

ﬁeplthellal cancer 1s‘Mell documented Numerous prospectlve

L.
- :

~result of mallgnant dlsease 1s presently unknown.‘{f7fﬁ




S

(RBP and prealbumln) be meaSured n addit;on to serum f
‘ ‘,y retlnol ‘ “l-.-l' I ‘:' I ‘: ' “ }\y‘ : -'A‘ v-“ " . el
AR —‘steases other than cancer are kg\wn to affect..ny‘;y q:ug\ﬂéﬂ
' c1rcu1at1ng retinol leveis.”*It 1s not cléara thererore, A
whether the dep ﬁ _ of vxtamln A demohs%rateﬁ iﬂ\cancer ;'
I'

V1tamin'A 1ntake.

N K

Because\pf thls',me
\ ',

L retlnol alone prov1des llttl

Q

- depressed serum levels of the V1£e‘

concentratlons may be related‘n

e 4 e E
pqt:.ents 1s a result of mallgnancy or thekesult o\€ str\ess

‘ mln\ ,A stat

f n,. .
healthy subjects or non-spehlfled R

and patients W1th benlgn. '

cetiia -



3),

‘”4)

\establlsh normal values of these parameters u51ng

\
-

o

.Vspe01f1ed methods and laboratory condltlons.

o

‘LGi disease. Healthy subjects were used prlmarlly to‘;*.‘vht

To 1nvest1gate the_p0851ble effect of surgery on- v1tam1n~

A status. ‘f‘ ,“ R .’fg L e

EY

N "

'operative colorectal cancer‘patlents.

To evaluate the possible relatlonshlp between v1tam1n A e

»3status and prognosls in apparently dlsease-free, post- .
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2 METHODOLOGY - . , o,

2.1.1' MAYO CLINIC PATIENTS

2.1  STUDY POPULATIONS ™

‘
¥

colorectal cancer, 40 patients with benign eolorectal .

¥ Serum samples from 41 patients with metastatic -

disease and age ahd sex-matchea healtny controls were

obtained from the National Cancer Institute (U.S.) serum

sa'rnp._le bank" for use in this study. This serum bank was
establishedat the Mayojclinlc in 1972 for provislon of sera
for the evaluationtof pdtential tumour markers. The

serum samples had been donated primarily by patlents treated
at the Mayo C11n1c, after an 1nformed consent was obtained.
S?&um from this bank was frozen in 1 ml v1als and stored at
-75 ° C.* éﬁ%ples were shipped, packed in dry 1ce, to
Edmonton and subsequently stored at -70 C until analysis of

biochemlcal 1nd1ces was carried out. ' gy

, Information concerning age, sex, previous treatment,

‘ site of primary'tumour, sites of metastatlc tumour, date of

.

surgery, dgke of blood collection, and clinical ‘status. of

pat1ent at the t1me of blood collectlon was w1thheld untll

1aboratory ana1y51s was completed.

4l o

®



~ - | | S .
2.1.2 CROSS CANCER INSTITUTE

A total of 134 patlents from the CLDSS Cancer Instltute
(CCI) in Edmonton,”’ who had p}ev1ously undergone curative
resections of colon and rectal adenocarc1nomas, were also
‘i1ncluded in this study. Of these patientsf 75 had Duke’s..B2
_ tumours (involving the full thickness ofrthe bowel wall but
withdut lymph node involvement)'and 59 nadeeke's C tumours
(Qith fegional 1ymph;node metastases). These patients were
all i‘nvolved in a Phase II1I adjuvant.trial of ehemd—
immunotherap§ (using methyl-CCNU, plus 5~FU and BCG) versus
‘immunotne;aby (QCG alnne) as compared to a concurrent
qont;ol group receiving no adjuvant therapy. Patients were
eligibuie, for tnis trial only 1f tney nad unot receiVed‘
preoperatiVe radio-, chemo- o immunotherapy within tne
previous year. | |
Serum samples were collected frem patients within 1 to
6 months postoperatlvely, pefore the 1niatien'bf the first
course of chemo- or 1mmunotherapy in those patients
rece1v1ng adjuvant treatment. Ser1a1 serum samples Qere
collected only from patlents wﬁ"were not rece1v1ng any form
of" adjuvant therapy.. .
vials containing 2 ml of serum were frozen at -20 C
for a‘petiod of 4 to lq'years.‘“These'sambles mere
transported ftem the CCI in Feb;daty 1986 and_sﬁbsequently
-stored at f40"C until laborator§ analys{s"wasAcarried,out{
o The-effect of lonééterm storage of vitaminais of

[ 4 .
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partichlar concern, as undocumented mechanlcel freezer
problems and power'failures‘took place, resulting ih‘thawing
of ‘'the serum samples. However, inveStigators have‘fOUhd
thatkin serum samples stored for a p'eriod'of 14 to 16 years,-
repeated thawing ahd refreeZiné had .no deteotable e%fect of
vitamln A levels (Kark et ar iy 1981).

Because the serum samples used in this study were
initially ‘collected tor determination of carcinoembryonic
ahtigen‘(CEA), no attempt was.mede to protect the samples
from exposure to tight. AseVitamin A'is extremely sensitlve
to ditraviolet light, it is 11ke1y that levels of the -
vitamin were reduced during the collection and storage of

1

these'serum samples. The aim of this study, though, was not

to detérmine absoiute values of v1tam1n A and its related

" “factors but rather to compare the values from one subgroup

Py

of patlents‘w1th1n the total sample'to values from another
subyroup. As all serum samples from the'CCI,patients vere
" exposed to the same conditions, they were counsidered to be

adequate for the purposes ot thais sthdy.

2.2 ANALYTICAL METHODS

All biochemical measurements werefcarried‘out‘ih blind

manner in that the 1dent1ty and classification of patlents o
t . o
was not. revealed untll laboratory ana1y51s -was completed

-AS low levels of serum ret1nol are not strongly

1nfluenced by dletary 1ntake oﬁ-V1tam1n A, 1t has been -

P . s




suggested that the measurement of serum retlnol alone

‘prov1des little 1nformat10n regardlng v1tam1n A status

'(Tyler & chkersony«l984). Thus, in order to assess VItamin

A status in healthy and dlseased subjects. serum levels of

'retlnol, 1ts transport protexns ({RBP and prealbumln) as well

ki Y
as zinc, which is requlred for synthes1s of the proteins,

were Betermined.
2.2.1 SERUM'RETINOL DETERMINATION | . "

Because of the sens1t1v1ty of V1tam1n A to llght,
retinol determlnatlon was carried out in a dark ‘room. Serum .
concentrations of retlnol were measured by a modlflcatlon of

¢

the fluorometrlc methoa of Hansen & Warwick (1968). These
1nvestlgators measured the fluorescence of retlnol at an
excitation wavelength 0of 340 nm and an em1s51on wavelength_
of 480 nm: As there appears to be-considerable interferehce
from carotenoids at thls wavelength (Thompson et al,, 1973)u
it was suggested that fluorescence should be measured at an
emiss.ion wavelengtn of 550 nm, where 1nterference from
carotenuids is absent (Van Steven1ck & De Goelj, 1973) ‘

Thus, the fluorescence of retinol in this study was measured,
s .

,accordlngly at an- em1851on wavelenght of 550 nm.

Thompson (1983) has recently argued that the~shift in ‘ f;

em1851on wavelength from 480_ to 550 nm does not ellminate

~A

1nterference from the fluoresecence of the carotenoid,

s.phytofluene.' Phytofluene 1s a plgment whxch is commonly _'f77,V§



2 Y
B

‘present in fruits‘and'vegetables‘, Nonetheless, serum
retinol levels determlned by thls modlfled fluorometr1c
method are sign1f1cant1y correlated W1th serum RBP

concentratlons and therefore‘do reflect vitam1nrA status
: L '

('r'jzlér & Dickerson, 1984). As the intent of this study was
not to measure preczse retlnol levels 1n‘lnd1v1dual
patlents, but to compare the status of v1tam1n Ain
_ dlfferent categories of healthy and dlseased subjects, this.
anélytical method was thought to be satlsfactory.
" All trans retinyl acetate (Slgma), diluted ln absolute
“ ethanol at a range of 0.5 to 2. 5 ug/ml, was used as the
étandard for vitamin A analys1s. As shown in flgure 2. l,)
“the 1ntens1ty of fluorescence 1ncreased llnearly with the .
concentratlon of these standards. | |
Allqugts (0. 2 ml) ot serum, dlstllled water and

standard were pipetted 1nto 15 ml 80vr11 tubes for

preparatlon ot pat1ent samples,_blank and standards,
'y

N F,respectlvely. ‘All samples and standards were ﬁeasured in

:triplicate. After the addltlon ot l 0 ml of dlstllled
.‘water to each tube, 2 0 ml of absolute ethanol were added

slowly, Wlth mlxing, to precipztate all serum prOtEIHS."V

Five mllllliters of high pressure llquld chromatography &b »

”_(HPLC) grade hexane were added and the tubes were capped
,f’wzth teflon-lined screw caps.u The tubes were- mlxed for l
:;«minute on a vortex m1xer to ensure complete extractlon of

1

-_V1tamiJ1A.from the alcohol phaf//to the hexane layer and

45

then centrlfuged at 2000 rpm for 5. mrnutes in a Sorvall RC2-.:;'{'.

BN it
Sl N0

St LS S,

ﬁ‘n\:ﬁge;rgn;;;atgirte}n.g frn —’:;_»""
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STANDARD CURVEFOR
'RETINAL DETERMINATION

2.5 T .

Absorbance

Excitation
~ 340nm
. - Emission
“550nm.

Retmyl Acetate SRR
Concentratlon (ug/ml)
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. D . Wt
B centrifuge The upper hexane layer was removed and
| plpetted into-a fluorometrlc cuvette for measurement of

~vitamin A in a Perkln Elmer 650 lOS Fluorescence o

Spectrophotometer Because retlnyl acetate was used as the

,standard in thlS analys1s, the average value ot retlnol for

,each ‘sample was calculated u31ng a conversron facto;,of ‘ﬂ
‘ ' . :

0.370.344,.

-

'éiz.a'p'DETERqua$IoN OF‘SE36M'RBP AND PREALBUMIN -
“*\v Slngle radlal 1mmunod1ffusxon, as descrlbed by Manc1n1-
“et al (1965), was used to measure serum levels of RBP and 1d
‘dprealbumln. §tandard12ed human serum. for NOR— Partzgen .
‘(Behrlng Dlagnostlcs), dlluted wlth phy51ologlcal saline .
:ko 9%); was used for the preparatlon of standards for RBP
dand prealbumln. Behrlng Dlagnostlcs also supplled human
plasma containlng 5 5 mg/dl of RBP and 24 5. mg/dl of
':preAIbumln for ‘use. as a control.' ' f:" ‘7,_";h7.”;“ o
| LC Partlgen and M Partlgen 1mmunod1ffu51on plates o
(Behring D1agnost1cs) were used to determine serum
“d-concentratlons of RBP and prealbumin, respect1vely Each"'
xr‘?immunodlffu81on plate contalned 12 wells. Allquots ot 20 0
rtuml of standard, control or serum sample were p1petted 1nto

ffeach well for RBP determlnatlon*ewhlle 5 0 ml allquots were n?a"

‘ ”fffpipetted in wells 1n the prealbumln plates. All samples were

d*i?ggfmeasured in duplxcate.p Afteryfilllng the wells, the plates

“?fiwere 1eft uncovered tor 20 m1nutes and then covered and left
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Figure 2.2 . ~ |
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-‘ Figure’ 23
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‘to 1ncubate for 72 hours. The dlameters of the

Y

’prec1p1tatlon rlngs were measured in a magnxfylng V1ewer,

()

‘dp made by Behrlng Com‘any, to an accuracy of 0 l mm. The

:<:sample concentrat

fﬁns of. these 2 protelns were obta;ned

, dlrectly from the plot of the square of the dlameter on the
“standard curves.‘ L |
2.2.3  SERUM ZINC DETERMINATION
- Zinc concentrations in serum”samples‘were‘measured by

atomlc absorptlon sprectrophotometry (AAS) _ In order to

—— e

)

Lavold the 1nterference of the atomlc absorptlon s1gnal by
the serum matrlx, samples were dlluted 1 1n 10 W1th T‘ﬂ

b'dlstllled water.v Because thlS dllutlon procedure reduces

.

*f‘the sens1t1v1ty of AAS, a slotted quartz tube was used 'in

':the AAS ThlS tube slows the. thermal decomp081tlon of 21nc‘
h1n the presence of an a1r-acetylene flame and thereby ]
Hflncreases the re31dence tlme of 21nc atoms in the llght path
fﬁof the spectrophotometer.j7:7‘_ _"“;*,‘,‘j, e '

| A 1000 ug/ml 21nc atomlc absorptlon standard (Aldrlch)
“\kiwas.used as stock solutlon from wh1ch standard solutlons |

”Vfof 50’ 100' 150, 200, and 250 ug/dl were made.g Z1nc

ifconcentratlons 1n serum samples were read dlrectly from the

'TQflspectrOphotometer s SP9 computer whlch was callbrated using

'1jfthe 5 zlnc standards.; The folIOW1ng settlngs were used on f;

0



:f'uvar1ance and Student s t- test) were used Eo detect"
'Y$statxstlcal dlfferences W1th1n groups for each of the serum

"“7fﬂfparameters. To rule out the effect of age and sex on levels

. 511

band pass 0.2 nm
lamp. current . .10 ma o . o
. burner type . B 10 cm air/acetylene . -,

A
R T o . ' o : : v .
' ' . . . : L

1 2.3 smn¢ISTiCALVANALYSIS,- T e

All. statlstlcal analyses were carrled out using the

' " .
o L

p,Statlstlcal Package for the Soc1al Sc1ences (SPSSX, 1986) ‘ ?'\;3
r'dIn order to assess the relatlonshlp between V1tam1n A status u Q*

iand colorectal cancer, means and standard dev1at10ns of h#
M‘vitamln A, RBP, prealbumln and zrnc were determlned for éach“‘“fsj;

fgrouplng of patlents from the Mayo Cllnlc and the CCI. The,:

w:jpatlents were grouped accordlng to age, sex, dlsease statﬂSy ,,r”j

'7treatment recelved, surgery,‘and followup status;~~

V?,Conventlonal statlstlcal analyses (one way analysrs.of : l~‘f“

LR
RPN

V{tof the parameters 1n the CCI patlents, multlple regreSS1on

_ was used to determlne whether or not_a,szgnlflcant
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"+ 3 RESULTS

VBL;fhjnnyo_cpinlcfsosurcrs‘
o Thls study was undertaken to investlgate the | SRR
blochemical statue‘og v1tam1n A 1n patlents W1th benlgn and u/’
mallgnant gastroxntestlnal dlsease.. The essence of this‘h
‘:'dlnvest1gat1on was to determlne the metab ic va1lab111ty of'
ttne vrtamln.' slnce RBP and prealbumln are 1nvolved as
} o ﬂ‘carrlers of v1tam;n A and zlnc is requlred to synthes1ze futw‘
| these protelns, the metabollc avallablltly of v1tam1n A was. hf
.assessed by measurlng the c1rcu1ating levels of the carrler

"protelns and the trace element along w1th serum retlnol.

o

. Subjects 1nc1uded 31 healthy conttols, 40 patlents w1th
"fbenlgn GI dlsease and 41 patlents w1th mallgnant colorectal
ﬂ“dlsease.‘ Before comparlsons of the serum parameters were

‘ ﬂmade between the groups, the sub]ects W1th1n each group were

[y

L --lf}.”,categorized accordlng to thelr age and sex tO determlne the
:finfluence of these factors on the/parameters.; such,measures hf

'7ﬂwere taken 1n order to valldate the 1nterpretat10ns of the

= i wy ,j‘_

Cresutts, Lo oo

3,101 BFFECT OF AGB, SEX AND: nracnosrrc GROUP on—vrrauxn;; L
-i«u»t~<'-!a AND, ITS. RELATED racrons SR R
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TABLE 3.1 EFFEC’I‘ OF AGE ON SERUM VITAMIN A, RBP, PREALBUMIN AND ZINC

\

‘ IR PR oy
. . e , o Coe /

g

. ‘“H;N S.v= not significant-,vf

GROUPS ' = VITAMIN A" RBP PREALBUMIN - . . ZINC
C L (ug/dal) . (mg/Ql) (mg/d1) - (ug/d1)
HEALTHY SUBJECTS
'1-39 YEARS (3) - 110.7 * 39.3 5.3 + 1.3 402+ 5.1 122.7 + 18.9
40-49 YEARS (3) '120.7 ¥ 46.1 4.4 % 0.4 '33.2 % 5.8 '184.0 ¥ 31.1
50-59 YEARS (10) -128.2 + 60.6 . 4,8+ 1.1  35.2 + 6.5 159.9 + 42.5'
- 60-69 YEARS (13) . 132,8'+52.4 4.9+0.9 31.5 + 4.5 149.2 '+ 30.2
70-99 YEARS (2) 147, o 2 9.9 6.6+ 2.6 36.0 + 15.4, 118.5 + 20.5
! - : N i . )
ANOVA‘SIGNIFICANCE ¢ N.S. N.S. N.S. | ‘N.S.
BENIGN GI DISEASE .
_1-39 .YEARS. (6) . 76.2 +n; 9. 3.5+ 1.0 28.0 + 8.3 116.0 + 9.2
. 40-49 YBARS (7) - 87.3 + 39% 4.6 + 1.6 34.2 + 1.6 131.8 + 31.7
'50-59 YEARS (11) 72,5 * 22.0 3.3 + 1.1 ..26.0 + 7.5 '132.4 * 38.8
. 60-69 YEARS' (10)  96.1 # 33.0° 4.5+ 0.9 29.9#+ 5.8 141.8 + 23.8
- 70-99°YEARS(6)  68.2 + 30.4 3.9 + 1.5 25.6'% 10.9 138 0+ 11.6
ANOVA‘SIG.N;;'ICA‘NCQ * o Nes. N.S. N.S.  N.S.
. Lo N ) . i / ‘\ ‘!v‘ ) : i
*‘COIDRECTAL CANCER - . [ (R TR .
-39 YEARS (3)  78.3 # 24.4 . 3.5 + 0.7 26.3 K. 24 128.7 % 30.5
40-49 YEARS (3) ‘10'0;7[ +8.1 5.2+ 1.6 132.3'+ B.9 '155.7 + 30.9
'50-59 YEARS (10) ' 94.1.%-52.6 4.4 + 1,6 ' 28.5 % 7.7 146.2 % 28.1
. 60~69 YEARS (18) 5.4 % 37.5 4.5 ¥ 2.0  27.7 % 10.4 154.8 +33.2
E '12‘.70-99 YEARS (7) 574 ¥ 21.8 3.6 1.3 19.2 ¥.7.2 155.2 % 52 2
o ANOVA SIGNII-;ICANCE S NeS. N NS, N.S. N‘,s.,‘
 .ANoVA = analysis of variance. - 8 .
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between anj age group for either healthy or diseaseq

subjects/% It should be}noted that the number of subjects /

involved in each group was small. Similarily, the

differences in serum parameters between males and females in

healthy ana patient groups were found to bernon81gnificant
(Table 3.2). As serun levels of vitamin A and related
ipdices were not found to‘be influenced by ageior sex,
subjects within each group were combined together f ' .

1rrespect1ve of age and sex for further statistical

analyses

Table 3 4 shows the comparison of all measured '

*biochemical 1nd1ces for 21 colon and 20 rectal gancer

patients. As no significant differences were deﬂected ~

(v1tam1n A, p=0 93; 'RBP, p—o 62; prealbumin, p=0. /3- zinc,

. p=0. 60), the two diagnostic categories were combined into a

single group; colorectal cancer patients.
When comparing serum parameters in subjects with

various benign disorders,»no statistically significant

“-differences were observed u51ng analy51s 'of variante (Table

~ »

3.3). As a result, these subjects were also combined

‘together for further analyses as benign GI disease patients.

"The small numbers of subjects w1th1n each disease category

- .
may preclude the‘detection,of;any true differences 1n

. vitamin A, protein or zinc ¥evels between differént benign .

-

«
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TABLE 3'.2 EFFECT OF SEX ON SERUM VITAMIN A, RBP, PREAI;BUMIWD
. ZINC LEVELS
GROUPS VITAMIN A RBP PBEALBUMIN ZINC
(ug/dl) {mg/d41) - (mg/dl) {ug/4l)
\
.
HEALTHY SUBJECTS
MALES ‘(n=13) 126.3 + 54.2 4.8 + 1.0 35.1 + 4.8 160.9 + 37.4
FEMALES (n=18) 130.8 + 48.6 5.1+ 1.2  33.3 + 7.3 141.2 + 32.1
‘ e Va _
SIGNIFICANCE N.S. N.S. N.S. N.S.
BENIGN GI DISEASE i
MALES (n=11) 82.0 + 24.6 4.3 + 1.3 31.1 % 10.3 134.7 + 26.0
FEMALES (n=29) 80.5 + 32.0 3.8+ 1.3 27.7 + 8.1 133.6 + 28.6
SIGNIFICANCE N.S. N.S. N.S. N.S.
COLORECTAL CANCER y
MALES (n=19) 96.2 + 43.7 4.6 + 1.9  29.3 + 9.7 150.5 +.40.3
FEMALES (n=22) 72.2 + 30.6 4.0 + 1.5 24.4 + 8.3 150.7 & 27.6
S .
SIGNIFICANCE N.S. N.S. N.S. “ N.S.
TOTAL
MALES (n=43) 101.7 + 45.9 4.6 + 1.5 31.5 + 8.9 150.3 + 36.9
FEMALES (n=69) 91.0 + 43.4 4.2 + 1.4 28.1 % 8.5 141.0 + 29.7
SIGNIFICANCE N.S. N.S. ‘ N.s. N.S.

Each value representé the mean + S.D. for the

in parenthesis.

»

, - a
‘ . :
N.S. = not significant.

L

number of subjects shown

56



TABLE 3.3

SERUM VITAMIN A, RBP, PREALBUMIN AND ZINC LEVELS

57

i e e

;N PATIENTS WITH VARIOUS BENIGN GI DISEASES
GROUPS VITAMIN A RBP PREALBUMIN ZINC
(ug/4l) (mg/dl) (mg/dl) (ug/d1)
Es
COLON POLYPS 84.0 + 29.0 4pl + 1.2 ° 28.8 + 7.3 136.2 + 22.1
(n=9). - :
-
RECTAL POLYPS 102.0 4.9 32.2 - 141.0
(n=1) ! ’ — .
GASTRIC ULCER 80.0 + 17.7 4.2 + 1.4 " 34.2 + 11.2 104.7 + 17.7
(n=6) —
REGIONAL . , _
ENTERITIS 70.0 4.3 30.5 136.0
(n=1) |
ULCERATIVE 73.9 #.26.7 3.9+ 1.1 28.13% 7,9 138.2 # 35.0
COLITIS (n=9) | - ‘ |
t
DIVERTICULA (n=5) 72.6 # 30.2 4.0 + 1.5 28.5 + 8.4 135.2 + 28.1
CHRONIC LIVER 87.0 + 36.8 2.6 + 0.8 ' 20.2 + 4.2 121.7 + 26.4
DISEASE (n=4) ' :
CHOLITHIASIS 90.4 + 52,3 4.1 + 1.7  28.3 + 12.1 153.8 + 21.7
(n=5) - '
TOTAL (n=41) - - 80.9 +729.8 3.9+ 1.3 28.6 + 8.7 133,8 + 27.5
~ ANOVA SIGNIFICANCE N.S. N.S. N.S. N.S.

Each value pebresents the mean + S.D. for the number of subjects showﬁ .
.in parenthfsis. ' _ -

ANOVA = fnalysis of variance.
N.S5. = fiot significant.

_—
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TABLE 3.4 EFFECT OF TUMOUR,SITE ON SERUM LEVELS OF VITAMIN A, RBP,
PREALBUMIN AND ZINC ' ' '

GROUPS VITAMIN A. RBP PREALBUMIN .~  ZINC

(ug/dl) - (mg/dl) (mg/dl)  (ug/dl)
. A
A
' COLON (n=21) 82.9 # 43.1  4.1°% 2.0 26.2 + 10.5 147.5 + 31.8
RECTUM (n=20) '83.8 + 35.6 4.4+ 1.3 27.2+ 7.8 153.4 + 35.8
’ : . ' -
SIGNIFICANCE .. N.S. .  N.S. " N.S. N.S.

Each value represents the mean % S.D. for the number of subjects shown
in parenthesis. . ' '

s

N.S. = not significant.



3.1.2  SERUM VITAMIN A, RBP, PREALBUMIN AND ZINC LEMELS IN
| ~ HEALTHY ¢ONTROL SUBJECTS AND PATIENTS WITH PITHER -
BENIGN GI DISEASE OR COLORECTAL CANCER = |
— B | N -

- \

serum’concentratlons of»vitamin.A; RBP and prealbumin,

in healthy control subjects were signiflcantly'higher'

(p<0 05) than those of both benign GI and colorectal cancer
'patlents, while 21nc leVels in healthy controls were
signiflcantly h1gher (p<0. 05) than those of benign GI
”patlents\only. However,‘no.slgnlflcant differences were
detected between benign GI,and colorectal‘cancer‘patients

for‘any of the biochemical indices (Table 3.5). Of the four
‘parameters, the dlfference in average values between healthy
subjects and patlents was greatest for vitamin A. The

healthy control subjects average v1tamin/5rl\\e) was 1573

that of the patlents. A
AL : : o
~ Frequency charts, glven in Figures 3 1 to 3 4, dlsplay
‘1nd1V1dual vglues for the serum parameters from healthy
‘subjects and patlent groups.‘ The serum retlnol levels for
‘benlgn and mallgnant GI patlents averaged appromlmately 80’
“ug/dl W1th‘a range ot 12 to 154 ug/dl and 32 to 195 dg/dl,
| ~respectively‘(Eigure:b;l) -In‘the heaIthy subjects the |
, ﬂ'average value was 130 ug/dl W1tn a range of 55 to 259 ug/dl-jg;
h'Although the serum values for the V1tam1n in the three
;groups overlapped each other to a cons1derable extent, 17 5%
'lof benign GI a?d 19.5% of colorectal cancer patlents were |

found to have values whlch//ere less‘than the lowest value B

7f: observed 1n the healthy patlents.
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' Figure 3.1
~ DISTRIBUTION OF SERUM VITAMIN A ' )
VALUES. IN HEALTHY SUBJECTS AND PATIENTS .

WITH EITHER BENIGN OR MALIGNANT
' GI DISEASE B

2401
220 +
200
180 1
1601 .
140+  +

- Fel2s T

 Retino1 140
o oue/ml o430 4
80 4 ; R | —h— 83 _

.0 ‘_...._w — e e — —e
i . i - .

0000 ¢® W o s}l e
_ee X

T e .

. Healthy Benign chorectal
“fControls]' Disease Cancer g
o n-31 e n=4o o n-=41




. | S 82
The average 01rculat1ng RBP level in the healthy group

“was 5. 0 mg/dl w1th a. range of 3 1 to lO 45 mg/dl (Flgure

"7~f3,1;3 EFFECT OP' ADJUVANT TREATHENT ‘ON--SERUM LEVELS oF

“’V-jflnvestlgated, 22 were undergq;ng chemo-, immuno- and/or

» 3. 2) . Benlgn GI patlents had ‘a mean RBP value of 3. 9 mg/dl 3
.with a range of l 95 to 6. 80 mg/dl, whlle the bolorectal . |
‘cancer patlents had a mean value of 4 3 mg/dl with a range o

. of 1. 85 to 9 70 mg/dl The lowest serum RBP level from ‘the

| ﬁhealthy subjects (3. l mg/dl) was greater than 30.0% and. ;ﬁ
- 19.5%, percent of values from the benlgn and. mallgnant o
dpatlents, respectlvely Slmllarlly, figure 3 3 shows that

l'prealbumln concentratlons from l7 5% of benlgn subjects and

" 24.4% of colorectal cancer patlents were below the lowest

'fvalue detected 1n the healthy subjects (20 8 mg/dl)

- . v}rtually 1dent1cal mean zinc level was detected

"between healthy subjects and colorectal cancer patlents,’

, (150 1 versus 130 6), although the 0verall range of values

‘was somewhat greater for the colorectal cancer patlentsr

Benlgn GI patlents had the narrowest range of serum 21nc

levels (90 1 to 210 0 mg/dl) w1th an @yerage value of 133 8

'mg/dl Interestlngly, 11ttle differente was seen 1n the low

‘values for 21nc between the healthy and patlent groupsf

. -

VITAHIN A, RBP, PREALBUHIN AND ZINC

Of the 41 colorectal cancer pat;ents be1ng

t‘gffjradlotherapy durlng the tlmerperlod when their blood was yj”r"w'ra




. Figure 3.2

- DISTRIBUTION OF SERUM RBP VALUES IN |
- HEALTHY SUBJECTS AND PATIENTS WITH
EI'I'HER BENIGN OR MALIGNANT GI DISEASE
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rigure 3.3 T

DISTRIBUTION OF SERUM PREALBUMIN
VALUES IN HEALTHY SUBJECTS AND PATIENTS
‘ WITH EITHER BENIGN OR MALIGNANT |

: GI DISEASE ' '
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'Figure 3.4 o

DISTRIBUTION OF SERUM ZINC VALUES IN :
.~ HEALTHY. SUBJECTS AND PATIENTS WITH
EITHER BENIGN OR MALIGNANT GI DISEASE
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Vcollécted for blochemlcal %alysrs. In or “o determme I

’ /'.

J 1f these adjuvant treatments had any effect on serum V1tam1n

: A status, pat:,ents were‘ grouped accordlpg bb the type ot .

- cancer therapy that they were rece1V1ng, as shown 1n table - .“jgj
"’3‘6 Analy51s of varlance showed that no ‘statlstmalIy
s1gn1flcant dlfferences exlsted between these groups for T , ‘ ,*

‘.. . . " . . \ 0 L ‘ , v“.l ’
R ‘v1tam1n ‘A (P 0 54), RBP (p=~0 ll), Prealbumln (p-o 23) or RRE
i .“ L ot } . K ' 1‘ e ‘\\. . R “‘. . ' ) ,')‘ [ T .“"

L ' ‘,\ RS c s \ -._-""‘; A 3 e ’ * .

N 3,104 EFFECT OF SURGER! oN vrmnm A AND ITS RELATED ce VL

- . FACTORS AT S T R TR

. >.n . ' -. N . 4“\“ ' ! o “ a v... \'%’
: ‘ ' N o * o l;‘" ’ ‘ 1% . ‘.‘xi‘.‘
Approx:.mately 46% of cqlor,e,ctal’ cancer arrd 65% ,of\ x
; ,. benlgn GI patlents u'hderwent gastromtests.nal surgery.r L
' . 'order to determlne 1f surgery had any effect on the serum N "“ '
‘ ] blochemlcal 1ndlces) these were compared between the - -{«_w‘-;-

£at1ents who dld 'not have surgery and the patlents who had ) N
surgery (Table ‘3. 7)'There appeared to be a trend towards

:m"""‘:-_;ldecreased sérum:levels of all parametefwjn the POSt“

: yy;operat:l.ve patlents, the dlfference belng ost marked for
i_g,,i‘VJ.tam:.n A and zlnc. Stata.stucal analy51s d1d not ’show any
YRR :f'sagnlflcant dlfferences ih' these b10chemical 1nd1ces
B -,j';",‘(v1tamin A, P=O 15~ RBP, p-o 47 prealbumm, ps’O».“IZ- zinq, S

. .‘»v' . - ' .

But, when the benign and mallgnant groups wer“e
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3.1.5 EFFECT ‘OF TIME LAPSE IN BETWEEN SURGERY AND BLOOD '

SAMPLE COLLECTION ON SERUM PARAMETERS

e e o )
LT J

N '&% {"All patients who underwent gastrointestlnal surgery for

Ly
Wy
;

‘either a benlgn or mallgnant condition were divided into, two
\_., .

groups accérdlng to t he tlmé 1nterval bétween the date of

. 3

surgeryandthedateoftﬂoodsamplecollectlon(<l month
‘versas < 2 monthsﬁ While no statlstlcally 51gn1f1cant
.. N_ - N
dlfferences were observed for any d!bthe biochemicdl 1nd1ces

Y

between the, two pfrlods of t1me (Table 3.8), samples

‘collected less than one: month after surgery had lower meafi

1
¢ ¢

serum v1tam1n A, RBP and: 21ng_levels than those collected

/
approxlmately -one month later (mean dlfference = Q? l ug/dl

0 37 mg/dl and 29 8 ug/dl respectlvely) The average sqrum/

prealbumln concentratlon appeared to be hlgher in the
) R

P

patlent grOup-whose blood was collected W1th1n one month

afrer surgery It should be polnted out that the valldlty

of thYs comparlson is questlonable as only 3 subaects had

- blood collected more than one month after surgery.

< 1,

"’5;: BeCause more patlents w1th benlgn dlsease'had surgery

‘ ’ + Lol -

have an, effect on the serum,parameters, benlgn and mallgnant
NG
GI dlsease patlents were compared agter adjustlng for the

effect of surgery u51ng two-way analysrs of varlance. The

. RN ;
oy n‘

differences 1n serum Levels of V1tam1n A, RBP and prealbumln
i id \

between these two patlent groups st111 were not s;gnlflcantr

/
i

!

oo SN T RN A o . . .

U T s e e e B Y o =

N than drd oancer patlents and because surgery appeared to .;"

TN

-



TABLE 3.8 EFFECT OF TIME LAPSE IN BETWEEN SURGERY AND BLOOD SAMPLE
COLLECTION ON SERUM VITAMIN A, RBP, PREALBUMIN AND ZINC

GROUPS . VITAMIN A RBP PREALBUMIN ZINC

(ug/4l) + (mg/dl) {mg/dl) (ug/dl)
< 1 MONTH (n=40)  75.6 % 36.9 3.9 +%1.6  27.3 + 10.2 133.9 +24.9
< 2 MONTH3 (n=3) 92.7 + 35.0 4.3 + 0.8 22.9 + ‘4.1 163.7 + 395
SIGNIFICANCE - ’ N.é. N.S. . N.S.h N.S.

Each value represents the mean + S.D. for the number of subjects in
parenthesis. ) ‘ o ‘

7

N.S: = not significant.
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/

However, the mean circulat\Nng level of zinc was

significantly lower in the sWibjects with benign disease.
versus colorectal cancer (b< .02), after adjusting for the

effect of surgery

3.1.6  EFFECT OF CANCER RECURRENCE ON VITAMIN A, RBP,
PREALBUMIN AND ZINC LEVELS :

Allvcolorectal cancer patlents from the Mayo Clin1c had
dlstant metgstases at the time of blood sample collectlon
'(gee Table 3.10 for the metastatlc sites). In order“to
determlne whether the extent of cancer recurrence effected
the blochemlcal parameters, cancer patlents were grouped by
thelr number of distant metastases.‘ Those patlents w1th

only one metastasrs had- hlgher serum V1tam1n A, RBP, and

|
'

prealbumln values than dld patlents w1th two or more

metastatlc srtes, although these ﬁlfferences dld not reach a

j« \ "
Lsrgnlflcant 1evel (Table 3 9). Patlent groups Wlth one or .

“more ‘than one metastatlc metastases had 1dent1cal mean serum
4 ' L N )

=zmc 1evels.r. ,

-

0ne~Way ana1y31s of varlance showed no 51gn1ficant

'ir'dlfferences in the levels of V1tam1n A and 1ts related . . ;;;;
B : v L
factors in patlents thh dlfferent metastatlc s1tes (Table “-t_;\ﬁ
o3 10).. Of the 41 colorectal ‘cancer patrents, 45% developed ’ 5>\$

tfliver and 20% deVeloped lung metastases. The remalnrng

.“;patients developed recurrences 1n the perltoneum (10%).

?;connectrve trssue (10%), ouary (S%l; kldney (5%), and

.
\ .
§
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TABLE 3.9 EFFECT OF RECURRENCE ON VITAMIN A, RBP, PRE

!

. SR
ALBUMIN AND ZINC
. |

LEVELS/ : \

\ - i

\ P
GROUPS VITAMIN A RBP PREALBUMIN = ZINC
' (ug/4dl) (mg/dl) (mg/4dl) (ug/dl)
ONE METASTASIS / 88.3 + 38.1 4.6 + 1.7 28.1 + 8.7 150.6 + 26.9

=26 -

MORE- THAN ONE 74.8 + 39.6 3.6 * 1.7  24.3 + 9.9 150.5 # 44.5.
METASTASES (n=15) ‘ o ‘ .
SIGNIFICANCE N.S. N.S. N.S. N.S.

in parenthesis.

A

N.S, = noévsignificant.

Each value represents the mean + S,D..for the number of subjects shown

-

1



GROUPS ' VITAMIN ‘A ,

e (ugrd1) (mg/dl) .. (mg/dl) ° (ug/dl)

| y = _ > SRR
LIVER (n=18) 92.5 + 44.4 4.1+ 1.7 26.4 + 8.7 154.4 + 27.1
PERITQNEUM (n=4)  64.7 +30.1 3.4 4 1.0 22,0 + 6.7 730.0 + 21.1
LUNG (n=8) 90.1°+ 40,0 4.9 + 2.1  29.9 + 10.9 154.4 + 45.6
(CONNECTIVE TISSUE * 90.3 + 25.4 5.2 % 1.6 29.6 + 6.0 174.2 + 32.1

(n=4) - ‘ . o . - "
OVARY (n=2) 31,0 + 7.1 2.0 £ 0.5 12.4 + 5.4 86.0 + 20.9
KIDNEY (n=2)  75.5 + .7.8' 4.9+ 0.4  27.8'+ 2.4 159.3 + 53.0
. LYMPH (n=3) 66,0 + 14.5 4.5 + 1.5 31,0 + 9.0 134.3 + 12.4

N.S. N.S. N.S.

ANOVA SIGNIFICANCE

TABLE 3.‘.&) EFFECT OF SITE OF RECURRENCE ON VI'I‘AMIN A, RBP, PREALBUMIN
AND 2INC LEVELS : ’

RBP

PREALBUMIN . ZING'

-

ANOVA - yanalysis of variance.

~N.S. = not significant.,.

.

Each value represents the mean + S D. for the
in parenthesis.
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‘lymphatic'system-(7.5%h
3.1.7 CORRELATIONS BETWEEN, ASSAY MEASUREMENTS .

’

The relat10nsh1ps between serum V1tam1n A, RBPL.

'

prealbumln and zinc are shown 1n table 3 11. "Vvitamin A was .
Ny

X .
51gnl£lgantly correlated w1tthBP and prealbumln as was RBP .

1 -

w1th prealbumin for all healthy and’ patlent groups.‘{A\

statlstlcally 51gn1f1cant negat1ve relatlonshlp existed

betweem RBP and zinc in the healthy subjegts whlle a_yﬁﬂ

pos1t1ve correlatlon reachlng statlstlcal 51gn1f1cance was
[ T :
‘seen between these two parameters'

‘ pat1ents. RBP was 51gn1f1cantly co related w1th 21nc 1n the

benlgn patlent group only _ ‘;f S ;‘ ST A-‘; "“‘ﬂ.l ;5

. ’ ' . e e
‘3.1.8 USE OF SERUM LEVELS OF VITAMIN A, RBP, PREALBUMIN T
C AND ZINC AS PROGNOSTIC INDICATORS S e

‘ : , i ‘ . St A
Dlscr;%>nant!iunctlon analysxs was carrled out 1n order @"Nfﬁi
[ : K a oo C . - oL
;,to determlne 1f the values of the‘four serum parameters,

e

Lﬁused xogether, were able to dlstlngu1sh between healthy

.'-\s-.

:fsubjects and patlents W1th elther benlgn or mallgnant GI '

f:dlsease. Standardlzed canonlcal dlscrrmlnant functlon'“rf*

t

Both»functlon

3 12.,;,




PRE-A WITH ZINC

75
‘ ; | .
N .
‘ .o frui.z 3,11 CORRELATIONS BETWEEN ASSAY MEASUREMENTS -
o - - - Lt o 7 SR .
-  PEARSON'S CORRELATION
R COEFFICIENT : ‘
T -9 (r) - p-value
Cah : ' o
' HEALTHY SUBJECTS (31) EE ’
- VIT-A WITH.RBP 70.60 - < 04,0001
VIT-A WITH PRE-A - 0.35 0.027 ‘
. VIT-A: WITH ZINC -0.29 . 04061 .
*RBP WITH PRE-A . « 0.78 < 0.0001
, RBP WITH ZINC S =0.36 . 0,025 -
PRE-A WITB zmc . =0.20 0.155 K
oo : ! . ‘; ." . .“' )
BENIGN GI DISEASE (40) BEIRR A o ' : n g
~ VIT-A WITH REP - 0475 < 0.0001
. VIT-A WITH PRE-A o v 0.70 < 0.0001
| VIT-A WITH ZIfC ® 0440 Tt 04009+
'RBP. WITH PRE-A" ' 0.96" .. 1€ 0.0001 Ca
“RBP- WITH ZINC - 0.44° -+~ 0,005 e
P’RE-A WITH ZINC. “. 0420 104129, A
comnzc'rm. czmcxm (40) ST
VI'.B-A wx'ra REP AT e 0. o < 0.0001 . o~ v
‘:vrr-n WITH PRE-A' _je e .‘,‘ < 0.0001 © L
;vn'—A WITH zmc 10,12 :
. RBP wmn-;pnz-a < .0,0001 T
;'RBP. WITH- ZINC'" v 0. 29




< [y ’ ' -
'I‘ABLE 3 12 S’I‘ANDARDIZED CANONICAL DISCRIMINANT: FUNCTION
‘ COEFFICIENTS FOR SERUM VALUES OF VITAMIN A, RBP,

, . PREALBUMIN AND ZINC FROM MAYO CLINIC SUBJECTS.
| FUNCTION 1 ~ .. FUNCTION '2
'VITAMIN A S 1.03553, S 0.2449
REP S =1.83102 . 0 T 41.49083
’ PREALBUMIN 7 1.31485 . Z1.31665
ZINC ‘  © Y 0.08019 " - - © 0. 56618
" ’ )

7%



77

“functlons,_56 6% of cases were correctly cla351f1ed 1nto:;

fhealthy, benlgn GI dlsease or colorectal cancer categorles

. Lo 3 ' ) ) N : : B 4
3.2 CROSS CANCER INSTITUTE SUBJECTS. = . o
} .. . ! . . “ “‘ “l. "\ Lo . ' . L ‘ .

"1 ‘ Vo : " Co 4 . \

N

One hundred and thlrty four subjects were followed for
. e .
‘ja ‘time perlod of 4. to 107 months (average- 56 5. months)

N

“after undergorng curatlve surgery for cancer of the colon or
rectum._ Serum levels of V1tam1n A, RBP, prealbumln and

;21nc were measured in postoperat!ﬁe blood samples 1n order‘
m]to determlne whether these blochemlcal 1ndices could predlct f"
f:the surw1val outcome of the colorectal patlents.x,h |

‘ When analy21ng all postoperatlve cancer patlents
fjtogether, no . statist1cally 51gn1f1cant dlfferences 1n serum
'Mlevels of V1tam1n A and 1ts related factors we“e seen L
Eibetween pavrents w1th colon tumours versfs:rectal tumours s

L4

miTable 3. 13) Consequently,'colon and rectal cancer patlents

A

were comblned together for further ana1y31s. f?]?

-'E»FFE‘CT OF. AGE AND SEX‘:ON SER‘UM' LEVELS OF VITAHIN A
'AND ITSfRELATED FACTORS




kL

Fl

| TABLE 3.13 EFFECTS OF TUMOpR SITE ON SERUM LEVELS OF VITAMIN 2, nnp, RO
I PREALBUMIN AND ZINC. ' e | '

-

GROUPS' . VITAMIN A - REP  ° PREALBUMIN = @INC'  .* - -
e (ug/dl) (mg/dl) = - (mg/dl) - -  (ug/dl)

. COLON CANCER . 85.2 + 30.6 95 4 1.8« 36.4 + 9.5 129.8 + 34,3 o .
. (n=76) RN R . | ‘

 RECTAL CANCER  79.5.% 22.0 5.3 % 1.5 36.6 + 9.2 122.3 + 26.3 7 &
(n=58) . T e e e

*.~SIGNIFICANCE . . - NuSa' . ©  NoSu' .- . NuSu . N.S.

Each value represents the mean + S.D. for the number of subjects shown ‘eff
Lin parenthesis. R RS R ' o

N{S.'a‘nopgsignificeh;fe_~,‘ I : - ‘ S ;,‘TF R ;_ R
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\OF .AGE'ON SERUM VITAMIN A, RBP, PREALBUMIN AND ZINC.
' "-’_ \:. \ .I o OV\ 4
Ll S - 5 Ot - .
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ViTAMIN A maR S pREALBpMIN o gme. i
(ug/dl) S mgzdl)s, (mg/cn) T Gegzal) oty

1

35[110‘5
1390

L ~39 yznns (n-3) ZTles- 5
1
.0 132.3
8
4

b +
*Ql4o-49 YEARS (n=8) . 5.1+
" '50-59 YEARS -(n=35) ~ 83.7'%

s
b

'+ 60-69 YEARS' (n-zs) 85.4 " 126.3

P+ 14+ )40+

oy +l*l+l+1+

&
/)
»
=t T S |
*
2
L2
0
L]

' 770-99 YEARS, (n-6) 2.97.5. 2 "7 <3451 4 164.7 +,
I . " ) l“l . ) N R ;’.' ' o .“ B . “ e
~\‘mSIGNIFIcANCE~ f’,A",;wu,s." o 5 K s, |
: ) AN o .

m's c :‘.. ““‘ RN ‘ . :‘ ‘ . T A ";(‘“w"; “", .."- 1\
-?—-———-— " ' : ) '..' . Co : . ' .

0130 YEARS (neS) "69.8 +
. 40-49 YEARS' (n#12) ..65.2 4

s :50=59.YEARS. (n=18).. 86.2
% 60269 YEARS (n-16) 75.9
‘A%7o—99 YEARS (n=8) - 8645 +

W
W
[ 2 ] .
NN

19,1, 0
- 24.1% 0
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2440-49 YEARS (n-zo)*ﬂ' 2.




A parameters*vln patlents w1th Duke s BZ colorectal cmncer |
ol (V1tam1n A, p-O 46 RBP, p 0 19 ) prealbumln, p 0 07 zmc,
l '
M" ;.'p 0-11) Whlle no statlstlcally s1gn1f1cant dlfferences
‘ [

mx‘.erc detected for v1tam1n A (p= 0 17),‘RBP (p 0. 16) or ‘- S

."_»‘"\")Iealbu .t‘() 16) between the dlfferent age gmups 1n.‘

'Duke s C patlents,, serUm zmc 1eVels were 51gn1f1cantly oo \.l‘.;

G

v'q

low’er 1rr these patlents over the age of 50 as compared to '
those 1n thé 40 to 49 year age group .'w, E R " Y
,v , N ‘ . R * \ . ‘
S 3; was of 1nterest that 1n contrast to flndlngs frov&%'

oA

T the Ma§o Cllnlc,‘there d1d appear to be a sex dlfference 1n4

hie atlents' from the Cross Cancer Instltute. Serum values‘ \

b !
e

of all four parameters were found to be lower in ﬁemales as

K K . tn

compared to .males (Table 3 15) When evaluatlng all

., 'v n,
e o >

o colorectal caqncer patlents together, sex dlfferences reached

‘a statlstlcally 31gn1f1cant level for RB,P, prealbumln and

z:.nc.,‘ The effect of Se‘x on serum parameters was, however,l,




e 'I‘ABLE 3. 15 EFFECT OF SEX ON SERUM VITAMIN A,

o ‘zmcr.zvm,s. C

'
'

8l

RBP, PREALBUMIN AND
ra

. “ : T
VITAMIN A ' RBP™

" GROUPS™ ,
‘ . - (ug/al) (mg/dl)

'PREALBUMIN

" ZINC

(mg/dl) o, f}'(ug/ldl-)“

. .. DUKE'S.B2
MALES (n=43) ' _ ' 84.4. %
’ oA . <
' FEMALES (n=32) - 89.6 +

'SIGNIFICANCE

40.0 + 9.5

' 35%8 + 8.5

13740 % 33.6

- 128.2 + 32.9
\v * - “ o
0,05 .

-d
t
B

'DUKE's'c A

'r“

'\‘\ . "-".'»" .\‘ . 1
e - S Ve

.""
“l

MALES (n-z4)\ . 83.7 ¥ 24.1° 5,94 1.3 .39.3 + 7.5 126.9 4 .23.1 '
FEMAr.Es (n-=3.5) 77377 4726400 4.7 £1.8 0 3009 + 8.3 111.3 + 25,1 ‘
g sxcmmcmcz i N.S. p = 0.003- ~<0.0001. ° .  p=20.02" - .-
M B v t ‘, . e . " A”‘l,‘ g . ‘,‘ . :..,A

' 't ' ' - T . . ‘ ' o "
e ———— v . . o . ' i . R

¢

50

MALES (n-sil)f L

4 e

W '.}-';81.3 + 28 4.

FEMALES (n-67 )

'_"“3'9‘.~el+‘ '8’.8'\.
+‘, 1.6. . 33 2 + 8. 77, A

.ll-g',;,,;_p < o 0001-';»: ’

v
)

133.5'+




' . + oot ! . (d “ . ! \\ S
. ! . N " o
a RN - . ' AN

i o 3.2.2 SERUM VITAMIN A, RBP, PREALBUMIN AND ZING-“I-EVELS '

IN DUKE'S B2 AND DUKE'S ¢ POSTOPERATfVE COLORECTAL AR &
~CANCER' PATIENTS ‘ SR

5 ! ) '
|( " R o i
) , . o .
' “ )
¢
Y n
.

ERR ' serum lévels of all parameters measured were lower 1n c f‘g
o H‘ii‘c versnswouke s BZ colorectal cancer patlents (Téble~f“ R
. - D ) ' ) )
3.16) After adjustlng for the effect of age and sex,
« ‘ o~ [l '

_ however, these dlfferencés reached statlst1cally 81gn1f1cant

-

y 1evels only for zinc (p-o 01) PrObablllty valuesl” | fq ”3:\ L Aﬁ

. /. = ‘ .
A determlned by the Student S t test almost reached N
R | :

. l;statlstlcally s1gn1f1cant levﬂ?s fo"V1tam1n A (p 0. 09) and

-

R v | . » o L
ffPrealbumln (p @ 07) o ‘ v “,t_,'.yp : '" IR

| ‘ .
PR ANt . ¢ " . . v
e : S , .
. ! ; ’ . L. . . S
N \

é.x\“‘ :

.

Coml . 3.2.3 EFFECT OF TIME LAPSE - IN~BETWEEN SURGERY AND IR

“ulvw .7 '0 . SUBSEQUENT.BLOOD SAMPLE- COLLECTION: ON SERUH VITAMIN D
2w .. A AND ITS RELATED PACTQRS . = - R e

[ N . L. , . R N
KRN ' ) ' ; . N - . * ."T,

Patlents were grouped by t1me 1nterva1 fromnthe date of

b i h

surgery to the date of blood sample collectlon (Table 3"

The majorlty (63 4? of blood samples were collected betw_

,\

l and 2 months after surgery.

‘After adJUStments had beenf{?\rf



” : ’ )

. oo ' : \ .
TABLE 3.16 SERUM VITAMIN A, RBF, PREALBUMIN AND ZINC LEVELS IN DUKE'S
B2 AND DUKE'S C POSTOPERATIVE COLORECTAL CANCER PATIENTS #

- ‘ ' | ,

s Al

GROUPS VITAMIN A . RBP .  PREALBUMIN ZINC
(ug/d4l) (mg/d1) (mg/4dl) (ug/d4l)

DUKE'S, B2 (n=75) 86.6 + 28.1 5.6 + 1.7  38.2 + 9.3 133.2 * 33.4

DUKE'S C (n=59) 77.8 + 25.5 5.2 + 1.7 34.3 + 9.0 117.5 + 25.3
" ol ha y X

AGE AND SEX

ADJUSTED A

SIGNIFICANCE N.S. N.S. N.S. p = 0.01

Each value represents the mean + S.D. for the number of subjects'phown
in parenthesis.

;
-

N.S. = not significant.

83



F Y

~

.

TABLE 3.17 EFFECT OF TIME LAPSE IN BETWEEN SURGERY AND SUBSEQUENT
BLOOD SAMPLE COLLECTION ON SERUM VITAMIN A, RBP, PREALBUMIN

L
- \\

-

AND ZINC. ,
GROUPS VITAMIN A 'RBP PREALBUMIN | ZINC
' (ug/d4l) (mg/4l) (mg/dl)  (ugrdl)
| ‘
< 1 MONTH (n=15) 63.5 + 22.0 5.3 + 2.9  33.0 1 11.9 129.2 + 33.4
< 2 MONTHS (n=58) 81.0 + 23.5 5.4 + 1.5 36.0 + 8.5 127.9 * 33.8
’ g 1
< 3 MONTHS (n=27) 88.0 + 28.7 5.3 * 1.4 35.9 + 9.2 116.9 + 21.2
< 4.MONTHS (n=19)  97.0 + 28.5 5.7 + 1.6 39.7 # 8.6 127.8 4 35.1
' : ¢
< 6 MONTHS (n=12) 75.8 + 19.2 5.4 + 1.7  37.0 + 10.3 132.8 + 28.2
> 6 MONTHS (n=3) 101.7 + 63.5 6.9+ 1.1  45.6 + 7.9 139.3 + 26.5

-

AGE AND SEX -
ADJUSTED ‘
SIGNIFICANCE p =

0.05

N.S. p=0.05" N.S.

Each value represents the mean +

in parenthesis.

N.S. = pot significant.

‘
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. @,‘ ]
more than 6 months after surgery'having thé highest values.

However, the dlfferences in mMean: serqm values between the

v

either RBP (p= 0 42) or zinc (p= 0 93).

»

3.2.4 SERUM VITAMIN A, RBP, PREALBUMIN AND ZINC LEVELS
- IN. PATIENTS WITH SERIAL BLOOD SAMPLING

L) ’
' Y

14 | ' . "

~

Of the 134 patients, 35 had derial samples takenat'gwo_

different periods of time. The tfﬁe\interval between the

first and'second samples rang%d from 15 to 137 days with an
average time difference of 79J4 days. Table 3.18 shows £hat
the.average mean serum levelsfof ail four biochemical -,
;ndicés were hiéher in the seéond sample, although the
differeh;e between avefage values in‘thg first and second

samples reached a level of significant difference only for |

vitamin A (p=0.03). T

<

-

3.2.5 SERUM VITAMIN A STATUS IN PATIENTS REMAINING
- - DISEASE-FREE VERSUS PATIENTS WITH SUBSEQUENT CANCER
RECURRENCE OR CANCER-DEATH POLLOWING SURGERY .

~

-During the postoperative period, which avéragea 4.7

' years, 32.0% of Duke’s B2 and 65.9% of Duke’s C colorectal

e

cancer patients sﬁbsequently developed a recurrence of

cancer (Table 3. 19)4 Currently, 21 3%\of Duke s B2 and

50.8% of Duke s C patlents have d1ed of cancer.

The survlval rate for all apparently dlsease4free N

» —

85

| R '
~ time perlods 01d not reac;\statl tical sigpAficance for ’
8 | -
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TABLE 3.18 SERUM VITAMIN A, RﬁP, PREALBUMIN AND' ZINC LEVELS {IN
PATIENTS WITH SERIAL BLOOD SAMPLING. X

GROUPS - VITAMIN A RBP ' PREALBUMIN zZINC
(ug/al) (mg/dl) - (mg/dl) (ug/dl)
q : T oy
SAMPLE 1 (n=35) 77.9 4 22.4 5.3 4+ 1.6 "36.0 + 8.9  122.5 #+ 25.9
. A . R
SAMPLE 2 (n=35) 88.6 + 25.4 5.6 + 1.5 37.3 + 7.6  126.3 + 30.2
N ,‘
PAIRWISE T-TEST . oy
 2=TAIL PROBABILITY , 0.03 N.S. * No.S., © N.S.

¢

Each value represents the mean + S.D. for the numﬁer-of subjects in

parenthesis.

"N.S. = not significant.

e
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TABLE '3.19 DISEASE FREE SURVIVAL OF POS'I‘-O,'PEI'U\'I“IVE COLORECTAL

QANCER
. . PATIENTS. SR o . "
. jr, ' \ ‘ . ! '
o . ) .
P ] .
- ! S N
DUKE'S B2 DUKE'S C TOTAL
‘ o N
DISEASE-FREE ‘ / $1°(68.0%) 26 (44.18) 177
CANCER RECURRgNCE-»/ 8 (10.7%) 3 (5.1%) N1
. . ! s \
DEATH FROM RECURRENCE 16 (21.3%) 30 (50.8%) O ﬁ 48 7
.‘\ ' :!} .
TOTAL . 75 o591 o h3a
> \ N
( . . ‘-a' o ;
’ Qa i N
. X
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patlents 1ncluded in this study is shown 1n flgure 3 5. The *

&

W

»

_ prealbumln, p—0.324, zlnc,‘p=0.068L

survival rate was calculated from the date of sufgery to

N\

e1ther the date of cancer recurrence or death \ ‘m ;

Table 3. 20 shows thatrfhe ﬁ%an levels of all

blochemldal 1nd1ces measured in, postoperatlve blood samples
ﬂ\?’h !

were. lower 1n patlents who subsequently died of cancer as

compared ‘to patlents who surv1ved HOwever, the dlfferences

in these Y es did not reach a s1gn1§}cant level, afteg age

~

-~

and se

adjustments had been made. A relatgvely small
.\‘ . N . e B - " . AN

, .

numplr of p t;§nts developed a recurrence of epithelial

‘cancer that Was not fatal. The mean serum levelsAdT vitamin-

A'and its transport proteins from these 11 subjects were

actually higher than mean levelsfzf these parameters from

‘post- operatlve colorectal cancer vatient's who remalned
as‘!*\

dlsease free after several years of’follow up ' @

" e

In Table 3 21,. all 57 pat1ents who developed a cander

.recurrence were compared to the 77 patlents who remalned

prealbumln and 21nc were assessed together as- prognostlc

-

3.2.6 U ‘OF SERUH PARAHETERS AS PROGNOSTIC INDICATORS'&N

dlsease ~free. Agaln, the n@»value of every parameter was
lower 1n the recurrence group, but, s1gn1f1Fant dlfferences

were ‘not - obserVed (V1tam1n A,,p 0.497; RBP, p=0.901;

!

<

. PERATIVE COLORECTAL CANCER PATIENTS

_ Postvoperatlve seérum’ levels of V1tam1n A, RBP,.i'qf

-

lzndlcators 1n apparently dlsease-free colorectal cancer N

’

Sy

O ‘
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vN S.W- not aignificant. _

b
.y

)

J

T

"\ b " . . v
‘ . e o
TABLE 3.20 SERUM vrrmm A, ‘ReP, 'PREALBUMIN AND ZINC LEVELS: IN
' ' PATIENTS REMAINING DISEASE-FREE VERSUS PATIENTS WITH
suassgum CANCER “RECURRENCE OR CCANCER-DEATH FOLLOWING
~ 'SURGERY. - ; \
l\ ¥ ' ‘T
> L a A
. '.V \ ' . > . . * ;° . ]
‘GROUPS VITAMIN a REP ' '+ PREALBUMIN " .ZINC
(ug/dl) (mg/dl) . (_mg/dl) “w(ug/d4l)
nxsmss—pmn 84.1+ 28.9 5.5 + 1.9 .37.1 4 10.2 130.6 * 35.0
(n-‘ﬁ) o ’ ‘ ' o ‘
chumucr: cn-n) 90.0. #'24.9 5.6 + 1.3. '38.1 % 7.4, 127.0 + 21.3
6. ' } "l oy . o o
DEAD' (n=46) 78,7 4 24.9.. 5.4+ 1.5 -35.0°4 8.1 119.5 4 24.8
AGE AND SEX ' \ T, - | |
ADJUSTED . 3 R o :
' SIGNIFICANCE N.S. +\" LONeS. T N.S. / N.S.
: " Ty \ .4 ' \
~ Ao . K \ o i 7 L

Each valum:ztesents the mearr+ S.D. for the number of subjects shown
. in parent . \
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- TABLE 3.21 EFFECT OF CANCER RECURRENCE ON VITAMIN A, RBP, PREALBUMIN
' AND ZINC LEVELS. ‘ ‘ L

[N

". ‘ t Lo
P A ¢

, ‘ o = ; N\

: o " o Wt a0 . " ) ! ) '
 GROUPS . VITAMIN A RBP ' ' - PREALBUMIN ZINC. . ~
‘ ‘ s Co(eg/zdl) o (mg/dky 0 (mg/dl)y © . (ug/dl)

\

DISEASESFREE _ ~ . 84.1 % 28.9 . 5.5 + 1.9  37.1 4 10.2° 130.6 + 35.0
(n=77) . - - A LT . : :
e L . o S S C RS ‘

RECURRENCE (n=57) 80.9 + 25.1 5.4 + 1.4 35.6 + 8.0 121.0 # 24.1
. ' . . ! o R : ., O &

.AGE AND SEX o [ .

. ADJUSTED e L $ _ :
~.. ,SIGNIFICANCE " < N.S. ! n.s. R.S. N.S.

: _ A o — : .
Each value represents the mean I‘S.bw‘for the number of subjects shown '
in parenthesis. ‘ gjlﬁ C . . ) /

N.S. = not ‘Big“nific‘"ant.l'v e

LY



f‘_other at a statlstlcally 51gn1f1cant level w1th the

—

patients Table 322 ghows the standardlzed canonlcal

drgsg&minint fuctlon coefflc1ents for the blochemlcal

. parameters generabed for' categorlzlng the cancer‘patlents by.

-~ ——

thelr survlval status after a follow up of several years

NerEher functien 1n th1s model reached a statrstlcally

si@nlflcant level 4funct10n l, p=0 32; functlon 2, p 0. 8§T> '

‘Only 43 l%. of patlents were correctly c1a351f1ed usrngﬁgekﬁm

.

levels of the four parameters in ‘discriminant’ functlonv“/~

analysis. A ” o U

| o - ‘ .
3.2.7 CORRELATION BETWEEN ASSAY MEASUREMENTS IN POST-
OPERATIVE COLORECTAL. CANCER PATIENTS . .
' a2 . . '\\ | —_— ‘ B . ‘ o

' \

Flgure 3 23 shows the correlatlons BEtween serum

vitamin A, RBP, prealbumln and zine levels in the post-

operatlve colorectal cancer patlents “ In both Duke s B2 and

.Duke s C patlents all parameters were conrelated w1th each

t
[

v,

’exceptxch of‘v1tannn A and 21nc,
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'STANDARD CANONICAL DISCRIMINANT‘FUNCT;ON COEFFICIENTS
OF SERUM OF VITAMIN A, RBP,/ PREALBUMIN AND ZINC FROM ~

POST-OPERATIVE, COLORECTAL ' CANCER PATIENTS.

, /
- _\,FUNCT§5; 1 ‘"‘FUNéfION'Z
, N 7 ' ’
©vITAMIN A . ,.,} 0{;7762 0.80752
‘ RBP | ‘ f1.64327 ‘ -0,17354
" PREALBUMIN _ 1.52689  0.25772
o /- .
ZINC 0.53776
2l //, .

- =-0.62917

I



TABLE 3. 23 CORRELATION BE’I’WEEN ASSAY MEASUREMENTS IN POST-
l OPERATIVE CDIDRECTAL CANCER PATIENTS. '

B ot . : ¢ . e
n : o 'PEARSON'S CORRELATION
— ‘ . COEFFICIENT =~ S
’ (xr) ‘p-value
DUKE! £ 32 , ,
VIT-A WITH RBP . - . . . . 0.30 " 0.004
VIT-A WITH PRE-A : 0.33 1 0.002
" VIT-A WITH ZINC & © 0.08 : . 0.257.
 RBP WITH PRE-A’ ' 4 0.89 . < 0.0001
 RPP WITH ZINC 3 -0.42 , < 0.0001
- PRE-A WITH ZINC 0.47 © < 0.0001
DUKE'S € .
VIT-A WITH RBP - 0.59 . . < 0.0001
 VIT-R WITH PRE-A . N 0.55 < 0.0001°
VIT-A WITH ZINC . ST -0.04" - 0.393
RBP WITH PRE-A . . ' 0.%0 .. = < ,0.0001
REBP WITH ZINC | . . 0.28 ©0.017
PRE-A WITH ZINC | 0435 0 : 0.004 . .
VIT~A WITH RBP o 0.47 . < 0.0001 "
VIT-A WITH PREFA  —~ = & = 0.44 : < 0.0001 .
- vrr-n WITH ZINC . 0,07 0 L 0.210
'RBP WITH PRE-A . | ; 0.89 ' . < 0.0001
_ RBP WITH ZINC . .~ . . . . 0.38 £ <.0.0001 .
" PRE-A WITH ZINC S 04460 o < 0.0001 . v



4. DISCUSSION -

v,

‘Vitamin‘h has anlimportant role*in'the grthh,tf
‘drfferentlatlon and malntenance of ep1the11al tlssues
Retinoic ac1d 1s belleved to be the principal; form of R
vitamin' A to 1nfluence differentiation of eplthe{;al cells‘ -

'’ (De Luca, et al. . 1971),'whereas retlnol acts to stablllze
blologlcal membranes (Roels et al oy 1971) Through 1£s role

-
-in glycoprotein synthe51s, v1tam1n A is also 1nvolved in the

. R 4
malntenance of the mucus coat . Wthh protects eplthellal
cells (Brevard, et al.,’ 1985) . Current data from
‘1aboratory and epldemlologlcal anestlgatlons suggest that

v1tam1n A def1c1ency, reflected either" b

an 1nadequate‘.
7dyetarx 1ntake of v1tam1n A or subnormal serum retlnol

' levels, results 1n an 1ncreased susceptlb' 1ty to the
‘development and progreSS1on of preneoplastﬂc and neOplast¥
le31ons.' The effects of v1tam1n A def1q1ency at a. cellular ;"w
level are most readlly seen in those dlfferentlated t;ssues ‘

that have a rapld turnover rate, such as eplthelia of the ﬁ’.“‘fﬂ
:'drespid"gry and gastr01ntest1nal systems. Indeed, ev1dence ,‘dt;

- for’ the relatlonshlp between v1tam1n A and cancer r1sk 1s

'.”greatest for mallgnanc1es of thes'f :

o e

Numerous retrospectlve studles have generally shown

vﬂgthat levels of carculatlng ret1nol are depressed 1n ﬁatients

‘1‘

s W1th cancer when compared to control subjects (see tableA{iff*ﬂﬂ

,—\4‘

i,rl 3) Whlle the majorlty of such 1nvestlgat10ns conducted

.;pto date haVe detected subnormal serum v1tam1n A levels 1n
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cencer patienEE}’this was not the finding in e'stgdy Qf lung

 cancer pétieﬁzs conduéeed by Cohen et ai., (f§ﬁ7). .No
controls were used in this stuéy, rather the cases were

‘compared to standard values (50 + 20 ug/100ml). Serum

retinol levels\fell within this'standard range in 66 out of
' ' &

o 67 patients stulijed, but comparisons between predetermined

f serum parameters, particularily vitamin

standard values
. .

ues measured in diseased subjects are,nbt
opriate. As a wide variation in reported normal ranges

ave been derived by a number of methods used in different

laboratories, it is esserftial that control subjects be used

3\

.to provide normal values of vitamin A using the same method
‘ ) : 'lf
and conditions involved in determination of serum vitamin A

\

levels in the patient group.
At this point, it is not known if low vitamin}\levels

precede tlre manifestation of cancer or.conversely, if the

©

presence of neoplastic disease affects vitampin A status.
Prospective studies méy overcome the possible effects of the

disease on serum levels of”retiﬁol in that blood samples are

taken several years. before tne d1agnos;s of cancer.

~I‘

Generally prospectlve studles 1nd1cate that low v1tam1n A

concentratlons precede cancer’ development, however thlS has

recentlylbeen alsputed (Wald et al., '1984; Nomura et al.,*
19§§) Thls quest1on can not be answered by case-control
Jstudies, but, with the use of epproprlate controls, such.

.1nvestlga610ns can 1nd1cate whether or not the effect of

o
:,\

sdbnormal v1tam1n A status is .related to disease in general




P

or specifically to cancer.
In the majority of ret}ospebtive studies which

demonstrated subnormal serum retinol levels in cancer

-
.

patiep{é, hgﬁlthy subjects or non-specified hospital
patients were used as a control group. Many factors
including stress, infections, nutritional status and
diseases other than cancer are knownAto depress the levels
of circulating vttamin A. Therefore, if the effect of
cancer oﬁ biochemical fhdlces is Dging studied, exogenous
factors must be controlled for by using.a.suitable control
populatidn. When inveétigatiﬁg vitamin A status in patients
with cancer of a barticular site, subijects with benign
disease affecting the samé site should be used as controls.
The use of proper control groups ié of particular importance
when gastrointestinal cancer is beihg investigated.
Disruption of the intestihal mucosa due to the presence of
any localized disease may result in impaiTred absorption of
vitamin A or~other nutriénés in?olved in its transport or
metaboiism."Irrespective'of the site of cancer or disease
‘in question, food intake may.be altered in patients due to

[

anorexia associated with 1llness{

In the first retrospectlve'study 1nvestlgat1ng :he
relationship between vitamin A and cancer (AQels et al.,
1941), appropriate conﬁrél groups were ﬁéed."nealthy
‘individuals were used in order to establish normal levels of
- plasma vitamin A-and beta-carotene in a New York populatidn.

+

- . ( R
Serum parameters in 51 patients with GI cancer were compared

97



tonormal values as well as to values obtained from 33

patients with precancerous lesions and 14 patients with

benign intestinal disordefs marked by persistent vomiting or:

diarrhea. In contrast to the subnormal levels detected in

the cancer patients, non-cancer patients did not show

It A

abnormally low plasma vitamin A or beta-carotene levels “In

addition, low plasma vitamin A concentrations were found in
patients wlth other neoplastic diseases 1nclud1ng 1eukem1a,
bone sarcomas and pancreatlc cancer. By using these various
control groups, the authors were able to conclude that low.
vitamin A levels were not a phenomenen general to
.gastroineestinal diseasevbué specific to ‘cancer.
Unfortunately, the small.patient numbers and eimplistic
analytical methodolegy involved make this data difficult to
interpret. ‘ . .

In another early retrospective etudy (wWahi et‘alq
1965), serum levels of vitamln A ln 60 healthy subjects were
compared ;o.thoee in 409‘pa;ient5qwith oral caneer and 127
patients wifh oral leukoplaEia,'a precancerous conditioﬁ.

In contrast to the findings of Abels et al; (1941), serum
vitamin A levels were low in‘cases with oral leukoplakia:

4&&m~e9mpared to healthy subjects and the mean serum vitamin

98

A concentrat1on was even lower in patlents with oral cancer.'

Atukorala et al. (1979) found that the mean serum

vitamin A, RBP and zinc concentrations from 26 lung cancer

e ——

pat1ents were lower than mean values obtained from patlents

~w1th elcher non-mallgnant lung or non lung d1seases. ' As
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“\ by

normal va.ues for these parameters Qere not determined from
hea;thy subjects, it is not'kgown whether the noh—malignant
diseases had an§ effect on é;tamin A status. Without this
information( it’againvcan‘not be concluded that low serum
vitamin A levels are specific to maf\ignant disease.

The preseht study was undertakeh to’investiga;e the
influence of colorectal cancer and benlgn GI disease on
v1tam1n A status. Serun samples from 41 colorectal éencer
patients, 40 benign GI disease patients and 31 health;
subjects wefe obtalned from the sera bank of the Mayo Clinic .
in Rochester. The benlgn GI dlsease category cons1sted of
patieﬁfsjwith polyps (lO), gastric ulcers (6), 1nf;ammatory
Bowel disease (10), diverticulosis (5), chronic liver
- disease (4) and cholithiasis (5). The hea;thy.scbjects were

sed ?ct es true concrols but rather‘to/ﬁrovide normal
) ws of specific seium parametes. Serum parameters
measured foc assessment of vitamin A status included
,retinol, its';ransport proteins (RBP and prealbumin) as well
as sinc, which is required:for the synthesis of the .
proteins. o - ' : S oa

Results from this study demonstraced that patients with

. »
either benign or malignant‘GI'cisease had subnormal levels.
-of retinol, 'RBP and prealbumin when compared with healthy
subjects (Table 3. 5) Low retinol levels were s1gn1f1cantly
correlated w1th serum levels of both RBP and prealbumin,

thus ref;ectxng comprom1sed metabolic availability of

. . ._]_
- vitamin A. While circulating levels of vitamin A
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‘and its transport proteins were depressed to approx1mately
the same extent in these two patient groups, zinc¢ levels
were subnormal‘only in benign GI'disease'patients. The
discrepancy in mean zinc levels between benign and mallgnant

- !

' patients may reflect a difference in the mechanism

responsible for low vitamin A levels in these two patient

groups.
Benign éI‘diseases such as adenomatous polyps; '_3
diverticulitis and inflammatOryqpowel disease can‘be 5:&4;
considered either as precancerous lesionsﬁor factors whicn
predispose‘to\colorectal cancer. If such conditions precede
cancer development, they may be responsible for the |

subnormal serum retinol concentrations demonstrated in

patients with colorectal cancer.

It camot be stated with certainty that these GI

diseases actually cause depressedfvita in A status. The

subnormal retinol levels may in fact predi pose. . individuals
" (

to these various intestinal disorders{' Vitamin A deficiency

may be a common etiologic factor 1n benign and malignant

. gast&ointestinal diseases. During v1tam1n A deprivation,

.'.normaliepithelial tissue undergoes metaplastic change with
altered growth act1V1ty that parallels early neoplastrc{:
alterations. ‘ Several other disorders of the intestinal
system also involve disruption_of epithelial tissue. 'Benign -
.polvps,‘oarticolarily adenonas,ldisplay a»serious R .
uodisturbance in cellular division with lossfof‘control of

mitotic proceSSes.“Alterations in these hyperplastic

- .
P
LI



polyps, which are considered to be precancerousmlesions,‘
might render the 1ntest1nal mucosa more vulnerable to"

carcinogens (Palnter and Burkltt, 197 ) ' f-i

-

L . Coel

Ulcerative c011t1s and\reglonal enterltls are diseases

of unknown etlology characterlzed by 1nflammation of the '
»

colonlc mucosa It has beén sugges&ed that 51m11ar , U

etiologic: factors are involved in the development of both

I

inflammatory bowel disease and colorectal cancer. For
example, bile acid secretion is elevated by hlgh;leyels of
die:ary meat and-fat. In addition to increfsing the
1nc1dence of colon cancer in experimental animals, bxge
ac1ds and their metabolltes are—capable of produc1ng f}’
degeneratlve changes 1n-colon1c mucosa which may lead toh
inflammatogy bowel disease (Bennet, 1986).

Factors that protect the stomach mucosal lininé,,such as
mucus production anddreplacement of shed or damaged cells,.
normally prevent ulcer formatloe Because of its 1ntegral l
role in the ggpllcatlon of 1ntest1nal epithellal cells,
mucus productlon and the synthe51s and secretlon of.

glycoprotelns, a deficiency in vxtamln A may promote ulcer

formation. The development of several diseases of'the‘

gastr01ntest1nal system appear to 1nVOlve degradat1on of the/r

f

protectlve mucosal cells. As vitamln A defic1ency | {_

compromlses the 1ntegr1ty of the 1ntest1nal mucosa, 1t may

be. a causatlve factor in these dlseases.

A - - o 101

%%{ ,

.r" ‘



"~ 102

4.1. MALNUTRITION AND MALABSORPTION.

. Prospective eoidemiolgic studies suggest that low
‘dietary intakes of vitamin A increaSe the_riskuror
subsequent development of cancar in humans (Bjelke, 1975;
Hirayama, 1979; Shekelle ‘et al., 1981; COldltZ et al.,
‘

1985). As these studles largely measured the intake of

s

carotene—contarnlng foods, any protective effect of total )
v1tam1n A intake may refleot the anti1-oxidant activity of
carotenoids (Krinsky,il§79). Whileha_lou dietarv intake of
preformed or pro;vitamin A may'precede the development of
eplthellal cancers by several years, it will not necessarily
result in depressed serum retlnol levels., Liver reserves Sf
v1tam1n A must be depleted beforé serum retinol levels will

fall (Olson, 1984). | '

Case—control studies glve 1n¢on51stent findings , RS
regardlng the relatlonshlp between vitamin A consumptlon and
'cancer risk (Graham, 1984) | These retrospectlve studles
must be(vlewed with cautlon due to d1ff1cult1es 1n obta1n1ng
d1etary histor1es from patlents relevant to the t1me perlod |

_ betore the onset of their dlsease.,

In this study, depressed levels of”both RBP and o ‘~ési"
prealbum1n in benign and mallgnant GI patlents suggest that nl
'concurrent 1ow serum ret1nol levels were not’ solely the

“;;result of dletary V1tam1n A def1c1ency. Durlng v1tam1n Aa
depletion in rats serum RBP levels are markedly reduced,

‘o

dllkely due to a blockage in: secretlon of hepatlc RBP, whlle?'
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A N c
. ‘ 1 [}
prealbumln levels remaln unchanged (Nevab et al., 1977).

Thus a def1c1ency of only vltamln A would tend to result in
{

low serum levels of retinol and RBP but notmal prealbumin ”

levels. !

103

Patlents with 1nflammatory bowel dxsease are at rlsk of'

pr;oteln and fat malabsorptlon as a result Qf a dlseased or

resefted 1ntest1nal tract Malabsorption of fat—soluble

, V1tam'ns is a known compllcatlon of 1nflamma%ory bowel

disease whlchégas suggested to be the cause of low blood

retlnol levels 1n patients w1th ulceratlve COlltlS (Sharman

1
e

et al., 1979) o 1 | ©
Hypoalbumlnemla is also knownlto be a nutrltlonal
consequence of both 1nflammatory bowel dlsease and ben1gn
polyps, p0551bly resulting from blood, protein and flu1d
loss due to pers1stent diarrhea and vomiting (Glllnsky et
al., 1986) Main et al. (1983) found that low plasma';

retlnol condéentrations were associated w1th depletion of

‘plasma protelns, espec1ally RBP an% prealbumln, in patlents

o

with reglonal enterltls. Patlents with cancer of thh liggebv

( .
Fntestlne have alsé demonstrated depressed levels of se

jdalbumln) RBP and prealbumln (Mlzrno et al., 1978)

Varzous stud1es have indi

A and 'RBP levels may be assoc1ated w1th proteln deflciency;.

Because of thelr short half l1ves RBP and prealbum1n are h

‘ very sens1t1ve 1ndicators of alteratlons 1n proteln or

energy_status,(cofferje, 1978). In chlldren with protein-‘f

'.\‘.“‘ .
i

ated that depressed v1tam1n,f

@energy'malnutfition serum 1evels of RBP and prealbumin,we:efff R
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N 4"(.-) T ‘ v“' : )
‘markedly decreased, whlle d1etary treatment resulted 1n a

rap1d restoratlon of these two protelns to normal levels
(Ingenbleek et al., 1975). ‘The effectlof acute’ malnutrltion
on protein status was

el

synthe51s of plasma pro

éttributed to dimihished hepatic
\eins. | . -
It 1s-poss1ble that \1nc def1c1ency mlght also
_contrlbute to the pathogen.s1s of vitamin A def1c1ency ,f.'
through depress1on of prote1n syntheS1s, part1cula;11y the'
synthes1s of.RBP.andvprealbumln,(smlth et‘el., 1974). Among
"the many nutritional consequences of'inflammatory bowelA

disease, a recently recognlzed compl1cat10n is zinc SR

’def1c1ency Insuff1c1ent 21nc 1ntake may contrlbute to thls '

: compllcatlon, however, dletary 1ntake of zinc was found to

be adequate in apparently 21nc def1c1ent patlents with,
reglonal enterltls (Mcclaln et al., f980) Valberg et - al.

, M\(1986) found ‘that zinc absorptlon was 31gn1f1cantly
A‘\.‘ ara— \ , oy

‘i decreased 1n patlents with moderate or severe 1nflammatory
bowel dlsease .ln_add1t1on to the pos31bllity of 1mpa1red
absorptlon of 21nc by mucosal cells;(lngested 21nc may be“”
lost due to d1arrhea or: dralnage from 1ntest1nal flstulas.
EV1dence‘suggests tha f low 21nc absonptlon'could also be

. related to decreased proteln 1ntake 1n that rats fed low-‘
'ii: proteln diets had 1mpa1réﬁ 21nc absorptlon (Van Campen and—5
o House, 1974) }:" | "'ih ‘ R i :"’, I
It should be poxnted qpt that no 1nformat10n ékéarding
the usual d1etary hablts of patxents included 1n th1s study

was avallable., It 1s therefore imp0551ble to determlne

. ‘
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whether or not ‘the decreased serum levels of v1tam1n A, RBP,'

prealbumln and 21nc Were the reSult of dletary - .‘7@ ”

Ay

. 71nsuff101enc1es It 1s concelvable tnat benlgn GI dlsease

i

patlents w1th ChOllthlaSIS suffered from fat malabsorptlon

resultlng in the malabsorpt1on of V1tam1n A. Futhermome,

.the 4 patlents w1th chronrc llver dlsease llkely experlenced‘

1mpa1red hepatlc synthes1s of RBP and prealbumln resultlng
"in concomrtant 10w serum v1tamrn A levels. Indeed,‘of all
benign‘GI disease patients, those'subjectsvwdth;éhrdnic
"liver dlsease had the most severely depressed serum RBP and

prealbumln values h ) - \

4.2.  STRESS S

"Physical‘stress, trauma and infectiéns are associated
w1th depressed levels of. c1rculat1ng retlnol and presumably
1ts carrler protelns. Several stress- 1nduced alteratlons in

——

. the absorptlon or netabollsm of V1tam1n A have been

‘suggested as p0531ble causes of tkls effect.
As stress stlmulates the$adrenal glands, vltamfn'A
depletlon may be the result ot 1ncreased adrenal cortlcal
;.act1V1ty. In fact, - studles have demonstrated that the
admlnlstratlon of eortlsone results 1n lower v1tamin A .
= ‘ievels 1n the 11ver, kldney, adrenals, thymus and plasma in
| rats fea def1C1ent, normal or exce581ve quant1t1es or

v1tam1n A or beta-carotene (Atukorala et al., 1981 Clark

and Colburn, Q955)
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”SiVatumar and Reddy'ﬁl972) found;that children with. ”

acute‘febrile infeCtions-had an.excesslve urinary 1css‘6f

labeled v1tam1n A resultlng in 1ncreased body requlrements

Gross mealrment of v1tam1n A absorptlon was also

-

demonstrated in these chlldren, an effect attrlbuted to

‘ elevatlons in adrenal cortical’ act1v1ty“

g;levated plasma‘levels of corticosterolds‘have‘been‘

K detected‘in'patients with'epithelial cancer of the breast‘

(Desphandeet'—al.‘, 1969) prostate (Doe'et al., 1969) and

lung (Lichter and erelt, l968)~' These flndlngs suggest

. that V1tam1n A def1c1enc1es in cancer pat1ents may be the

result of an 1ncreased requlrement for the V1tam1n |

assocxated w1th elevated plasma cortlcoster01d'levels.'
In addltzon, an elevated rate of tlssue catabollsm

' ;relatlve to the rate of hepatlc mob1112at1on is thought to

play a role 1n the lowered retlnol levels ;‘ Infectlons,

fever and stress are assoc1ated W1th elevated levels of
A

thyrox1ne, whlch 1ncreases the catak 1c»act1V1ty of
t1ssues. ‘ Patlehts with rheumatlc fe er and other
1nfect1ous dlseases showed a decrease in serum vitamln A

I

concentratlons, W1th development of the d1sease, that was

N

accompanled by a parallel change in RBP (Nutr. Rev.,gl981L

As no change 1n v1tam1n a 1ntake occurred 1n these patlents,

k]

_w1t was suggested that the 1nfect10n resulted 1n depressed mp‘

serum ret1nol levels due to an 1mpa1red release of the

e

.‘.—-

V1tamin from the 11v’er or due to an 1ncrefased turnover of

RBP..
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Burn‘patlents demonstrated reductron 1n serum v1tam1n-A

and RBP levels which closely reflected the severlty of burn

,‘injury (Cynober et al ot 1985) The’ maxlmal decrease in

”'these parameters took place 4 to 9 days after the burn

1njury durlng the hypermetabokac stage assoc1ated w1th

o decreasedlserum am1no~ac1d levels. Low RBP levels may have

. been the”result ofeincfeased,breakdown or_decreased
“synthe51s of the proteln . Return.to'normal Values was‘more‘
'rapld for RBP than for v1tam1n A, suggestrng that the
subnormal vitamin A levels were causeg/by alteratrons in RBP
metabolism.. e , ) ‘. o

‘It'is possible thatvthe low serum values of vitamin A
and‘related‘parameters demonstrated in the.present h
investigatlon are associated with physiological stress

-

1nduced by elther benlgn or mallgnant dlsease. As serum

’
v

‘wcprtlcoster01d concentratlons were not measured 1n these

,patlents, it is drfflcult to ‘assess the presence or effect

In th1s study, patlents w1th elther benlgn or mallgnant

\

of stress.

dlsease who underwent surgery had somewhat lower values of

V1tam1n A, its carrler protelns and zrnc than d1d patlents
e ,

'who were not treated by surgery. Cancer patlents uﬂBergoxng

'resectlon of the colon or rectum rarely exhlbit malnutritfbnft“"

"due to loss of absorptlve area of the 1ntest1ne (Lawrence,
. 1977) However, stress assoc1ated w1th surgery may provoke a
' L4

;Vmetabolrc response resultlng in: a vitamln A def1cency.~'

Se;ftervetral, (1973).demonstrated that stress induced by

a



Serum concentratlons of v1tam1n A, RBP and prealbumln were\

also reduced 81gn1f1cantly; from normalwvalues, in patients

follow1ng surgery (Kasper et al.,‘l975- Ramsden'et al,,
.

1978) Postoperative reductlons in serum values of these ‘ R
parameters occurred desprte an optlmal supply of essential - . =
nutrlents Thc 1mmedlate post-+ surglcal perlod was also

characterlzed by an- 1ncrease in urlnary excretlon of retlnol

- .
and RBP.' The fall 1n serum prealbumln levels, however, was,

-

shown to be the result of decreased hepatlc synthe51s of

this proteln rather than increased catabollsm or ur1nary
\\\EXcretron (Ramsden et al;,‘1978).‘ ‘Reduced c1rculat1ng

q ant1t1es of prealbumln avallable for complex1ng with RBP'

d result in 1ncreased glomerular f11trat1on and urlnary
SN R N
loss of RBP and retlnol » o , . ‘ . ,

These data suggest that stress markedly increases the
body” s, requlrement faqr v1tam1n A. In summary, the reductlon
in body retlnol levels observed under condltlons of stress '

may be medlated by a decreased moblllzatlon from hepatlc

-~

"stores, 1ncreased cellular need leadlng to tlssue depletlon,

B S

decreased absorptlon and/or 1ncreased renal 1oss of: the

‘:e'V1tam1n.f ' _ | ' ‘ |
In thls study, lower mean serum Vltam n A, §§ and z:.nc

levels in samples collected shortly after surgery (less thanf:f
n one month) versus those collected approx1mately one month !

<8
.

later, reflect the known trans1ent effect of stress on gji“r,“f'ff{

clrculatlng vrtamin A ... These results suggest that surgery
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did contribute to tpe depression qf serum vitamin A levels

[ .
A .

”!.in'Gl patientS'
ﬂ;LP order to further 1nvestlgate the effect of time

"
lapse between surgery and blood collectlon on these’

patameters, serum from post operatlve colorectal Cancen
Jpatlents‘were examlned Frozen serum samples from 134 |
:patlents were obtalned from the Cross Cancer. Instltute 16
‘Edmonton. BIood samples analyzed fro? these patlents had h
ybeen collected over ' longer tlme 1nterva1s follow1ng surgery
(between.l week to 8 months) In contrast to the cancer ;‘
patlents from the Mayo Cllnlc, these subjects were
apparently dlsease free after surgery
A 51gn1f1cant dlfference was detected for serum retlnol

with. the lowest average values in blood samples collected

lesslfhan one’ month after surgery and ‘the. hlghest average

value

A
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samples collected more than 6 months after surgery"

'Slmllarlly, the hlghest values for serum RBP, prealbumln and.f

' 'zinc were found in samples w1th the greatest t1me lag
- between surgery and blood sample collectlon. Serlal blood
samples were analyzed 1n 35 of the CCI pat1ents the mean

i,tlme span between the two blood collectlons was 79 days..

‘V‘Increased mean values of all four parameters were found in

KL

‘ﬂ¢tne second serum sample taken from these patients, the
.‘dlfference belng greatest for v1tam1n A.; Because surgery

.apparently cured Ehese patlents of colorectal cancer, the f

' y'trend towards normallzatlon of serum values of these

‘L‘ —

"Vgparameters may reflect recovery from surgery or. recovery _ﬂ?;"‘
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- ADJUVANT TREATMENT L

s ) "

The treatment of cancer with chemotherapeutlc agents or

radiation commonly causes side effects which adversely

’

affect nutrltlonal status. Taste aberratlon, nausea and

.’-‘ W

vomltrng may depress food 1ntake, whlle diarrhea and damage

i K 3

to the gastr01nteSt1nal tract result 1n malabsorptlon of
~ e

several nutrients‘(Donaldson and Lenon, 1979: Ohnuma and
Hd}land, 1977). In addltlon, llver damage is often induced

'by chemo- or _immunotherapeutic drugs leading to serious

nutritioﬁal problems.

Informatlon regardlng the effect of adjuvant cancer

- thergpy on vitamin A status is scarce. Howevef, one study
showed that patients with testicular terato!!ﬂggd a
. N £ v'(

" transient drop in plasma vitamin A, RBP and prealbumin
: ?

levels upan treatment with the vinca alkaloid, vinblastine

(Atukorala, 1980),

When.comparing patients from the Mayo Clinib'who did
not reeeiVe aéjuvast treatment to those who were undergoing
Cheme- 1mmuno— and/or radlotherapy, no statlstlcally
. 51gn1f1cant'd1fferences exlsted between serum levels of the

- parqmeters<measured - But because no information was
avallﬁgle outllnlng/the spec1f1c type o? duratlon of
trefiment given, no conclu51ons can be made abodt the effect

§pf§%ancer therapy on vitamin A status in these patients. - o
. - : .
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'4.4. DIRECT EFFECT OF TUMOURS

The presence of cellular binding proté;n for retinol’
(CRBP) and fetinoié acid (CR@BP) in ‘tumours éuggesfs that
neoplastic tissue has an increased requiremeﬁt féh vitamin
A. In comparison to normal adjacent ;issue,.the ievels of
CRBP and CRABP are higher in human neoplastic tissue of the
éral cavity (Ong.et Al., 1982), lung and breast (Ong eé al.,
1975). An incréased requirement of‘viﬁamin A by tumour
cells may result in a greater demand for RBP synthesis and
lead to depressed RBP'and vitamin A status.’ |

Since zinc is requi{ed for ﬁucléic acid and protein
synthésis (Vallee, 1977), rqpidly‘growing tumoﬁr tissue may
increase the bqdy’s requirement for zinc. The subnormal
Serum zinc levels detected in patients'with éancer may
ref lect the-z;nc requirFments of neoplastic tissue. Davies
et al. (1968) found markedly depressed plasma zinc levels in
patients with carcingma of {he bronchus aslcompared to
healthy subijects And §ubjects with chronic bronchitis or
other iilhess offthe pulmdnary system. Malignant breast
tissue was found to have a mean éonbentration‘of zinc 5.7

times that of normal adjaceht breast tissue in human
*2 '

subjects (Schwartz et .al., 1974). ' The authors concluded
that unless neoplasms_aeVelopfin tissues rich in zinc,

subnormal serum zinc concentrations will result in cancer

patients.

As all cancer patients‘froﬁ’the Mayo Clinic had distant
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metaétases aﬁlthé time of blood sample collection, effects
of the primary colorectal tufiour on vitamiﬁ A status cannot
be distinguished from the possible effects of a seéondary
tumour. .It would épbear that distant metastases did have
some affept on vitamﬂizA status in that patients”With

metastaticﬂdisease in or more sites had lower levels of

vitémin,A, RBP and~prealbumiﬁ than did ‘patients with only 1
éécondary tumour. In conttast, the‘eXteﬁq of spread of the
disease did ‘not have any influence on zingc levels.

It might be expected that liver metastases would result
in low vitamin_A levels in association with depressed
hepatic synthesis of RBP and pfealbumin. HQWevér mean
values of the serum parameters were not significantly
different in patients with liver metastases when compared to
phelmean from all cancer patients. while «? gignificant
differences in levels of vitamin A and its rélatéd factors
were'depected in patients with different metastatic sites,

" the small nuﬁber‘éf patients in each group precluded a
meaningful comparison; Larger numberé q; meiastatic cancer
patiengs are needed in order té evaluate ppssible |
differences, between the sites.

In order to assess the effect of metasti‘c disease on
serum vitamin A status, a comparison should be made between
colorectal cancer pa;iehts with and without distant
recurrences. 'None of the CCI patients had distant
. Metastases at tne time éz'ﬁﬁich their bldod'Was‘éollected,

but a meaningful cohpariéon cannot be made between CCI and
. I ] ’ .

. ,
N Py
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Mayb Clinic pétients because ' of differences in storage
'conitions of serum sampleé. Aiso Fhe possiSle direct‘
effegt'of the colorectal tumou:‘in CéI patients is not fully
-preSent as thesé patiént% were considered Eo be free of
. cancer when theirlblood samples were{collected. |

The stage of‘progression of colbrectél cancer éppearéd
to ﬁave sorﬁe effect on serum lrevels of vitamin A,‘RBP,,
préalbumin and zainc 1& the 5?& patients.  Serum 1eveis of
all parameters_measu;ed were lowef in patients in whicﬁ the
coloreétal tumour had iﬁvaded the lymph nodes (bukes C) as
compared to patients without lymph ﬂode involvemenﬁ‘(Dukes
B2). This difference was partiéularily large.for.vitamin A
and zinc. It would épbear from this data théé vitamin A
levels reflect the severity of the. disease. To further
inyestiéate this question studies should be conducted using

patients with different stages of colorectal tumour develop-

ment without metastatic spread.

4.5. DIAGNOSTIC AND PROGNOSTIC ‘INDICATORS .

Prospective serum studies have demonsprated‘thét low
serum ietinoi-eXisted‘long betore the development'of various
‘epjthelial cagficers.. In the first of such studies, Wald et

v (o]

%1980) prpposed that serum retinol levels in man may
A . g

. . . R A ) : !
have predictive value for subsequent cancer development,

particularily for lung, and gastrointestinal cancers.
. e . T P '
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'Similarily, retrospective studies have generally shown that
patients with epithelial cancer have subnormal v1tamin A

status. This suggests that serum values of retinol and its
related factors maygbe used as early diagnostic indicators
__for epithelial cancers. Because colorectal‘cancer has a
"slow growth rate and a correspondingly long interval before
reaching“symptom—producing size, it would be of gréat
benefit if the diagnosis of the disease'could be made during
‘this asymptomatic. stage:. It has been suggested that
survival from colorectal cancer would be 81gnif1cantly
improved if adequate screening tests were used (Van de

Velde et.al., 1986).

In the present study, serum values‘of retinol; RBP,
prealbumin and zinc from the Mayo Ciinsc subjects were
tested for their ability to distinguish between healthy
subjects, patients with benign GI disease and colorectal
cancer patients. 1In view of the fact that serum vitamin A,
RBP and prealbumin levels were very similar for patients
g}th benign or malignan disease, it cannot be expected
that these parameteté» ould dlStngUlSh between the two 1
patient groups. Also, the considerable overlap of all serum
parameter‘levels between the healthy‘and patient groups
"warrants‘caution in propcsingithat these biochemical indices”’
could be used as diagnostic tools for colorectal cancer..j -
According to their serum levels of these four‘parameters,t_
.56,6% of the subjects were correctly catagorized as being.

healthy or diseased ‘While this is an 1mprovement over the.. R .




'
42% of subjects who would he.correctly‘categorized through
,random dlstrlbutlon into 1 of the 3 groups, the hrgh level
of error in thls test would appear to preclude the use of
these parameters as a dlagnostlc tool. Thrs;test lacks the
degree h1gh of sensitivity and spec1f1c1ty that is neededlln
a screening diagnostic tool for the d1agnos1s of cancer
(Stelnburg et al., 1986). ‘
Little information is available as to whether the

‘status of'vitamin Af; its carrier proteins and zinc‘can be.
used to predict the siurvival outcome of cancer‘patients.
Serlal measurements of carclnoembryonlc antlgen (CEA) levels
have prognostic value in. relatlon to recurrence of
colorectal cancer or the development of matastases, but,
they are'of'little value with respect.to duration of
surv1val of cancer patlents (Aabo, et al., 1986) Because
abnorma11t1es in hepatlc protein synthesxs often accompany

‘ advanced cancerf Milano et al. (1978) investigated the use

_of serum p;ealbumln, RBP and albumin levels as prognostlc'
‘rmlndlcators in postoperatlve; colorectal cancer patlents."
Prealbumln proved to be a sen51t1ve 1nd1cator of tumour load

in that serum levels of prealbumln dropped w1th tumour

progressron. As.a rap1d fall in- levels of th1s serum

‘fproteln often occurred 2 to 3 months prlor to a patients s

o

deathy'serlal measurements of prealbumln also appeared to.
.'have short-term prognostlc 81gn1f1cance.

A further study was undertaken by Basu et al(1985) to

1nvestlgate whether lower plasma ret1 ol is assoc1ated w1th

4
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. an increased risk of cancer_recurrence in post-operative;’
.apparently disease—free colorectal'cancer patients‘ Plasma
( {
level{}of ret1nol and RBP were found to be lower in12
patlents who subsequently developed a cancer recurrence as .
/"
' Because the followupwof these patrents was less than 1 year,
a\subsequent 5 Year followupfof éubjects from this
colorectal cancer patlent populatlon was undertaken-in the’
\ present study. ‘T: ' , ,‘
puring this followup period,‘32;2% of Duke’s B2 and
Gshéi of Duke's c patients 5eueloped a recurrence of cancer,
while 21 3% 6f Duke’s B2 and 50 8% of Duke’s C patlents d1ed4
of thelr cancer.recurrence. Values of vitamin A, RBP,
“prealbumin and zinc from serum samples taken w1th1n 6 months
- of supposedly curatlve surgery d1d not 81gn1f1cantly dlffer
'between patlents who remalned dlsease-free and patlents who
\subsequently developed a cancer recurrence. Us1ng these )
‘values, only 43 l% of patlents were correctly clas51f1ed
according to their surV1val status after approxlmately 5.
years. ThlS strongly suggests that serum values of V1tam1n€Aﬂ
'and 1tS\related factors,‘measured in apparently dlsease freef
~subjects soon - after resectlon of colorectal tumours, do not
‘_aid 1n predlctlng long-term surV1va£ status. Rather, serlalf
.postoperatlve measurements of these parameters may be of used

- \
'in detectxng cancer recurrences W1th1n months of thelr

development (Mllano et al, 1978) ; lt,‘ N ‘.‘ Q SR
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4.6. CONCLUSION
) T
In accordance with findings from'previous studies,'

'patxents with colorectal cancer were found to have subnormal

vitamin A status_as.compared to healthy subjects. In an
.attempt to compensate for'the influenCevof non—specifich
disease on vitamin A‘leyels, szjects with-benign;GI‘disease
were used,as controls.  The biochemical availabillty of

vitamin A, refleéted by serum retinol, RBP, and prealbumin

»

levels, was depressed to the same extent‘in patients with
'elther benlgn or mallgnant GI dlsease Thus, subnormal

c1rcu1at1ng levels of v1tam1n A and its transport protelns
\ . ‘

appear to be associated w1th several dlseases 1nvolv1ng
dlsruptlon of 1ntest1nal eplthellum. Depressed Z1nc levels‘

1n ben1gn but. not mallgnant dlsease patlents may reflect a

dlfference in the mechaplsm respon51ble for subnormalg

) vitamin A’ status.

Whether subnormal vitamin A status is a cause or effect/-

of eplthellal cancer or other 1ntest1hal dlsorders 1s not

_known.« Numerous factors are 1nvolved 1n the regulatlon of
serum retinol levels, 1nclud1ng the dletary 1ntake,.y,“

‘absorptlon and metabol1c requlrement of several nutrlents.

w

Stress, related to the presence of dlsease or from surgery,

- may lead to a tran31ent reductlon 1n c1rcu1at1ng V1tamin A

‘;levels.‘ Surgery d1d appear to depress serum levels of all
pparameters measured, partlcularlly zrnc, 1n both benign and

.mallgnant dlsease patlents. . .
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‘°V1tam1n A*deflclency’may be an ethlOng factor in the

‘ developmeng of dlseaae affectlng thefintestlnal epxthellum
e
Flndlngs of- low.serum levelS'of v1tam1n A*and 1ts related

= P

factors 1n patlents w1th beﬁmgn or malﬁgnant GI d;seas& '

,suggest that the d;etary 1ntake of v1tam1n A should be

1ncreased to, at leas;, meet the recommended nutrlent 1ntake

——

vfor Canadlans of GOO to 1000 RE per day, The p0351b111ty of

118

1ncreased requlrement for v1tam1n A and zinc by tumour cells‘

preclude suggestlons for supplementatlon with excessive
amounts of these nitrients. Should the need for vitamin A

by these tlssues be 1ncreased, large doses could 90551bly

enhance ‘'the growth of neoplastlc tlssue.
Patlents with colorectal cancer or benlgn GI dlsease
could not be accurately d1st1ngu1shed from healthy subjects
‘accordlng to thelr serum levels of retlnol, RBP, prealbumln
and zinc. Slm1lar11y, postoperatlve levels of these
parameters~d1d not a1d in %aklng predlctlons regardzng the

long term surv1V1al.status of colorectal cancer patlents.

-

'Because their c1rcu1at1ng concentratlons are 1nfluenced by

.several factors, these blochemlcal 1nd1ces do not prOV1de

I

‘;the sens1tLV1ty or spec1f1c1ty requ1red ot tumour markers.‘

s '
[ el
[

E .
[

-
-t



. REFERENCES
A

AABO, . K., PEDERSON, H., KJAER, M. Carcinoembryonic antigen -
(CEA) and alkallne phosphatase in progressive . . ) ,
colorectal cancer with special reference to patient
survival. Eur. J. Cancer Clin. oncol. 1986; 22: 211~ .
217. ‘ b . T ‘

'ABELS, J.C., GORHAM, A.T., PACK, G.T.; RHOADS, C.P.
Metabolic studies in patients with cancer of the
gastr01ntest1nal tract. I. Plasma vitamin A levels in-

,patlents with mallgnant neoplastlc dlsease, particularily,
of the gastrointestinal tract. 'J. Clin. Invest. 1941;

45: 2369-2372. R ! '

ALBERTA CANCER BOARD. Inc1dence Rates By Age and Sex, 1985
. Unpublished. . S : : '

'ATUKORALA, S., BASU, T. K., DICKERSON J.W.T. Effects of
corticosterone on the plasm and tissue concentrations
of vitamin A in rats. " Ann.. Nutr. Metab. 1981;25:234-
238. ' - o

ATUKORADA,‘S” BASU, T.K.,” DICKERSON, J.W.T., DONALDSON, D., -
SAKULA, A. Vitamin A, zinc and lung cancer .Br. J.
Canter. 1979; 40: 927-931. R

ATUKORALA, T M.S. Vitamln A and lung cancer. - Thesis. 1980

BANJI, M.S., AHMED, F. EBffect of oral contraceptive
- steroids on v1tam1n status of women and’ female rats.
World Rev. Nutr. Dlet. 1978 3l 135~ 140

BASHOR, M., TOFT, D. D” 'CHYTIL, FV In. V1tro blndlng of
retinol to rat tissu€ components. . Proc, Natl. Acad‘ o
Sc1. USA. 1973 70:, 3483- 3487. " ’  _‘ 'd,' IR

‘-BASU,.T K.t CHAN, U. M., FIELDS, A L. A., MCPHERSON, T A,‘_~
) Retlnol and postOperatlve colorectal cancer patlents.
Br. J. Cancer.. 1985 51 61~ 65 ] ,
w BASU T K., ROWLANDS, L., JONES, L., KOHN, Ja Vltamln A .
- ~ “and retinol=binding .protein in pat1ents with ‘myelo- .. .
matosis and cancer of eplthellal origin. ~ Bur. J. - "
Cancer Clln. Oncol.v 1982; 18: 339- 342..hw"-_‘."} : ﬁ

“BBNNET, Jv D.H Ulceratlve colltls-c The: result of an altered
_bacterial metabolism. of bile .acids or cholesterol '
Med Hypotheses. 1986 20 125- 132.3‘,,~. .

‘;V‘BICHLER, E.y DAXENBICHLER,fGﬂ, MARTH, ‘C.H. Vitamin 'S ‘status

and ret1nol blndlng protelns 1n carcinomads. of the. head ’
R ST -i_vll9ﬁ',’ ”1}v' "f“:ff.de:.gFfwjf;yz




VBJELKE, E. Dletary v1tam1n A and human lung cancer.  Int.
; { ,

neck reglon Oncology l983~ 40~-336?339'

J. Cancer 1975 15 561 565.

BREVARD, P.B., ANDERTQN, L.G., MAGEE, A. c\__;n,#{vo‘effects
of ret1no1ds ‘on ~the hlstologlcal changes in colorectal
tissue. ! Nutr. Rep. Pnter. 1985; 31: 635-648.

BROWN, E.D., CHEN, W., SMITH, J.C.  Vitamin A metabolism
during the. repletlon of zinc def1c1ent rats. . J. Nutr.
1976 106; 563 568. .

CHEN, C. C., HELLER, ,' Uptake of retinol . and retlnolc acid
from serum retinol-binding protein by retinal pigment
‘“epithelial cells. J. Biol. Chem. 1977; .252: 5216-
'5221. , Lo

 CHOPRA, D.P., WILKOFF, L.J. Inhibitioh. and reversal of

x

S

carcinogen-induced lesions in mouse prostate in vitro;
by all trans-retinoic acid.  Proc. Am. ‘Assoc. Cancer
Res. 1975; 16: 35. o : - - o

CLARK , l.; COLBURN, R.W. A relatlonshlp between vitamin A
‘metabolism and cortlsone. Endocrinology. 1955; 56:
232~ 238 C o

CLIFFORD, P. CarcinOgens in the nose and'throat. Naso-
pharyngeal: carcinoma in Kenya. Proc. Roy. Soc. Med.
1972 65 682 686 C N ‘ ’ o ‘

i

COHEN M. H., PRIMACK, A., BRODER, L. E., WILLIAMS, L R."
Vltamln A'serum| levels and dletary vitamin. A intake. 1%5
lung cancer patients. Cancer Letts. 1977- 4: 51 54

.COHEN;"S. M., WITTENBBRG, J F., BRYON, G T.A Effect of
.avitaminosis A“and hyperV1tam1n051s A on urinary
. bladder carcinogenicity of N-=[4=-(5-nitro-2-furyl)- -
L 2= thlazolyllformamlde.x Cancer Res.. 1976 36 2334~ .
2339 : . S .j 1[‘;‘ ) : S .' ,” .

t,“COLDITZ, G. A., BRANCH, L. G.,,LIPNICK, R. J.,(WILLETT, W. c.,‘av-.ﬁ“

.~ ROSNER, B.y POSNER, ‘B. M.,‘HENNEKENS, C.H. 1Increased:

T green‘and yellow vegetable intake and lowered cancer

' deathis in-an\elderly. populatlon. Am.-J _Clln. Nutr.n
1985 41- 32~ 36.-_ SRR R I .

”chOBER,L.,DESMQULINs,D.,LIORET,N.,AUSSEL,C.,HIRSCH-»zT"

"Vﬁ_j'* MARIE, H., SAIQY, R.- Significance of vitamin A and- : 3
‘retinol-binding proteln serum. levels after burn 1njury.‘rs‘-‘

C11n Chlm. Acta.- 1985- 148 247 253



S s m

‘DALIAM,, ., SAVOURE, N., COTTENCIN, C., NICOL, M. Cancero- - o
' ‘ genese experimentale. "Stimulaton de 1 “ornithine ° oo
‘ decarboxylase de la muqueuse colique chez.-'le rat ,
carence en vitamine A par le desoxycholate de sodium.
Bull Cancer (Paris). 1986; 73: 243 250.
DAVIES, I.J.T., MUSA, M., DORMANDY, T.L. measurement of L
plasma zinc. J. Clin. Path. 1968; 21: 359- 365 -

‘. Q

' DELUCA, L., ANDERSON, H.; WOLF, G. The in vivo and 'in vitro.
biosynthesis of lung t1ssue glycopeptlde Arch. . oo
o ”‘Intern Med. 1971 127 .853-857. ' ‘ '

"DELUCA, L , LITTLE; E.P., WOLFE,‘G. Vltamln A and proteln
synthesis by rat intestinal mucosa. J. Biol. Chem o
1969: 244 701 708. o ‘ L ‘ A

DELUCA, L., MAESTRI, N., BONANNI, F., NELSON, D. R , o
Maintenance of epithelial cell differentiation: The .
mode’ of - action of 'vitamin A. Cancer.- 1972; 30z 1326-

1331. B

DELUCA, L.M. The direct involvement of vitamin A in
~ glycosyl transfer ‘reactions of mammalian membranes
Vitam. Horm 1977 35: 1-57. " ° . T

I3

e — ’ ',*.Qw‘é

Depression of serum levels of retlnol and retlnol b1nd1ng
protein . during infection. Nutr. Rev. 1981; 39: 165-
167. T . .

DESPHANDE, N., JENSEN, V., GARSON, P., BULBROOKrRxD. Some
aspects of the measurement of cortisol production in

patients with breast cancer. J. Endocrinol. 1969; 45:
571 578. - ' - o

N

" DOE, R. P.; DICKERSON, P., ZINNEMAN, H H., SEAL, U.S.
S Elevated ‘nonpretein bound .cortisol (NBC) in pregnancy,’
during: estrogen administration, .and in carcinoma of the
prostate. J. Clln._Endocrln. 1969 29 757 766

”:_ﬁOLL, R., PETO, '. The causes of cancer—quantltatlve ‘
- estimates of av01dable risks of cancer in’ the Unlted_“
States today. s N C. I.‘ 1981 66 1191 1308 ‘

:SoDONALDSON,‘S S., LENON, N. Alterations of nutritional ,”~-‘r ~‘j~'
status. Impact of chemotherapy and radlatlon therapy
Cancer.' 1979 43 2036-2052._, - : . ,

nyOWLING;JJ.E., WALD, G. The blolog1cal function of v1tam1n L
A”ac1d Proc. Natl Acad Sc1. USA. ,1960 46 537-_ e
608 T : '_. melma R

7TFLAIM, E., WILLIFORD, W. o., MULLEN, 3. o., BUZBY, G. P., :
R CROSBY, L"Q. The relatlonshlp of serum cholesterol and




122

v1tam1n A in hospltallzed patlents w1th and w1thout
cancer. Am. J. Clln. ‘Nutr.  1986; 370- 378

wEUbIMAKI) Y. Formatlon of carcxnoma in alblno rats fed on
deficientwdlets . J. Cancer Res. . 1926; 10: 469-477.

 GAL, 1., DPARKINSON, C., CRAFT, 1.  Effects of oral contra-
' ceptives on human plasma vitamin-A levels. Br. Med. J.
1971 2: 436-438. ‘ : .

! '
"

”~IGANGULY,VJ.ttAbeorbtion of vitamin A. ‘Am.'q.ﬁclin.‘Nut:.
b 1969- 22- 923-933. : : o g L

' GENTA, V.M., KAUFMAN, D.G., HARRIS, C.C., SMITH, J.M.,
SPORN, J.M., SAFFIOTTI, U. Vitamin A deficiency
-enhances . the binding of Benzo(a)pyrene to tracheal
eplthellal DNA Nature '1974; 247: 48- 49

GILINSKY, N H., ELLIOT, M S.., PRICE, S.K., WRIGHT, J.P.
The nutr1t1onal consequences and neoplastic potentlal
of juvenlle polyposis c011 D1s .Colon Rectum. '
1986 29 417~ 420 -

‘GLOVER, J., JAY, C.,-WHITE, G.H. Distribution’ of retlnol-
binding protein'in tlssues.‘ Vitam. Horm. 1974; 32

ofe

215-235, - S

GOFFERJE. H. | Prealbumln and retlnol b1nd1ng proteln- h1ghly
‘-sens1t1ve parameters for the nutritional state. in
respectaof proteln. Med. Lab. 1978; 5: 38-44.

GOODMAN, * D.S., HUANG, H.S., SHIRATORI, T. ''Mechanism of the
‘ biosynthesis of vitamin A from B- carotene. J. Biol.
Chem. 1966- 241‘ 1929 1932, ‘
S A
- GOODMAN, D S., HUANG, H.S..,. SHIRATORI, T.’ Tlssue dl%{rlb—v
‘. ‘ution' and metabolism of newly absorbed vitamin A in the
‘rat. J. Llpld Res.‘ 1965 6 439ﬂ_33£~_‘—— ‘

‘ "‘GOODMAN, G.E.; ALBERTS, D. S.s PENG, Y.M., BEAUDRY, J.,‘
'~ LEIGH, 8. A., 'MOON, T.E." ‘Plasma kinetics in oral e
retlnol in .cancer pat1ents.» Cancer Treat.. Rep. 1984 ST
68 1125 1133.v)r, ’"‘., . ce Sl BTN
GRAHAM, S.; DAYAL, Hiy. swzmson, M., MITTELMAN, A., | e
"WILKINSON,. G. . Diet in the, epldemlology of cancer. of L
| "the colon and rectum.‘ J.N. C I. 1978 28 421 424
GRAHAM, S.' Epldemlology of ret1n01ds and cancer. J:N.C.Ily;
L 1984» 73 1423 1428 ;“, e ‘_., o ‘f, “f'u‘] .
GREGOR, A., LEE, P N., ROE, F J C.,—W{LSON, M J.,,MELTON, A..:

Comparlson of dletary hlstorles ‘in lung cancer ‘cases’
ahd controls‘W1th spec1al reference to V1tam1n A._, ;;Tﬂ




Nt cancer. 19sb<,2:.93-97f

HAINES, A.P., THOMPSON, S.G., BASU T.K., HUNT, R. Cancer,
retindl blndlng prote1n, zino‘and‘copper; Lancet
1984,‘1: 52-53. Lo .*"“ R

T

HANKIN J.H., KOLONEL, L.N., HINDS M. W Dletary history K
methods for epldemlologlc studies: Appllcatlon ina. -
case-control study of vitamin A and lung cancer, '
J. N C I 1984; 73 1417- 1421. ‘

HANSEN, L.G., WARWICK, W A fluorometric method for the'

determlnatlon of serum v1tam1n A. Am. J. Clin. Pathol.
1968; 50: 525 529 ‘} : : A I ‘

HARRIS, R. W C ¢ FORMAN D., “’DOLL, R., VESSEY, M.P., WALD;"

\ N.J. Cancer of. the cervix uteri ‘and v1tamin A r
‘Br.‘J. Cancer 1986 53 653 659 ‘ : N
HELLER, J. Characterlzatlon of bOV1ne plasma retinol~ °
binding protein and evidence for lack of binding _ °°
between it and other bovine plasma protelns J. _
Biol. Chem. 1975 250: 6549 6554. C

HILL, D.L., GRUBBS C J.- Ret1n01ds as chemopreventlve .and:
.anticarcer ‘agents in intact animals (rev1ew) C
Antlcancer Ra; 1982 2: lll 124 T

HIRAYAMA, T. Diet ' and cancer. Nutr.‘Cancer 1979; 1:
, 67“81 | v o Bl ‘

\

HUBER, A.M., GERSHOFF, S.N. Effect of zinc def1c1ency on

123

.~ the oxidation of retlnol and ethanol in rats. J. Nutr...

1975 105 1486 1490

IBRAMIN KL, JAFAREY, N. A., ZUBERI, S. J.f Plasma vitamin AT

- and carotene levels in squamous cell carcinoma of oral
cavity and. oro—pharynx. Clln. Oncol 01977- 3: 203-»
"207. e u,‘,\ . o ' :

P

EINGENBLEEK, Y., VAN DEN SCHRIEK, ‘H. G., DE NAYER4 R., DE fAf

g VISSCHER, . M. The role of retlnol binding protein in
p:oteln calorle malnutrltlon. Metabollsm. 1975‘ 5:
38 44 PRI ‘ '

‘RNA synthe51s. Am .J Clln Nutr. l96?~22 1048-
10583:, ST . o e DR

A‘
R
Y

J Clln.,Invest.A 1968 47 2025 2044

' Ve

. SRR S ’bf\ B ]
‘J:JOHNSON,‘B(L, KENNEDY, M.,’CHIBA,‘N. Vltamln A and nuclear i

f;KANAI, M.,‘RAZ, A., GOODMAN, D S Retlnol blndlng prote1n.3*“o”:
- The transport protein for vitamin.A in. human plasma.;i‘




@

l‘ .'ﬁ
KANDA, Y., GOODMAN, D.S., CANFIELD, R.E., MORGAN, F.J. The
amlno acid sequénce of human plasma prealbumin. J.
¢, ~ Biol. Chem.." 1974 '249: 6796~ 6805

. MRK, 'J.D., SMITH, A.H., SWITZER,.B.R., HAMBS, C.G. Serum.

itamin A (retlnol) and cgdsrer 1nc1dence in Evans
County, Georgia. J.N. C.I. 1981; 66: 7-16.

KASPER, H.,‘BRODERSON, M.. SCHEDAL, R. Concentration of
vitamin A, retinol-bi.ding protein and prealbumin in
serum in response to stress. A contribution to the
prevention of stress dlcers by means of vitamin A.
Acta. Hepatogastroenteral. 1975; 22: 403-408.

{RINSKY, N.I. Carotenoid protection against oxidation.
Pure Appl. Chem. 1979; 51: 649-660C.

bKUMMET, T., MEYSKENS, F.L. Vitamin A A potential

inhibitor:of human cancer. Sem. Oncol. 1983; 3:
281-289. ' '

LAMBERT, B., BRISSON, G., BIELMANN, P. Plasma vitamin A .
_and precarnicerous lesions of cervix uteri: A
prellmlnary report Gynecol. Oncol. 1981; 11: 136-
- 139. , o o o

LAWFENCE, W. Nutritidnal consequences of surgical resection

of the gastrointestinal tract for cancer. Cancer Res.
1977; 37: 2379-2386. 5“AF

' ) W
'LICHTER, I., SIRETT, N.E. -Plasma cortisol leve}/s in,lung

cancer. Br: J. Med. 1968; 2: 154-156. ' L

LOFTI, A.M.., SPENCER, R J., ILSTRUP, D.M., MELTON, L.J.-
_Colorectal adenomas: ‘Distribution, 1n01dence of.
. mallgnant transformation and rate of recurrence. Dis.
Colon Rectum. 1986 29: 383-387. '

LOPE%S .A., LE GA‘RDEUR, B. Y., JOHNSON, W. D. Vitamin A
atus and lung cancgr. Am. J. Clin. Nutr. 1981; 34:
641. - ¥ :

e

MAIN, A:N.H., MILLS‘;”'P.R‘.; RUSSELL, R.I., BRONTE-STEWART,

.J., NELSON, L.M., MCLELLAND, A., SHENKIN, -A. Vitamin
deficiency 1n Crohn s dlsease. Gut. 1983;¥24: 1169-

1175

‘ MAHADEVBN, S., MALATHI, R., GANGULY,.J. Influence of

p;otexn on absorption. and metabolism of vitamin A.
erd Rev. Nutr. Diet) 1965 5: 209-236.

| ,‘MAHMOUD, 'L.A.N., ROBINSON, W.A. Vitamin A levels in human

bladder cancer. Int'. J. Cancer. -1982; 30: 143-145.
\ T , P

R

|\‘.

124



- 125
. . /
MANCINI, G., CARBONARA, A.O., HEREMAN, J.1. . Immunochemical
quantiation of .antigens by single radial immuno-
diffusion. Immunochem. 1965; 2: 235-254.

MATHEWS~ROTH, M.M. Antitumor activity of B-carotene,
canthaxanthin and phytoene Oncology. 1982; 39: 33-
37. - ‘

McCLAIN, C., SOUTOR, C., ZI1EVE, L. Zinc deflclency A
complication of.Crohn”sg dlsease Gascroenterolgy.
1980; 78: 272 279. . L g : . -

McCOLLUM, E.V., DAVIS, M. The nature of, the d1etary
deficiencies of rice. J. Biol. Cﬁgh 1915; 23: 181-
246. ~/ L \ ' ‘

McLAREN, D.S., SHIRAJIAN, E., LOSHKAJIAN, H., SHADAREVIAN,
S. Short-term prognosis .in proteln -~calorie mal-
nutrition. Am. :J. Clin, Nutr. 1969; 22: 863-870.

MELLOW, M.H., LAYNE, E.A., LIPMAN, T.O., KAUSHIK, M.,
HOSTETLER, "C., SMITH, J.C. Plasma zinc and vitamin A
in human squamous esophageal cancer. Gastroenterology.
1981; 80: 1229- 1232 : ; ‘

MILANO, G”_COOPER, E.H., GOLIGHER, J.C., GILES., G.R.,
NEVILLE, A.M. Serum prealbumin, retinol-binding
protein, transferrin and albumin levels in patients
with large bowel cancer. J.N-C.I. "1978; 61: 687-691.

MODAN, E., CUCKLE, H., LUBIN, F. A note on the role of
dietary retinol and carotene in human gastrointestinal
cancer. Int. J. Cancer. 1981; 28: 421-424.

MOORE, T. Vitamin A and carotene. VII. The distribution of
vitamin A and carotene in the body of the rat. . e
Biochem. J. 1931; 25: 275-286. I

MORRISON, S.A., RUSSELL, R.M., CARNEY, E.A., OAKS, E.V.
Zinc deficiency: A cause of abnormal dark adaptation
in cirrhotics. Am.'J. Clin. Nutr. -1978-'31"276-281 .

MORSON,, B.C. Evolution of cancer of the colon and rectum.
Cancer. 1974; 34: 845 849. ' ‘ . 4 e

MUTO, Y., MORIWAKI, H. Antitumor activity of vitamin.A and’
its derivatives. J.N.C.I. 1984; - 93; 1389-1393.

MUTO, Y., SMITH, J. E” MILCH P. o” GOODMAN,/D S. :
Regulation of retinol-binding protein metabolism by
vitamin A status in the rat. J. Biol. Chem. 1972;
247: 2542-2550. . o | -

o

fom
’



126

MUNOZ, N., WAHRENDORF, J., BANG, L.J., CRESPI, M., THURNHAM,
, b.1., DAY, N.E., JI, Z.H., GRASSI, A., YAN, L.W., LIN,
' L.G.,. QUAN, L.Y., YUN, Z.C., FANG, 2.5., YAO, L.J.,
CORREA, P., O'CONNER, G.T., BOSCH, X. No effect of"
riboflavine, retinol, and zinc on prevalence of
precancerous lesion of oesophagus Lancet. 1985; 2:
'111-114. , -

'NANJI, A.A., FREEMAN, J.B.. Gastric by-pass surgery in

‘morbidly obese patlents markedly decreases serum levels
of vitamins A and C and iron in the peri-operative
period. Int. J. Obesity. 1985; 9: 177-179.

NETTESHEIM, P., SNYDER, C., WILLIAMS, M.L., CONE, M.L., KIM,

J.C. Effect of vitamin A on lung tumor induction in
‘rats. Proc. Am. Assoc. Cancer Res. 1975; 16: 54.

NEVAB, M., SMITH, J.E., GOODMAN, D.S. Rat plaéma prealbumin’

metabolic studies on effects of vitamin A status and on
tissue depletion. J. Biol. Chem. 1977; 252: 5107-
5114. :

NEWBERNE, P.M.,  ROGERS, A.E. Rat colon carcinomas associated

with aflatoxin, and marglnal vitamin A, J.N.C.I. 1973;
50: 439-448. o

-

NEWBERNE, P.M.,eSUPHAKAN,-VZ‘ Preventative role of vitamin A
in colon carcinogenesis in rats. Cancer. 1977; 40:
2553-2556. ‘ , .

NORMURA, A.M.Y., STEMMERMANN, G.N., HEILBRUN, L.K., SALKELD,
R.M., VUILLEMIER, J.P. Serum vitamin levels and the
risk of cancer of specific sites in men, of Japanese
ancestry in Hawaii. Cancer Res. 1985; 45: 2369- 2372.

OHNUMA, T., HOLLAND, J.F. Nutrltlonal consequences of-
cancer chemotherapy and ;immunotherapy. <Cancer Res.. ™~
1977 \37 2395-2406.

’OLSON J.A. Serum‘levels of vitamln’A and carotenoids as

reflectors of nutr1t10na1 status. J.N.C.I. 1984; 73:
 1439 -1444. A '

. ;ONG, D;E., CHYTIL, F. Retinoic acid-binding protein in rat

> 'tissue. 'J. Biol. Chem. 1975; 250: 6rl13.

ONC; D.E., CHYTIL, F. Presence of. cellular retinol and
. ‘retinoic acid binding proteins in-experimental tumors.
\ Cancer Letters. 1976 2: 2530- 2536.

:ONG}'D.E,,»PAGE, D.L., CHYTIL, F. Retinoic ac1d ~binding .

" protein: 0ccurence in human tumor. Science. . 1975;
190: 60~ 61 ‘ .



\ - - ' : 1‘2’7.

, . L
ORR, J.W., WILSON, K., BODIFORD, C., CORNWELL, A., SOONG, "
S.W., HONEA, K.L., HATCH, K.D., SHINGLETON, H.M.,
Nutritional status of patients with untreated cervical
cancer. II. Vitamin assessment.” Am. J. Obstet.

. Gynecol 1985{ 151: 632-635.

A

PAINTER, N S., BRKITT, D.P. Diverticular disease of the
colon: A deficiency disease of Western civilization.
Br . Mésn J. 1971; 2: 450-454.
\ to
PETERSON, P. A NILSSON, S.F., OSTBERG, L., VAHLQUIST, A.
Aspects\of the metabolism of retinol-binding protein
and retinol Vitam. Horm. 1974; 32: 181-214.

RAMSDEN, D.BK PRINCE, H.P., BURR, W.A., BRADWELL, A.R.,
BLACK, EKG., EVANS, A.E., HOFFENBURG, R. The inter-
relationships of thyroid hormones, vitamin A and their
binding proteins following acute stress. Clin.

~ Endocrinol. 1978; 8: 109-122.

RASK, L., PETERSON, P.A. 1In vitro uptake of vitamin A from
the retinol-binding ‘plasma proteln to mucosal
epithelial cells from the monkey’ s small 1ntest1ne
J. Biol. Chefi.. 1976; 251: 6360 6366.

RASK, L., VAHLQUIST, A., PETERSON, P.A. Studies on two
phys1ologlcal~forms of the human retinol-binding,
protein differing in vitapin A and arginine content
J. Biol. Chem.s 1971; 241?\6638 6646.

RETTURA, G” DUTTAGUPTA, C., LISTOWSKY, P., LEVENSON, S.M.,
SEIFTER, E.- Dfﬁ@thylbenz(a)anthracehe (DMBA) induced
tumors: Prevent on by supplemental B-carotene.
(Abstract no. %l) Fed. Proc. 1983; 42: 786

, ¢ \

RIETZ, P., WISS, O., WEBER, F.  Metabolism of v1tam1n A and
‘the determination \of vitamin A status. Vitam..Horm.
1974- '32: "237-249. '

ROELS, O.A., ANDERSON, g R., LIU, N.S.T., SHAH, D.O., TRENT,

\\' M.E. VitaminsA and\membrane. .Am. J. Clin. Nutr.

} --1969; 22: 1020-1032. IR :
- ROWE, N.H., GORLIN, R.J.
) upon experimental ora

e 1959; 38: 72-83.

The effect of vitamin A deficiency
carcinogenesis. J. Dent. Res.

LAPPETELAINEN, R., MAENPAA,

' SALONEN, J.T., SALONEN, R., | ,
' + P. Risk of cancer in

" P.H., ALFTHAN, G., PUSK

- relation to serum concentrations of selenium and -

~vitamins A-and E: matched case-control analysis of
prospective data.  Br. Med. J. 1985 290: 417-420.



“N\

128"

SAWICKI, J., OSTROWSKI, J., SWIETOCHOWSKA, B., JANIK, P.,
SIKORA,J., SLOWIK-GABRYELSKA, A., BATURA-GABRYEL, H.,
NOWACKI, M., PRZYBYSZEWSKA, M. . Vitamin A (retinol)

. level in colon and lung cancer patient_sera.
Neoplasma. 1985' 32: 225- 227 ‘

SCHWARTZ, A.E., LEDDICOTTE G. W., FINK R W., FRIEDMAN E.W.
Trace elements in normal and mallgnant human breast ‘
tlssue. Surgery. 1974 76 325 329. o

SEIFTER, E.., RE‘I‘TURA, G. SEIFTER, J. DAVIDSON, Hf’
LEVENSON, S.M. Thymotroplc actlon of v1tamin\§
(Abstract). Feéd. Proc. 1973 '947.

SHARMAN, EF.M., DICK,_AJL,]FARTHING, M:3.G., BRYANT, J.R., '

- BEEVAR, S. Carotenoid and r@€tinol levels in the blood
of ulcerative colitis' patients and conerols Proc.
Nutr. -Soc. 1979 38 54A. . o

SHEKELLE, R B., LIN 'S.y RAYNOR, W J., LEPPER, M., MAYL‘IZA,

C., -ROSSOF, Dietary vitamin A and risk of cancer -
in the Western Electrlc Study. Lancet. 1981; 2:'1185-

1190 PR

SIVAKUMAR, B., REDDY, V. ‘Absorption of labelled vitafin A
in chlldren durlng infection. "Br. J.7Nutr. 1972; 27:
299- 304. " SR S

SMITH, F.R., GOODMAN, D.S. The effects of diseases of the
liver, thyroid ‘and kidneys on’ the transport -of vitamin
A in human plasma.‘ J. Clln.,Invest 19715 50: 2426-
2435 . , : , ‘-/ T

. SMITH, F.R., GOODMAN, D.S., zAKLAMA, M S. . Serum ‘vitamin A,
retinol-binding proteln ‘and- prealbumln concentrat1ons»
in proteln-calorle malnutrltlon. Am J. Clln. NUtr.
l973° 26: 973 987.._ . ‘ . '

SMITH, J.C., McDANIEL, E.G., FAN, F F., HA,LSTEAD, J E‘?)
Zinc: a trace. element essentlal in vitamin A o
metabollsm., Sc1ence._ 1973- 181 954~ 955 e

"SMITH, J. E., BROWN,‘E D., SMITH, J C. The effect of - 21nc

' def1c1ency on .the metabol1sm of retinol- blndlng proteln'
. in the rat._'J Lab C11n. Med 1974 84 692 698 '
SMITH, J. E., GOODMAN, D S. Retlnol blndlng proteln and the
regulation of v1tam1n A transport.. ‘Fed. Proc. -1979;
38 250%2509. o T ST IR

SPORN, M. B.,ROBERTS,A;B, Role. of retin6165'1n:2;,‘7 o
' d;fferentlatlon and carc1nogene31s.e JoN.CxI. 1984;
' 73 1381 1387 : T , L



© S - : 129

() SPSSX 'User s‘E 1ce, Edltlon 2. McGraw—HiligCOmpany. USA, -
' 1986 2 ‘ = : :
STAHLEIN_, H.B., BUESS,E., ROSEL, F., WIDMER, L.K.,
. BRUBACHER, G. Vitamin A, cardiovascular-risk factors
and mortality. Lancet. 1982;:; 1: 394-395;

STEINBURG, S.M., BARKIN, J.S., KAPLAN, R.S., STABLEIN, D.M.
Prognostic-indicator$ of .colon tumors. gastro-
intestinal tumor study group experlence‘qmﬁéqcer;
1986; 57: 1866 1870 A .

‘STEMMERMANN, G.N., YATANI, R. Diverticulosis and polyps of
the large intestine. Cancer. '1973;-31: 1260-1270. =~
STICH, H.F., STICH, W., ROSIN, M.P., VALLEJERA, M.O. Use)éf
the mkcronucleus test to monitor the effect of vitamin
- A, beta-carotene and canthaxanthin on the buccal mucosa
of betal nut tobacco chewers. Int. J. Cancer. 1984;
34: 745-750. ‘ - ‘ ’

SWENERTON, 'H., SCHRADER, R., HURLEY, L.S. Zinc-deficient
embryos: reduced thymidine incorporation. Science.
1969; 166: 1014-1015. «

TAKASE, S., ONG, D.E., CHYTIL, F. .Cellular retinol-binding
protein allows specific interaction of retinol with the
nucleus in vitro. Proc. Natl. Acad. Sci. USA. 1979;
76 2204-2208. ‘ K :

>

THOMPSON,AJ.N‘., 'ERODDY, P., MAXWELL, W.B. Simultaneous
fluorometric determination of vitamin A and E in human
serum and plasma. ‘Biochem. Med. 1973; 8: 403-414.

THOMPSON, J.N., HOWELL, J.M., PITT, G.A:J.  Vitamin A and-’
reproduction in rats. Proc..Roy...Soc. London. 1964;
159: 510-535. ' ' - ‘ o g

- THOMPSON, J.N. \Int%rference from carotenoids in the - :
o fluorometric analysis of serum vitamin A in.cancer
R studies. Eur. J. Cancer Clln Oncol. ' 1983; 19: — BE

1645 1646. ‘ , _ ‘ o . s
‘ _ .
TRICHOPOULOS, D., POLYCHROMOPOULOU, A.. EpldemloIOQY: dlet
' and colorectal cancer. ‘Eur.'J; Cancer Clin. Oncol,
1986 22:335- 338 , AT ‘ S L
/
TYLER, H A, BARR, L. C., KISSIN, M. w., WESTBURG, Gy
. DICKERSON, J.W.T. :Vitamin'A and non- eplthellal
tumours. Br. J. Cancer., 1985-'51° 425 427.

: TYLER, H.A., DICKERSON, J. w‘T. Determlnatlon of serum.l  "
.retinol in cancer studles., Eug J. Cancer Clln. Oncol
1984 20 1205 1206 - _ S EE



130
UNDERWOOD, B.A. “The. determlnatlon of V1tam1n A and some
.aspects of its distribution, mobilization and transport
'in health and disease. World Rev. Nutr. Diet. 1974;
19: 123-172. X . ‘ ‘
UNDERWOOD, B. A Vitamin A and cancer prevention conference-
an 1ntroduct10n. J.N.C.I. '1984; 73: 1371-1372.

: VALBERG, L.S., E‘LANAGAN, P.R., KER'T'E#SZ,‘ A., BONDY, D.C.
Zing absorptlon in inflammatory bowel disease. Dig.
DlS. Sci. ' 1986; 31: 724 731 - :

VALLEE, B.L. 21nc blochemlstry in normal and neoplastlc
‘'growth processes. Experientia. 1977 33: 600-601.

VAN CAMPEN, D., HOUSE, W A. Effect of a low proteln diet on’
an oral dose of Zn and on tissue concentrations of 21nc
and copper in rats. J. Nutr. 1974 104: 84-90.

VAN DE VELDE, c..'J.H_., BLOEM, R.M., ZWAVELING, A. 'management
of -colorectal cancer. Eug. J. Cancer Clin. Oncol. ' ‘
1986; 22: 339-344. - ‘ ‘

VAN STEVENICK, J., DE GOEIJ, A.F.P.M. Determination of
vitamin A in blood plasma of .patients with caroten-

aemla.‘ Clln. Chim. Acta. 1973; 49: 61~ 64 \

" WAHT, . PN., KEHAR, U., LAHIR, B. Factors 1nfiUenc1ng oral
- . and ‘oropharyngeal’ cancers, in Indla Br. J Cancer.
'1965; 19: 642-660. : &
WALD, G. Molecular basis of visual exc1tement Sc1ence.
1968 162 230- 239. . . S . ' T
WALD, N J., BOREHAM, J., HAYWARD, Jd. L., BULBROOK, R D.
Plasma retinol, B-carotene and vitamin E levels in
‘relation to the future risk.of breast cahcer.: Br..J
Cancer.~ 1984 49: 321 324 SR o _;,
WALD,'N J.,'IDLE, M.,’BOREHAM, J. Low serum vitamin A and .
L subsequent risk of cancer: - Prellmlnary results of a
e prospectlve study Lancet.‘ 1980 12: 813- 815.

WATSON, D.W.. Ulceratlve COlitlS, autozmmune eplphenomena,
and colonlc cancer., Cancer. 1974- 34 867 871

X

‘ ‘“:,WEGENER, M., BORSCH, G., SCHMIDT, G. ' Colorectal adenomas~f‘

v Dlstrlbutlon, incidence of mallgnant transformation;
.. and rate. of recurrence.- DlS. COlQn Rectum.‘ 1986; 29:
1383 387 A : : o S '3‘1' S

.’-WEGENER, w s., ROMANO, A H.} Zlnc Stlmulatlon of RNA ‘and
_protein synthesis -in Rhlzopus nlgrlcans.a Science.
1973 142 1669-1670., ‘ | ST

/'v .\'-



WEISS, N.S., DALING; J.R., CHOW, W.H. - Cholecystectomy and
) the 1nc1dence of cancer of the large bowel - Cancer.
1982 49: 1713 -1715.

“WILLEITT, W C P POLK, B.F., UNDERWOOD B.A., STAMPFER, M.J.,; .
: PRESSEL, 'S ROSNER, B., TAYLOR, J.0., SCHNEIDER, K.,
HAMES, C. G Relation of serum v1tamins A-and .E and
caroten01ds to the risk of cancer N. Eng. J. Med.
1984a; 310: 430-434. o

WILLET, W.C. ' STAM'PFER',' M.J., UNDERWOOD, B.A., 'SAMPSON,
L.A., HENNEKBNS C.H., WALLINGFOED, J.C., COOPER, L.,
HSIEH, C.C., SPEIZER, F.E. Vitamih A supplementation

. and plasma retlnol levels: A randomized trial among

- women. J.N.C.I. 1984b; 73: 1445-1448.

WILLETT, W.C., STAMPFER, "M.J., UNDERWOOD, B.A., TAYLOR,
J.O0., HENNEKENS, .C.H. Vitamins A, E, and carotene:
Effects of supplementation on their plasma levels

Am J.‘Clln. Nutr. 1983 38 559-566. SRR oA

. WOLBACH, S. B ’ HOWE, P. R,.-Eplthelialirépair in recovery ,” ,-‘
from V1tam1n ‘A def1c1ency J. Exp. Med. 1933; 57:
511 527 . s ‘ -

.WOLBACH, S.B., HOWE, P.R...Tissue changes following
~deprivation: of fat soluable v1tamin A. J. Exp. Med. '
'1925 42 753-7717. . a S

ZACHMAN, R.D.” The.stimulation of RNA synthe51s in vivo and
in vitro by retinol (vltamln A) in the intestine of
“vitamin A def1c1ent rats. Life Sci. 1967; 6: 2207-
2213. : : o ‘ E

ZIEGLER, R. G.;’MASON, T.J., STEMHAGEN,A.% HOOVER, R., R
SCHOENBURG, J.B., GRIDLEY, G., VIRGO, P.W., FRAUMENI,,
J.F. Caotenbld intake, vegetables and the risk of lung
cancer among white men in New Jersey. Am.‘J.
‘Epldemlol. 1986 123 1080 1093u

“fZILE, M., DE LUCA, H. F. Vltamln A and r1bonuclelc ac1d SN
_-synthesis in rat 1ntest1ne. Arch. Blochem.vBlophys.A BT
1970 140: 210 214. K R '

Al
U .



