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Gene therapy for cancer is a rapidly evolving field with head
and neck squamous cell cancer being one of the more
frequently targeted cancer types. The number of clinical trials in
the UK is growing and there is already a commercially
available agent in China. Various gene therapy strategies along
with delivery mechanisms for targeting head and neck cancer

are reviewed.
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refers to malignant tumours of squamous

cell origin arising from the mucosal surfaces
of the upper aerodigestive tract, salivary glands,
paranasal sinuses, and skin of the head and neck.'
In England approximately 400 persons per 100 000
are newly diagnosed as having head and neck
cancer each year.” It is the sixth most common type
of cancer in the world and most sufferers die from
their disease. Untreated it has a 50% mortality at
4 months.’

The mainstay of treatment for HNSCC is surgery
or radiotherapy, either alone or in combination
with chemotherapy.' This results in a 60% 5 year
survival for patients with newly diagnosed
HNSCC.* Unfortunately this figure has remained
largely unchanged for 30 years.” The search for
new treatment strategies is of great clinical
interest. One such approach is gene therapy.

As defined in the government’s genetics white
paper in 2003, gene therapy is “‘the deliberate
introduction of genetic material into patient’s cells
in order to treat or prevent a disease”.® Early gene
therapy research was directed at disorders with a
single, identifiable genetic defect such as severe
combined immunodeficiency disease (SCID), cys-
tic fibrosis and haemophilia.

Recently, attention has moved towards cancer
with the realisation that it too is a genetic disease.
The loco-regional nature of HNSCC makes it is
accessible for both intratumoral injection and
tissue biopsy. For this reason it is one of the
cancers most frequently targeted by gene therapy.”
We will discuss the genetic changes in cancer
followed by the different strategies of gene
therapy. We will then describe monitoring of gene
therapy, gene delivery and ways of enhancing
cancer cell specificity.

I I ead and neck squamous cell cancer (HNSCC)

GENETIC CHANGES IN CANCER

In order for a cell to become ““cancerous” or have
malignant potential it must undergo mutations or
epigenetic changes. These are usually somatic,
brought about by chance or environmental factors,
with only a small proportion being caused by
inherited factors. The normal cell cycle is regulated

by numerous genes, including proto-oncogenes
and tumour suppressor genes, held in equilibrium.
An upset to this balance by increased (proto-)
oncogene expression or a reduction in tumour
suppressor gene expression leads to aberrant
proliferation and hence “cancer”. On a cellular
level the hallmark changes of a cancerous cell are:
self sufficiency in growth signals; insensitivity to
anti-growth signals; evading apoptosis; sustained
angiogenesis; limitless replicative potential; tissue
invasion and metastases® (box 1).

Cancer gene therapy is based on the insertion of
a gene (transfection) into a cell. This new DNA is
then “transcribed” to make mRNA which encodes
a specific protein that is made through the process
of translation (fig 1).

As the whole of the human genome has been
mapped there are an enormous number of genes
from which to choose. The type of gene therapy

can be characterised as “‘corrective”, “cytoreduc-
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tive”” or “immunomodulatory”’.

CORRECTIVE GENE THERAPY
When a gene is causally implicated in oncogenesis
it is termed a ““cancer gene’’ (either an oncogene or
tumour suppressor gene). So far, 291 oncogenes
have been reported, more than 1% of all the genes
in the human genome.' Ninety per cent of cancer
genes show somatic mutations in cancer, 20%
show germline mutations and 10% show both."
Corrective gene therapy attempts to block onco-
genes or replace tumour suppressor genes. In the
case of tumour suppressor genes, the aim is to
express a gene under the control of a suitable
promoter so there is an increase in the production
of that therapeutic gene product. The archetypal
tumour suppressor gene in HNSCC and most other
forms of cancer is p53, which is a built-in safety
mechanism within each cell. If there is damage to
the genetic material within the cell, which may
cause it to behave in an abnormal way, the protein
encoded by the p53 gene stops the cell cycle by
binding to DNA (it is a transcription factor). If the
damage is not repairable it triggers cell death
(apoptosis)."” Alteration to p53 results in contin-
ued propagation of the damaged cell line.
Replacement of p53 results in reduced HNSCC
growth and increased radiochemo-sensitivity.”

A US trial in advanced recurrent HNSCC showed
a positive response in 50% of cases.” In China
there is a commercially available gene therapy
agent for HNSCC based on p53. This is in the form
of Gendicine from Schenzhen SiBono GenTech. In
phase I trials in 12 patients with advanced
laryngeal cancer there was a claimed response,
without relapse 5 years later, in 11 of the 12
patients.'* "> In phase II and III clinical trials it was
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Box 1: The features of a ““cancer’’ cell

o Insensitive to anti-growth signals

o Self sufficient in growth signals

® Evade apoptosis (programmed cell death)
® Sustained angiogenesis

e Tissue invasion and metastasis

e Limitless replicative potential

shown to have synergistic effects with radiotherapy and
chemotherapy. One hundred and thirty-five HNSCC patients
(77% stage III or IV) were randomised to receive radiotherapy
alone or in combination with Gendicine. Those receiving the
gene therapy in addition to radiotherapy had a 93% response
rate with complete remission in 64% as compared to 79% and
19%, respectively, in the radiotherapy group.”"” To date it has
been given by various routes to more than 2500 patients with
varying types of cancer.”

This strategy depends on the aberrant suppressor gene(s)
being consistent in all HNSCCs. Although p53 anomalies are
common, they are only evident in 40-60% of cases."

In contrast to the under expression of tumour suppressor
genes, oncogenes (for example, ras, myc, bcl-2, erbB2) may be
over expressed or amplified in cancer. This often results in the
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Figure 1 Transcription and franslation of DNA to protein.
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cell avoiding nature’s control mechanism, apoptosis. The effects
of oncogene abnormalities can be overcome by blocking the
faulty gene. This may be by inserting DNA into the cell which
binds to, and hence blocks, the oncogene expression (for
example, transfecting antisense c¢cDNA or oligonucleotides),
inhibiting the oncogenes” DNA from making RNA (transcrip-
tion) and/or the RNA from making protein (translation). These
agents are entering phase I clinical trials. There are no examples
to date for HNSCC.

CYTOREDUCTIVE GENE THERAPY

Cytoreductive gene therapy aims to directly or indirectly kill the
cancerous cell rather than correct the underlying genetic defect.
As there may be many genetic defects by the time the cancer
becomes clinically apparent this would seem a logical approach.
This can be done by augmenting the effects of other anti-cancer
therapies such as chemotherapy, concentrating cytotoxic agents
in cancerous cells, interfering with the tumour’s blood supply
or inducing apoptosis.

Augmentation of chemotherapy

Gene therapy can be used to augment chemotherapy by either a
drug sensitisation or resistance approach. With the sensitisa-
tion approach, a gene is transfected to convert a pro-drug into
its active metabolite. This allows for drug conversion and a high
level of active drug only in the tumour bed. One example is the
herpes simplex virus thymidine kinase (TK) gene, which
converts gancyclovir into its cytotoxic triphosphate.

Phase I trials of a nitroreductase gene inserted into HNSCC
have been completed. The cancer cells express this gene and
manufacture nitroreductase. The nitroreductase then activates
an inactive pro-drug CB1954 into a potent chemotherapeutic
agent."”

Another way to augment chemotherapy is to use a drug
resistance approach. A drug resistant gene is added into normal
cells that are sensitive to chemotherapy, such as haematopoietic
stem cells, so that they can resist chemotherapy. This allows
higher doses of chemotherapy to be used.*

Concentrating radionucleotides

A successful form of treatment of thyroid cancer is the
administration of iodine''. The gene encoding the membrane
protein responsible for the uptake of iodide is the sodium iodide
symporter. This gene can be inserted into other cancer cells to
cause them to concentrate radioisotopes of iodine.*' This can be
used for imaging and to administer a concentrated local dose of
radiotherapy.

Anti-angiogenic

After growing to more than 1-2 mm in diameter a tumour
needs its own blood supply to survive.® Targeting new blood
vessel formation either by up regulating anti-angiogenic or
down regulating pro-angiogenic factors may prove to be useful
in controlling tumour growth.

Pro-apoptotic

Normal cells are programmed to kill themselves if they
accumulate potentially harmful levels of genetic damage or
suffer cytotoxic insults. Like angiogenesis, this is under
numerous controls such as tumour necrosis factor (TNF).
These control mechanisms can be targeted by gene therapy to
induce cancer cells to undergo apoptosis. This method is yet to
reach any clinical trials.

MODIFICATION OF THE IMMUNE RESPONSE TO
CANCER

The body’s own immune system can be used to help clear
HNSCC cells by introducing a gene into cancer cells, but not
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Box 2: Effective gene therapy requires the

following key points or steps

o The disorder has a known genetic defect

® The gene can be carried to the cell (by a vector)

o The new genetic material can be expressed by the cell
(transduction)

o The transduction must be in the desired cell type in a
targeted manner (usually required)

® It can be carried out in vivo

® The gene product can be produced for a long period of
time and in a regulated manner (usually required)
® |t must be safe

normal cells, which produces a foreign protein on the cell’s
surface. This tumour specific antigen allows the cell to be seen
and destroyed by the immune system. Cytokines or immune
regulatory proteins can be introduced into the HNSCC cells to
upregulate the body’s own immune response to the tumour
cells. Cytokine gene transfer can be performed in vivo where
tumour cells or immune cells are transfected in the body, or ex
vivo where the cells are removed from the body for transfection
and replaced back into the body. Immunotherapy is moving
towards acceptance in melanoma, lymphoma and some virus
induced malignancies.*

Gene therapy can also be used to vaccinate an individual
against the antigens expressed by HNSCC cells. A specific
antigen gene is injected into cancer cells, helping the body
recognise them and mount an immune response against the
tumour cells. A problem is the lack of reliable tumour specific
antigens. Another vaccination approach is to add a gene that
can produce a co-stimulatory molecule. This co-stimulatory
molecule is essential for the tumour cell and produces an
immune response.

MONITORING OF GENE THERAPY

The ecasiest way to evaluate these techniques is indirectly
through cross-sectional imaging to assess the change in size of
the tumour bulk. Otherwise the tissue in question has to be
excised and examined by immunohistochemical methods to see
if it was expressing the newly engineered gene. The need to
assess response has led to the evolution of the field of molecular
imaging to monitor gene therapy. By introducing a ‘“reporter
gene” the gene expression can be monitored. Techniques are
based upon the premise that the cells with the transfected gene
concentrate or activate a marker.

A promising avenue is the sodium iodide symporter, the
membrane protein responsible for the thyroid gland taking up
iodide. This can be inserted into cancer cells and the patient
given tracer doses of iodide. Positron emission tomography
(PET) can then be used as a non-invasive imaging technique to
monitor the tumour cells.”” ** The quantitative PET images
obtained may guide the injection of a relevant, therapeutic dose
of Podide.

GENE DELIVERY (VECTORS)

Once selected, the manufacture or isolation of the gene
segment is a relatively straightforward procedure. The main
limiting factor to gene therapy is the accuracy and efficacy of
delivery of the gene by the gene delivery vector.” The route of
delivery for gene therapies in HNSCC is almost always direct
tumour injection. Systemic injection results in the damage or
destruction of the gene and vector before it reaches the tumour
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cells or sequestration by the liver and spleen.** If nucleic acids
are injected systemically they are rapidly degraded by serum
nucleases. DNA and RNA are negatively charged macromole-
cules and hence do not readily cross the cell or nuclear
membranes so a carrier mechanism is needed. An ideal vector
would be highly specific (targeting only the tumour cells and
not the host’s normal cells), highly efficient (all targeted cells
become transfected) and safe. Unfortunately, so far this ideal
does not exist.

Numerous types of vector have been evaluated. These can be
characterised as viral and non-viral.

Non-viral vectors

Non-viral vectors tend to be less immunogenic and hence may
be given repeatedly, an advantage over viral vectors. Typically
they can carry more DNA and are cheaper to produce.** Non-
viral vectors include physically forcing DNA into the cell by
direct injection into the tumour.”’” Described methods to
improve the efficiency of this physical transfer of DNA/RNA
into cells include:

® FElectroportation—an electric current increases cell permeabil-
ity

® Bio-ballistics (gene gun)—gold particles coated with DNA are
“shot” into superficial tissue; ultrasound increases the
permeability of the cell membrane

® High pressure hydrodynamics—a rapid, high volume naked
DNA solution injection.*

Gene delivery is also possible with chemical carriers such as
liposomes carrying cationic lipids and polymers.” The gene
expression from this can be further enhanced by anionic pH
sensitive peptides.”® The result is a small container or
“nanoparticle” in which the genetic material is protected until
within the cell.

A problem with non-viral vectors has been the low
transfection rates, but recent studies have demonstrated
encouraging progress.>

Viral vectors
Viral vectors are based on the fact that viruses rely on the
transcriptional apparatus of the eukaryotic cell for their own
replication. They have evolved over millions of years to be
highly effective at infecting cells and transferring their genetic
material to the nucleus, where it is expressed. For this reason
they have logically become natural candidates to carry
synthesised genes into HNSCC cells. They are more efficient
than non-viral vectors but do cause a “viral type illness” and
have the potential for acute toxicity. Ideally the pathogenic
clements of the viral genome are removed and replaced by
exogenous genes with or without added specificity for infection
of cancer cells. The virus itself can also exert an anti-cancer
effect—""oncolytic viruses”. The oncolytic effect of viruses was
noticed at the beginning of the 20th century when a patient’s
leukaemia dramatically improved following a flu-like illness.’
The five main types of viral vector can be classified according
to whether their genome integrates into the host cell DNA
(retroviruses and lentiviruses) or persists in the cell nucleus as
episomes (adenovirus, adeno-associated viruses (AAVs, herpes
virus)). They can also be divided into two groups by virtue of
their ability to replicate (oncolytic) or if they are replication
deficient. Viruses are currently the most commonly used vectors
in research.”

Retroviruses

Retroviruses have been mainly used ex vivo. Target cells are
removed from the patient, genetically modified and then
reimplanted into the same recipient. For safety reasons they
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are incompetent for replication. The retrovirus integrates its
genome with the host DNA in the cell. They have a natural
tendency to transduce dividing cells as it is only during division
that they can enter the nucleus. Apart from the risk of retroviral
infection they may also disrupt the host genome (insertional
mutagenesis) as was unfortunately shown in two children
being treated for X linked SCID who developed a leukaemia-
type illness.” Lentiviruses are members of the retrovirus family
but have the ability to infect non-dividing cells.

Adenoviruses

Adenoviral vectors are strongly immunogenic and early
examples were cleared by a vigorous T cell response. This has
been reduced by removing the immunogenic genes which are
first expressed upon cell infection. A schematic view of the
adenovirus vector is shown in fig 2. Adenoviruses can be either
replication defective or replication competent. Replication
defective adenoviruses can be produced in large amounts in
producer cell lines and have the ability to infect non-dividing
cells. As they are not inserted into the host genome there is
minimal risk of insertional mutagenesis. An adenoviral vector is
used in Gendicine, the p53 based gene therapy agent
commercially available in China. Recombinant adenovirus
vectors carrying p53 are also being used in phase III clinical
trials for HNSCC in the USA in the form of Advexin by Introgen
Therapeutics (Austin, Texas).

Herpes simplex viruses

Non-replicating herpes simplex virus (HSV-1) was originally
used as it has the ability to persist after the initial infection in a
latent state in neuronal cells for the lifespan of the cell. They
have a large cloning capacity that allows for simultaneous
delivery of several genes. Unfortunately this has not conferred
any benefit in HNSCC therapy so far.

Replicating viral vectors

If the new genetic material is successfully transfected into the
HNSCC cell and the cell is destroyed, so is the new genetic
material it contains. In effect the gene therapy is responsible for
its own suicide while the surrounding cancer cells are
untouched. In order to be successful the effect of the gene
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Fic?ure 2 The process by which an
adenoviral vector inserts DNA into the target
cell.

Adenovirus

therapy must be able to spread to surrounding cells. This can be
done by a replication competent (oncolytic) vector. Oncolytic
viral vectors only require a limited initial transduction of target
cells. They can then replicate and release a second wave of viral
vectors and so on. Another way to circumvent the self
destruction of the vector is for it to exert a secondary effect
on neighbouring cells—the so called “bystander effect”.>* This
can be either local, where toxic metabolites are transferred to
neighbouring cells, or immune mediated.”

Replicating adenoviruses

Replicating adenoviruses are the most commonly studied
oncolytic viral vectors.”” One such is ONYX-015, a conditionally
replicating adenovirus. ONYX-015 has the gene responsible for
binding to and inactivating p53 removed. The result is a virus
unable to replicate in normal cells but capable of replicating in
p53 negative cells. As a lack of p53 is a hallmark of most
cancers, ONYX-015 is considered an oncolytic virus. This has
been used in phase I and II clinical trials in advanced recurrent
HNSCC.” *” In the phase II trials of 40 patients, there was no
viral replication or toxic effects in normal tissue. There was
tumour regression in 10%, tumour growth stabilisation in 62%
and disease progression in 29%.” ** The dose was increased
fourfold with no change in response, but an increase in the side
effects of fever and injection site pain.*® It was felt that this
justified further assessment in earlier stage HNSCC in
conjunction with cisplatin and 5-fluorouracil (5-FU). There
was no increase in the chemotherapy toxicity with the addition
of ONYX-015. Dramatically, a response rate of 63% versus the
expected 35% was observed.”

Replicating herpes simplex viruses

Unlike their non-replicating herpes viruses (HSV) vector
counterparts, replicating or oncolytic HSVs have shown some
success in clinical trials. With the deletion of genes from the
HSV which control virulence (for example, ICP6 and/or
ICP34.5) the virus becomes dependent on dividing host cells
in order to replicate.” *° This results in cancer cell selectivity. An
oncolytic HSV with both these deletions and added granulo-
cyte-macrophage colony stimulating factor (GM-CSF), named
Oncovex, is available. The GM-CSF enhances the anti-tumour
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Table 2 Gene Therapy Advisory Committee approved clinical trials of gene therapy agents for head and neck squamous cell
carcinoma in the UK

Phase Title Gene Gene type  Vector Date/status

| Gene directed enzyme prodrug therapy for the treatment of  Nitroreductase Tumour Adenovirus 1999 open
head and neck cancer suppressor

| A multiple ascending dose study evaluating the safety and  E1A Tumour Lipofection Withdrawn
gene transduction into malignant cells after administration suppressor
of E1A-lipid complex by intratumoral injection with
unresectable or metastatic head and neck tumours

Il Intravenous cisplatin, 5-FU and intratumoral injection with  E1B deleted Tumour Adenovirus 1996 closed
ONVYX-015 into recurrent, chemotherapy naive squamous suppressor
cell tumours of the head and neck

| Phase | study in patients with recurrent metastatic P53 Tumour Adenovirus Never initiated
squamous cell carcinoma of the head and neck using SCH suppressor
58500 (rAd/p53)

Il Preoperative infratumoral injection with an E1B attenuated ~ E1B deleted Tumour Adenovirus 1999 closed
adenovirus in patients with resectable head and neck suppressor
tumours

| Open-label, dose-escalation trial of intra-tumoral injection ~ E1B deleted Tumour Adenovirus 1996 closed
with an E1B attenuated adenovirus ONYX-015, into suppressor
recurrent and locally advanced p53(-) squamous cell
tumours of the head and neck

I Preoperative intratumoural injection with HSV1716 in ICP34.5 deleted Other Herpes simplex 2001 open
patients with resectable squamous cell tumours of the head virus
and neck

| First administration to man of an oncolytic herpes virus ICP34.5 deleted Other Herpes simplex 2001 open
vector containing a transgene for granulocyte macrophage  ICP47 deleted virus
colony stimulating factor (Oncovex GM-CSF)—a study of  Granulocyte-macrophage colony stimulating
its safety, biodistribution and biological activity factor (GM-CSF)

| Gene therapy for squamous cell head and neck cancer that ~ Granulocyte-macrophage colony stimulating  Cytokine Herpes simplex 2002 open
has spread to the skin factor (GM-CSF) virus

| A recombinant vaccinia Ankara (MVA) based vaccine Epstein-Barr virus epitopes (EBNAT and Other DNA + MVA 2002 open
encoding Epstein-Barr virus (EBV) farget antigens: phase | LMP2A)
dose escalation trial to determine immunogenicity and
toxicity in patients with EBV + nasopharyngeal malignancy

immune response.*’ ** Phase I trials of Oncovex, in conjunction

with chemo- and radiotherapy, have been completed in HNSCC
as well as breast, melanoma and certain gastrointestinal
cancers. Phase 1II trials in HNSCC are planned.

Other replicating viral vectors

Some viruses have an innate tendency to replicate in cancer
cells. Newcastle virus, with infectivity usually restricted to fowl,
is such an example. It replicates in cells with defects in the
interferon signalling pathways.” An oncolytic strain termed
P701, administered intravenously, has undergone phase I trials
in 79 patients. Four of these had HNSCC and two had
oesophageal cancer; 22% of patients’ tumours stopped growing,
and in the case of one man with tonsillar squamous cell
carcinoma there was complete remission.*

Vaccinia virus was originally used to immunise the popula-
tion against smallpox. The family of viruses is now being used
in the fight against cancer. By deleting the thymidine kinase
(TK) gene they can only replicate at certain phases of the cell
cycle and in cancer cells which have a constitutively high TK
activity.” As well as this selective oncolytic mechanism,
vaccinia have the ability to carry large quantities of DNA,
therefore multiple genes. The combination of vaccinia virus
with immune effector cells has shown promising early results.*
There is a long history of their safety in clinical use. This is
further enhanced by their ability to replicate in the cytoplasm
without affecting normal host DNA.

CANCER CELL SPECIFICITY

It would seem prudent to restrict any genetic alteration to the
cancerous cells. This regulation can be by physically targeting
the tissue. Intratumoral injections and other mechanisms of
direct gene insertion are well suited to head and neck cancers
where the tissue is accessible under ultrasound guidance.

Unfortunately, these direct methods are more interventional
and fail to treat metastatic disease. Agents can be made to
target tissue on recognition of specific surface proteins/
receptors. Well differentiated tissue displays these markers,
but as cancerous cells have a natural tendency to become less
differentiated they may lose these distinguishing features. The
specificity can also be in the DNA itself by exploiting tissue or
tumour selective gene promoters/enhancers. The regulation of
protein manufacture (translation) depends on sequences of
DNA which oversee gene expression. The promoters can be
universal to all cells (ubiquitous) or show specificity to certain
tissue types (for example, PSA in prostate cells). A useful
promoter sequence would be cancer cell specific, limiting the
expression of the new or altered gene to cancerous tissue.
Telomerase promoter is a promising avenue.*” * This enzyme
renews the DNA repeat sequence on the end of the chromo-
somes. Normal adult cells do not express it and hence the DNA
is destroyed after too many cell divisions to limit the chance of
mutations. HNSCC are associated with telomerase expression.*’

HNSCC GENE THERAPY TRIALS IN THE UK

There are over 1000 clinical trials of gene therapy in progress
worldwide. More than 700 of these are for cancer, of which 54
are for HNSCC.” In the UK the Gene Therapy Advisory
Committee (GTAC) has given approval for 10 clinical trials for
gene therapy in HNSCC (table 2).”!

SUMMARY

Gene therapy in HNSCC remains confined to trials but seems
likely to progress to clinical use in combination with conven-
tional modalities. Cancer of a single cell type in a single
organism is heterogeneous at the molecular level. The subtyp-
ing of these malignancies is still in its infancy. When more is
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® Head and neck squamous cell cancer (HNSCC) is one of
the most frequently targeted cancers for gene therapy
work.

o Safety of the gene therapy agent has to be of paramount
importance.

® Viral vectors can either deliver the transgene to a single
cell per virus or be replication competent in which case
many cells can be transfected.

® Metastatic disease has proven hard to target due to the
route of administration of the gene therapy agent.

o Clinical trials have shown some very encouraging results
when gene therapy is used in combination with other
treatment modalities.
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known, more specific gene therapies will be able to be tailored
accordingly.

Administration is mainly by viral vectors injected intra-
tumorally. If the difficulties with systemic administration could
be overcome, then the possibility of treating metastatic disease
would become a realistic proposition. Safety of the gene
therapies is undoubtedly a primary concern and a rate limiting
factor to its widespread introduction. The first “successful”
gene therapy agent used in SCID resulted in at least two of
these patients developing a leukaemic type disorder.> ** Trials
are usually in pre-terminal cancer patients to minimise the impact
of adverse effects when balanced against the potential gain.

MULTIPLE CHOICE QUESTIONS (TRUE (T)/FALSE (F);
ANSWERS AFTER THE REFERENCES)

(1) The main limiting factor for cancer gene therapy is selecting
the correct gene

(2) There are no commercially available gene therapy agents
for head and neck squamous cell carcinoma
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(3) Most gene therapy agents are based around an adenoviral
vector

(4) Most gene therapy agents are administered intravenously
(5) p53 repairs damaged genetic material
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