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Present Status of PET Images:
Clinical FDG PET in oncology

Tomio Inoue

The clinical application of positron emission tomography
with fluorodeoxyglucose (FDG PET)in the field of cancer
diagnosis is expanding rapidly. FDG PET has been proven

| to be a clinically useful tool for the detection and staging of

' malignant tumors, differentiation of mass lesions, and fol-
low-up and monitoring of malignant diseases after treatment.
Several factors relating to the clinical spread of FDG PET,
including the simplification of FDG production, establish-
ment of an FDG delivery system, shortening of the data
acquisition time for whole body imaging, development of a
coincidence gamma camera, and reimbursement from medical
insurance, are reviewed and discussed in this article. PET
oncology currently has greater potential as a result of the
development of new radiopharmaceuticals based on the
tumor characteristics of biochemical and genetic processes.
The recent development of clinical FDG PET might be simply
a stepping stone for the development of more advanced PET
oncology in the near future.
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PETIEXHHCT & 121X[R] CREI19704ECIZ %6 S iz as,
FOHBID2ODET) T4 DI E o B kE Ry
o7z, XMCTIHBREMICERL, SFTELURIFTLE
n, EFEOFEFIZEZREE Y N b DOH -
72, FDOR%H TH HHEEEMIAL: @ Hunsfield & KE D
FCormackld / —~OV[EFABZEEZH L Twa. —,
PET\ 3B -RUIRE 2 485 7202k 4 70 ho v
REREEFLETHY, SHIEFEOT A XA T LE
BB ABREE RN RY b A AT HLETH
HEVSHT, BMELREMEMA RS TERL6ED
7o EBICEEN &G RRE o & 53, PETEAIZ AT
LEFEFR I =S Ay T4 AP Voizg L
DAY v THREBREIZ»hbeR L TIER S AL
BT, ZLDAMIIPIBETHo72. TOLH R
HA 5, PETIZZFDOFMAMEIIGH o TIdnwids, BL L LT
Wk L WA Twiz, £OMICMRIS 5 S UL
SR L, BERISH &L REIZ2WTPETIZCT E MRIIZK
E{KEDIFHENTW,

LA L7Zd%s, HaEPETIR d 2B T 0% R AT
SIS, 5O TEEHENELHIIE-TER K
T U ERPR T THR I SO IEE S LT 5 B2 T OFDG
PET” % HLMZ & DFARRY 2 73] & FDG-PETH{§ DBk B &
N7 ) = A WPETE B D 720 OERIZOWTHEHT 5.

FDG PETDREE

FDG ¥ fluoro (PFTHERE S 417 v FAL S 4Lz ) deoxy (74 F
¥ BERE T &R D ko 7R glucose (VT — A, TF
TR OB TH L. bFEE LIXC-20ML1E D-OHEEATIFIZ
BEWRONLET, FVa—REBOTEWR.LHET
5. FDGIET Nl & EB 0k zEs© & 5. SERPHIC
$e5- & N7-FDGIE 7 F gk & [6) C#idEgRis X o THllig e
EEE SN, ERAOBENOBETHEAF YV FF—XI
L oTe-1) YEMELEN, FDG-6PL %A, ZOMRHHEFEE T
7RO RICTHEZ, 7SS ICHERD O
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Fig. 1 Schema of the in-
- ——— vivo FDG metabolic path-
way. FDG is trapped af-
ter its phosphorylation, a
characteristic that is well
suited to whole body PET

imaging.
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Fig. 2 Schema illustrating the principle of positron emission to-
mography. Image reconstruction is based on coincidence detec-
tion of annihilation photons originating from the positron emitter.

E AR HEATCARBI A>TV, W, Wk & ol
TSI a—F AEOBRICHECRE OEAT A.
Z UK LFDGIIFDG-6P & 7 - 721%, M RBEORE &
Loy, FITCAFYFF—XIZLDRE0H0RE%
RIB MY~ BALEEE O & A THH ek, 7-& 213,
P4, HEALER, 057 & TIIFDG-6PI & OfLHHRR~ D
T, P T v Er FEMHIN S IREIZR Y, PETTIREL
RIVIREEL 20 5 (Fig. 1).

4

HARNEZED 9 BRI MO =R L F —iHE LT
Fome T 729, FDGEBOMVIEIDINETDH
%. FDGOEFEMESMIEEEI L BT 2 Z &6, HLh
&FDG PETIEMCH ORI WS R TE . —0, #Edl
fad 7 ForEEBEERSRHWI LML TEY), FDGYHE
PRk CHERET B, MR L SO IE R AR D 7 F 7 Y
HEDENFDGPET O3 Y FI A R E LTHEO 2%k
REND. FDGDF-18A% 5 T Al L 7§12 2 DD511KeV
DOIHWSET (F > =< #) AT180BESUF M FET B, ZD2
DONFHAFA T B EF WK A LT & 72ROl
2 ST (% % FRERL S 5 (Fig. 2). ZOEEEHEE Wb
M5 7 — & WD PETEIE 2 MR T 5 AN 2 FiETH
5.

FDG D i~ D EFRHE % /R 3 E B AYFRIE & L Tstan-
dardized uptake value (SUV) 25 —fefyiZflibi T b. SUV
134%5- L 72FDG AP S 25046 L7z & & Ot heiE
1 & L7k ED, FEIOFDGERGIRE D L3R4 Ek+
HIEEECHA. ERIZIZIAOREE 1 LE LT, K&,
5 FDGHAER, WHEIBDOPETED 3 2D 7 72 ¥ 125
A% (Fig. 3). EROERE CIIFDGIR SR EMET 2 +
a—1) A—% LPETEDMOBIEEL CHIIE L TH HFHET
B, PRI Al E < MU A % L 72 SRS A\ R
L% BHS, HWIELRVSUV TS iRz %o,

FDG-PET2£ S {&DESS

FDG-PETOEZIM OMAR TR EFEEAOFLET
HAH, FOIDHIZE, EHLFDGERT A bLIEEEE

AARBERAE 559% 513 %
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Fig. 3 Concept of standardized uptake value

(SUV). SUV implies the amount of tracer

HEW (g) = concentration in the lesion in comparison with
HE=1&L7-0 that in the body when the total amount of in-

ﬁ] (DA L st R jected tracer is distributed homogeneously in

vivo, if the specific gravity of the human body

is assumed to be one.

Fig. 4 Whole body
FDG PET images of a
healthy volunteer.
Coronal (upper row)
and sagittal (lower
row)sections from the
thigh up to the brain
were reconstructed
from 10-mm thick
‘ 4 - 2 - - slices. Intense physi-
/i 4 275 7 ‘ ; ological radioactivity
3 ; was observed in the

& \.3,* ¢ brain, kidney, and uri-
oy g P nary bladder. Moder-
| f' 3 f‘ : g{ 5N : atleyuptake was ob-
: X7 . i < 5 served in the lung,
% liver, colon, bone

(bone marrow), and
skeletal muscle.
: There: was no myocar-
¥ \ . dial uptake because
: of fasting for more

A A : ; than 12 hours.
HfE L TB CLEHNDH B, Fig 4lZIEHHAFDGE T8 % R OEFHEA NS, LR EIEEEED g B LERE T £
A, EBAERGRLE L TR b HIZ 20D M~DERTH VFE—RWELTFHHLTWEE, —F, 7FYHE”»S5D
A, BB L OB O IRV OS2 72 - TR AN F =BT VDS, L TIIEEE % EM41C
V). Fig. 43 ZEfEROFDGH 1% TH B 4%, ZHEREIIZ 0 IANF—HAE EN L0 L, HERAFIREE I3k
B s hzwv, —F, EHREANOIRETIZHYV OGN (25 € 7 0 UG TORFI A58 3 7- OFDG O L JEFE A

FHE T4 11 H25H 5
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Fig. 5 lllustration of N staging of lung
cancer. No: no nodal metastasis:; N1:
| involvement of ipsilateral hilar node
7 Al i or peribronchial node; N2: ipsilateral
N1 N2 N3 mediastinal nodes or subcarinal node;
RHAIBPT & A= R REXED  SE TR F{EIAHPT N3: contralateral mediastinal node,
Y] Y] UPFAY. ] hilar node, or ipsilateral supraclavicu-
lar node.

ml b, —h, [BEAETFOiORE A ILF—DH
HE LTWBMMOAEE, Z2ERICFDGEMITE ¢, &k
MAEAE AT VIREETIZFDG & 7 F DS a+ 570, Ik
~OFDGHEMDET 4. 72, BTLRBEOBHSE I HE
NHZEHFGHhoTHEY, WAMRETIZI0~20%R1%
FDGHEMD AT H L vbhTWwa, Lza5-T, S
* 0L LCFDG-PETZ 1T BE1L, —BMICHRETY 4
R OZRETRELEITS . W, B, BRSO AT,
s, W, Wb, Wk, R, WEIESS, BEER, FEol
B EITRCAEBENERSAOND Z L5 2 (Fig. 4).
BRIV IERSASNE Z L h b H5, FOH
HW2EREEILZAHTHY EBEMEZ VL) K E2F
B TikEsRW,

TR ICH T AFDG-PETOIE & 152

1. BEREORBHEOERIZK

il DT i i 0 BIENE OS2 W IZFDG-PETA % 7.
20, BEMISRVERLRTIHA TN TH 5 T HEMH
BV, SCERAGIZIE, SUV2.S BLEDSGEIZENE TS A W RE:
PHEFITE L INTHEY, LiL, ZoOEECLsHE
EHEOBRERBHHT LI, T8N AEEORET
IRESNERETHD. bbb Ok ToOFHETIES
D BEMOHIWTHEMEL, SUV2.0% 5 L72am b 2
FREE DS V.

KEDOMedi Care T, 4emBL T OIS PENliEEEmE T &2
T & EHEDBHIBWT % 1T 9 & 1 IFDG-PET DR IR {E R AR
HHENTWE, [EFRFDI T & BROA B 320
SN/l DOEFEFTZ A, LM LEDS, FDGIEREEL
HOBRFENZD LT 5. BYEICEAT 2 HENREDOE S
IR CEBLSUV20LUTOZ E25% v, Ll MegEs L
DBMESIERE I XIERITRVERMERT I LAZ VD
T, FDG-PETTI100% DA T RIEMEOERATHEL DT T

6

B, BROZ ETHEHA, WICER LB A
VETHAD.

LM OEE % &DT, bhbhoiscdbHLaq F
— A, B#EiOpigmented villo-nodular synovitis, /2uE
%, W% &0 RS TIEHICMVFDGHEMZ FRER L T
V-

2, BOEREZMICH T BFDG-PETOXRE

R PO YA RATORREEDR L E R A =T 2 7P
B2 272 2 & T, MOBIEIIBIT HFDG-PETOA
BBDTEWDDICR o7z, 728 21, (EROBESERAE
TREX LNV LD, MO >~ EiiEgt %
MiThIeATEDLEL Y IZhoY, Ldd, FOBMHEE
(3 YSHEIDRE S & BHE(EEI0mmLL ExBE) &35
CTIZL ABMEELVEATHALEDRTWAY, JHEE
W RO OB, SR oS, 7w LIRSS EY) >
ISEINOEEETNTDH B AN3 L HIEF & L(Fig. 5), non-
small cell lung cancer®Hs &, i ITFAHTEISAT: { 7
5. HIEERZITL L bAATH L5, NSl diBEHED
REICKE LR ES 25, FHEICBIT2) V3 E@iEEON
ZWZB\\ T, FDG-PETTIRIMLH 7 — W OREHHE L b B
EERO SR L B L UTHIRGT 255, HIFEI
AHIFEMEHE COBEREL TS Y, HENIINEREH N
ELRT\(Fig.6). L# L, FDG-PETIZ X ANBIHfE
ThHbIFTIEER L, DULbIOKRETY FBILEICHED
RIEBUS T OERM T EORGITEC X 587G %2 5 556
bbb, LIz oT, XBCTIZXANZHAAELTLHD
T3, MELHAGHLE B RELHETTHZ LA
VEEEDNS,

A HRIEAE BT 2BV T S FDG-PETIXEN A TH
b, PTHILLZVWIERBEZER TS 2 LA Lh b FEHS
N%. Fig. TIEAEEAR OB CHifT L 7-FDG-PET& & 1
A =T 2 TCEERENRY > o8Bz & SHE L) oo EinR
DR ESNIER TdH 5. FDG-PETHATHTICIZMHE & b

HAERSIE 594 5135
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Fig. 6 A case of iung cancer, siage N3. FDG PET images reveai iniense upiake at the primary iesion{arrowhead), mediastinai iymph
node and ipsilateral supraclavicular lymph node (arrow).

=

Fig. 7 Staging with whole body FDG PET in a patient with malignant
testicular tumor. FDG PET images revealed unsuspected metastatic
lesions in paraaortic lymph nodes (arrows)and supraclavicular lymph nodes
larrowheads). The involvement of parazortic lymph nodes was missed
on previous CT. Abdominal CT after FDG PET revealed swollen paraaortic
nodes in which metastasis was proven on the surgical histopathological
specimen.

BEINTEho7zd, BRI NAIEEHCT TlnBo R S 3. FDG-PETIC & B ZhEHE

NT5 (Fig. 7). FDG-PETI:EE4 7 BEVENESL ORI 12 (b AEE R G RR AR ORI EFE L, XCT, MRIZE &k
HRTHHAS, FRIZhixE, Tk 2 o50E, KiEER & T PR ECEBFETHET A2 ETiThh A, ZOKFEC
BIZEHT® 5. X, EHEEOBIEE ORI X A BB O/ RO BIE

R EOREND ), LR HRERNRAESLER S

FRCILF 11 H25H
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Fig. 8 Moanitoring of tumor response to endocrine
therapy of metastatic bone lesions of prostatic can-
cer. Initial FDG PET prior to treatment (left) revealed
diffuse, intense FDG uptake in the skeletal system.
Marked reduction of FDG uptake in the bone on the
second FDG PET (right) corresponds to the well-con-
trolled metastatic lesions.

(ZHEBHCH DL X o THIE T ZPETHMAC I 2 ORERED A
1315, FDGIINEGHINBLISNC b et o USSR
FNOERICL > TBM SN A 720, GRS 5 WIZRT
R CORMPHENSHWEETH 545, EMICH ) FBEHE
TEBEFTIIEHTH .

Fig. 81X 37 815 5 S A R 11 0D PN 43 h i Bl iy &
BlkG 3 1 A2 DFDG-PETT® 5 7%, S 2B EOE
AL Tnwa, o770 LT TFhbuvnbw
% super bone scan DIRTE TIHEFR A& FIMI T & 2o 7297,
B HENDFDGOSUVIE, PSADRKIFELE —F L THY
FDG-PET TORIRHEDNHHTEH - 7z
4. BEBEOBE

FART R R UL IE I 2 & DR TG O BN 7 W\
LFSNESOBWIZB VT, CT, MRIZ EDOIZEESE T it
EAMICIEEWGH % N— A2 LBMETH A0, BRI
PRI Z BB, DL YA ICFDG-PETIZA
HTHBY, LaLieds, HEERE RIS
BRI & BRI S A O iEER e D AL ERGE L7
FEBIZ X BIZ LA2IE ) DR FE LIRS D 5.

BEBOZH CIHICERE E S TWw A DIZHE
WfE, EHBENE B O ETHS. BB - RN
RIZCEA LAY S > 1EFOBETIEE LT, ROIZEY
HPETHAE 2TV EED LWELICDWT, frEBsstbh s
BEET Y FACT, MR EIZOWTIERCT 2 LItk 5
Wz T, SRS TH A 02 LT &
V) TRER T SHIVE ISR L 7SR FIEARE S hTw 3,
YIVFAT A ACTIZ L A EFREDVBEN LHRAEL 2o
TVRWIRE R TI, BETSOREICHS L& vwiEEs

8

MAEHE L) A CTERDSD S,
5. ZOfDERME

WEDA ) —=v 7 L L TO4HFDG-PETDA
IZ2oWTH, —REEEOHILEBEORL L ) BiER
TYIRT RN R CTE 2 Z DI S h T w59,
TR, BEMCRE, WOOZMAE, TEEMER LB BNOFDGHE
R D 72 D FH A RINRET 2 1R S 5. S L
TOBWIERER FIFA 7D h 7 — 7 L % - THER
TAIEL—FETHHN, AV ) —=v v Pkt T2
BREIZE > TT O L Wb DTV, FDGEYPETH
I, HREICAELZCEFDROBRENTEL EDDHT
MNH LBEETH LD, RERVOMWELITZ bk
WZBRFEA D 0, RS IIL CHUY ANTIT) OB ST
FHE FRITRETH 5.

FDGDMEFERE LR EZ M OB B S FHRHUELTH =
ELHALNT WS, filifE, WIES, LR EToFRM
PHESNTETWEY, TLERONBOBETHYTF
58 1243 2 FDG-PET DA I D& i3 47 X & 12 HEt
MED LN TV EBbhs,

JUZHIPETERD-HDER

FapRIRAL & L COPETRAED SR L TW L oD ER & L
T, OFEAEHOMFAL, Ot o sk (5 eg 1
A=), QRKEHERIAT Y vh A 5DEE, @PETH
BRI DB A KA (LRI A CPETIREAMTZ ) &
EDRFEITHN S,

EHEWOMREIZDONTIE, T4V b TOEKER

HARER S E59% 6135
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ThhHY 4700 EISERHOBRANE =Y 70D
v EEBT B LIRED BB ASHER & HIN LS, B
HEAR—ZS sSmUGFBETTOL I B4 270 burbili
HENTETWA. F72, FDGEMEERE b A BHRT O
¥y Mz b OIS hTnwa, SHICEED,S
OFDGHFGAH O 3D TEELRMBETH 54, BUE
T CIZHITAHERREERASE T LT 5,

FDG-PETHRAAMEZWIICN 2 5T 5 L ) 1k o2
HiZEH A A—T Y IPNEIC ol BT ON 5.
L LStk B L Rk, 74V b—7T%%
B4 AR s 2o by AI v va v AF Y v
#iTo THBFDGR G L Tyt ds L, BHIE
2 REMILL FE A I SN A Z L2k D BIEICITBEEDA
HAKE L, F2-A0—Ty PO TENEREICE -
TLEH. #ZTHAEDE Z A% DHlifk TIZ4&HFDG A
A=V TOAL, FDGOTF— 7k (Z3I v a vy A%
X )DHBTITo T D, W WITIGHIE 24T - 725
BEHOBWEZIIE STV, S#FEL LT, Ko
BB NFT YAy ar Ak v s EEEILT B, X
CT#FT A HEREDTRARALN TN ED, bivb
NOWEHTIZ, FDGHRGRIZTI v a v A¥x v » 4D
WEICE A FF A3 vy a yAF Y AT T3
wiay - NSy AIv g EUEEEToTWA.
ZoFE XSRS H 2RI IEROFDG 4 F{&H°
BoNZ AT, LR % [FREIC O S 5 72 O RELIR O F
BHERELRY, PRPWEILTE2REANHD. ZOH

FHOIT4E 11 H25H
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Fig. 9 FDG images of lung cancer. CT imaging showed a mass lesion in the right
lower pulmonary base. Abnormal FDG uptake in the primary lung lesion is seen on
the image obtained by a coincidence gamma camera (right)as well as on those ob-
tained by a dedicated positron camera using BGO detectors (left).

BRI & B EEE D S KB F Coey
1§ DOWAEIERNIZ335~407 1 TH 5.
WigmR O EMLICBE L T, BEL -
EHIEH SN TV BERBEN 3 RILT— ¥
WUEETH A, Ho<hATDIAY) A—F
OEENAY T 5 € T Lvvbh A fiH e
v SO LY B E, RIGARARE
PIZAETES B il & D5 Z 3 RITHIC
T2 HETH S, ZOFEI LT
K E TOEEA A — T Y 7105
MBTLAEETH A75, WL TIE 3 KT
F— R L BEHA A=V Y T DY
BT EAST VI WRED D 5. I
¥, INFRFLACTRI— Y E—LCT

o L2EECT & 3 RICINHEPET & DFHLA
A CIRLEIE & CT-PETHZ O E R f
O FRBHATABEHA AT ¥ 7S
ARG s AL, BB T & o BAE

A=Ty TEBIKELRERTHS., ZD
i, EMiRBGOME & ffio7-PET A 2
S OfCHZERE L LT, Nalfidhz o 7258
OSBRI > H A 5\ ZFEE
BEESE LD THY, KE, BNTERLIZILDHTY
L. WEOH <H AT ONalEh39.5mml& Th 5 2,
FEEHE A < h A T T, TRAVF—-D@EmEFORH
1EZEFRD B 7280 19mm BT OIE il 5 & Fl v A 305 b TR
EhTwA, BEoNalig iz /- 3SEchswoy 77
T LRSPECTOHE LW EETH Y, B ¥ F 7T L% ED
SERE S TR T WA, HOBGOK % - 72PET
A5 EEMTH S0, BEEFHRANR A 5 iR
Pelc b A L4 <, EABOPETHu R L LTifFsh
TWwa, [T = h A FIZEBEDGA A—-T 27
[IBGOMH B % FV7-PET A A 5 X O DffEH 5 A B A%
ETHLD, FDGA A — TV 7 OGe, Wiy 773
2 ¥ FHE { 203 WO T OWLIIRES D32 D D e il
% & ORE O EMWER DB oW T T ERRIIAE 2
4. gz oW TIZ 1200 & 6 S & LK @ multicenter
trial TN TE Y, [ARFETEET >~ A 12X 5FDGA
A — T Msensitivity1397%, specificity 80% & L -32 iraE
DHEHRENT WA, LHLARAS, SHEEDHMED51.5cm
LUF ONEELIEE OB LTl 2 OE 04 T % 5
BT 2HEDH 5. SEFHRIFIC X 2WIENIERE R & D&
AZE ) 5 IHRINFEOUENWFTE 55, ZORED
WAk & 2 AR (3 B A RET AT >~ A 7 DR
REVEHIA S ST A Z D TFHEENS. Fig. 9l&, [A
—BEOLMHEDFDGA A —Y Th AN, PETH AT (f5) &
[GAE 2[RI R R T >~ 1 A 7 (fF) T b Miifa~DFDGEM
MR SN TWA,
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S HIIFDG-PETH bt Tirbh A 01213, HWEH
TERRIRIRZH T TIT 2 5 X AR O B S LA A
RTHAH. FHIEBRETIE, FLABLEIhTELT
—HRBRIR (13— B O iRk TR e R & L TR DT D
NTW5b., FMEGEEROSE, BHABEFAIEHERS
CAHFRPEMEET D LICHESNA D 2 FHEDS
8 TTHE T THRERN I EN D L. T, RESHENL L
HHZROWEH THREOHCEETH > TV A ik Tid
S5 IIHBEOBREER L > TWb., BIEFDG-PET DR
BALICIT TOBI R SR TBY, F0EBHNE M
ENTWA5S,

Fig. 10 Contrast enhanced CT (left)
and positron emission tomography
with F-18 « methyltyrosine (FMT)in a
patient with low-grade astrocytic tu-
mor. FMT PET clearly delineated
the brain tumor with faint contrast
enhancement on CT.

bW

A4 TIIFDG-PETHAL & H0s 237245, FDGLISL D%
WWERHDI2HORY fu r#H L LTICAFA= 2 )
FDGIZPLis 2 gE 2 Fpo WAITH 0O, FOHHATEN
RENTWE, DAETIIIC.aY) YIRBFg AF L& L1
i 7 (Fig. 10)8 72 KO3 LU 12 X 2 BEEEAFZE b o
LNTHBYSHOBRVTEENL. T, BekTIdED
TETFHENDICH R, F-I8Ef#F IV X7 LAV F
DIFE% E, FEHEROBIZED A A — T > 7R D5
Eno2dH Y, PETOMHBTIIFDGE HSEEIZ L8 L
BRSNS E LTnA,
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