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New Challenge of Nuclear Medicine in Oncology

—The dawn of functional imaging—
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Today, imaging diagnosis in oncology is based on the regional anatomical information. However, anatomy-
based imaging provides limited functional information and can only differentiate tumors from normal tissue
based on shape, density, vascularity, fat and water. Imaging of regional tumor biology by nuclear medicine pro-
vides quantitative estimates of regional biochemistry and receptor status and can overcome the sampling error
and difficulty in performing serial studies inherent with biopsy. In this review, current status of the functional

imaging of tumor by nuclear medicine will be described.
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1N Role of image diagnosis on patient management of cancer

Phase Examination/Treatment

Image diagnosis

Role of image diagnosis

Medical checkup
Outpatient

Physical examination

X-ray

(by interview)

Detection of abnormal sites

X-ray, US, CT, MRI

Identification of anatomy of abnormal sites

Precise examination Image diagnosis NM Detection of distant metastasis
MRI, NM Differentiation diagnosis
Physical examination L . .
; — Determination diagnosis
(Biopsy, etc.)
Under treatment Physical examination —
Image diagnosis CT, MRI Assessment of therapy response (Anatomy-based)
NM Assessment of therapy response (Tumor viability)
Follow-up Physical examination — —
Image diagnosis X-ray, CT, NM Detection of metastasis and/or recurrence

Abbreviations: US; ultrasound echo, CT; X-ray computed tomography, MRI; magnetic resonance imaging, NM; nuclear medicine.

36

oooo 2004-n



Oncology0 0000000000 OCOOOOQODOO Functional ImagingO 0000

oooooocoboooocboobooooooooon
0000000000000 0000%F-FDG-PET
cooooooooooooboooooo/cToOO
/MRIDOOOOOOOOO/sPECTOOOOOODO
ooboooooooooooooooo

ooocooooao
gbooooooooooooboooboooooon
obooooooooboooooooooooboboon
obobobOoooooooooooooobooooboon
obooooooooooboobooooobobooon
ooboooOOoooOOo0ooooobooobooboooon
oboooooooooooboboobOOoOoooon
ooooooboooocbOooooooooobOooon
ooboooboooooooooooooboboon
obooOoobOoooobooooobOoboOoboooon
oooobooooooooboboooobobobOobocOooon
obOOobOObEGFROOOOOO0O0O0O0O0COOCOOO
OO0OooUdHER2D0O0O0OOOOOOODOOCOCOO
oooocoocoooooooboOoOoboOobOOobOoon
oobOoooOoobOOoOobObOO0oooooobooon
ooooboooooobooo
oboobooooooooooooooooooon
oboboooooooooooobooboooboboooooon
OOO0OOhypoxiaDOOOOOOOOOOOODOOO
oobooboooobooooooboboboooooobooon
oboooobooOoobooOoooboobobooooooDo
oooboobOooooooboooooobooobooboon
obooobooooobooobooboobooooboooooon
OO0O000hypoxiaODOOOOOOOOOOOOO
oooooooooooo

oooood
gooooooooooooboobboobooobooon
ooboooooooboboooobooboboooDo

odooO0ooooooOooUooooooDUooDooo
goooOoO0o0oQoQoUoooooUo/00O0oOOO
goooO0ooooUoO0oOoooUooooUoOoooo
oooo/000000U0ooDOoUOoUoooooo
odo0ooooo0oDooooUoOooooUooooo
000000000 ooopDoooooCcCTOMRIO
goooooooUdoUoOoooooogoo
oooocToMRIDODOOOODOOOOOOOO
go0ooo0oO0oUoooooooOoooooDOo
oo00o00o0oDoo0ooogooooooooo
gdjooooooooooooooooooooo
oo0oO0ooooooooooooooooooo
odoooooooDoDooOooooooooooo
ooooodooo0oooooooooooooooo
odo0oooooooooOoooooooDooOoo
goooooooOooUopooQoLOObDoooo
0o0000oooooooooUoooooooooo
oo00o00ooo0ooooooooooooooo
o0oU0oooooooooooooooog
O000o0oooo0ooo0oDooooOooooao
o00oo0ooooooUdoooooooooooo
gooooo0ooUooooUooooooooDoo
00 functional imagingD OO0 O0O0O0OOO0O0OOO
odoooDoDOooooooOooooooooDooo
odoooopoOoOooooOoOOooOoOoDooOo
ooo0o0oooO0o0ooO0ooUoooooooooo
functional imaging0 0 0 000000 O0OOOOO
ooooooooooooo

OncologyOD OO OOODOOODOOODOODO

goooooouobooboboboboboboooboboo
o000 Table200O0000000O0O00O0DOO
Joo0ooooooooooooooDoDDOFig.2
gooo

HO H NH2 11CHs 18FCHz
\ + \ +
lsF/v‘\COOH CH3!'COOH  CH3 ‘1/\1 —CH2CHz0H CH;:*I/\I* CHzCH:z0OH
OH
1C-Acetate CHs CHs
OH
18 I8R-FACBC 11C-Choline I8F-FCH
BF-FDG - (6] CHs OH
CHs3 CH3 OH \fk NH 18
— F
7\ N/—\N/\/klsp N&O
N N N
e ) Y HO
VRN NO:z 0 HO
CH3HN S S NHCH3 ,
18F-Fluoromisonidazole 18 F-FES
62Cu-ATSM

I8F-FLT

BEEE  Chemical structures of positron labeled radiopharmaceutical for tumor functional imaging
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1:1+1 5378 Radiopharmaceuticals for functional imag-
ing of tumor biology

Biological/biochemical function ~ Radiopharmaceutical
Glucose metabolism IBE.FDG

Amino acid transport and incorporation  18F-FACBC
U C-acetate, L!C-choline, '8F-FCH

Membrane/lipid hiosynthesis

DNA synthesis I8R-FLT

Hypoxia 18F-fluoromisonidazole, $2Cu-ATSM
Apoptosis 99mTe-AnnexinV

Receptor expression I8F-FES, 123-MIBG, 11 In-DTPA-octreotide
P-glycoprotein 99nTe-MIBI, 9mTe-tetrofosmine

See text for definition of abbreviations
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BEEEN Example of 8F-FDG-PET studies (coronal
slices) in (A) histophathologically re-
sponding and (B) nonresponding tumors.
RCTX, chemotherapy; SUV, standardized
uptake value. (Data from reference?).
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from referencel?).
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18F-FDG PET 18F-FDG PET 18F-FDG PET

11C-acetate PET 11C-acetate PET 11C-acetate PET

BEEEE  PET images of prostate, lymph node, and
bone metastases obtained using 18F-FDG
(upper row) and 11C-acetate (bottom row)
from 73-y-old man with poorly differenti-
ated (Gleason sum 7) adenocarcinoma of
prostate. bn=bone; ly=lymph node;
pr=prostate. (Data from referencel®).
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PEEE  8F-FLT images of patient with non-small
cell lung cancer. Left: coronal image.
Right: sagital image. Center: transverse
image. (Data from referencel®).
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Ki-67 labeling index (%)

FLT-SUV

Linear regression analysis demonstrated
a significant correlation between prolifera-
tive fraction and 8F-FLT uptake in solitary
pulmonary nodule. (Data from refer-
ence??).
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PBGEEEN  Example of 9mTe-AnnexinV imaging stud-
ies in responding (B and C) and nonres-
ponding (A) tumors. A and B: Case of
non-small cell lung cancers. C: A case of
non-Hodgkin’s lymphoma. (Data form ref-
erence?d).
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