
diopharmaceuticals in the human head and torso (9).
Because â€˜8FDGis preferentially taken up by malignant
tumors in accordance with their increased glycolysis, PET
with â€˜8FDGas a radiopharmaceutical makes it possible to
obtain clinical images of malignant tumors (10â€”15).

Several clinical PET studies (10â€”15)and experiments
using animal tumor models (16â€”18)have confirmed that
â€˜8p@Gaccumulates in malignant tumors. However, little
informationis availableon its relationshipto humantumor
biology. In this study, we investigated â€˜8FDGaccumula
tion into human cancer tissues heterotranspiantedin nude
mice as a model system.

Weber and other investigators observed a correlation
between histologic subclassiflcation and glycolytic rate in
rat hepatomas (3,4,19â€”23).They observed that the trans
formationfrom slow-growing,well differentiatedtumorsto
rapidlygrowing, poorly differentiatedlesions was accom
panied by a progressive increase in glycolysis. Evidence
for this from human cancers, however, is limited. The
present study took advantageof the fact that the accumu
lation rate of l8fl@f@reflects utilization of exogenous glu
cose (7). The aim was to determinewhether accumulation
of 18p1yj in tumor tissues correlates with histologic sub
classifIcation and thereby contributes to the clinical analy
sis of â€˜8FDG-PETtumor images. For this purpose,
accumulation rates were measured in nine human cancers,
including four gastric, two pancreatic and three colonic
carcinomas, heterotransplantedinto nude mice.

MATERIALSAND METHODS

AnImals
Inbred4-wk-oldmaleBALB/cnu/nunudemiceweighing16â€”18

g were maintainedunder pathogen-freeconditionsfor 1wk prior
to the study. They were given sterile food and water ad libitum.
Five-week-oldmiceweighing18â€”20g wereusedforheterotrans
plantation.

The success of tumor imaging with PET and 2-deoxy-2-
fluoro[1819-D-glucose(18FDG)is based on preferentialaccumu
lalionof 18FDGin tumors.Methods: Fluorine-18-FDGuptake
was measured in nine human cancers heterotransplantedin
nudemiceandcomparedwithhistologicsubdassification.Re
suIts: Mean18FD0uptakebythehumancancerswasconsid
erably less than that by the host's heart, but values at 60 mm
after injection were about 2.5 times as high as the liver and
kidney,abouttwo timesas that for the musdeand aboutsb
timesthatfor the blood.Compahsonof 18@ uptakeandhis
tologicalgradein fourgastric,two pancreaticandthreecolonic
cancersshowedthat 18FDGuptakeincreasedwith lossof dif
ferenbabon.Conclusion: This nude mice model system is use
ful for studyingcorrelationsbetween physiologicaland morpho
logical parametersof heterotranspiantedhuman cancers.

KeyWords: fluorlne-18-2DGdeoxyglucose;nudemIce;hu
man cancer
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ncreased glycolysis is one of the most importantchar
acteristics of cancer cells (1â€”4).Fluorine-18-2-deoxy-2-flu

oro-D-glucose (â€˜8FDG),a structural analog like glucose,
labeled with the short-lived positron-emittingradioisotope
â€˜8F,is transportedacross the cell membraneandconverted
into 18FDG-6-P04by hexokinase within cells (5,6). How
ever, because â€˜8FDG-6-P04is not a substrate for further
metabolism, it is trapped in the cells (7,8), which facilitates
the use of positron emission tomography (PET), a tech
nique which allows reconstruction of transaxial tomo
graphic images of the distributionof positron-emittingra
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Tumors
Nine humancancers were investigated,includingfour gastric

cancers, H-ill, NS-8, SC-6-JCKand SH-1O;two pancreaticcan
cers, PAN-l-RITCand PAN-2-RITC;and three coloniccancers,
WiDr,SCC, and CoLo 205(CoLo).

The tumor lines were established as follows: H-ill, Depart
mentof Oncology Surgery,ResearchInstitutefor Microbiological
Disease, Osaka University (24); NS-8, 1st Department of Sur
gery, Nara Medical University (25); SC-6-JCK,CentralInstitute
for ExperimentalAnimals (24); SH-1O,Departmentof Surgery,
Research Institute for Nuclear Medicine and Biology, Hiroshima
University (26); and 5CC, Departmentof Surgery, Cancer Re
search Institute, Kanazawa University (27). These cancers were
kindly supplied by the respective laboratories and serially trans
planted to nude mice at our institution. Thirdto fifth-generation
transplants were investigated.

In addition, in vitro cell lines, WiDr, established at Lederle
Laboratories in 1971 (28), and CoLo, established at Denver Gen
eral Hospitalin 1975(29),were kindlysuppliedby ZenyakuCo.,
Ltd., andOtsukaPharmaceuticalCo., Ltd., respectively.After
serial transplantationto nude mice at our institution, the third
generationtransplantswere used in this study.

PAN-l-RITC and PAN-2-RITC were established and main
tamed at our institution (30). The ninth-generationtransplants
were examined in this study.

Radlopharmaceutlcal
Fluorine-18-2-deoxy-2-fluoro-D-glucose(18FDG)was synthe

sized by the methoddescribedby Shiue (31). The specific activity
variedaccordingto the integratedcyclotronbeamdose on the
target and ranged from 1 to 10 mCi/mg at the end of synthesis.
Radiochemicalpuritywas 97%-98%.

Tumor Inoculation and Measurementof Tumor SIze
Tumor tissue fragments, approximately2 mm2 in size, were

inoculated into the subcutaneous tissue of the back of 5-wk-old
nude mice (18â€”20g body weight) under ether anesthesia with a
trocar needle. Tumors were measured (length and width) with
slidingcalipersthree timesper week by the sameperson for 3â€”4
wk post-transplantationbeforestudiesof 18FDGtissuedistribu
tion were commenced. Tumorweights in milligramswere calcu
lated according to the method of Geran et al. (32) from linear
measurements using the formula:

tumor weight (mg)= length (mm)x (width (mm))2t2.

Growth curves were generated from the calculated tumor
weights and tumor doubling times were calculated from the
curves.

Fluorlne-18-FDG lissue Distribution Study
At 3â€”4wk post-transplantation,the mice developedtumors

thatwere 1â€”1.5cmindiameter.Fluorine-l8-FDGwas dissolvedin
isotonicsalineandthe injecteddose, approximately15 @Cifl).2ml,
was injectedintravenouslyvia the lateraltailvein. The mice were
killedby decapitation,and exsanguinatedat 10,30, 60or 90mm
afterinjection, at which times blood sampleswere collected. Five
to six mice were studied per group. The tumors and major organs
(heart, liver, kidney, muscle)were removedand blotted. Blood
and tissues were weighed and counted in an automatedNal well
counter along with a standard sample of the injected dose (United
Technologies PackardAuto-Gamma500/800). Radioactivitywas
correctedfordecay.Datawere expressedas the percentageof the
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FIGURE 1. Histologyof ninehumancancers(x200). (A) H-I 11
(welldifferentiatedgastricadenocarcinoma).(B) NS-8 (moderately
differentiatedgasthcadenocarcinoma).(C)SC-6-JCK(poorlydiffer
entiatedgastricadenocarcinoma).(D)SH-1O(undifferentiatedgas
the carcinoma).(E)PAN-1-RffC(welldifferentiatedpancreaticad
enocarcinoma).(F) PAN-2-RITC(poorlydifferentiatedpancreatic
adenocarcinoma).(G)WiDr (welldifferentiatedcolonicadenocara
noma). (H) SCC (moderatelydifferentiatedcolonicadenocarcino
ma). (I)CoL@o(poorlydifferentiatedcolonicadenocarcinoma).

injected dose per gram of tumor or organ (%ID/g tissue). Tumor
to-blood ratios were also calculated from %ID/gtissue values.

HIstologIcExamInatIonandMeasurementofTumor
Parenchyma-to-Stroma Volume Ratio

Afterradioactivitycounting,residualtumormaterialwas fixed
in 10%aqueous formal saline, embedded in paraffinand cut to
give cross-sectionsof the maximumarea. Two sections of each
tumor were prepared and mounted on slides. One was stained
with hematoxylin and eosin and processed for histologic subclas
sification by pathologists. The other was stained with elastica and
Masson's and processed for measuringthe volume ratioof tumor
parenchyma-to-stroma by the point counting method previously
described by Weidel (33). One hundred fifty points per slide were
counted on 10slides for each cancer type for mean volume ratios
of tumorparenchymato stroma.

RESULTS

HIstologIcExamInation
Histologic subclassiflcation of the nine human cancers

was made using hematoxylin andeosin stained slides. Rep
resentativehistologic picturesare shown in Figure 1. H-ill
(Fig. 1A) is a well differentiatedgastric adenocarcinoma
with a distinct glandularstructure comprised of many cy
lindrical to cuboidal carcinoma cells arranged in single
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layers. NS-8 (Fig. 1B) is a moderately differentiated gastric
adenocarcinoma showing irregular, incomplete glandular
structures and areas of solid medullary patterns. SC-6-JCK
(Fig. lC) is a poorly differentiatedgastric adenocarcinoma
predominantly comprised of solid medullary structures
with a small number of areas of microglands. SH-lO (Fig.
lD) is an undifferentiatedgastric carcinoma with no glan
dularelements. PAN-l-RITC (Fig. 1E) is a well differenti
ated pancreatic adenocarcinoma with distinct glandular
structures. PAN-2-RITC(Fig. iF) is a poorly differentiated
pancreaticadenocarcinomawith mixed glandularand solid
medullary structures, with cells arranged in cords. WiDr
(Fig. 1G) is a well differentiatedcolonic adenocarcinoma
with distinct glandularstructures; the carcinoma cells are
arranged in single layers. 5CC (Fig. 1H) is a moderately
differentiated colomc adenocarcinoma demonstrating
mixed glandular and solid medullary areas. CoLo (Fig. 11)
is a poorly differentiated colonic adenocarcinoma com
posed of solid medullary structures, but it also demon
strates intracytoplasmic lumens often seen in adenocarci
nomas.

Tumor Parenchyma-to-StromaVolume Ratios
Volume ratios of tumor parenchyma-to-stroma for the

nine human cancers were: H-ill 3.9. NS-8 4.0, SC-6-JCK
3.9, SH-lO 4.1, PAN-l-RITC 4.2, PAN-2-RITC 4.1, WiDr
4.1, 5CC 3.8 and CoLo 4.0. There were no statistically
significant differences between tumor parenchyma-to
stromavolume ratios in the various tumors studied.

Tumor Growth Curves
Tumors growth curves, which were calculated by the

methodof Geranet al. (32) areshownin Figure2. All four
gastric cancers demonstrated similar curves (Fig. 2A). The

two pancreatic cancers also grew at essentially the same
rates (Fig. 2B), as did the moderately and poorly differen
tiated colonic adenocarcinomas (Fig. 2C). The only linked
difference in tumor growth was observed for the well dif
ferentiated colonic adenocarcinoma, which grew more
slowly than the other two colonic neoplasms (Fig. 2C).

Tumor doubling times (days) of the four gastric cancers
were as follows: H-lll (well differentiated adenocarci
noma) 5.4 Â±1.2, NS-8 (moderately differentiatedadeno
carcinoma) 5.0 Â±1.0, SC-6-JCK (poorly differentiated
adenocarcinoma) 5.1 Â±0.9, SH-lO (undifferentiated carci
noma) 5.1 Â±1.0. There were no statistically significant
differences between tumor growth rate. Similarly, for the
two pancreatic cancers no difference was found:
PAN-l-RITC (well differentiated adenocarcinoma) 11.7 Â±
2.4, PAN-2-RITC (poorly differentiated adenocarcinoma)
11.7 Â±4.5. For the three colonic cancers, WiDr (well
differentiatedadenocarcinoma)7.0 Â±2.4, 5CC (moderate
ly differentiated adenocarcinoma) 3.1 Â±0.3, and CoLo
(poorly differentiatedadenocarcinoma)39 Â±0.6, a statis
tically significant difference was evident between the well
differentiatedand two other types of adenocarcinomas (p
< 0.01).

FiGURE 2. Tu
rnor growthcurves.
The curves of four
_c cancersas
wellas twopancre
abc cancers are
similar.Onlythewell
differentiated cc
Ionic adenocarci
noma grew more
slowlythantheother
twocolonccancers.
Dots indicate mean
value.

Fluodne-18-FDGlissue Dlstilbutlon
Tissue distributiondataof â€˜8fl@Gin nude mice at 10, 30,

60 and 90 min after injection are summarized in Table 1.
Uptake was greatest in each cancer cell line followed by
the heart and muscles; uptake values remained relatively
constant between the 30- and 90-min time points. Heart
and muscle levels also remained relatively constant be
tween 10 and 90 min, but clearance from the kidneys, liver
and blood was very rapid (Fig. 3). The mean value of
18p@Guptake by the human cancers at 60 min after injec
tion was about 2.5 times higher than that by the liver and
kidneys, about two times higher than that by the muscle
and about six times higher than by blood.

Comparative tumor uptake data for the cancers at 60 min
after administrationof â€˜8FDGare summarizedin Figure 4.
Differences between H-ill and the three other gastric can
cers and between NS-8 and SH-iO were found to be sta
tistically significant (p < 0.01) (Fig. 4A). Differences be
tween the two pancreatic cancers and between the three
colonic cancers were also statistically significant(p < 0.01)
(Fig. 4B).

DISCUSSION

It is generally considered that increased protein and
nucleic acid synthesis and glycolysis are metabolic charac
teristics of cancer cells (3). In a series of studies using rat
hepatomas, it has been shown that there is an increase in
amino acid and nucleic acid anabolism as well as glycolysis

14 21
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HistologicalNo.ofTumor
name subdass@cationMlnutes* mice Blood Tumor Heart Liver Kidney Musde

TABLE I
â€¢lissueDistribUtiOnof 18FDGin NudeMice

GastrIccancerWell differentiated1062.3 Â±05@3.6 Â±1.522.7 Â±9.02.5 Â±0.33.3 Â±0.32.4 Â±0.8H-illadenocardrioma3060.59Â±0.062.4Â±0.732.1
Â±11.61.2Â±0.51.7Â±0.51.9Â±0.96060.37Â±0.032.1

Â±0.247.0Â±11.61.1Â±0.71.6Â±0.32.3Â±0.89050.35
Â±0.032.2 Â±0.424.1 Â±4.70.7 Â±0.10.8 Â±0.11 .2 Â±0.2NS-8MOderately

differentiated
adenocarcinoma10

30
60
906

6
6
63.6

Â±0.8
1.1 Â±0.1

0.55 Â±0.04
0.50 Â±0.054.4

Â±0.3
3.4 Â±0.5
3.9 Â±0.6
3.8 Â±0.86.0

Â±2.7
7.3 Â±1.8
7.7 Â±2.3
6.4 Â±4.13.6

Â±0.5
1.1 Â±05
1.2 Â±0.4
12 Â±0.44.7

Â±0.5
15 Â±0.6
1.1Â±0.03
1.2 Â±0.32.4

Â±0.4
2.3 Â±0.6
2.0 Â±0.9
1.8 Â±0.7SC-6-JCKPoorly

differentiated
adenocarcinoma30

60
906

5
51.6Â±0.9

0.57 Â±0.04
0.51 Â±0.095.8Â±2.9

5.5 Â±1.9
4.9 Â±I .847.5Â±17.4

45.8Â±8.8
48.5Â±7.74.7Â±2.3

2.0 Â±I .3
2.6 Â±1.34.6Â±2.2

1.5Â±0.3
1.8Â±I .21.6Â±1.0

2.0 Â±0.8
1.2 Â±0.7SH-l0Undifferentiated

carcinoma10 30
60
905

5
6
62.4Â±0.5

0.91 Â±0.19
0.63 Â±0.07
0.48Â±0.084.0Â±0.6

6.1 Â±1.5
6.4 Â±1.5
6.7Â±1.918.1

Â±11.4
50.3Â±24.0
37.0 Â±22.7
40.5Â±2722.5Â±0.5

2.0 Â±0.5
1.6 Â±0.3
1.3Â±0.83.0Â±1.6

2.7 Â±0.5
1.7 Â±0.3
1.6Â±0.81.0Â±0.2

1.0 Â±0.6
1.1 Â±0.5

1.2Â±0.6PancreaticWeildifferentiated1063.5Â±1.43.8Â±0.627.9Â±10.55.1
Â±2.25.1 Â±1.21.1Â±0.4canceradenocarcinoma3061.2Â±0.33.7Â±0.326.0Â±10.42.5Â±0.72.4Â±0.21.6Â±0.7PAN-l-RITC60

906 60.63
Â±0.04

0.60 Â±0.063.3
Â±0.5

3.3 Â±0.517.8
Â±6.3

12.8 Â±3.932
Â±I .5

1.5 Â±0.21
.5 Â±0.2

1.3 Â±0.12.0
Â±0.8

2.2 Â±0.5PAN-2-RITCPoorly

differentiated
adenocarcinoma10

30
60
906

6
6
65.3

Â±0.9
2.2 Â±0.3

0.80Â±0.21
0.71 Â±0.315.3

Â±0.7
5.0 Â±0.6
4.8Â±1.0
4.5 Â±0.612.7

Â±3.1
7.5 Â±1.3

11.4Â±5.9
11.0 Â±3.95.3

Â±0.5
2.8 Â±0.3
1.9Â±0.3
1.7 Â±0.46.9

Â±1.0
3.3 Â±0.4
1.9Â±0.2
1.6 Â±0.22.6

Â±I .1
2.2 Â±1.1
2.1 Â±1.1
3.0 Â±1.2Colonic

cancerWell differentiated1064.2 Â±1.35.6 Â±0.618.7 Â±8.34.0 Â±1.15.0 Â±1.31 .5 Â±0.4WIDradenocarcinoma30

60
906

6
51.2Â±0.2

0.91 Â±0.15
0.64 Â±0.194.9Â±0.8

4.3Â±0.5
4.0 Â±0.711.2Â±4.2

16.3Â±6.3
12.0 Â±2.91.7Â±0.3

1.5Â±0.2
0.9 Â±0.22.1

Â±0.5
1.7Â±0.2
1.2 Â±0.41.6Â±0.6

2.3Â±0.6
1.7 Â±0.6sCCModerately

dIfferentiated
adenocarcinoma10

30
60
906

6
6
64.8Â±0.6

1.8Â±02
0.85Â±0.12
0.87 Â±0.134.8Â±0.7

5.6Â±0.8
5.4Â±0.5
6.0 Â±0.515.9Â±7.0

14.6Â±4.7
15.8Â±5.7
12.1 Â±4.65.4Â±0.9

2.1 Â±0.2
1.3Â±0.2
1.5 Â±0.26.6Â±0.8

2.8Â±0.2
1.7Â±0.2
1.8 Â±0.42.7Â±1.2

2.6Â±1.0
1.8Â±0.8
2.1 Â±1.4Col@oPoorly

dIfferentiated
adenocarcinoma30

60
906

6
61.8Â±0.3

1.0Â±0.1
0.78Â±0.036.0Â±1.4

7.0Â±0.7
6.9Â±0.515.7Â±4.1

14.6Â±6.8
19.5Â±7.72.4Â±06

1.5Â±0.1
1.3Â±0.13.2Â±0.4

2.0Â±03
1.6Â±0.13.8Â±1.3

2.7Â±1.0
2.7Â±1.0

*â€¢IIme(minutes)afterthe InjectIonof 18fDG
tM@ Â±s.d. (%ID/gtissue).
Valuesare expressedas %IDIgof tissue.

in parallelwith increments in growth rate and loss of his
tological differentiation (3,4,19â€”23,34,35).

The development of PET and l8@T@0as a tracer for
glycolysis provides a noninvasive methodology that can
give quantitative information on regional glycolytic pro
cesses (7,8). The success of tumor imaging with 18@T@)G
PET is based on preferential accumulation of 18fl)Q in
tumors. Some experiments using tumors from animals
have confirmed that â€˜8fl@@Jaccumulates in malignant tu
mors (16â€”18).Som et al. (16) showed early and high up
take of â€˜8@-@Gin avariety oftransplanted and spontaneous
tumors in mice, rats, hamsters, rabbitsand a dog. Fukuda
et al. (17) demonstrateda high uptake of â€˜8FDGin a trans
planted ascitic hepatoma (AH1O9A) in rats. However,
there are few studies which used human cancer models.

The human tumor/nudemice system developed by Re
gaard and Povlsen allows successful heterotransplantation
of humantumorsin nude mice with preservationof various

characteristics of the original tumors such as morphology
and function (36,37). Wahl et al. (38) reportedhigh uptake
of l8p@Ã§@into several human tumors xenografted in nude
mice for the following tumor types: Burkitt lymphomas,
colon carcinoma, renal carcinoma, bladder carcinoma,
choriocarcinoma, ovarian carcinoma, small-cell lung can
cer, melanoma and neuroblastoma. In the present study,
we also investigated the time course of â€˜8FDGtissue dis
tributions in nude mice bearing nine human cancers, fur
ther comparing â€˜8fl@Gtumor uptake with histological
grade.

The uptake of l8JT@ by the heart was consistently the
highest, but the values demonstratedgreat differences, es
pecially in the gastric cancer series. Yamada et al. (39)
reported that myocardial uptake of 18FDG was greatly
changed by glucose and insulin levels. Our experiments
were performed without starving the mice. Whereas, in
most cases, â€˜8@@@Gwas injected around 4â€”6p.m. when the
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mice had not been eating for half the day, in the gastric
cancer series (exception NS-8), 18@1)Gwas supplied late at
night when the mice had already started to eat. Differences
in nutritional status at the time of â€˜8J@Ginjection might
have been the reason for the great differences in observed
heart uptake. However, as Yamada et al. (39) have indi
cated, tumor uptake remains relatively unchanged, irre
spective of blood glucose levels and differences in nutri
tional status are not thoughtto be an influentialcondition in
comparing 18FDGtumor uptake. The uptake of 18@G by
each cancer cell linewas considerablyhigherthanthe liver,
the kidney, the muscle or the blood. This enables us to
obtain cancer images contrasted with the surrounding or
gans and is a factor of obvious benefit for detecting cancers
located in the abdomen (17).

We believe that the â€˜8FDG-PETtechnique has two ad
vantages. First, it reflects tumor viability (40) and can thus
be used to monitor anticancertherapy (41,42). Second, as
indicated by the present results and previous studies
(3,4, 19â€”23),it could be used for diagnosing the malignancy
grade of individualcancers.

Weber et al. (19) showed that the glycolytic ratewas not
appreciably higher in well differentiated, slowly growing
Morris hepatoma than in normal liver and was much lower
than in poorly differentiatedrapidlygrowing Novikoff hep
atomas. Weinhouse (3) andothers (20â€”23)furtherreported
thatslowly growinghighlydifferentiatedhepatomasexhibit
the same pattern of low hexokinase and high glucokinase
values as normal adult liver, whereas fast-growing,poorly
differentiated hepatomas had a marked increase in hexoki
nase activity and a virtual disappearance of glucokinase
activity. These observations support a positive correlation
between the degree of glycolysis and tumor malignancy
grading,as reflected in growth rate and degree of histologic
differentiation.

The development of â€˜8FDG-PET(10â€”15)and scintigra

FiGURE 3. Fluorune-18-FDGtissuedistributionin nude mice
bearinghumancancers.Eschdot Indicatesthe meanuptakevalue
of normaltissueand ninetumorceulinesof nudemiceusedIn all
tissuedistrIbutionstudies.All tumoruptakevaluesareshownInthe
shadowedarea Inthe figure.
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FIGURE 4. Tu
mor uptake at 60________ mmafteradministra
tion of 18FDG.(A)
Gasthccancersand
(B) pancreaticand
colonic cancers.
Ruodne-18-FDG
uptake values are
increased linearly
withdegreeof differ
entiationin eachor
gan.Stafl@calanal
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wIth the Student's
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< 0.01. Bars are

Â±s.d.

phy (43) has made it possible to quantitateglycolytic pro
cesses in normal as well as in pathologic conditions. Di
Chiro et al. (10) studied 100 cases of cerebral gliomas with
â€˜8p-@PETand reported a strong correlation between tu
mor grade and glycolytic rate. They reportedthat not only
was there a clear separation ofhigh-grade (III and IV) from
low-grade(I and II) tumors, but there was even a statisti.
cally significant difference in 18fl@Guptake between grades
III and IV. They also reportedthatglucose utilizationrates
assessed with â€˜8FDG-PETappeared to be at least as rei
able as histologic classification and other proposed criteria
for predicting the behavior and recurrence of intracranial
meningiomas (11).

Furthermore, Patronas et al. (12) described PET results
for patients with high-gradegliomas that correlated better
with length of survival than did histologic subclassification
(grade III versus grade IV). Kern et al. (13) studied five
patients with musculoskeletal extremity tumors using
â€˜8p@GPETand also showed a good correlation between
histopathologic grading and glucose utilization rates mea
sured from â€˜8FDG-PETimages. Adler et al. (14) similarly
studied five patients with liposarcomas of the thigh using
â€˜8p@PETand found that the histological grade of malig
nancy was closely correlated with the uptake ratio for
l8@w@ On the other hand, Nolop et al. (15) reported that
therewas little correlationbetweentumor type andrate of
â€˜8pyjuptake in 12 lung cancer patients. They mentioned
that lung tumors might in fact differ from other tumors in
enzymatic or membrane transport changes accompanying
differentiation loss, but that the findings might equally be
explained by the smallness of the histologic samples and
heterogeneous metabolic activity within tumors.

Our present study on the correlation between the degree
of glycolysis and degree of histologic differentiationusing
human tumor xenogra.fts demonstrated 18}?T1)Guptake to be
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increased with the grade of differentiationin carcinomas
fromthe stomach, pancreas andcolon. Because the tumors
may not retain their morphological properties duringsuc
cessively repeated transplants, all excised tumors were
examined by pathological specialists. The possibility that
stromal tissues originatingfrom mice played a differential
role could be ruled out by measuringtumor parenchyma
to-stroma volume ratios in the nine cancer types used in
our study.

Minnet al., who studied 13patientswith malignanthead
and neck tumors using â€˜8FDGscintigraphy, reported that
â€˜8FDGaccumulation did not correlate with tumor histo
logic grade but rather was associated with proliferative
activity, as measured by DNA flow cytometiy (43). Al
though â€˜8FDGuptake of rapidly growing colomc and
poorly and moderately differentiated adenocarcinomas
were higher than in slowly growing well differentiatedtu
mors, the fact that marked variations uptake were ob
served for gastric and pancreaticcancers of similargrowth
rates suggests that the degree of glycolysis and 18fl)Q
accumulation in tumors may correlate with loss of histo
logic differentiation independent of proliferative status. Hi
gashi et al. recently reported that 18p@ uptake did not
relate to the proliferativeactivity of cancer cells but to the
numberof viable tumor cells (44). The space occupied by
glands in highlydifferentiatedcancers is greaterthanthatin
poorly differentiated counterparts and the number of viable
cells in the formerper unitvolume is thereforesmallerthan
in the latter. The difference in l8}@T@tumor uptake be
tween lesions with varying histologic grade but equal
growth rate may be caused by differences in viable cell
numbers.

We have used only nine human cell lines and further
studies with more tumor types are warranted. It must be
emphasized that internal tumors are often histologically
heterogeneous and contain various volumes of stromal tis
sues and necrotic areas, so our results may not be directly
applicable to clinical â€˜8FDG-PETtumor images. The re
stilts suggest, however, that this approach warrants further
investigation in both clinical and experimental settings.
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