





NORMAL PARKINSON'S

Images obtained after the

administration of 6-fluorodopa in a
normal subject (left) and a subject
suffering from Parkinson’s disease.

Typical “Slice”

TYPICAL VOXEL
8mm X 8mm X 14mm
The images delivered by PET
represent seven slices through the
patient’s brain.

2-fluoro-
2-deoxy-D-glucose
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The chemical structure of fluoro-
deoxy-glucose used to show how
much glucose the different areas
of the brain are using at any given
time.
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When a positron meets an electron
they annihilate each other. All that
is left is pure energy in the form of
two gamma rays going in opposite
directions. The gamma rays are
then registered by detectors within
the PET.

Coronal brain slice images from a
subject suffering from torticollis.
Glucose (FDG) metabolism is
shown on the left and 6-fluorodopa
on the right.

PET (left) and CT (right) images of
a slice through the basal ganglia in
a subject suffering from early
Huntington's disease. (The circle
marks the area most affected by
this disease.)

CORONAL

SAGITTAL

PET's computer produces images
in axial (looking from ‘“‘above'’),
coronal (front) and sagittal (side)
formats.

PET: Positron Emission Tomography

What is PET?

PET is a new scanning technique in
medical research. It allows us for
the first time to measure in
microscopic detail the functioning of
distinct areas in the brain of a
comfortable, conscious and alert
human being. We can now study the
chemical processes involved in the
working of healthy or diseased
human brains in a way previously
impossible. Before the advent of the
PET scanner, we could only infer
what went on within the brain from
post-mortems (dissections after
death) or animal studies.

PET represents a new step
forward in the way scientists and
doctors look at the brain and how it
functions. An X-ray or a CT scan
shows only structural details within
the brain. The PET scanner gives us
a picture of the brain at work.

Positron: Antimatter

equivalent of the electron
The name ‘““PET’’ comes from
Positron Emission Tomography. A
positron is an anti-electron.
Positrons are given off during the
breakdown of the nuclei of specific
radioisotopes. A type of radioactive
fluorine produced at TRIUMF for
the PET programme is a positron
emitter. When matter collides with
its corresponding antimatter, both
are annihilated. The result is the
release of pure energy in the form
of gamma rays. When a positron
meets an electron, the collision
produces two gamma rays having
the same energy, but going in
opposite directions. The gamma rays
leave the patient’s body and are
detected by the PET scanner. The
information is then fed into a
computer to be converted into a
complex picture of the patient’s
working brain.

How does it work?

A conventional ‘“X-ray”’ is taken by
firing X-rays through a person and
onto a film. This ‘‘shadow’’ image
shows some structures in the body,
such as cartilage and bone. A CT
scanner uses fine streams of X-rays.
By firing them through the body
from several directions, the CT
scanner is able to build up a
composite picture of anatomical
details within a “‘slice’” through the
person. Magnetic Resonance
Imaging does much the same thing,
but using magnetic and radiowave
fields. In contrast, the PET scanner
utilizes radiation emitted by the
patient to develop images. Each
patient is given a minute amount of
a radioactive pharmaceutical that
closely resembles a natural substance
used by the body. One example of
such a pharmaceutical produced at
TRIUMEF is 2-fluoro-2-deoxy-D-
glucose (FDG), which is similar to a
naturally-occuring sugar, glucose,
with the addition of a radioactive
fluorine atom. Radiation from the
positron-emitting fluorine is detected
by the PET scanner and shows in
fine detail the metabolism of glucose
in the brain.



Valuable information can be

deduced by comparing PET, MRI
(shown as “NMR'" above) and CT
scans on the same display system.

Glucose metabolism (FDG) in a
slice through the basal ganglia of a
normal subject (left) and a subject
suffering from Parkinson'’s disease
(right).

Glucose metabolism (FDG) for a
subject suffering from advanced
Alzheimer's disease.

How does it feel to have

a PET scan?

During a scan the patient reclines on
a comfortable couch with his or her
head inside the large, doughnut-
shaped Positron Emission
Tomograph. While the patient’s
head must be kept very still, the
only real discomfort involved may
be the pinprick of a hypodermic
needle as a minute amount of
radiopharmaceutical is injected. The
radiopharmaceutical could be
administered as an intravenous
injection or inhaled as a gas. How it
is administered depends on the
radiopharmaceutical. Which one is
chosen depends on what function
the scientist wants to study.

What does a PET scan

show?

The brain function being studied
during a PET scan determines the
radiopharmaceutical used.
Oxygen-15 (**O) can be used to label
oxygen gas (0:) for the study of
oxygen metabolism, carbon
monoxide (CO) for the study of
blood volume, or water (H:0) for
the study of blood flow in the brain.
Similarly, fluorine-18 ('*F) is
attached to a sugar molecule to
produce FDG for use in the
observation of the brain’s sugar
metabolism. Many more PET
radiopharmaceuticals exist, and
research is under way to develop
still more, to assist in the
exploration of the working human
brain. For example, dopa, a
chemical active in brain cells, is
labelled with positron-emitting
fluorine or carbon and applied in
research on the communication
between certain brain cells which are
diseased, as in dystonia, Parkinson’s
disease, or schizophrenia.

PET radioisotopes
produced at TRIUMF

Labelling agent Half-life
carbon-11 20.3 minutes
oxygen-15 2.03 minutes
fluorine-18 109.8 minutes
bromine-75 98.0 minutes

How much radiation does
a patient get?

PET scans using radioactive fluorine
in FDG would result in patients
receiving exposures comparable to
(or less than) those from other
medical procedures, such as the
taking of X-rays. Other scanning
agents — for instance, 6-F-dopa or
radioactive water — normally cause
even less exposure

Coronal slice images of glucose
metabolism for a normal subject
(left) and one suffering from
Alzheimer's disease (right).

Comparing blood flow images
(RCBF) and glucose metabolism
(FDG) in a subject suffering from
stroke.

Images from a subject suffering
from a brain tumour. The top
images reflect glucose metabolism
(FDG) and the bottom images are
from the induced radioactivity from
pion therapy at TRIUMF.

A comparison between mid-level
scans of glucose metabolism in the
brain of a normal subject (left) and
one suffering from Huntington's
chorea (right), a disorder of
movement. The sharply reduced
glucose utilisation in the front of
the central interior structures of
the brain is notable.



PET: Research tool of
the future

The PET program at
TRIUMF/UBC is funded by the
Medical Research Council of
Canada, the Woodward
Foundation, the Dystonia
Foundation, the Canadian Heart
Foundation, the Vancouver
Foundation and the B.C. Science
Council. Vigorous research is under
way on the synthetic chemistry of
PET scanning agents. Experiments
with the PET scanner are under
way, particularly in the study of
movement disorders (especially
Parkinson’s disease and
Huntington’s disease),
cerebrovascular disease, dystonia,
Alzheimer’s disease, epilepsy and
schizophrenia. Studies are also
conducted with the Cancer Control
Agency of B.C. on the effects of

Her Majesty Queen Elizabeth Il and
Dr. B.D. Pate in the PET suite —

March 3, 1983.

treatment of brain tumours with
pions from TRIUMF.

TRIUMF and UBC are in a unique
position among world medical
research centres in having many of
the expensive major facilities
required to mount a powerful PET
programme. These include the
cyclotrons and radiochemistry
laboratories at the TRIUMF project
that are the source of PET scanning
agents. The laboratories are linked
to the UBC Health Sciences Centre
Hospital by the world’s longest
‘“‘pea shooter”’, a 2.4 km pneumatic
pipeline used for the delivery of
PET scanning agents in the shortest
possible time. These facilities have a
capacity that has not been equalled
by any other university/health
sciences centre in the world.

TRIUMF/UBC Scanner

A patient undergoing a PET brain
scan. The face mask assists the
subject in remaining immobile
during the scan,which may last for
several minutes.

Atomic Energy of Canada Ltd.'s
CP42 cyclotron, used to produce
radioisotopes for PET research.

CP42 target used to produce PET
scanning agents such as
oxygen-15 and fluorine-18

(which is used in the production of
FDG and F-dopa ).
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Pions against cancer:
TRIUMF pion therapy

Pion therapy

Pion radiotherapy is a new and
experimental form of cancer treatment
used at present for tumours of the brain
and pelvic area. A major drawback of
conventional radiation therapy (with
gamma rays) is the unwanted radiation
which it delivers to the healthy tissue
surrounding the tumour as it penetrates
to where the cancer cells are located. In
contrast, pion therapy concentrates the
cell-killing power of the radiation more
selectively in the tumour, while
reducing the effects on nearby normal
tissue. Not only is it possible with pions
to deliver higher doses to the tumour,
but each unit of pion radiation is about
50% more effective in the tumour than
the same X-ray or gamma ray dosage.
This is because of the mechanism by
which pions interact with cells.

Each year more than 500 Canadians
develop glioblastoma brain tumours,
and 35 000 Canadians receive radiation
therapy for all types of cancer. In
situations where the cancer has not
spread beyond the original tumour site,
localized radiation treatment may be
more effective than other treatments in
achieving tumour control and possible
cure, if higher radiation doses can be
delivered without excessive damage to
normal tissues. This is the challenge for
pion therapy.

What is a pion?

Pions belong to a group of short-lived
subatomic particles called mesons. They
are the lightest of the mesons, having
about one seventh the mass of protons
or neutrons. Some are electrically
neutral, while others carry a single
positive or negative charge. (Only the
last kind is used in pion therapy.) Pions
are not normally found in the free state
in nature: they exist inside the nuclei of
atoms, where they constitute the “glue”
that holds the neutrons and protons
together. But in some types of reactions,
e.g. when a nucleus is struck by a
proton having a certain energy, pions
are ejected from the nucleus. TRIUMF
uses this method to generate vast
numbers of pions in its meson hall.
Beams of charged pions can be guided,
bent or focused by magnetic fields, just
as light beams are controlled by prisms
or lenses.

Doctors program and monitor patient treatments in the control room of the Batho
Biomedical Facility at TRIUMF.

Producing pions

The pions employed for this unique
form of cancer therapy are produced
using the TRIUMF cyclotron. This
cyclotron, the world’s largest,
accelerates hydrogen ions (which are
composed of one proton and two
electrons each) to 75% of the speed of
light. The ions are then passed through
a thin piece of metal foil .which strips
off the electrons, leaving a beam of
protons. These protons travel away from
the cyclotron at 224 000 kilometres per
second along a metal pipe. Next the
protons collide with a target of carbon
or beryllium, and pions (or “pi-
mesons”) are knocked out of the
target’s atoms. Although they exist for
only 26 billionths of a second, the pions
travel extremely fast. There is enough
time for them to be channelled up a
second pipe (called the biomedical
beam line) to reach the cancer treatment
area.

The “depth-charge” effect
A pion’s lifetime is approximately 26
billionths of a second. While it is
moving, the pion does little damage to
the material through which it passes,
but at the last instant of its “life”, a
pion can destroy living cells.

Doctors can make precise adjustments
so that the pions enter the patient at a
speed which allows them to penetrate
down into the tumour — but no further.
By the time a pion reaches the tumour,
it has slowed down so much that it can
be drawn into the nucleus of an atom
within a cancer cell. The capture of this
foreign object makes the nucleus
unstable, and it breaks up violently into
smaller fragments which fly apart,
producing what is called a “pion star”
(see below). Since the fragments will
damage surrounding cells within a short
distance, more than just the unstable
nucleus is destroyed. The pion’s action
can be likened to a depth charge. It
sinks through matter (healthy tissue)
until, at the end of its “life”, it comes
in contact with the target (cancer cells)
and produces a tiny “atomic explosion”
within the carcinoma. In this way, pions
can be used to destroy cancer cells
without causing much damage to
healthy tissue surrounding the tumour.

The effective cancer-destroying power
of pion radiation, therefore, is much
higher than the same dose of gamma
radiation.
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Hydrogen ions are accelerated inside the
TRIUMF cyclotron. When they reach a
particular velocity, they are passed
through a metal foil which captures the
electrons and transmits only protons.
The protons eventually hit a target,
producing pions. The pions travel down a
shielded pipe into the treatment area,
guided and focused by powerful
electromagnets.

At the end of its life a slow-moving,
negatively charged pion is captured by
the positively charged nucleus of an
atom. Upon absorbing the pion, the
nucleus becomes unstable and
explodes, forming a “pion star”,
Fragments from the pion star destroy
genetic material (like DNA) in nearby
cells.



Focusing the pion beam
There is an exact point in space where
pions will have slowed down enough to
be absorbed by a nucleus within a
cancer cell. The location of this point
must be not only known, but precisely
controllable. A system was designed
and built for collecting pions and
concentrating them into a beam. It acts
something like a telescope. As a
telescope uses lenses to gather light
from a large area and focus it into a
single spot, the beam transport system
uses giant electromagnets to select pions
in a specific range of speeds as they exit
in all directions from the pion-
producing target, and to focus them into
a narrow, circular beam.

This complex focusing system
consists of nine large electromagnets,
weighing up to 5000 pounds each, and
surrounding a 25-foot-long beam line
pipe that extends from the pion
production target to the treatment room
in the biomedical facility. The magnets
are remotely controlled and monitored
by a computer to ensure that all pions
reach the same irradiation focus.

At the point where the pions exit the
beam line pipe, a special device is used
to adjust the pions’ depth of penetration
into the tumour. It consists of a series of
plastic slabs of different thicknesses,
arranged in a circle (see back cover
photo). The pions are slowed down in
proportion to the total thickness of the
slabs inserted in their path at a given
moment.

Thus, a combination of theoretical
calculation and mechanics allows
doctors to control accurately the point
where the pions will stop and react with
surrounding matter. All that remains is
to position the patient so the tumour sits
within this pion-absorbing zone.

A computerized treatment
couch

TRIUMEF designed and built a special
treatment couch that is used during pion
cancer therapy. Able to move along the
X, y and z axes (left/right, up/down,
forward/back), the couch is controlled
by a computer which can position it
precisely in front of the pion beam. The
patient lies on the couch and the
computer controls the couch’s
movement so that the tightly focused
beam of pions (see figure E) will

irradiate points throughout the tumour.

In order to keep the patient in the
same spot on the couch, a mold is made
of the affected area — hip or head.
From this, a close-fitting, rigid plastic
“mask” is formed. During treatment
the mask surrounds the corresponding
part of the patient and is fastened to the
couch, firmly holding the patient
stationary (see back cover photo). The
cancerous tumour is now at a known
point above the couch, which can then
be moved across the pion beam so that

the central part of the tumour will
receive radiation. The computer can
easily direct the pion beam to within
half a millimetre of any spot within the
body. Prior to the treatment of a brain
tumour, CAT scans — special X-ray
images of the head — are obtained, to
assist in planning the treatment. The
CAT scan images define the exact size,
shape and location of the tumour. This
information is used to program the -
computer that operates the treatment
couch. (Similar procedures are used to
plan the pion treatment of pelvic
cancer.) Data from the CAT scans may
also be used in producing the plastic
slabs that are placed between the pion
beam and patient, to control the
penetration of the pion beam.
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Deep-seated brain and pelvic cancers
are conventionally treated with gamma
radiation from cobalt (shown as the red
line on this graph). In order to aim
enough cancer-killing power inside the
tumour, relatively high levels of this
radiation must be employed. This results
in damage to the healthy cells lying
between the source of the gamma ray
beam and the tumour. Also, healthy cells

on the opposite side of the tumour are
damaged by the beam after it passes
through the cancer. Pion beams (green
line) pass through healthy cells, and
damage the cells within the cancerous
tumour, Because pions do most of their
damage when they slow down and stop,
healthy cells between the tumour and
skin surface are affected far less than
they are by gamma ray treatments.

Pions are focused to a 1.5-cm circular
beam, indicated by the circles in this
figure. The couch moves the tumour
mass through the pion beam in steps,
mapping out a hexagonal pattern.

How does it feel?

The movement of pions through the
body and their absorption into nuclei
happen on an atomic scale. That is, the
processes occur on such a small scale
that they are neither seen nor felt. Just
as one cannot feel an X-ray, one cannot
feel a pion beam.

As for radiation dosage, the
concentration of the radiation inside the
tumour area allows doctors to give
patients a higher overall dose than in
conventional radiation procedures. Up
to now, treatment times were long — as
much as one hour for large pelvic
tumours — because of the limited beam
strength available. Patients have
tolerated these lengthy treatments very
well, however. New developments may
allow the shortening of individual
treatment times to between a half and a
quarter of their present duration.

Patients visit the Batho Biomedical
Facility for up to 15 treatments over a
period of three weeks. Studies are now
under way to optimize the number and
length of treatments.

A series of PET and other brain scans
from the University of British Columbia’s
Imaging Research Centre, taken shortly
after the patient had received pion
therapy. In the lower right scan, the white
area inside the box shows where pions
have attacked the cancerous tumour,



The Batho Biomedical Facility
In 1970, the British Columbia Cancer
Foundation began to develop a pion
cancer treatment facility at TRIUME
The development of this mode of cancer
treatment was financed by the B.C.
Cancer Foundation, Health and Welfare
Canada, and the National Cancer
Institute of Canada. In March 1975, the
Honourable Marc Lalonde declared the
Batho Biomedical Facility at TRIUMF a
“Project of National Significance.” The
biomedical beam line received its first
stream of pions on 14 June 1975 and it
was, in fact, the first pion beam line to

go into operation at TRIUMFE.

The laboratory is named the Batho
Biomedical Facility in memory of the
late Dr. Harold E Batho, physicist to
the British Columbia Cancer Institute
for more than 25 years and the man
who guided the initial years of the
project.

The Medical Biophysics Unit at the
B.C. Cancer Research Centre has had
the responsibility for working with
TRIUMF to develop the special cancer
therapy beam line and for the pre-
clinical research programme. It has also

coordinated the efforts of TRIUME, the
Cancer Control Agency of B.C. and the
B.C. Cancer Foundation to ensure the
smooth transition to clinical trials.

Dr. George Goodman, the Deputy
Director, Medicine, for the Cancer
Control Agency of B.C. is responsible
for pion therapy. The first deep-seated
tumours were treated on 8 May 1982.

In addition to its involvement with the
Batho Biomedical Facility, the B.C.
Cancer Foundation owns and operates
the B.C. Cancer Research Centre. Its
annual budget (1984) in support of

Each pion therapy treatment of a brain
tumour takes about half an hour. (The
plastic mask holds the patient immobile
during the treatment.) Typically, patients
visit the Batho Biomedical Facility for 12-
15 treatments over a period of about
three weeks.

cancer research was approximately 2.5
million dollars and the costs are met
solely from private donations and
bequests.

For more information, please contact
Mrs. M. Molaro, Administrative
Director, B.C. Cancer Foundation, 601
West 10th Avenue, Vancouver, B.C.
V5Z 1L3.

(Phone: 877-6010)

TRIUMF Information Office
4004 Wesbrook Mall
Vancouver, B.C.

Canada V6T 2A3

(604) 222-1047
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