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Abstract

The appropriate use of animal tumour models has a pivotal role in the evaluation of any new anti-cancer therapy. Indeed, animal models
of human diseases have been emphasised  in the early development and evaluation ofgene  therapy. Given that most cancer treatmentfailures
and cancer-related mortality are the direct results of metastatic cancers, the increasing use of clinically-relevant metastatic tumour models
in the study of cancer therapeutics is both logical and necessary. Murine metastatic tumour models may be established either
“experimentally” or “spontaneously”. The yield and reproducibility of spontaneous metastasis models can be enhanced through
manoeuvres such as using highly-metastatic sublines for primary tumour implantation and orthotropic transplantation. The use of
immunodeficient rodents, although popular, suffers from the absence of T-cell responses in the host which may impact on therapeutic
efficacy. While many gene therapy strategies today are capable of regressing primary tumours in experimental animals, only a limited
number of approaches (viz. genetic immunotherapy and gene-mediated anti-angiogenesis) are designed to address the challenges posed
by metastatic tumours. In extrapolating the results of gene therapy in animal models to humans, it is important to appreciate the
heterogeneity of the latter populations, and anticipate greater variability in the treatment outcome.
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Introduction

In the evaluation of any new cancer treatment, the use
of appropriate experimental animal tumour models to
bridge the gap between in z&o discovery and its even-
tual clinical testing is an important step.‘r2  In vitro experi-
mentation does not take into consideration the complex
biological interplay among the host tissues, the tumour
cells and the therapeutic agents. As a result, demonstra-
tion of in vitro biological activities does not always
predict in vivo treatment efficacy. In addition, there are
important biological processes which cannot be repro-
duced in the test tubes, including anti-tumour immunity
and tumour angiogenesis. Finally, the potential for the
new therapies to cause untoward effects on the host can
only be gleaned from in vivo experimentation. For these
reasons, it is widely held that new anti-cancer treatment
modalities, such as gene therapy, should be thoroughly
tested in the appropriate animal tumour models before
they are applied to the first human subjects. The impor-
tance of animal models of human diseases has been
emphasised in the early development and evaluation of
gene therapy. In the evaluation of gene therapy protocols
for clinical trials by the United States Recombinant DNA
Advisory Committee (RAC) of the National Institute of
Health, investigators are advised to “provide results
that demonstrate the safety, efficacy, and feasibility of
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the proposed procedures using animal and/or cell cul-
ture model systems, and explain why the models chosen
are the most appropriate”.

A good animal tumour model should mimic a broad
range of biological factors which influence, or are influ-
enced by, the growing cancer cells in the host tissues in
which the cancer cells operate.”  A very common experi-
mental tumour model system involves the use of human
cancer xenografts grown subcutaneously in the flanks (i.e.
as primary tumours) in the athymic nude mice.4,5This  has
proved to be rather useful as a crude in vivo screening
system for novel anti-cancer therapies. However, with the
realisation that most cancer treatment failures in humans
occur in the setting of metastatic malignancy, the defi-
ciency in such a primary tumour model system becomes
apparent. The following sections in this review describe
the application of metastatic murine  tumour models to
cancer research, especially as they relate to cancer gene
therapy. The scope of discussion is confined to the
relevance of animal tumour models in determining
treatment efficacy; the usefulness of animal models in
providing safety data is traditionally viewed in the context
of toxicology, and shall not be further discussed here.
Specific examples of certain tumour models will also be
described in some details, particularly to illustrate their
usefulness to cancer gene therapy.
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Special Role of Metastatic Tumour Models

While the primary subcutaneous flank tumours in
rodents provide some idea of the in vivo efficacy of novel
anti-cancer therapies, there are cogent reasons for test-
ing them in the setting of disseminated tumours.4,5Firstly,
in most human cancers, the metastatic phase of the
disease, rather than the primary malignancy, is the cause
of death in the majority of patients. It would be errone-
ous to assume that a treatment that is efficacious against
a primary tumour would also be similarly efficacious
against disseminated tumours. Indeed, there are data to
suggest that the biology of metastatic tumours is differ-
ent from the parental primary tumours.6-y As such, cat-
egorical testing of the treatment in the metastatic setting
is necessary. Secondly, the mechanism of action of a
therapeutic agent on distant tumours may be different
from that on the primary tumours. This is particularly
well illustrated in cancer gene therapy. For instance, the
transduction of primary tumours with suicide genes
followed by the systemic administration of the prodrugs
leads not only to cytotoxic destruction of the primary
tumours, but also suppression of distant metastases; the
latter phenomenon has been attributed to the generation
of tumour-specific immunity.1°  Thirdly, even if the biol-
ogy and treatment responses of metastatic tumours were
similar to those of the primary tumours, disseminated
tumours pose considerable physical challenges to the
successful delivery of the therapeutic agents. The agents
must have the capability to target tumour cells that are
in circulation as well as those which have settled in
viscera far remote from the primary tumours-in  es-
sence, a systemic anti-tumour response is needed to
effectively control disseminated disease. From the above
account, it is apparent that metastatic tumours
present greater therapeutic challenges than localised
malignancies.

Special Problems Presented by Cancer Gene Therapy

Gene therapy describes the process of transferring
DNA or RNA to modify the genetic repertoire of target
cells for therapeutic purposes.11,12  The process of gene
transfer is generally accomplished with the use of gene
carriers, referred to as “vectors”. Typically, the gene to
be transferred is in the form of a complementary DNA
(cDNA)  coding for the therapeutic protein and is con-
tained in an “expression cassette” that includes a consti-
tutive or regulatable promoter driving the cDNA.
Broadly, gene transfer vectors are classified as either
viral or non-viral. The gene transfer process can be
performed either ex vivo or in vivo, the latter approach
being the more relevant one for the treatment of meta-
static cancer.

The process of discovery and development necessary
to make gene therapy a reality differs from that of
traditional drug development in several important ways.

Firstly, the nature of gene therapy requires in vivo vali-
dation of efficacy in a biological system-testing in the
test-tube alone is insufficient. Successful gene therapy
entails a complex, multi-step process that involves the
delivery of the therapeutic genes to the target cells in situ,
followed by efficient gene entry into the cells, transloca-
tion of the foreign genes to the nuclear compartment,
and finally, expression of the foreign genes using the
host cellular machinery. In this cascade of events, there
are many points of potential interactions between the
host tissues and the transgenes, such as the stability of
the gene vectors within the blood circulation if it is
administered intravascularly, the negative influence of
neutralising host immunity on gene expression, and so
forth. These interactions cannot be reproduced in the
test-tube, but can be adequately dissected only if gene
therapy is tested in a living biological system. Secondly,
it has become very clear in recent years that many gene
therapy approaches provide only local therapy: they are
not primarily designed to treat disseminated tumours
(Table I). For example, the transfer of tumour suppressor
genes and the use of antisense constructs would not be
expected to treat non-transduced cells. To treat distant
metastases using gene therapy, other approaches are
necessary, such as the generation of tumour-specific
immunity, 10,13-16  and the induction of normal host cells to
produce antiangiogenic proteins;17,‘K  both strategies will
be discussed in greater details later in this review.

Establishment of Animal Metastatic Tumour Models

The application of animal tumour models is as diverse
as the research disciplines themselves. Broadly speak-
ing, there are two major ways by which metastatic
tumour models are generated.19  Experimental metasta-
sis involves the direct administration of tumour cells
into the appropriate body compartments, with the inten-
tion of dispersing the tumour cells to specific target
organs. For instance, intravenous administration of tu-
mour cells in suspension predictably leads to the growth
of multiple pulmonary metastatic nodules,1,16r1s,20  whereas
the intraperitoneal administration of tumour cells would
be expected to generate peritoneal carcinomatosis. Spon-
taneous metastasis describes the appearance of
metastases following the implantation and growth of
primary tumours. 3,5,21f22  For example, the growth of pri-
mary tumours in the mammary fat pads may be fol-
lowed by the appearance of metastasesin distant organs.23

Each of the two models has its strengths and weak-
nesses. In experimental metastasis, the generation of
tumour deposits in the distant organs is often reproduc-
ible with respect to the “tumour-take”  rate and the
pattern/number of metastases. The resultant metastatic
tumour burden can also be varied according to the
number of tumour cells in the suspension that is admin-
istered.24  One theoretical shortcoming of such a method
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TABLEI: CURRENT POTENTIAL OF CANCER GENE THERAPY
STRATEGIES

Strategy Examples Potential to Potential to
treat treat

localised metastases
tumours

Gene replacement7’-74 ~53,  RB + 0

Oncogene inactivation75-7R  Antisense, + 0

appears to be a significant predilection for tumour growth
in the anterior (occipital) regional of the mouse trunk as
opposed to the posterior (caudal)  region. Another source
of inconsistency in the establishment of spontaneous
metastases is the faster growth rate of dorsally-implanted
tumours as opposed to ventrally-implanted tumours.
The reasons underlying these regional growth differ-
ences  are unclear.

ribozymes

Suicide gene/ HSV-tk + GCV
prodrug  activation7”-x3 CD + 5FC

+ f*

Protection of bone
marrow stem cells
against chemotherapy
effectsx4,x5

MDR N/A N/A

Immunotherapy’5,‘”  2”~Xh-89  MHC Class I antigen, + +
HLA B7,
IL-2, 4, 6, 7, 12,
GM-CSF, TNF-a,
IFN-a, IFN-y,
tumour antigen, gene-
modified dendritic cells

Antiangiogenesis’7,‘R,90-93  sflt-1,  sPF4, + +
dominant-negative flk- 1
angiostatin,
thrombospondin- 1

In an attempt to increase the chances of generating
spontaneous metastases, several manoeuvres have been
tried with variable success. These include the use of
highly-metastatic clones derived from established
metastases,4,6-9,‘9,21,22,30 deeper penetration of the body
wall during growth of the primary tumour,21,22 selection
of endothelial-adhesive tumour cell subpopulations,
transplantation of tumour blocks as opposed to tumour
cell suspensions,35 creation of a healing wound environ-
ment,36  mixing the cells with Matrigel,37  systemic admin-
istration of 17-P-estradiol  to reduce endogenous NK cell
activity,19 and orthotropic transplantation.23,30,3sT37-44
Orthotropic transplantation involves the transplanta-
tion of histologically-intact cancer tissue to the biologi-
cally-relevant host organs (e.g. transplanting colon
carcinoma cells to the intestines,30,35,38  breast cancer cells
to the mammary fat pad,23,39  renal cell carcinoma to renal
subcapsular space,40  prostate cancer cells into the pros-
tate,37 small cell lung cancer cells into the lungs,“l  or
osteosarcoma cells to the bones42).  Orthotropic models
are felt to recapitulate the entire metastatic cascade most
closely, which comprises local tumour growth, vascular
and lymphatic invasion at local site, entry of tumour
cells into these vessels, and eventual extravasation at the
metastatic organs.3,43,44  Besides these measures aimed at
increasing the chances of forming spontaneous
metastases, one other manoeuvre stands out as being the
most dramatic and biologically intriguing: the removal
of established primary tumours has been shown to dra-
matically increase the rate of occurrence and the number
of distant metastases. 5,45,46  This observation is, at least in
part, explained by the decrease in the systemic level of
endogenous inhibitors of angiogenesis (e.g. angiostatin
and endostatin) following excision of the primary tu-
mours. This laboratory phenomenon is reminiscent of
patients whose primary tumours have been successfully
removed, but who die soon after from fulminant distant
metastases.

* Suicide gene treatment of primary tumour can induce an anti-tumour
effect on distant metastases, partly due to the induction of a systemic
tumour-specitic  immunity.

RB: retinoblastoma; HSV-tk + GCV: herpes simplex virus thymidine
kinase gene with administration of ganciclovir; CD + 5FC: E. coli
cytosine deaminase gene with administration of 5-fluorocytosine;
MDR: multidrug resistance; N/A: not applicable; MHC: major histocom-
patibility complex; HLA: human leukocyte antigen; IL: interleukin;
GM-CSF: granulocyte-macrophage  colony stimulating factor;
TNF: tumour necrosis factor; IFN: interferon; sflt-I : soluble flt-1 VEGF
receptor; sPF4: soluble platelet factor 4 receptor

is the absence of the early events involved in spontane-
ous metastasis, namely, the evolution of metastatic clones
within the primary tumour and their subsequent inva-
sion into the blood stream. However, there are data to
support the notion that the rate-limiting steps to success-
ful metastasis are really the later events, namely, the
growth of disseminated tumour cells in distant organs
following their escape from the blood stream.3,25-31  On
this basis, direct administration of tumour cells into the
blood stream fairly closely mimics the actual metastatic
process. Spontaneous metastases following successful
establishment of the primary tumours most faithfully
reproduce the full complement of biological processes
that take place in human tumour metastasis.3  This
method, however, suffers from a greater inconsistency
in the tumour-take rate and the resultant metastatic
tumour burden. Part of this inconsistency may be attrib-
uted to the different regional growth rates of the primary
tumours following tumour cell inoculation.32<33 There

Specific Examples of Murine Metastatic Tumour Models

Metastasis is the most difficult tumour characteristic
to simulate, mainly because the process is a complex
sequence of biological interactions between the
metastastic tumour cells and the host tissue milieu.3  A
few metastatic tumour models will now be described to
illustrate how they are generated.
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Metastatic Lung A4odel

This has been traditionally established through intra-
venous administration of tumour cell suspen-
sion.l,S,l4,16,l8,23,47  The cells are trapped in microvessels
within the pulmonary circulation, whereupon they egress
and form discrete micrometastases within the lung pa-
renchyma. The optimal number of tumour cells to be
administered depends primarily on the cell types and
the host species (perhaps reflecting the different nature
of pulmonary circulation). Inadequate cell number in
the tumour cell suspension lowers the metastatic yield,
whereas excessively concentrated cell suspensions are
apt to cause embolisation of the pulmonary circulation
and instant death of the animals. As an example, a
method whereby 3 x 10” CT26.CL25  murine carcinoma
cells suspended in a volume of 500 ~1 administered over
a period of 30 seconds has been described with a high
degree of reproducibility. l8 Alternatively, spontaneous
lung metastases have also been very well characterised
for breast cancer, Lewis lung carcinoma, melanoma and
osteosarcoma.
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Choice of Animals

The use of  human xenotransplantation in
immunocompromised rodents, first described in 1968,54,55
has been very popular in cancer research.lr2r7-
9,19,21,22,30,33,35,38,56 The athymic condition in nude mice is
due to a recessive autosomal mutation, nude, the symbol
for which is nu. Owing to a lack of T-cell responses, the
nude mouse accepts grafts of allogeneic and xenogeneic
tissue, including malignant tumours. Its use has contrib-
uted significantly to our present understanding of the
metastatic process, and has helped us to test the in vivo
efficacy of many novel anti-cancer therapeutic agents.1,2,57
However, the use of immunocompromised animals has
its limitations, and a few comments on their use in
relation to cancer gene therapy are warranted here. It is
well known that human xenografts in athymic nude
mice seldom metastasise, in contrast to their immuno-
competent counterparts. 58-60  The exact mechanism that
accounts for this phenomenon is still a matter of some
dispute. One hypothesis is that the presence of enhanced
NK cell activity in nude mice effectively reduces the
establishment of metastatic deposits.59  This hypothesis
is not universally accepted though.22,61  In contrast, se-
vere combined immunodeficiency (SCID) mice, which
lack both T and B-cell functions but retain their NK cell
activity, develop spontaneous metastases more readily
than nude mice although the primary tumour-take rates
between the two species are similar.“8,62  To explain this
observation, it has been postulated that B cells may play
an important role in modifying the metastatic behaviour
of the xenografted tumours, through either unknown
direct activity or the indirect action of antibodies, in-
cluding antibody-dependent cell-mediated cytotoxic-
ity. Regardless of the underlying mechanisms that
account for the differences in metastatic potential be-
tween nude and SCID mice, some have argued that

Metastatic Liver Model

A number of studies have described the administra-
tion of tumour cell suspension into the exteriorised
spleen, 8,9,18,19,23,30,35,48 from which the portal circulation
carries the tumour cells distally into the liver where they
are trapped in the microcirculation and then grow into
larger metastatic deposits.“” Some investigators remove
the spleens immediately following administration, while
others do not. The theoretical confounding effect of
splenectomy on host immunity may be relevant to the
treatment outcome, especially if immunotherapy is em-
ployed. Similar cell number and rate of administration
as described in the metastatic lung model has been used
with success in generating experimental liver metastases.
Alternatively, orthotropic transplantation of colon car-
cinoma into the caecum has resulted in reproducible
spontaneous liver metastases.35

Other Metastatic Tumour  Models

Peritoneal carcinomatosis can be reproducibly gener-
ated using intraperitoneal administration of ovarian
carcinoma or colon carcinoma cells.49  Bonv metastases of
prostate cancer can be generated by tail-vein injection of
prostate cancer cells while the inferior vena cava  is being
occluded; this forces the tumour cells into the vertebral
venous plexus. 50,51  Finally, brain metastases can be cre-
ated by injecting tumour cells into the carotid arter-
ies 23,52,53

In any chosen tumour model, it is important to main-
tain procedural consistency so that reproducible meta-
static models can be generated. In this regard, limiting
the number of operators in a particular study to a mini-
mum will be helpful.

SCID mice are the more appropria
of metastatic tumours.38,60

te hosts for the study

However, one may argue that both nude and SCID
mice are unsuitable for the study of cancer treatment,
especially in the context of cancer gene therapy. Firstly,
these mice lack T-cell activity; the impact of this pheno-
type on the response of metastatic tumours to therapy is
unclear, and may indeed be significant.33  Secondly, gene
therapy strategies that involve the generation of anti-
tumour T-cell subsets could not be tested in T-cell
immunodeficient hosts. Thirdly, the absence of T-cell-
mediated immune responses against the gene vectors
and/or the transgenes may spuriously enhance the ex-
tent and duration of the gene-mediated therapeutic
effect. In this regard, it is noteworthy that the use of
certain viral vectors in immunocompetent rodents pre-
dictably elicits a significant host immunity (both hu-
moral and cellular) which tends to limit the usefulness of
the gene therapy. 63-66  With these considerations in mind,
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it may be prudent to confirm the initial positive thera-
peutic results from nude mice in immunocompetent
hosts as well.

Assessing Treatment Response: Establishing Therapeutic
End-Points

Traditionally, experimental anti-cancer therapies in
animals are assessed based on the following parameters:
a. Protection against tumotrv challenge.  This parameter is

commonly employed in experimental immuno-
therapy, including genetic immunotherapy, in which
na’ive animals are pretreated with the therapeutic
agent, followed by the inoculation of the animals
with a bolus of  tumour cells .  The failure
of tumour-take in the pretreated animals, in contrast
to controls, provides evidence of efficacy. Such a
system is artificial and does not resemble the
real clinical scenario, but it does establish proof-of-
principle.

b. Regression of-established tumouus. This parameter more
closely mimics clinical scenario in which patients
present with established cancers. In assessing
primary tumour regression, two perpendicular
diameters of the solitary tumours are measured (a
and b, where a is the longer of the two); the tumour
size is expressed as either the tumour surface area (a
x b) or the volume (0.5 x a x b2).2 The assessment of
metastatic tumour regression is more complicated.
Several methods have been used. The commonest
one involves the manual quantification of the number
of metastatic deposits on the surfaces of the organs of
interest.‘“J6J8  The ease and accuracy of such a method
can be significantly enhanced by staining with Indian
ink and Fekete’s solution, or by the use of tumour
cells which have been genetically altered to expressed
genes such as the LacZ.  LacZ-expressing tumours
would stain blue when immersed in X-gal solu-
tion.14J6,1s Other methods of metastatic tumour
quantification involve computer-assisted image
analysis,67,68 and the use of molecular probes for
repetitive human DNA (e.g. human Alu) sequences
if human xenografts were used.69

c. Prolongation of survival. One of the most reliable and
clinically meaningful parameter to assess treatment
efficacy in patients is the prolongation of survival in
the treated patients as compared to controls. In murine
metastatic tumour models, animals with progressive
tumours often perish rather rapidly from ill-health
and/or organ-specific complications such as respira-
tory failure in the metastatic lung model. Prolonga-
tion of survival in the treated animals is a robust
indication of treatment efficacy.

Besides using the above end-points to evaluate treat-
ment responses, there are other biological parameters
that need to be assessed in cancer gene therapy as well.

These include the documentation of successful in vivo
gene transfer, demonstration of relevant mRNA and/or
protein production in transduced tissues, and the evalu-
ation of vector- and transgene-specific host-mediated
immunity which may significantly influence the extent
and duration of gene expression.

An exciting development in the study of metastasis is
the use of intravital videomicroscopy (IVVM) which
provides “live” demonstration of the intricate interac-
tions between the metastastic cells and their new local
milieu. The advent of IVVM has allowed us to better
understand the metastastic cascade, including the piv-
otal role of post-extravasation events in the successful
engraftment of distant metastases.25-29r70

Use of Murine Metastatic Tumour Models In Cancer Gene
Therapy: Examples

A few examples of the use of gene therapy approaches
to treat murine metastatic tumours will now follow to
illustrate some of the principles discussed above.

Genetic Immunotherapy

Caruso et all”  described a model of colon cancer liver
metastasis in which 5 x lo4 MCA-26 colon carcinoma
cells were directly implanted into the liver in syngeneic
Balb/c  mice. An adenovirus vector carrying the murine
interleukin (IL)-2 gene and another vector carrying the
IL-12 gene were separately injected directly into the
growing liver tumours. Tumour regression and prolon-
gation of survival in the treated animals were clearly
documented with either gene.‘”  Wang et alI4 described
another genetic immunotherapy strategy in which a
recombinant fowlpoxvirus gene vector encoding a model
tumour antigen effectively immunised na’ive Balb / c
mice against subcutaneous and intravenous challenge
by CT26.CL25  tumour cells which bore the model tu-
mour antigen (pgal).  Besides conferring protection
against metastatic tumour challenge, the investigators
showed that mice bearing established 3-day  pulmonary
metastases also showed tumour regression following in
vivo gene therapy. Hurford et a14” generated liver
metastases by intrasplenic injection of tumour cells.
Using the same route of administration, they showed
that retroviral producer cell lines selectively transferred
reporter genes to the liver metastases. Indeed, intrasplenic
administration of retroviral producer cell lines encoding
IL-2 and IL-4 led to reduction in liver metastases. Song
et alI6  demonstrated that genetically-modified dendritic
cells induced the production of tumour antigen-specific
cytotoxic T-lymphocytes in immunocompetent mice,
and that the modified dendritic cells conferred potent
protective and therapeutic anti-tumour effect. It is clear
from these examples that genetic immunotherapy is
capable of producing systemic treatment responses
against widespread metastases.
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Gene-mediated Tumour  Antiangiogenesis

Besides genetic immunotherapy, another p”romising
gene therapy strategy that may effectively target re-
gional metastases is the generation of therapeutic pro-
teins in transduced organs which inhibit the angiogenesis
cascade.17J8 Using a replication-deficient adenovirus
vector encoding a soluble form of the flt-1 vascular
endothelial growth factor (VEGF) receptor, Kong et alI8
demonstrated that established liver metastases could be
effectively suppressed following intravenous adminis-
tration of the vector. It has been shown previously that
intravenous administration of adenovirus vectors pre-
dictably leads to hepatic localisation.  Importantly, treated
animals enjoyed a significant survival advantage. Fur-
ther, the investigators showed that established pulmo-
nary metastases could be suppressed in a regional fashion
following intratracheal vector administration. One could,
for instance, treat one lung and not the other by selective
administration of the gene vector to the respective bron-
chus -a feat that cannot be achieved by systemic admin-
istration of conventional cytotoxic drugs.

Conclusions

With the recognition that metastatic tumours are the
cause for most cancer treatment failures and cancer-
related mortality, there have been recent efforts at estab-
lishing suitable animal metastatic tumour models which
closely mimic the human disease in terms of their biol-
ogy and responses to treatment.4  By virtue of its mecha-
nism of action, gene therapy, perhaps more so than other
forms of cancer therapeutics, relies heavily on its experi-
mentation in animal tumour models. Although gene
therapy has been used effectively to treat established
murine metastatic tumour models, one must be very
careful when extrapolating these results to the humans.
Humans are not merely large mice-in contrast to the
laboratory mice which are often genetically defined and
uniform (inbreds), the humans to whom the results are
extrapolated are highly variable outbreds, with striking
genetic, environmental, social and behavioural differ-
ences. These aspects of the human population will be
impossible to simulate in animal models. As a result,
data (therapeutic or toxicologic) obtained from inbred
animals will often be more consistent and predictable
than will be observed in human populations. Therefore,
while animal tumour models provide useful proof-of-
principle and basic toxicological data, the real therapeu-
tic efficacy and clinical utility can only be determined in
appropriately designed human trials.

The ethical dilemmas surrounding animal experimen-
tation have attracted passionate discussions from its
proponents and opponents alike for decades. Numerous
books and manuscripts have been written on this subject
which, to date, remains a highly contentious issue. It is
beyond the scope of this review to discuss this issue any

further. Suffices to state that the great potential benefits
to humans of using animals in research provides a
powerful reason for continuing to use them; yet, at the
same time, the harms and suffering which can be caused
to the animals provide an equally powerful reason for
ceasing to do so. Thus, it was argued that we ought to
regard the use of animals with “sentiments stronger
than regret, if weaker than remorse” - a “tragic choice”
of sort.71 It is the hope of this author that this review has
provided some rationale for the use of metastatic tu-
mour models in cancer gene therapy research, so that
appropriate models will be chosen in future experi-
ments to yield the most useful scientific information,
with the least amount of animal sacrifice.
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