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Phase Ib Trial of Oncolytic
Herpes Virus G207 Shows Safety
of Multiple Injections and
Documents Viral Replication
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he prognosis for patients with glio-

blastoma remains poor despite
numerous phase I-II clinical trials on
systemic chemotherapies such as the
vascular endothelial growth factor-neu-
tralizing antibody bevacizumab.! Indeed,
only two chemotherapies—implantable
carmustine-containing Gliadel wafers
and temozolomide’—have been ap-
proved for glioblastoma by the Food and
Drug Administration, because these two
agents showed benefit in phase III clini-
cal trials by prolonging median survival
by approximately 8 weeks. Therefore,
there is a continued need to explore new
treatments or to further refine and op-
timize older treatments for this type of
brain cancer.

Oncolytic viruses (OVs), which can
be implanted into a glioblastoma resec-
tion cavity after surgery, are promising
agents for the treatment of glioblastoma
because (i) glioblastoma infiltration into
surrounding white matter leads to even-
tual recurrence after surgical removal,
and OVs could potentially replicate in and
lyse infiltrating tumor cells at the margin
of the resection cavity, and (ii) OVs can
be engineered to selectively replicate in
tumor cells targeting oncogenic or tumor
suppressor pathways that have been dis-
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rupted.>* So far, there have been six pub-
lished reports of administration of OVs
into glioblastoma multiforme (GBM),
all at the level of phase I-II clinical tri-
als. Injected OV's have included recombi-
nant or mutant strains of herpes simplex
virus type 1 (HSV1), adenovirus, reovi-
rus, and Newcastle disease virus. Safety
of intracerebral OV administration has
been confirmed in a total of 92 patients,
alleviating concerns that these agents
could cause encephalitis when injected
into the brain. However, only 5 of the 92
GBM patients (5%) studied in OV clini-
cal trials to date appeared to show some
evidence of a radiographic response.>!°
This survey of the published literature
thus calls into question whether the OVs
used thus far in the clinics are effective in
their anticancer effects.

Because the initial mechanism of
OV antitumor action consists of intratu-
moral replication, it must be determined
whether inoculated OVs are truly repli-
cating. In this issue of Molecular Thera-
py, Markert et al.'! provide evidence for
in vivo viral replication, which has not
yet been performed in OV glioblastoma
clinical trials. The virus that they used,
G207, is a recombinant HSV1 that pos-
sesses deletions of both copies of the viral
genes encoding ICP34.5 and a LacZ gene
insertion into the viral gene encoding
ICP6. This particular mutant has previ-
ously been shown to be safe in a clinical
trial,® and the lack of ICP34.5 is thought
to be a safety feature to ensure lack of
neurovirulence and may also allow for
replicative targeting of tumor cells,*
whereas the ICP6 defect is an additional
targeting mechanism for tumor cells with
pl6 tumor suppressor defects.?
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Glioblastoma oncolytic viral therapy
faces a challenge different from that in
other cancer types, because GBM tumors
cannot be easily accessed without costly
procedures associated with some mor-
bidity. A two-stage scheme, composed of
stereotactic viral inoculation followed by
repeat inoculation during a craniotomy,
can provide tissue that allows study of
the antiviral immune response and con-
firmation of whether viral replication
occurred. Although this surgical strategy
seems very logical and has been used in
the past for gene therapy trials,'"> GBM
patients typically require just one proce-
dure, usually a craniotomy, meaning that
a stereotactic needle-guided procedure
may not be of clinical necessity and its
cost may not be covered by routine in-
surance. For example, the hospital costs
for a craniotomy can be US$50,000 to
$100,000, and the risk of perioperative
complications and neurologic complica-
tions can be high.'" Therefore, trials that
make use of a stereotactic viral inocula-
tion followed by a craniotomy, although
providing valuable scientific informa-
tion about viral replication and the im-
mune response, are performed only if the
company sponsoring the trial or another
funding agency can cover the costs of the
second procedure and if the trial can jus-
tify the need for acquisition of tissue.

The study by Markert ef al. enrolled six
individuals with recurrent glioblastoma,
each of whom received two doses of the OV
G207 totaling 1.15 X 10° plaque-forming
units; 13% of the dose was injected stereo-
tactically via a catheter and the remainder
was injected into a resection cavity after
tumor removal en bloc 2-5 days later. In
using this two-stage schema for their trial,
Markert et al. were able to use reverse tran-
scriptase-polymerase chain reaction (RT-
PCR) to detect viral RNA encoding HSV
DNA polymerase (pol) within the lysates of
glioblastoma tissue inoculated with G207
during the first procedure and resected dur-
ing the second procedure. The detection of
pol mRNA in excised tumor tissue indicates
viral replication but does not provide quan-
titative information about the extent and
amount of such replication. The worst-case
scenario would be some minimal replica-
tion in a few tumor cells (easily detected by
RT-PCR) with lack of extensive distribution
and high levels of progeny virus in tumor.
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Additional studies—involving, for exam-
ple, recovery of virus from inoculated tis-
sue for titration or immunohistochemistry
to visualize distribution throughout tumor
tissue—would determine the efficacy of the
OV inoculation.

An additional challenge faced by this
trial and other OV trials is that the pre-
clinical production, toxicology, and pro-
cess development can be limiting. Usually
the amount of OV produced is sufficient
to cover only a small number of affected
individuals, and limitations on the maxi-
mal dose that can be studied complicate
data interpretation. Illustrative of this
problem, the patient in this trial with the
longest survival had the highest detect-
able amount of HSV pol RNA and the
smallest amount of lymphocyte infiltra-
tion. This may suggest that viral replica-
tion correlates directly with survival and
that an antiviral immune response, as as-
sessed by lymphocyte infiltration, nega-
tively influences survival, supporting the
findings in animal models in which a cel-
lular antiviral immune response inhib-
ited viral replication.'*'” However, larger
numbers of subjects are needed to prove
this, and this would also allow determi-
nation of whether there are tumor-spe-
cific mutations that enhance** or inhibit
viral replication, allowing a better under-
standing of which patients might most
benefit from these therapies.

Although overcoming an inhibitory
antiviral immune response might require
immunomodulation,” there are other
potential limitations (intracellular antivi-
ral responses and extracellular matrix and
microenvironmental barriers) to the suc-
cess of OV clinical trials for GBM.'® Future
trials should also investigate (i) whether
standard glioblastoma chemotherapy or

Molecular Therapy vol. 17 no. 1 jan. 2009

radiation therapy enhances oncolytic HSV
replication, as has been shown in preclini-
cal murine models for G207 ¥, the virus
studied by Markert et al.,and (ii) whether
oncolytic HSVs expressing multiple prod-
rug-activating enzymes can provide an
enhanced anticancer effect through mul-
timodal cell killing.** The challenges in
fulfilling the potential of OVs in the treat-
ment of individuals with cancer, particu-
larly those with glioblastoma, are numer-
ous, but the work of Markert et al. is an
important step in the right direction.
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