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The Cancer Problem

Cancer is increasingly prevalent in our society.
There is a life-time risk that 1 in 3 Australian men
and 1 in 4 Australian women will get cancer
before the age of 75 years. Overall, 27% of the
deaths in NSW are currently related to cancer (1).
The common cancers for men are prostate, lung,
melanoma, colon, rectum and bladder (see table
1). For women the common cancers are breast,
colon, melanoma, lung and unknown primary.
However, overall lung cancer remains the major
cause of cancer deaths (20%) followed by colo-
reetal (13%), unknown site (8%), breast and
prostate. Breast and lung cancer are the major
causes of death in women.

Recent information on 5 year survivals reveal
good 5 year survival rates for breast (78.6%),
prostate (72.4%) and melanoma (92%), while
some tumours such as lung cancer (10.7%) have
poor survival. Colon cancer has intermediate
survival (57.1%). Projections for cancer incidence
suggests rates of cancer will increase for colo-
rectal cancer, melanoma, lung cancer in females
but decrease for breast, lung in males and prostate
cancer (2).

Major strategic directions in cancer research are
understanding carcinogenesis, identification of
high risk groups, screening and early detection,
chemo-prevention, new cancer therapies,
combined modality therapy and quality of life
issues. Nuclear medicine will play an important
part in many of these areas.

Understanding Carcinogenesis

The cancer cell is characterised by a change in
gene expression which renders the cell with a
growth advantage over normal tissue (3).
Mutations in DNA which lead to such changes
and their downstream effects are the subject of
most cancer research today.

Changes in expression of oncogenes or tumour
suppression genes have been identified as
fundamental to some cancers. For example, the
retinoblastoma RB oncogene is implicated in
retinoblastoma of childhood and oestogenic
sarcoma in adults. APC is the inherited colon
cancer gene and WT1 is an oncogene identified in
the carcinogenesis of Wilm's Tumours. Such gene
mutations or their downstream up regulation of
cellular processes or overexpression provide an
exciting array of potential targets for new anti-
cancer therapies.

The C-erbB receptor over expression in breast
cancer has been associated with poor prognosis
but has provided a target for new cancer therapy
(4). An antibody against HER2 receptor was
shown to have specific anti-cancer activity in
breast cancer, but more importantly, was shown to
improve sensitivity of anti-cancer drugs and
significantly prolonged survival in metastatic
breast cancer (4).

Since the genetic mutations are becoming
increasingly well understood, this knowledge
should provide multiple other targets for
antibodies, vaccines or antibodies coupled with
chemotherapy drugs or radioisotopes. The latter
is an underdeveloped area of research which has
great potential.

Identification of High Risk Groups

Future screening and surveillance for early
detection of de novo cancer or to detect early
relapse will require a deeper understanding of
high risk groups. People at high risk for cancer
have been identified from epidemiology studies,
history of exposures to carcinogens or genetic
risk. Epidemologically, the most important
exposures are tobacco which accounts for one
third of all fatal male cancers in the world (5).
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Genetic risk can be identified by the presence of
known inherited genetic abnormalities which
inevitably lead to cancer, such as BRCA 1 or the Li-
Fraumeni Syndrome or familial adenomatous
polyposis (FAP) (6). In the successful screening
example of breast cancer, screening plus an
increased public awareness and more successful
therapies, such as adjuvant treatment has resulted in
improvement in breast cancer survival. In the
period 1973-1977, the 5 year survival from breast
cancer in NSW was 72.7%. In the period 1987 to
1995itwas81.5%(7).

The challenge is to firstly identify high-risk groups
in all cancers. For example, in lung cancer
obviously it would be heavy to moderate smokers,
over the age of 45 years or with a history of other
exposures such as asbestos or chloromethylesters.
However, the future high risk patient may be one
with identified p53 mutation or loss of
heterozygosity of 3 p or 9p or mutations of the RAS
oncogene (8).

Secondly, screening and early detection may lend
itself to new imaging approaches. Antibodies
against CEA, CA- 125 or other surrogate tumour
markers have been traditionally studied. Since the
above mutations or overexpression could be used
for antibody development, radioisotope based
imaging should be investigated for early detection
strategies.

Early Detection, Staging and Surveillance
for Relapse

An oncologist suspicious of tumour or investigating
for early relapse wants to know where the
abnormality is, what it is, if it can be biopsied or
removed and if there are other abnormalities
present. The usual imaging devices used are plain
x-rays, CT scans, MRI, bone scans, liver scans,
gallium or thallium scans and PET scans.

Bone Scans

Tc-99 bone scans appear more sensitive than plain
x-rays and have been valuable in detecting early
metastatic disease in bone. Bone scans have been
used to follow disease response in bone following

treatment where the bone scan results are taken
together with bone alkaline phosphatase and bone
pain to determine the success of treatment. The
bone scan results can be misleading in the presence
of an hormonal flare reaction in breast and prostate
cancer or when using biophosphonate therapy with
control of bone resorption even with evidence of
cancer progression elsewhere.

Liver Scans

Tc-99 liver scans have been largely supplanted by
CT scanning of the liver. However Tc-99 labelled
red blood cells can be useful in differentiating
haemangioma from tumour.

Gallium Scans

Ga-67 gallium is bound to transferrin and
transported into tumour cells after binding
transferrin receptors present on the cell surface. Ga-
67 imaging is useful for monitoring responses in
gallium avid intermediate or high grade lymphomas.
Since determination of complete response is an
important prognostic factor gallium may assist in
looking for residual disease after definitive therapy
and in follow up. However, many low grade
tumours and others are not gallium positive in which
case the test is not useful.

Thallium Scans

Tl-201 thallium scans have been useful to follow
low grade lymphomas. Thallium scans have been
correlated with the viability of residual brain
tumours and the avidity may relate to tumour grade
(9).

Novel Scans

As above, radioisotopes lend themselves to novel
forms of imaging by Unking them to other molecules
or antibodies of importance in cancer. For example
Indium-Ill labelled octreotide can detect occult
neuro-endocrine tumours. Octreotide is an 8-amino
acid analogue of somatostatin that binds with high
affinity to somatostatin receptors, highly expressed
in neuro endocrine tumours such as gastrinomas or
carcinoids (10).
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Positron Emission Tomography

Positron emission tomography (PET) images
position emitting radionuclides produced by a
cyclotron. These includeoxygen (0-15), nitrogen (N-
13), carbon (C-l 1) and fluorine (F-18) which have
half lives of 2,10,20 and 100 minutes respectively.
F-18 fluorodeoxyglucose (FDG) has been used
extensively to image cancers. Intravenous FDG is
transported across capillary membranes by a carrier
modulated process. Both FDG and glucose are
phosphorylated by hexokinase, but FDG-6-PO,,
cannot be metabolised through the glucolytic cycle
and accumulates intracellularly. This technique
provides a measure of glucose metabolism with the
F-18 in tissue proportional to glucose utilisation.

Possible applications of F-l 8 FDG PET scanning in
cancer include staging presurgery, early detection of
de novo or recurrent disease, early response to
therapy, screening of high risk groups,
pharmacokinetics and developing the PET signal as
an independent prognostic factor.

A good correlation has been reported between
increased FDG accumulation in brain tumours and
the grade of tumour (11). Vansteenkiste et al
reported that the FDG uptake was an important
prognostic factor in lung cancer (12). Experience at
the Royal Prince Alfred Hospital, Sydney would
suggest that an important subset of patients
presenting for conventionally resectable lung
primary or secondary tumours, are upstaged and
deemed unresectable by PET scan. In many
instances the combination of CT and PET has
provided high accuracy in identifying mediastinal
disease pre-operatively (13). Some active infections
or inflammatory conditions may have significant
FDG uptake. These include tuberculosis,
cryptococcosus, aspergillosis, sarcoid and radiation
reactions.

Other potential applications of PET using other
emitters include oxygen (0-15) water or carbon
dioxide to measure blood flows (14). This may be
an important future application if anti-angiogenesis
agents, such as thalidomide, prove to be useful anti-
cancer drugs. F-18 fluoromisonidazole has been
demonstrated to bind hypoxic cells and has been
used to demonstrate the kinetics of tracers in human

tumours (15). Identification of such hypoxia may
be important in the future for understanding
radioresistance in some patients and with the
development of hypoxic cell radiation sensitisers
such as tiripazamine.

The pharmacokinetics of several chemotherapeutic
drugs have been determined using PET. These
include.5-fluorouracil (F-18), bleomycin (Co-57),
cisplatin (N-13), BCNU (N-13 or C- 1) and
oestrogens (F-18) (16).

New Cancer Therapy

Molecular biology, an understanding of the process
of carcinogenesis and the mechanisms of drug action
are leading to a plethora of anti-cancer therapies in
preclinical and early clinical development. These
include traditional analogue development of
cytotoxics, new methods of packaging
chemotherapy drugs, new agents attacking new
DNA or downstream targets of cancer cells, gene
therapy, antibodies, vaccines, anti-angiogenesis
factors, anti-metastasis factors and optimal drug
radiation interactions. Nuclear medicine may have
an important role in some aspects of this
development.

There are exciting new anti-cancer drugs derived
from successful older drugs. These include new
platinums (oxaliplatin), new vinca alkaloids
(vinorelbine), new taxanes and new inhibitors of
thymidine synthase (MTA). The targets for these
agents are DNA, tubulin or mitochondria.
Radiopharmaceuticals have a potential role for
studying the distribution and uptake of these agents.

New targets include mutations that occur in p53,
RAS or from overexpression of receptors or
antigens such as the antibody against HER2
receptor (Herceptin) in breast cancer or CD20 in
lymphoma (16,17). Monoclonal antibodies are now
being tested in a number of new indications
including melanoma and small cell lung cancer.
When more specific antibodies are discovered such
antibodies can be linked to toxins, such as Ricin A
chain or radioisotopes. Preliminary work with anti-
CD20 antibody coupled with 131-iodine or 90-
yttrium have been encouraging in early clinical trials
(18,19).
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Finally, in the future, disease response may be best
determined by new imaging such as PET. Early
response or lack of it may be documented early in
the course of new drug trials and thus prevent
useless therapy but also identify new active drugs.

The response of tumours to new approaches like
anti-angiogenesis agents cannot be determined
adequately with current methods. Blood flow
measurements with 0-15 or FDG require further
study.

Table 1 Common Cancers

MALES

Prostate

Lung

Melanoma

Colon
Rectum

FEMALES

Breast

Colon
Melanoma

Lung
Unknown primary

New Cases
NSW pa

4,150

1,750

1,413

1,189
817

3,448

1,131
967
825
572

Standardised
Incidence *

141.1

58.9

46.7

40.3
27.1

101.0

30.6
28.8

23.1
15.3

Lifetime Risk
0-74 years

I i n 9
1 in 19
I in26

I in31
1 in 41

1 in 11

1 in 40
1 in 41
1 in 46
I in87

per 100,000
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