
Controversy
Fighting cancer with oncolytic viruses
Yuti Chernajovsky, Lorna Layward, Nicholas Lemoine

Although gene therapy has huge potential for modern medicine, our enthusiasm for its powerful
potential must not cloud our judgment about the dangers of using increasingly diverse, yet relatively
untested, replicating viruses

Gene therapy is currently being studied in both the
laboratory and the clinic in relation to many
conditions, including cancer, heart disease, and
autoimmune diseases. A few thousand patients have
received genes in more than a thousand different clini-
cal trials—overwhelmingly patients with cancer (two
thirds of the trials), with most receiving non-replicative
retroviruses or adenovirus as the vectors for the deliv-
ery of the new genes.w1

The use of viral vectors has now expanded from
relatively safe, non-replicating viruses to the use of
viruses that replicate more selectively in cancer cells
than in normal cells (oncolytic viruses).1 The benefit of
using these viruses is that as they replicate, they lyse
their host cells. Cancer cells are ideal hosts for many
viruses because they have the antiviral interferon
pathway inactivated or have mutated tumour suppres-
sor genes2 3 that enable viral replication to proceed
unhindered. Adenovirus3 4 and herpes simplex virus,5

specifically mutated to replicate faster in cancer cells,
are the main replicating human pathogenic viruses
used in the clinic.3 To date, more than 250 patients
have been treated with ONYX-015, a replicating
adenovirus.

Before the Helsinki protocols were approved, only
a handful of studies had used live viruses injected into
solid tumours. Currently, laboratory (and some
clinical) studies are using many different viruses (such
as Newcastle disease virus, reovirus, poliovirus,
vesicular stomatitis virus, measles,6 and vaccinia7),
selected for their ability to actively replicate in cancer
cells.8 9 Some of these viruses are pathogens in
humans, some also in other species. Newcastle disease
virus, for example, causes fatal disease in chickens.10

An argument for the use of these viruses is
that some have shown long term safety as immuno-
gens in humans. However, the dosage used for immu-
nisation and that being used for gene therapy by
intravenous or intratumoral injection is quite differ-
ent. Measles vaccine (Priorix, GSK), for example, is
used as an immunogen in humans at a dose of about
103 pfu in the measles, mumps, and rubella vaccine
(MMR vaccine),w2 and in mice experiments a dose of
106-107 pfu is used, which is at least a 1000-fold
increase.2

Newcastle disease virus is already in phase I clinical
trials,11 with about 170 patients having been treated.w3

Surprisingly, no particular containment facilities have
been described for this type of work despite virus
detected in the urine up to three weeks after the first
treatment.12

In the United States, researchers who want to con-
duct human studies with biological materials or viruses
have to file an “investigational new drug” application
with the Food and Drug Administration. Such applica-

tion has to be supported by toxicity data from animal
studies to justify the route, dose, and schedule of
administration in humans. The researchers also have to
demonstrate that the material is free of other harmful
contaminants.w4 However, whether the shed virus is
genetically identical to the injected virus has not been
investigated. This is very important as the genome of
RNA viruses mutates rapidly.

The use of oncolytic viruses has a key limitation in
that they are highly immunogenic. The host immune
response limits their effectiveness to local sites of
injection and possibly to a single or a few administra-
tions. Kaufman and colleagues have suggested that,
for longer lasting effects, viruses should be further
engineered to induce T cell memory in the host to
cancer antigens13 or with genes to express therapeutic
molecules such as cytokines, pro-drug activating
enzymes, and anti-angiogenic factors. Adding these
and other features has been termed “arming” the
viruses.8 A potential side effect of potent anticancer
immunotherapy is autoimmune disease, as many
antigens expressed in tumour cells are also expressed
in normal cells. Melanoma gene therapy with vaccinia
virus has led to vitiligo in some patients due to the
expression of identical antigens in melanoma cancer
cells and normal melanocytes.13–15 At least 19 patients
have been treated with vaccinia virus.13 w5 Whether
oncolytic viruses in other cancers might elicit
other types of autoimmune diseases has not been
investigated.

Mutated adenoviruses are widely used in oncolytic cancer gene
therapy
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Regardless of whether a replicative virus is armed,
its safety and genetic variability and capability for
recombination should be properly assessed. Recently
the FDA has called for a workshop to discuss this, and
hopefully new guidelines will became available.w6

Whether replicating armed viruses8 will be able to
modify the immune response of the host and become
highly pathogenic is not known and may not be
answerable in currently used animal models. Some
oncolytic viruses only replicate in partly “humanised”
transgenic mice or in immunodeficient mice grafted
with human tumours that do not reproduce the
complexities of the human immune system.16 We
suggest that an appropriate testing system would use
immunodeficient mice reconstituted with human bone
marrow,17 in which human tumours can be trans-
planted and these oncolytic viruses tested. Such an
approach, although expensive, would ensure at least
proper assessment of changes in immune parameters,
which cannot be done in the currently used models.

Hermiston and Kuhn expressed the challenges of
such arming, stating that: “The mechanisms of each of
the various classes of gene-based therapeutics when
used as monotherapies may be clear, but their
potential interactions within the context of a
replicating virus are not easily discerned. These
interactions will either synergize to increase, or conflict
to decrease patient benefit.”8

The arming of replicating viruses, particularly with
immunomodulatory genes, can pose unforeseen
consequences—one example being IL-4 producing,
replication-competent ectromelia viruses (mousepox)
in mice.18 Even a genetically resistant mouse strain
became susceptible to acute symptoms of mousepox
infection, causing high mortality; also, mice immunised
with the wild-type virus succumbed to infection by the
recombinant virus. Despite these original studies being
halted, the armed virus is now being used as a biologi-
cal warfare model to develop more potent antiviral
drugs.19

Different viruses have developed different mecha-
nisms for immune evasion, including the expression of
cytokine and cytokine receptor homologue genes.20–27

How these immune evasion mechanisms may interact
with the arming gene(s) cannot be predicted, and
whether they may affect virus tropism, recombination,
and propagation needs to be carefully assessed before
use in clinical trials.

The use of a variety of oncolytic viruses has
recently been reviewed.7 9 28 As an unsettling portent,
some authors predict: “For the future we are heading
towards developing selective replicating viruses that
can avoid immune clearance, thereby enabling
systemic administration.”9

In view of the expected pandemic arising from
avian influenza virusw7 and the knowledge that species
adaptation can occur relatively quickly, is it safe to con-
sider the use of viruses from other species, breaking all
natural and tropism barriers by intravenous or intra-
tumoral administration in humans?

The use of replicating viruses poses new and
unpredictable risks not only to the individual treated
but also to the population as a whole as these viruses
may spread in the environment and also potentially
recombine with other wild-type viruses.29 Oncolytic
viruses do not fall within the guidelines for genetically

modified organisms, although when armed they will.
Specific guidelines are urgently needed to cover the
clinical application of such replicating oncolytic viruses
both at local and international levels. Furthermore,
because of the biological limitations of the animal
models described earlier, we need to have more discus-
sion about how preclinical testing for safety should be
carried out.

Cancer is indeed a terrible disease demanding
aggressive, ingenious, and imaginative approaches.
However, the balance of risk and benefit must always
be of prime consideration, not only for the patients but
now also for the rest of the population.
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Drugs
Cannabis and psychosis
David M Fergusson, Richie Poulton, Paul F Smith, Joseph M Boden

The UK government is considering reclassifying cannabis because of concerns about links with
mental health problems. What does the evidence show?

The link between cannabis and psychosis has been
extensively investigated in both epidemiological and
neuroscientific studies. Epidemiological studies focus
on the association between use of cannabis and devel-
opment of psychosis (box), whereas neuroscientific
studies have looked at how cannabis affects neuro-
chemical functioning. However, these two lines of
research have been poorly integrated, with little
disciplinary cross fertilisation. We have brought
together both strands of evidence to give a broader
picture.

Epidemiological evidence
Contemporary interest in this topic began with a
longitudinal study of Swedish conscripts reported by
Andreasson and his colleagues.1 Their findings have
been replicated and extended in a series of
longitudinal studies2–6 all of which have found
increased rates of psychosis or psychotic symptoms in

people using cannabis (table). Furthermore, these find-
ings of longitudinal, case-control studies have been
augmented by a series of cross-sectional studies of
large populations7 and high risk populations.8–11 These
studies produce the following suggestive evidence that
supports the conclusion that the link between the use
of cannabis and increased risks of psychosis is likely to
be causal.

Association—All studies found that the use of canna-
bis is associated with increased risks of psychosis or
psychotic symptoms. The table shows the associations
between use of cannabis and psychosis across existing
longitudinal studies; odds ratios range from 1.77 to
10.9, with a median of 2.23-2.3.

Dose response—Although most studies have com-
pared cannabis users and non-users, several studies
have shown that the increasing use of cannabis is

What is psychosis?

Psychosis is used in this research as a generic
description of severe mental illness characterised by
the presence of delusions, hallucinations, and other
associated cognitive and behavioural impairments that
interfere with the ability to meet the ordinary demands
of life.

It is measured either by using standardised
diagnostic criteria for psychotic conditions such as
schizophrenia or by using validated scales that rank
the level of psychotic symptoms from none to severe.

Demonstrator for the legalisation of cannabis
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