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1. Y rOrEBOEK

EFCRY O V) 2R T 5 BT EgE cE
MEINTER RS L, WBEEREHFLDORY
I O VBf/8 (Positron Emission Tomography: PET)
Tédh5b. PET Tid, BBEFHPHBT 5K 180°
HHEIHHE &N B 2 KD 511 keV DEBENEF (v
) %, MDVE o oD B TRIEICKRE
L, WiEER*BHERT 5. 7o, RAOKRIFEL
i3 RBPAR NS SRR IV & VA R ) 31} 4
WEXITH) Z&ICLD, BSWL2EKEHROR
v, BEOBWERNERLG O NS DHHFHT
HbH., ZLTHO, 'C, BF kYA roborE
AERERE) ZLiIck Dy, ERoRE - BlRnE
DIEE L DWE %, HBEERECESESL T
Enl, EERERLE L TRATES I LIZKRKRD
TS ), PET IREZUTICENICREN 2 RiE
T5. L2L, IhoDBEDEEIZEC (0;
245, ''C; 204, “F; 109 4), RERZR DI T
BOTEER AR L 2T IR 62w, D7
PET 23 T% <, H4 70 bu s RHEAHREE

£35S M AABELZSRARTHEEONELLIH L L
THREZBEVEBEBEC L.
* AL KBS E A R T e B R 5 5 8F
Zft .74 12848
BIRIGERS | WETHEXERER 41 (2 980-77)
BAb KRS E A 78
AL
E OHE 1 oM

T4 OfEE CRRMARSASEBH SN TWA, PET

(BEZ 33: 207-212, 1996)

B EDBMALEE % ) BREHITTOL
2. BHRNES

HAERDEL bR TWwaDIE, EEOHEHEIC
BET 2RHERERIBTL2ERTH S (Fig.
). BHBOSHM THIMMEAEEIL TWED
i, DNA, RNA, EHHELZEDOEHOTUETH
5. RHMEEE AT I BAERIIEE IV
ERERT. ["CIAF A=Y Met) &, BT 3
BT AT A VARSI D AT h, &
HARBR RNA BRI b D, Met 15T - BEIC
BWAHNER LRI, BRANOERIIEL, B
R EOREBEZMIERTH LY. DNA GO
BELRAICFIVVIZ, HEIAHEEBLHR
ENTELY, ENFHIA TV, BEED
B MK A TWADONEE - AV F—
R#TH 5. BEEOENAHI, HEHERE AL
TIHEL TS, HOBEHRESTTELTEY, b
MNEEHG CTEBICINVI—A N T VAR—F —
DOEMAFEH E T W5, FEABEEA [(3F) 7 )V 4+
O7FA¥ T NVa—AFDG) X, FYIWVI—RA T
YAR=F—IZE DHRAICID AT, BHER
DEPNDOEZEANF VI F—ET) VEILE ST
5. FDG-6-") BRIz NV a—R-6-) VBEE B
D, FhUER#EhsrZ L EEBBTAIE
bTEY, MRENICERINS. FDG HHEMRH#
DBEATLR - U - BEICERL, £O—ATH
OB YBRICE VPR SN B2 DT, H5%KE
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Cancer imaging with PET

1.Detection of increased metabolism of cancer cells.

t  Glucose
['®F]fluorodeoxyglucose

Amino acid
[“C]methlonlne

Nucleoside
["'C]thymidine

2.Detection of characteristics of cancer cells.

Prolactinoma ["'C]N-Methylspiperone

Hepatoma ['®F]fluorodeoxygalactose
Hormone receptor ['®F]fluoroestradiol
Hypoxia ['®F]fluoromisonidazole
Drug uptake ['®F)fluorouracil

Fig. 1 Radiopharmaceuticals for cancer imaging with
PET.

Ml ICERE OB 2D, ZDOOEEH
EEOLEFOEEOZMICKSILHVORT
WED, BRORICHEEIND DT, BKISEY:
EEDOZUNAIEBELSLETH B2,

PET I X BHBZHTDD ) —2DT 7u—Fi3,
BOBMEDHT 5 -0DEHTH D (Fig. 1).
["CINAF VAT /LB TEKEED F—
IRV D, LTy -0, PF7 VA DT
IO —NWIZEBHBOA MO 2Lt
—DPW, EEFABORBOEE %5 L7-AF
MRBO PR 7 VA 0T+ XTI 7 b=k
BB L, A ORAIITDORTVE, Thbd
DEXNZ, DL DD, BHEFELHEEDROT

Bl &2 ATREMD S 5.

3. BEE - FHEE

FDG (7 Va1 — R L E&HETHAL, EE -
B - OO EREIE, MAEDRE R X
29, ZEREREICIIIER - BN OERYE C, L
NDOEFIIE, BRI OMICR Y, B - B
A TIY, BO NV I—ABWICL ) EEER
METFTTHIENELESA TS, BlLEERSE
T, FDG DEHERIKBREELE 27261

Oxygen, Energy DNA, RNA, Protein Cancer cell
Increased metabolism Increased synthesis |=>| Proliferation
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Metabolism of FDG

Plasma Tumor
Hexoknnase
FDG-G-Phosphate
Glucose 6- _
phosphatase Glycolysis

B Gilucose transporter

Metabolism of ""C('*C)-L-methionine

Plasma Tumor
—» '“C-Methionine —}o '“C-Methionine __ '“C-Proteins
16.6% 8.6% 76.8%
'“C-Metabolites <e4+— '“C-Metabolites
13.1% 14.6%
Transmethylation
'“C-Proteins RNA, DNA
70.3%

(Human 45+17%) at 60 min in rat

Ishiwata K et al J Nucl Med 198829 1419

Fig. 2 Metabolic models of FDG and Met.

Hh, —EHIIE, 4~5 BERMEATRIC PET IRE
2TV, REROMMEELXF v 775, Met D
HAST DM 7 I/ BOFEL TS, FHERN
BCTREBII Mt EEIIKT T2 LOBHBEINDH D,
UL ZERFORENLE L9,

FDG-PET Ti, Sokoloff ® 3 I /38— k X »
k€ 7V (Fig. 2) * AW 7RO LI E S,
BEHEICOAVWORTWES, LAL, GHEILER
FDG L7 Va—2AD") YEEILEDK (Lumped
constant) 7%, M EETIIRL S L) ENDH
B. PETICEBYAFTIVvIAFY DT~ %
BHWT, 79 7DMEE2 %, influx constant K; %
KD B Patlak LD L, HHVIEEEER ki &
RKOBFERELEDRTVE, WIFR b HEHEE
NI-EEETH D05, BRRMZ EFEI 50
. FOBECERMLAEL LT, k@0
) OMGTEE Y, 5= & FECTHIE LB
WHEILCHAWLR, Patlak % L EWHEE R
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Fig. 3 Whole body FDG-PET imaging of a lung cancer patient. Data aquisition was
performed from 40 to 70 min after injection of 10.2 mCi (377 MBq) of FDG, and
coronal slices with 16 mm thickness were reconstructed. Primary lesion (arrow), left
hilar and subclavial lymphnode metastases, adrenal metastasis (arrow head), multiple
bone metastases of lumbar vertebra, ischium, and femur were demonstrated. High
FDG uptake by brain and urinary excretion of FDG in bladder were visualized
physiologically. (Shimadzu, Set 2400W PET camera)

FTIEMEHSA TS, BfHICRELYSH D,
Differential uptake ratio (DUR), Standardized up-
take value (SUV), $» 5\ id SUR 2 & &N T
Wh, REMIEICOWVTIE, IBiE TILBHIEC
%Y, BREREETOMIE, FEKETOMIER L
PRET SN TWwEY, SHICHEEREE LTESS
EFHEILEZ EbHWLRTWS,

Met DfUHI1X FDG & ) #HT, E7WVIIED
WRHELEH AR OER I3H L VY (Fig. 2).
Met % 5% RIAHED &, MHICEBIEE L
BETREASHHIRT . Z AU FHRAE & DML RS
ENTw59. EanzlREL, MPD7Y) -0
Met B % A% L L, Patlak BEIC X B €& D
fTb T 5", DUR RES/IEFHMAMIL D X <
HwbhTws,

4. BRIRICH
RRE B O REACEHIL, EHOEMELAREL, F

BOEBEL LRI EFMSN TS, FDG-PET
X, KBHEHOB VML RE U CERIBAL % &
FELY, BOHRESE L BROENZH 2 L8
WHAMSRE IR TVE, MEBES T TR

{, HEEDEMEDFMEICOFHTHS. Met
BEFERANOEEKL, BHLOZHNIY T
A NBOND. ZDOEEORBEHEDOZK
R, BRORBICERTH DY,

L L UM T, EE~D FDG & 5%
Vit Met £f85%, AR TE S W BB 7
O—HA h2 M) —fRIFIC L 2HEOIIEL, &
WHIBERT. L2 L, BiidE - SHSEIRE O MR
¢ FDG £ 2 vwE S TWw5, FDG-
PET (3, THEMBOREROZHT, ) >/ \EHi#nk
DBWNE B AT —T 7, (GETHE, FRIM
HREDRERIZBWT, MRI &9 L ZHHELE
V. Met HFDG E IZIZFEEDOFETH 5.

gD PET WL, bhbhht 1983 EIZHD
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THE L7227, EEZGHTITORTEY, MES
DA TEERD L AL TWA Y, fifEEED
ERIZHITIX, FDG - Met IS ANDER ZH]
LRCEMEREL YV EY. L2rL, ElnEBHED
BUCIEETOA—N=5 v ThH Y, & - EE
SE-BBIE - VoA K= A ECTBREMEICR S
EBIDH S, FEHEORNY - EHOENDZ
i3, CTTIZZ L OMEMTORTWAED, Th
5 (2B 5 22 FDG-PET D& Id s <,
EZFEIZ 0% Hi%THA. Met-PET iZZN & D
4 LIV, PET OERRMZfEVE L LT, #EiNS
FDG-PET TRt Th ITERSLFM 21TV, B
HTHIBRBBEOAE TS, THIZE ) B
LFR - REXRS L, BEELEHTEL LY
I EZHPKETRESN TS, PET 134
YORHERBORBUNICAERTH A, CTTIE, V>
SNEOEE 10mm L EXEBEH L T2 0Hh—
I TH B DS, INEY) Y REIC S EEBOTRE
133 5. FDG-PET & CT D#ER%, T4 - HHE
DU B L2 HMEDTRTT, CT XV b PET
DFHBRIEEILE . PETICX AIEMER AT —
Ty, BYREREDORIRETRICT S, &K
I PET ICX WV &5 B2 HET L HENRES N
2%, BICEFEROS VBT, EBEOR
FICAEN R HETH S (Fig. 3).
FUBICOWTH, EEOR - EMOET, K&
) YSERERRE DB W % L2 FDG-PET #FH T
5. Met bFLBEDOZKT, GEDE=45 ) Y 7IZHH
THb. JUBEBTI, TAMO VLT y—0D
PET (2L 5 il%Ed, ERMEZEICEI AL LTy —
FLIL—HTHEHESINTV S, LED PET
DI Z TV DAY, PET I & AHEE) ~ /3
THROZUID, FBOBEAEHIED X5 TR
SNBEDhRE, REFTRERENKR > TWV59.
L2 ELOETIEBEHZOZHICOVT
1%, FDG "EHTH 5. 2, FFBOBIRER
H R BN FHER X, CT TIIEHEA#EL <,
FDG-PET "ER L G S h/zm, 74, BEE
DIEE CT RELZ LT, BIBEASBR SN
B, BB UEE»OENZHTIEL V.
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PETDREMEZ MR~ D I
1. IV

Rt - BHEOER (WK, R
%8B (R7—-2) 2K
(FhfE. PR, V> /%0 REAE. SRE 2L
EMEOZE (M)

2. BREHE
BEHR - (L EBEDOE. BR2N
(GRERERAE. AhfR. FLAB. SAMUE 72&)
BESCEDOFME (FFE)
MSTRIESE & BROKS (RAAEH)
WA EBROER (KWE)

Fig. 4 BAEZZ LN TV PET (XX BEHZHO
I

FDG-PET |2 & D KEEDE VBRI HETH 512,

WeRE D2 WT I D\ Tid, FDG-PET (2, CT %
MRI & ) b ZHHEED S <, EREREERLE D
EJDHICOENR TS, L2L, MiEDHEEE
Ftk, EMERMEOMIC, DI —N—-F v T
Wb ENPHLPIZE>TWVED,

BB OMERER & B OER b FDG-PET O
FwlEintEZONSL. THLCT-MRI LV
WrREEEASm . L2 L, BEREICHEM S L7 FDG
PREZMOL ¢ IR DDT, YHRHD S\ IdHE
GhEDNBVLETHHW.

I DR, BN vochE, EMEANE,
YRR S ALARRNE IS 2 &, SRR DB - 15
FHMC PET IR TH 539,

5. BELEMF & BSEREA

fEHE, Mm%, MMEFMRL EORFHME ~
a7 77— E0%REML L, BRI
LAl E AR ORI N TV A, FDG i,
AR - WA - vz 077 —YounThicd
BWERERT LD, A—bTITUFTTT 112
SAMETHL IR o772, BEMEOEE
&, BB EICREL DA, BE~D FDG £/t
FERINA~D FDG £ I TE A EAE TRB LS
CFTBEVWIET, AY v Mdbiab, LrLE
fE L DEHTIIREE 2 5. BHOFEEED KIE
D FDG EFHFH SN TV B D, ZhidhiEd
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B - ASEMLIEN O FDG £/ IC L 5 L Bb b
BRI IER DO RIEIZ D FDG DMERET 5 Z & °
HY, BEESEODHIIGEENLETHS.

Met DIEE A 1X, FDG & IdRL > TV 5.
Met (ZREMIEIF RN 2 0MER L, AFMAKCR
ERIRADOERIL, FDG £ ) bix b0k,
Met i3 FDG & 1) & {G#FEIC AV T 5 T etk
f)i‘&') 5 |7).

FEAINL B AN b L —H D4R L EEORRIC
DWT DR ZETIE®, WMREEEIE L 5 EE
T 5 &, WMEREIECVGERITE FDG -
Met & b IZEFEDE {, FDG DR DREH B DZED
K&w, 2Fh, EUEOZMICIL, FDG DYy
HEVWTWDE I EERBELTWS. —F, F—E
5% BV CREHRIGERIR O LR O LR & F~7
D, BEEMBLONEE L EFOMREHRANSL L,
FDG (3 OfEETH D, Met - F IV ¥
R A & IS 2 A5 A AR AR R 2ol /N ST A
T2 o TWVD D,

BRRTHMERIBE S L — F2 & 30D FDG %/
&, EDG ¥R L 7250 AL A S 3RELL 72 ik o
FamEEAHIR L, MIBROAZRRIY CEMEE) &3
MLZWwEW) BENH L, BIKRT— 5 2aFilid
BEAICIE, EDRTA—FEREEL, MELEL
TWhOMEEIRT T B LENDH 5.

6. SHENDEL

FDG-PET |22V T, RIEE~NDEFE % &
L, ZWHEL SOICHD2 ZEPfFsnTy
L, INEEHAF Yy VEOYR - EREMAE
besZENTENL, PETOERMII—EESE
LEBRDbND, 1, BHIBHICAT T TD
BEOMEIZED, FEGRE - FhizRo L,
BB ERTHOBIRETEEICT LI ENEZD
n%zz)_

BESEHHR BROSZMIZ DV Tid, FDG 724F
T, Met OF R EVEBDLNEH, BK
MEZELEATSTHS. BEEBELT, RY
b O SRR [MCIBCNU O fEE~ D HE A
FLERE >, FHER & B)ERE CIHOBL L 72RF%E %0,

(*F17 V41T 7 2V OEGRIFEBRENOEE
A%, SFU OGEENRELHET 2 EOBER EDVDH
A, Ihbid, PET S, HEZ O NI — Lo
CHFETHUCA R ERERMET 2 TREEZRL
TBY, SHROBEVSPFEINTVS.

7. £ &8

PET# V2 2 &2k h), BESHCIIBLA
W ES O RS A L BB O R
5. HADEECENBH - AT -V - BEH
ERFHOMEE - [GHF - BEDM 2 &I,
PET O ERRIAE FMEAFEH STV 5 (Fig. 4).
4%, FDG ORBRARZEIZ L ) PET D% RAHNE
N, BESWICRIOZEZHFLTYS,

BEE RERFFEEITo CEILEME, EHBETF,
AEE—, ZHEMER, FEER EESZ, BH
=, CBHE, HPEHE, MEZEZROZEENB L
UHILKEH A 70 Oy Rt ¥ —DK 4 IZRH
LET.
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Summary

Cancer Diagnosis with Positron Emission Tomography (PET)

Kazuo KuBota

Department of Nuclear Medicine and Radiology, Institute of Development, Aging and Cancer, Tohoku University

PET using "®F-fluorodeoxyglucose (FDG) or '"C-L-
methionine (Met) enables cancer diagnosis based on
higher metabolic demand of malignant tumor, that is
correlated to uncontrolled cell proliferation. PET us-
ing FDG or Met is useful for differential diagnosis or
staging of malignant tumor in brain, head and neck,
lung, breast, adrenal, pancreas, and others. PET is also
useful for detection of recurrent tumor in post-therapy

scar or necrosis in colon, lung and brain. Recently, ba-
sic studies clarified the mechanisms of tracers accu-
mulation in tumor tissue at the microscopic level,
which will be helpful for the improvement of diagnos-
tic accuracy of PET. PET can provide useful informa-
tion to improve patient management in oncology.
Key words: Positron emission tomography (PET),
Tumor, ¥F-fluorodeoxyglucose, ''C-L-methionine.
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