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Preface

Although Positron Emission Tomography (PET) have been applied as a part of
the medical field in Taiwan for almost ten years. However, it was initiated
exclusively for research purpose until Chung Shan Medical and Dental College
installed in its affiliated hospital a PET Center facilitated with three PET
scanners and a cyclotron in August 1999. Clinical studies became the primary
goal of the PET center. Research conducted would strictly involve case data
collection and analysis. In turn, the scope of service broadened and the

numbers of study accumulated faster.

Acknowledge as the pioneer in Positron Emission Tomography clinical service
in Taiwan, The Chung Shan PET Center served as examples for other hospitals
in Taiwan. The Chang Kang Memorial Hospital and Shin Kuang Hospital
followed to install new PET scanner in their hospital in August 2000 and
February 2001 respectively. During July of that year The Taipei Veteran
General Hospital upgraded their facility by installing a new model of PET
scanner, enabling the hospital to initiate clinical studies as opposed to the
research based agenda. Imminent are hospitals in the Southern and Central
Taiwan to develop more PET Centers to join in the field of clinical PET. The
frequency of examination and the sum of study are certain to increase

tremendously.

With the ever increasing number of medical professionals in the PET field,
references especially imaging are inevitably needed. Up to this date only a few
published PET textbooks are available, with some using images produced by
older model scanners. And most certainly a PET book in Chinese does not
exist. This book is a collection of articles pertaining to PET studies and
diseases. Included are over 200 PET pictures of cancer images, non-
malignancy variant images, brain images, and cardiac images. The articles are
exclusively written in Chinese and the explanation or data of PET images are
in both Chinese and English. This book can be used as a reference for

clinicians and serve as supplements to textbooks for students of related fields.

The collection of various images and composed writings were prepared in a
relatively short time span before they were sent for print. Thus mistakes or
omissions are inevitable. Your comments and suggestions are appreciated for

the next edition.

The author
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Positron Emission Tomography

B 7 R Am X OCH  ob - SRS EREE 0 Bz FE o A RS BT G iR
(CT) ~ WHRE R (MRI) ~ BE BFHE (Ultrasound ) ~ 7% I 1 52
(Angiography) » LAt FBEE2 B 5 HER G s (SPECT) B IE T HK
S (PET) BREEZEZER - 1ROLERIK LAVFEA - IR a1
o2 B B2 rh D A B REY —IEBHE o IE U EN G0 (Positron
Emission Tomography * PET) JUH E P95 RBIISERIE HT 72 Sy - H
T35 R B AL A AR A L AL 7 ZE 71 > DARR AR YE S 50 A )& 18 A
A8t - PHEE A LE I B B e 68 7 LB G RE - #5 LIRS R 3% s et 4
B EEFRAEHE P 57 i IR DL o TE 7~ 5B B et 4% 52 i P {5 FH O A% 1 S 751 25 88
A an B AW E sREAT ) ZARE) - B LAR] LU S 88 h AR BRI AR S
FHHJAE o EHRSHE K 2 B AN BRI S8 L0990 » H AR b 77 IR L E 11
forp I s L HE B 2 BT - IE - AR B R s thr - R RE NS ffE Hh B2 (L35 77 T & B
HAYES - T EAEARR EEE R 2R E A EE kS E - K a] LIS 2|
IERER) THHAZEN D - ETMRE TR HREHEE Y - HEGm ¥ A dn ) 2E R s A1 o
HusERr - PET LA EERYMHIAT -

PET 155 i Bl

1E-F AN ErE e il (PET) BSOS il < SaE 22 RIEERS © PET
Pt s FH HOAZ 27 - SRGEE L RS & EH MR A an B E sk HAT4EY)
SRR RE EEY) - ] LU SRR e A AR ek AR - LARE & U7 I E HEBE AN
B A R VR - 5L LU i 2z rH A el 25 B ¥ e a wo G e »
JE PRSI IR R EBURN RS - Ktk - PET iR try 2 ARG S 2L 8 ~ 4=
LA &G Bh 7 A& A - XOCEMKSET G M2 il (X-ray Computerized
Tomography, CT) Fl4HHR:ER2 (Magnetic Resonance Imaging, MRI) Y
FAARPR PR LRI E A - SUB ARSI FRS S 7 R 8 L - B 7 I R e B
flir (Single-Photon Emission Computerized Tomography, SPECT ) #ff)& — &
ZE W& R - SR IR A P (58 FH ) 2 (A B A% 1 S8 7 - S REIEIS DhRERS
%R - M3 A PET A REFR LA BAABE ~ A (LANREH 7 mry L&A -

@HE iR 28 (Cyclotron)

PET A& 5 At A 0368 B 71 2 HH 0 e D sel s A s BGE R - 3l BE DR 83 £



$—8 [EFHEEERSRE

FH B 1 #8308 PR AL 55 S DI - 2R — S RE RIS 7o - H 5 EHEeE L
T RN AP A AR IR T RORT AL AR - FRISFAZ A AC A B N P &8
an c RIEIHE ~ AR ~ KSR - BOERAT HPEHER] (Tracer) ©

iB By (Tracer)

A5 28 B B v A BRI A A HE N H S B FE Y 2 88 T R IE T
(Positron) » IEfELEEFPHEHEMHE » HRAGFIZIEE - &1E 71T
AEARFGHIEERERT - BB FAHrh A 288 28 (Electron) » FEE B X
Ji# (Annihilation Reaction) FZ—%177 MIAH #2577 511KeV ISR -
HHSAm 38 o PET AT {sE FH . Z B HERI 2% Bhik-11 ('C) ~ &-13 (°N) ~
#-15 (0) K#-18 (*F) » EMyP R O /i » K5
SR 1105768 - JEA E—mm S - C AR OCILEAB{EHET » 5O A A IS i
W& - N OHLMFRME - sFA IR AT A IERE ~ /O s Al
RSt A - 5 E ATER B BRI 0 a R -

W /& 3%3% (Tomography)

fafifif#€ (Scanner) ZEFIAAMEA FEREZ /My T2 (HHIES (Siemens
ECAT EXACT HR*A1T 18.432 {lfl Detector) U EE HH (F 1Bl 28 1 H 8% 1% A
A INES BFs - 8 RS B B R S A o IR P LE IR P R i s L -
FEIS DHREIENR ;e = AR D REZ B - AIHHAR A BE (G 2255 o @RI Rk % Bl aT
1 G PR ST RS PN A B AR 1S T2 O I A - 3 1T 32 B HE HC (T B g A8 1) A
ﬁx? °

PETHU4FIES -
(D) AR Z RN EIR S RS 2 A bt - 0l E 2228 2R I

) [FIN R PR » Al 2 RANLUER ©

(3) [BIEZ R H B & SRS B -

@) [ FRIE M Z o - RTRERERYE N - R B E RS -

KT Ikt 7 2 B AN A S FEG ARG % - BRIR EEZH R — L E A &
FEPUE A —1E - NEEFR U BRIV RIRZER /7% - o 1E -+ O T e
mAsIT (PET) 1ELFIF &g sefiett - e st A ~ (L bifge
B G REZEI T — KR Es - B EiEH B Tl s b i 2 e T H -




1

i pie - R
IiRaesmasisie

Positron Emission Tomography

ABEL S. KWAN, M.D., Ph.D.

Introduction

Clinicians have been traditionally trained to interpret information
provided by anatomically based imaging techniques. With the advent of
molecular biology-based medicine, a transition is being made to incorporate
diagnostic interpretation information used on biochemical changes that exist in
disease, frequently in the absence of changes in anatomy. Positron emission
tomography (PET) measures biochemistry and physiologic function in the
human body. Therefore, PET is fundamentally different from computed
tomography (CT) and magnetic resonance imaging (MRI), which transmit
structural information based on tissue density, proton density or proton
relaxation dynamics. CT and MRI are useful for clinical diagnosis when the
disease process causes significant structural transformations. In most diseases,
chemical changes precede structural alterations that can be detected by PET.
Evidences obtained from numerous significant studies show that in a number
of diseases, metabolic changes are measurable by PET long before CT or MRI
show any evidence of disease. PET is currently the only clinical imaging
methodology that can be used quantitatively to assess the biochemical
disturbances in tissue in vivo during disease occurred. Therefore, PET has
become a very useful adjunct to anatomic imaging techniques, adding unique

information to the characterization of disease.

The major applications of PET are in oncology, cardiology and
neurology. In oncology, PET is the only technology that can distinguish benign
from malignant lesions in most cases, choosing optimal site for biopsy,
monitoring response of tumors to therapy, and diagnose recurrent tumor from
post surgical changes or radiation necrosis. In cardiology, PET is a non-
invasive technique that provides highly accurate determinations of coronary
artery disease, with a sensitivity and specificity greater than 95%, which would
largely eliminate most of the normal coronary angiograms. PET, in addition, is
the sole technology that can accurately determine myocardial viability. The

ability of PET in determination of myocardial viability would lead to accurate
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selection of patients for revascularization procedures, particularly to those
patients who have severely compromised ventricular function. This can lead to
significant decrease in mortality and morbidity rates as well as cost savings. In
neurology, other than tumor detection, PET has proven value in diagnosing
Alzheimer’s disease, Huntington’s disease, Parkinson disease or multiple-
infarct dementia. PET can also determine the focus of seizure for surgical

resection.

Production of Positron-emitting Isotopes

Cyclotron

The most useful positron emitters come from stable parent isotopes that
cannot be produced in a generator, only a cyclotron. In the cyclotron, stable
nuclei are bombarded with protons or deuterons to create the proton-rich state
necessary for positron emission. Because of their relatively short half-lives, it
is necessary that the cyclotron be built close to the PET scanner. PET centers

do not need to own a cyclotron and can receive labeled compounds from

regional distribution centers. However, the distribution center should be
located within a reasonable distant since the radioisotopes have a relatively
short half-life. The technology for medical cyclotrons has advanced
dramatically in the last decade. Compact, automated, self-shielding, reliable
medical devices with less cost, which can be operated by a single technician,

are in the market.

The radioisotopes delivery system (RDS) made by CTI/Siemens is an
example of a modern PET cyclotron. It accelerates negative hydrogen ions to
11 MeV. Once the beam of hydrogen ions has reached the desired energy, it is
extracted from the cyclotron by passing it through a thin carbon foil which
strips off the two electrons. The resulting proton leaves the cyclotron and
strikes the target. The advantages of this type of negative ion cyclotron designs
include easy control, simplified beam shaping, very little beam loss, and
uniform beam intensity distribution. The RDS device can deliver a 50 uA
proton beam yielding 2-3 Ci of "C, O or "F, and 0.6 Ci of “N. The whole
system was so easy to operate that can be managed by one technician sitting at

a workstation.
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Tracer Synthesis

There are several important considerations in tracer design for PET. First,
the half-life of common use tracers are relatively short ( O, 2 minutes; "N, 10
minutes; '""C, 20 minutes and "*F, 110 minutes), the synthesis of the labeled
product must be rapid. Second, whether to produce a natural substrate or an
analog is another issue. A natural substrate is the direct substitution of a
positron-emitting atom for a stable atom, and an analog is the modification of
natural substrate at one or several key location. The analogs can be targeted
and limited to interactions in a small section of complex biochemical reaction
sequences that can facilitate subsequent analysis and interpretation of the PET
data. Finally, the position at which the positron-emitting label is placed is
critical. Detailed knowledge of the biochemical reaction sequence is required
for chosen of best labeling position. To perform this task, a chemist seems to

serve better suited than a pharmacist.

Taking the positron-emitting isotopes from the cyclotron target and
synthesizing the labeled tracer of interest can be a labor intensive work.
Automated devices for taking the positron-emitting precursor and turning it
into labeled compound ready for injection now are available for producing
some of the more commonly used PET tracer such as "F-fluorodeoxyglucose,
FDG. These biosynthesizers are integrated directly into the cyclotron, allowing
sterile, pyogen-free labeled compounds to be produced automatically without

intervention.

PET Scanner

As the labeled tracer, FDG for example, enters into the cells of the body
after injection given, the average range of a positron in soft tissue is only a few
millimeters. At the end of its range, a positron encounters an electron and
undergoes an annihilation reaction in which the mass of the electron and the
positron is converted into two 511 KeV gamma rays, which are emitted at 180
degree to each other. If both r rays are detected within a certain time of one
another, then it is assumed that they both originated from the same annihilation
event, and that the original disintegration occurred along a line joining the two
detectors. This is known as annihilation coincidence detection. A PET scanner

consists of rings of scintillation detectors, arranged so that pairs of detectors on
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opposite sides of the ring operate in coincidence with one another. The
scintillator converts the energy of gamma rays into a flash of light, which is
detected by the photomultiplier tube and converted to a small current pulse. If
two gamma rays were detected simultaneously from opposite sides of the body,
then an event is registered and stored. Data can be acquired and reconstructed
by a computer into tomographic images of the body using standard algorithms.
Commercial PET scanner consists of several rings of BGO block detectors.
Many contiguous planes are imaged simultaneously, so that the whole brain or
heart can be imaged without moving the patient. For example, Siemens made
PET scanner ECAT EXACT HR+ constructed by 18,432 detectors and 63

planes can be imaged simultaneously.

Clinical Use

Cardiac Application

PET imaging of the heart provides an elegant tool for assessing regional
coronary blood flow and metabolic processes in myocardial cells. A short half-
life tracer "N ammonia is most commonly use to study myocardial perfusion
because it is rapidly cleared from the blood and avidly retained in myocardial
tissue. In a large number of studies, clinical applications of PET perfusion
imaging in CAD have been established:

1. Accurate, non-invasive diagnosis of CAD in symptomatic or

asymptomatic patients;

2. Assessment of physiologic stenosis severity for determination of

revascularization;

3. Assessment of response to antiischemic and thrombolytic treatment;

4. Follow-up of progression or regression of CAD;

5. Evaluation of collateral function.

For the evaluation of CAD coronary angiography remains the “gold
standard”, which provides exact information on the location and anatomic
severity of epicardial coronary artery stenosis. However, the physiologic
significance of any lesion may be difficult to access from angiographic images
alone, and perfusion abnormalities may occur in the absence of
arteriographically assessable stenosis. PET represents the most advanced
technique, permitting accurate qualitative and quantitative assessment of

regional myocardial tracer distribution.
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Assessment of tissue viability has become an important application of
PET in cardiology. Clinical observations have led to the concept that
myocardium may adapt to chronic ischemia by decreasing its contractility,
matching the reduced perfusion with reduced energy demand and thereby
preserving viability. This phenomenon has been described as “‘hibernating
myocardium”. If the ischemia is relieved, the myocardium regains normal
contractility. A treatment with revascularization is a crucial decision to these
patients. Using '*F-fluorodeoxyglucose (a FDG in the PET process) that
measures myocardial glucose utilization, it is possible to identify myocardial
tissue that is hypoperfused at rest with preserved or increased glucose uptake.
An increased uptake of FDG in relations to myocardial perfusion, or perfusion-
viability mismatch, is indicative of hibernating myocardium, whereas matched
defects are indicative of scar. The positive and negative predictive values have

been reported to range from 80-85%.
Oncology Application

In oncology, PET is the only modality that can accurately image many
organs of the body with a single pass to allow determination of malignancy. It
provides information to determine whether a primary cancer has metastasized
to other parts of the body. PET has demonstrated its usefulness in: cost-
effectiveness; whole-body metastatic surveys; avoiding biopsy for low grade
tumors; non-invasive differentiation of tumors from radiation necrosis; early
change in course of ineffective chemotherapy; and avoiding unnecessary

diagnostic and therapeutic surgery.

There are many alterations in cancer physiology that can be detected by
PET using positron-emitting tracers. Tumor cells commonly grow more rapidly
than normal tissues and thus have higher rates of glucose metabolism, DNA
synthesis, and amino acid transport than normal tissues. The major and most
common tracer used to trace glucose metabolism is FDG, which is transported
into cancer cells and phosphorylated like glucose, but is not substantially
moved beyond this point in the intracellular glucose metabolic pathway. In a
wild variety of cancers, a high tumor/background uptake ratio develops 30 to

120 minutes after intravenous injection of FDG.



