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G207, a mutant herpes simplex virus (HSV) type 1, is
safe when inoculated into recurrent malignant glioma.
We conducted a phase 1 trial of G207 to demonstrate
the safety of stereotactic intratumoral administration
when given 24 hours prior to a single 5 Gy radiation
dose in patients with recurrent malignant glioma. Nine
patients with progressive, recurrent malignant glioma
despite standard therapy were included. Patients
received one dose of G207 stereotactically inoculated
into the multiple sites of the enhancing tumor margin
and were then treated focally with 5 Gy radiation. Treat-
ment was well tolerated, and no patient developed HSV
encephalitis. The median interval between initial diag-
nosis and G207 inoculation was 18 months (mean: 23
months; range: 11-51 months). Six of the nine patients
had stable disease or partial response for at least one
time point. Three instances of marked radiographic
response to treatment occurred. The median survival
time from G207 inoculation until death was 7.5 months
(95% confidence interval: 3.0-12.7). In conclusion, this
study showed the safety and the potential for clinical
response of single-dose oncolytic HSV therapy aug-
mented with radiation in the treatment of malignant
glioma patients. Additional studies with oncolytic HSV
such as G207 in the treatment of human glioma are
recommended.
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INTRODUCTION
Glioblastoma multiforme (GBM), the most commonly diagnosed,
aggressive, and lethal primary brain tumor, is almost uniformly

fatal.! Prognosis for GBM remains bleak in spite of advances in
therapeutic radiotherapy, chemotherapy, and surgical techniques.
Recent adaptation of a combined regimen of survival, but this
remains less than 15 months. Certain patient subsets, particularly
those lacking MGMT promoter methylation, remain more resis-
tant to this regimen.??

The characteristic, multitherapeutic resistance of glioma
cells makes them prime targets for combined treatment modal-
ities and novel therapeutic agents, including virotherapeutic
agents. Preclinical and clinical studies suggest that targeted
oncolytic viral and oncolytic gene therapy may enhance cur-
rent GBM treatment options. In previous clinical trials, we have
examined the safety and tolerability of a genetically engineered
herpes simplex virus type I (HSV-1), G207, as a potential thera-
peutic agent for GBM.** Direct inoculation of G207 into the
tumor does not produce encephalitis; however, it retains the
capacity to replicate in and kill multiple classes of malignant
neoplasms. G207 contains deletions in both loci of the viral
v,34.5 gene, as well as a disabling lacZ insertion in U, 39, the
gene that encodes for the large subunit of the viral ribonucleo-
tide reductase.® Two prior studies utilizing stereotactic inocu-
lation of G207 directly into recurrent malignant gliomas have
been reported; each demonstrated the safety and tolerability of
the agent in this patient population and suggested that antitu-
mor activity was present in some patients as evidenced by long-
term survival posttreatment.*?

Preclinical studies in orthotopic murine models have demon-
strated the capacity of adjuvant therapies to improve HSV antitu-
mor efficacy. In particular, HSV treatment followed by radiation
treatment has shown improved antitumor effects.”” These find-
ings supported the development of a clinical trial in patients with
malignant glioma to examine the effects of administering these
interventions in combination.
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The primary objective of this phase 1 study (deemed CT2001)
was to determine the safety of direct inoculation of G207 into
recurrent malignant gliomas followed by focal irradiation to the
tumor volume the following day. To evaluate the potential for effi-
cacy of this approach, secondary end points assessed radiographic
and performance response, overall survival, HSV/G207-specific
antibody response, and degree of viral shedding posttreatment.

RESULTS

Patients

The trial was a single-site, open-label protocol conducted at the
University of Alabama at Birmingham (UAB, Birmingham, AL)
over a 3-year period and enrolled nine patients whose tumor
had progressed despite surgery (stereotactic biopsy or resection),
chemotherapy, and radiation therapy for malignant glioma. All
nine patients were treated, and none were lost to follow-up. The

Table 1 Patient inclusion/exclusion criteria

G207 HSV and Radiation in Malignant Glioma

median age was 50.2 years (mean: 50.4 years; range: 37-60 years;
Table 1). In two of the four patients, anaplastic astrocytoma had
transformed to GBM at the time of stereotactic biopsy, just prior to
G207 inoculation. Thus, at the time of treatment, seven of the nine
patients enrolled had a confirmed diagnosis of GBM. The median
interval between initial diagnosis and G207 inoculation was 18
months (mean: 23 months; range, 11-51 months). No patients
received any additional antitumor treatment (besides the one-time
G207 inoculation and one-time fraction of radiation) until pro-
gression. As typical in this population, patients were on variable
doses of corticosteroids leading up to and following treatment. A
summary of steroid doses is provided as Supplementary Table S1.

Treatment course
We report the combined results of the CT 2001 trial, which
comprise a 12-month study that included screening, treatment

Requirements for inclusion:

Pathologically confirmed residual/recurrent glioblastoma multiforme, gliosarcoma, or astrocytoma

Residual/recurrent lesion 1.0 cm

Age >19 years

Karnofsky’s performance status 70% or higher

Failed external beam radiotherapy (>5,000 cGy) 4 weeks prior to enrollment
Normal hematological, renal, and liver function

Absolute neutrophil count >1,500/mm?®

Platelet count >100,000/mm?

Prothrombin time or partial thromboplastin time <1.3x control

Creatinine <1.7 mg/dl

Total bilirubin <1.5mg/dl

Transaminases <4x the upper limits of normal

Written informed consent is obtained, and patient is able to understand the nature of the trial

Patient exclusion criteria:

HIV seropositivity

Pregnancy or nursing

Refusal to use effective contraception if of reproductive potential
Surgical resection of tumor within 4 weeks of enrollment

Acute infection

Granulocytopenia or medical condition precluding surgery

History of encephalitis, multiple sclerosis, or other CNS infections

Patients with tumors involving both hemispheres or with subependymal/CSF dissemination, tumor involvement requiring ventricular, brainstem, basal

ganglia or posterior fossa inoculation, or tumors that would require access through a ventricle in order to deliver treatment

Patients with a tumor location that could, in the investigator’s opinion, pose the risk of penetration of the cerebral ventricular system during inoculation with

the study drug

Tumor locations that would expose the patient to unacceptable risk with radiation therapy

Presence of active oral or genital herpes lesions

Prior participant in experimental viral therapy, chemotherapy, cytotoxic therapy, immunotherapy, or gene therapy protocol within 6 weeks of enrollment or 4

weeks in the case of non-nitrosourea chemotherapy
Concurrent therapy with any drug active against HSV
Patients requiring steroid increase 2 weeks prior to injection

Patients with contraindications for undergoing MRI

CNS, central nervous system; CSF, cerebrospinal fluid; HSV, herpes simplex virus; MRI, magnetic resonance imaging.
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visit (5 days), and follow-up (1 year). The dose utilized, 1.0 x 10°
plaque-forming units (pfu), was selected as 0.5 log lower than the
highest dose shown to be safe in a prior study without radiation.®
All patients were followed until death.

Toxicity

National Cancer Institute Common Terminology Criteria for
Adverse Events 3.0 and protocol severity scales were used to dis-
tinguish between occurrences of adverse events (AEs) in response
to treatment versus underlying disease.”” In total, 108 AEs were
reported (Supplementary Table S2). The most common were
headache, 10 (representing 9.3% of the total AEs reported); sei-
zures, 6 (5.6%); hemiparesis, 4 (3.7%); and fever, 5 (4.6%). Most
events were 1-mild (n = 50), 2-moderate (n = 34), or 3-severe (n =
24) in severity. Some AEs were severe but not serious, and 21 met
one of the “serious” criteria. All patients experienced serious AEs,
the majority of which were determined to be due to their underly-
ing disease, a common finding in patients with recurrent malig-
nant glioma in other similar studies. Three serious AEs (seizures
after administration) were considered possibly related to G207
administration, and one, pyrexia due to improper administra-
tion technique (see patient 114, below), as probably related to the
study agent. No patients discontinued study participation because
of AEs presumably related to G207 administration or because
of clinically significant laboratory abnormalities. G207 was not
detected in the samples tested for the presence of HSV (saliva and
serum). None of the patients showed magnetic resonance imag-
ing (MRI), laboratory, or pathologic evidence of inflammatory
changes or other findings to suggest encephalitis. Three patients
merit further discussion:

Patient 114 had a generalized seizure 1 dpi with a temperature
to 105 °F; this resolved quickly with no sequelae. Discharge was
delayed 1 day. A neuronavigation software idiosyncrasy allowed
a trajectory in which the needle delivering the virus apparently
traversed the ventricular system. This AE was attributed to inad-
vertent ventricular contamination with virus.

Patient 115 presented 17 dpi with cerebrospinal fluid leak
from the incision, but no signs of meningitis were found. The
wound was resutured, and the patient was discharged. At sched-
uled visit 2 (28 dpi), increasing lethargy and edema that involved
the arms, trunk, and face, along with frequent staring spells, were
reported. Cerebrospinal fluid was positive for Staphylococcus epi-
dermidis; polymerase chain reaction (PCR) on the cerebrospinal
fluid for G207 was negative. Antibiotics were initiated, and the
patient was discharged 2 days later on antibiotics. Ongoing post-
treatment cerebrospinal fluid leak and meningitis sequelae con-
sisted of lethargy and weakness.

Patient 118 had mild worsening of his left hemiparesis from
4/5 to 3/5 following his procedure, along with a progressive left
neglect. On 5 dpi, shortness of breath developed that was attrib-
uted to a new onset supraventricular tachycardia after ruling out
pulmonary embolism. The arrhythmia effects resolved; however,
the left sided weakness persisted.

Progression and survival

While no conclusions about efficacy can be drawn from this phase 1
study, secondary end points of response including progression-free
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survival and overall survival were recorded. Macdonald response
criteria were used to evaluate the radiographic response to treat-
ment."! For patient 119, a marked response occurred, consistent
with a partial response (PR) seen at 1, 3, and 6 months (Figure 1).
Six of the nine patients had stable disease or PR for a least one
time point. Notably, some patients had significant responses to
treatment that did not strictly meet criteria for PR due to the pres-
ence of a minimally enhancing residual rim (Figure 2).

The Kaplan-Meier estimate of median survival time from
initial diagnosis to G207 inoculation was 18.7 months (95% con-
fidence interval: 13-35 months). The median progression-free sur-
vival time was ~2.5 months (95% confidence interval: 1-5.75). The
estimated median survival time from G207 inoculation until death
was 7.5 months (95% confidence interval: 3.0-12.7). The influ-
ence of time between the end of G207 inoculation and beginning

Figure 1 Patient 119: pre-G207 and at 3 and 6 months post-G207
inoculation showing a partial response. (a) Pre-G207 inoculation,
(b) 3 months post-G207 inoculation, and (c) 6 months post-G207
inoculation.

Figure 2 Patient 113: pre- and post-G207 inoculation, showing a
clear response to viral treatment. (a) Pre-G207 inoculation and (b)
1-month post-G207 inoculation.
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of radiation treatment on overall survival was analyzed with Cox
modeling (range: 18 hours 12 minutes to 25 hours 38 minutes with
a median of 20 hours 55 minutes). The corresponding regression
coeflicient of 0.09 (P = 0.4967) and hazard ratio of 1.096 did not
support a difference in response with earlier radiation. Details on
response to treatment are included in Supplementary Table S3.

Neurological status

Median Karnofsky performance status (KPS) at screening was 90
(range: 70-100) (Table 2). Shortly after inoculation (days 1-4),
KPS of some patients decreased but recovered thereafter by day
28. At 1-month follow-up, five patients had stable KPS (£10
points), and in two patients, KPS increased by 20 points. Patient
119 had an increase in KPS from 70 on day 1 to 90 at 1, 3, and 6
months, respectively. This corresponded with the PR seen at the
same time intervals.

Laboratory evaluation and immune status

The CD4 and CD8 counts are reported in Supplementary Table
S4. At screening, three patients were seropositive for HSV-1; all
were negative for HSV-2. On visit 3 (day 28), one patient (patient
113) seroconverted for HSV-1 only (Supplementary Table S5).
Quantitative titers of antibodies to HSV were also performed
(Table 2). Patients 111, 115, 116, and 119 had low antibody titers
to HSV (<40) at screening and maintained the low titers (<17)
until the end of the trial. Patient 113 had nearly an eightfold
increase in antibody titers on day 28. Patient 114 had high anti-
body titer to HSV at screening and then had a further threefold
increase by the end of 1 month. Patient 117 was an exception since
the high anti-HSV titers at screening actually decreased by day 4
and were stable at 1-month posttreatment.

Detection of HSV in peripheral samples

HSV quantitative PCR in serum remained negative in all study
subjects throughout the study but was positive in saliva samples in
three study subjects at various time points. Patient 114 had HSV-1
isolated from saliva on visit 2 day 4 (PCR) and visit 3 with a con-
secutive measurable HSV immunoglobulin G antibody titer rise.
Patient 112 had HSV-1 isolated from saliva on visit 4 (PCR), and

Table 2 Demographic data and primary clinical information at screening
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patient 116 had HSV-1 isolated from his saliva on visit 2 day 2
(PCR), both without any change of HSV immunoglobulin G titer
(Table 3). The remaining three evaluable patients did not have
HSV-1 isolated from their saliva at any time point: quantitative
PCR testing for G207 was negative in each of these samples.

Compassionate use

Two patients, patient 113 and 119, underwent retreatment under
individualized compassionate use protocols. Both patients dem-
onstrated significant radiographic responses to their initial
treatment with G207 under the original protocol and requested
retreatment at progression after their first treatment. The same
protocol was used for radiation administration for the com-
passionate use protocol as was used with the original proto-
col, with each patient receiving an additional 5 Gy radiation
on the day following G207 administration. Details regarding
the time of retreatment and ultimate survival are presented in
Supplementary Table S6.

Toxicity following compassionate use

Patient 113 developed transient increase dysphasia, fatigue, nau-
sea, and ataxia postretreatment, which resolved the following day.
Patient 119 developed worsening seizure control and worsening
hemiparesis postretreatment. He underwent stereotactic biopsy
2 months postretreatment and was found to have progression to
GBM. Microscopic examination revealed minimal inflammation,
but no evidence of encephalitis and immunoperoxidase stains
for HSV demonstrated the presence of a few positive cells only.
Seizures were thus attributed to tumor progression. After treat-
ment for a deep venous and pulmonary artery thrombosis, and
resolution of his seizures, patient was discharged to a rehabilita-
tion hospital with ongoing hemiparesis.

Progression and survival following compassionate use
Patient 113 demonstrated a reduction in contrast-enhancing
tumor area at day 27 postretreatment (best response: stable dis-
ease by strict criteria). MRI findings were impressive for increase
in necrosis and decreased mass effect (Figure 3). While imaging at
~9 weeks posttreatment met criteria for stable disease, the patient

Patient ID Age (years)/gender Original pathology Previous treatment Tumor location Recent pathology KPS (%)
111 47/F GBM S,Ch,RT Rt FTP GBM 80
112 58/M GBM S,Ch,RT LtP GBM 70
113 55/F GBM S,Ch,RT LtP GBM 90
114 60/M AA (IIT) S,Ch,RT RtT GBM 90
115 55/M GBM S,Ch,RT RtT GBM 90
116 48/F AA (II1) S,Ch,RT RtF AA (IIT) 100
117 50/M GBM S,Ch,RT RtT GBM 90
118 44/M AA (IIT) S,Ch,RT Rt TP GBM 70
119 37/M AA (III) Ch, RT LtF AA (IIT) 100
No. M: 6 AA: 4 AA:2
F:3 GBM: 5 GBM: 7

AA (Ill), anaplastic astrocytoma (grade Ill); Ch, chemotherapy; F, female; F, frontal; FTP, frontotemporoparietal; GBM, glioblastoma; KPS, Karnofsky performance
status; Lt, left; M, male; P, parietal; RT, radiation treatment; Rt, right; S, surgery; T, temporal; TP, temporoparietal.
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Table 3 HSV titers

Patient ID Screening V2D4 Vv3D28 V4 month 3
111 <12 <12 34 17

112 384 384 384 384
113 68 68 543 NA

114 543 543 1536 NA

115 <12 <12 17 NA

116 <12 <12 <12 NA

117 768 543 543 NA

118 NA NA NA NA

119 <12 <12 <12 <12
Summary HSV

titer statistics

Median (mean) 68.0 (261.6)  40.0 (198.2)  384.0(427.7) 17.0 (137.7)
range 11.99-768.0  11.99-543.0  11.99-1536 11.99-184

<12 set to 11.99 for descriptive statistics, data from patient 119 were available
for visits visit 5 and visit 6 only (titer <12).

HSV, herpes simplex virus; NA, not available; V2D4, visit 2 day 4; V3, visit 3 day
28; V4, visit 4.

was started on Gleevec and hydroxyurea by her neuro-oncologist.
She succumbed to her disease 5.5 months post-G207 retreatment.

Patient 119 demonstrated a minimal decrease in tumor size
in response to retreatment (best response: stable disease). He suc-
cumbed to his tumor 8.2 months after retreatment (for details, see
Supplementary Table S6). Brain autopsy was undertaken after
consent was obtained. Gross findings showed diffuse, bilateral
involvement of the brain by tumor. Microscopic analysis con-
firmed diffuse invasion of the brain with malignant astrocytes,
necrosis, and endothelial proliferation. No evidence of viral inclu-
sion bodies, microglial or other inflammatory response or chronic
demyelination was seen, supporting an absence of encephalitis or
other G207-related toxicity.

DISCUSSION

We report the results of the first clinical trial of intratumoral
administration of G207, a conditionally replicating HSV, followed
by focal radiation therapy 24 hours postinjection. While wild-type
HSV is quite neurovirulent, deletions in the genes for ICP34.5 and
one of the ribonucleotide subunits are present in G207, essentially
eliminating neurovirulence while allowing the virus to maintain its
antitumor effects.’>' The use of engineered HSV-1 with an intact
thymidine kinase gene (U, 23), including G207, for tumor therapy
has the added advantage of the availability of efficacious antiviral
therapy for life-threatening disease if needed (e.g., acyclovir).

The rationale for the strategy of our study was based on the
observation that treatment with 7,34.5 deleted HSV-1, (including
G207, and its parent virus, R3616) has been shown to be enhanced
by ionizing radiation when administered after viral inoculation.
Preclinical studies have demonstrated that treatment with onco-
lytic HSV-1, when followed within 4-120 hours by administration
of a clinically relevant fraction of radiation (5-25 Gy total dose,
administered in one to three fractions), increased the efficacy of
the oncolytic HSV antitumor effects, increased viral replication
and distribution, and improved survival in orthotopic models.””’
The ,34.5 deletion that renders specificity of the oncolytic HSV
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Figure 3 Patient 113: pre- and post-G207 reinoculation, showing a
clear response to viral treatment. (a) Pre G207 reinoculation and (b)
1-month post-G207 reinoculation.

to tumor cells also results in a defect in the late y gene expres-
sion. Administration of ionizing radiation after viral inoculation
may overcome this defect through increased activation of the
p38 pathway, resulting in increased viral replication and intra-
tumoral production of new virus.”* Additional evidence suggests
that IR-induced expression of cellular homologues for the viral
U, 39 and v,34.5 genes, both nonfunctional in G207, may act to
augment intratumoral G207 replication." Interestingly, while pre-
clinical studies of G207 administered with radiation in other his-
tologies have also demonstrated increased efficacy, a single study
in prostate cancer did not demonstrate this effect.'**

No patient in our study developed MRI, laboratory, or clini-
cal evidence of encephalitis. One previously treated patient had
an exacerbation of his prior seizure disorder with an associated
hemiparesis after retreatment and radiation. A biopsy indicated
that this patient’s tumor had progressed from its previously docu-
mented status as a grade III astrocytoma to a grade IV astrocy-
toma, and it was felt that this transition was likely responsible for
these findings. We thus consider G207 plus focal radiation safe at
the respective doses administered in this study.

One patient had PR at 1-month posttreatment. Five addi-
tional patients had SD by MRI 1-month postinoculation, and five
of the nine patients had stable (10 points) Karnofsky scores at
that time point; at 3 months, three patients had stable KPS, and in
patient 119, it had increased by 20 points. A single patient with a
large tumor and a KPS of 70 at screening showed further decrease
in KPS and was taken off the trial at 1 month due to tumor pro-
gression. Importantly, 5 Gy is considered a subtherapeutic dose of
radiation in malignant glioma, and while a treatment effect from
5 Gy cannot be ruled out from our study, this would be extremely
unlikely based on decades of clinical experience with this tumor
and its known resistance to radiotherapy. Thus, the effect seen is
most likely due to either augmentation of G207 effect or some
unknown interaction between G207 and radiation. Ultimately, all
study patients died from tumor progression. None of the deaths
were attributed to G207 administration into the tumor or adja-
cent brain tissue.
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Unexpectedly, only three of the nine (33%) patients were
seropositive for HSV-1 (none were positive for HSV-2 expo-
sure) at screening, which is lower than expected for individu-
als in this age range where rates of 75-85% would have been
anticipated, as well as seen in the preclinical study of G207 in
Aotus. 2> While a larger, prospective trial will be necessary to
determine whether pretreatment exposure status is a biomarker
for treatment response, preclinical studies and our previous
clinical trials do not support this.” The combined rate of HSV-1
seropositivity in our two previously published studies of G207
was 17/25 (68%).*> Despite the immunocompromised state of
patients in this current study, HSV-1 seroconversion occurred
in one patient. Previous studies had shown a seroconversion
of 1/5 (original phase 1) and 3/3 (two-dose phase 1B), whereas
preclinical studies in Aotus showed uniform elevation of serum
anti-HSV antibodies.**** Presumably, the highly immunocom-
promised nature of the recurrent glioma patients—produced
by treatment with steroids, prior chemotherapy and radiation,
as well as the tumor itself—impacts the ability of the patient to
form an antibody response. It is interesting to consider whether
the single fraction of radiation administered in this study could
have impacted antibody formation as well, and warrants further
study in preclinical models.

Interestingly, two of the most significant radiographic
responses seen in this trial occurred in patients who were HSV-1
seronegative at enrollment. In prior G207 studies in GBM, the best
responses were often seen in patients seropositive at enrollment.
One of these patients, patient 113, had HSV-1 antibody present
by quantitative analysis only prior to treatment and seroboosted
during the study. This patient went on to have a second, impres-
sive radiographic response under a compassionate use protocol,
a response that occurred after having seroconverted. Results pre-
sented here are thus consistent with prior findings, suggesting that
antibody status to HSV-1 before initiation of treatment may not
be significant.

Malignant glioma was chosen for the study due to its resis-
tance to traditional therapeutics and because it usually results in
death. Approximately 90% of gliomas recur locally, within 2cm
of their resection margins, and systemic spread is exceedingly
rare.>? As a result, these tumors are potentially excellent targets
for experimental therapy with a conditionally replicating virus
such as G207 HSV in that it replicates in and destroys tumor
cells, while sparing normal nervous tissue. Although lower in
our study population, ~75-85% of the adult population at large
reports having been exposed to the HSV-1 as demonstrated by
seropositive antibody status.?’-*

The lack of suitable response criteria for assessing therapeu-
tic response in studies using oncolytic viruses and other similar
vectors remains an issue as demonstrated by the results of this
trial. Patients with impressive posttreatment radiographic effects
do not necessarily meet the criteria for significant reduction in
maximal volume of enhancing area or even nonenhancing area, as
required by the MacDonald and RANO criteria.””** The possibility
of an inflammatory response capable of producing both enhance-
ment and peritumoral T2 changes that are indistinguishable by
MRI from tumor except by the passage of time has been seen in
other clinical trials of oncolytic viruses, as noted by E Lang and
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E. Galanis (personal communication). As these changes are bet-
ter characterized, the possibility of developing postoncolytic virus
pseudoprogression criteria may need to be entertained.

This is the third published clinical trial using G207 in patients
with recurrent glioma. The first study utilized a dose-escalation
scheme and showed that G207 could be safely inoculated into
recurrent malignant gliomas at doses up to 3 x10° pfu.® The sec-
ond trial utilized a two-dose regimen with an interval resection of
the glioblastoma.* The safety of this approach was also confirmed.
In addition, examination of treated tumor tissue following resec-
tion demonstrated evidence supporting G207 replication in the
tumor after injection and a postinoculation immune response to
treatment. Three additional trials using a different HSV-1 mutant,
HSV1716, in glioma patients have been successfully conducted in
the United Kingdom.?!

All of these studies suggest the following: (i) HSV-1 mutants
deleted for the v,34.5 gene are safe for injection into patients
with malignant glioma at the doses examined and (2) some
of these patients had longer survival times than would be nor-
mally expected. This current investigation is the first clinical trial
designed to use an HSV-1 mutant in combination with adjuvant
radiotherapy, in order to determine the safety of such an approach.

This study demonstrates that a single dose of G207, at 1x10°
pfu, can be infused into the enhancing portions of the tumor, fol-
lowed by the administration of 5 Gy of radiation within 24 hours,
without producing undue toxicity. While the use of a phase 1
study design, using a limited number of patients with no controls,
prevents any conclusions being made about the efficacy of this
treatment approach, the decreases in tumor size seen on posttreat-
ment MRIs in some patients, as well as an increase in survival in
some patients, are encouraging. The addition of radiation did not
make the treatment approach any less safe, with similar AEs seen
in this group of patients as in the initial G207 study without radia-
tion, and suggested the potential for augmentation of response
over treatment with virus alone. Two patients were treated a sec-
ond time with G207, ~7 and 10 months after their initial treat-
ments, and did not develop undue immunologic effects, even with
a period of several months between treatments, supporting the
potential for efficacious multiple treatments with oncolytic HSV.
Previous criticisms of oncolytic virus therapy have suggested that
the development of a memory immune response might interfere
with treatment effects and/or produce toxicity; this was not seen
in our study. Further studies with G207 or other genetically engi-
neered HSV in the treatment of human glioma are warranted;
consideration of adjuvant treatment with radiation, virotherapy,
and other therapies designed to augment the efficacy of treatment,
as well as the possibility of multiple viral treatments, should be
considered as part of the design of such trials.

MATERIALS AND METHODS

All patients were informed of the investigational nature of the study
and were provided informed consent as required by the Institutional
Review Board of the UAB (NCT00157703).This protocol and its
amendments were approved by the UAB Institutional Review Board
and reviewed by the Recombinant DNA Advisory Committee of the
National Institutes of Health and the Food and Drug Administration.
Patients meeting screening inclusion/exclusion criteria presented in
Table 4 were included.
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Table 4 PCR analysis
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Screening V2D2 V2D4 Vv3D28 V4 month 3 V5 month 6
ID Sr Sal Sr Sal Sr Sal Sr Sal Sr Sal Sr Sal
111 Hi1- Hi- Hi1- Hi1- Hi1- Hi1- Hi- Hi- Hi1- Hi- NA NA
112 Hi1- Hi1- Hi1- Hi1- Hi1- Hi1- Hi1- Hi1- Hi1- H1+ H1G+ HI1- NA
113 Hi1- Hi1- Hi- Hi1- Hi1- Hi1- Hi- Hi- NA NA NA NA
114 Hi1- NA Hi1- Hi1- Hi1- H1+ HIG+ Hi1- H1+ H1G- NA NA NA NA
115 NA NA H1- Hi1- Hi1- Hi1- H1- H1- NA NA NA NA
116 NA NA NA H1+ HI1G+ NA NA NA NA NA NA NA NA
117 Hi1- NA Hi1- NA Hi1- NA Hi1- NA NA NA NA NA
118 NA NA NA NA NA NA NA NA NA NA NA NA
119 Hi1- Hi1- Hi- Hi1- Hi1- Hi1- Hi1- Hi1- Hi- Hi1- NA Hi1-
Summary PCR statistics
No. Screening V2D2 V2D4 V3D28 V4 month 3 V5 month 6
Sr Sal Sr Sal Sr Sal Sr Sal Sr Sal Sr Sal
H- 6 4 7 6 7 5 7 5 3 2 1 1
H+ 0 0 0 1 0 1 0 1 0 1 0 0
NA 3 5 2 2 2 3 2 3 6 6 8 8

Note that HSV-2 was not detected in any of the samples at any time.

-, negative; +, positive; H1, HSV-1 on quantitative polymerase chain reaction (see Methods); H1G, HSV-1 on PCR Gel; HSV, herpes simplex virus; NA, not available;
PCR, polymerase chain reaction; Sal, saliva; Sr, serum; V2D2, visit 2 day 2; V2D4, visit 2 day 4; V3, visit 3 day 28; V4, visit 4 month 3; V5, visit 5 month 6.

Table 5 Radiation treatment plan parameters

Volume Abbreviation Definition Dose

Gross tumor volume GTV Enhancing residual —
plus resection cavity

Clinical target volume CTV T2 abnormality —

Planning target volume 1 ~ PTV 1 GTV plus 2 mm 5 Gy

Planning target volume 2~ PTV 2 CTV plus 2 mm 3 Gy

Study treatment

Virus. HSV G207 (IND BB-7393) was provided by MediGene AG
(Martinsried, Germany) from lots that had been produced cGMP under
contract by BioReliance (Rockville, MD), shipped frozen (-80 °C) to the
UAB Hospital Research Pharmacy, and processed on the day of surgery for
injection of 1 x 10° pfu as we have previously described in detail.” These lots
of cGMP grade G207 HSV have been used in previously reported trials*

Biopsy and stereotactic inoculation. On day 0, the patients underwent
Cosman-Roberts-Wells stereotactic head frame application under local
anesthesia, followed by a contrast-enhanced computed tomography or
MRI scan and target localization. A stereotactic biopsy was performed.
Following confirmation of recurrent tumor by frozen section, 200 pl of
G207 was stereotactically inoculated into five different areas of enhance-
ment of the tumor rim over 2 minutes to avoid possible reflux. Trajectory
of the needle placement was undertaken to avoid ventricular entry.

Radiation. Radiation was administered to all nine patients using a
100 SAD linear accelerator with at least 6 MV beam energy at 1 dpi. The
time difference between end of G207 inoculation and beginning of radia-
tion treatment ranged from 18 hours 12 minutes to 25 hours 38 minutes
with a median of 20 hours 55 minutes. Computed tomography scans were
collected at slice thickness of at least 3mm. The target volumes and pre-
scription doses for radiation treatment planning are shown in Table 5 and
followed ICRU-62 conventions.

Posttreatment evaluation. Patient assessments were made, including
physical examination, HSV antibody titer, saliva and blood HSV cul-
tures as well as MRI at screening and at 1 and 4 dpi followed by repeat
assessments at 1, 3, 6, 9, and 12 months postinoculation. Neurological
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examination included Karnofsky grading and neurological assessment.
Follow-up MRIs were classified as complete response, PR, stable disease,
or progressive disease; MacDonald criteria were used to determine pro-
gression. Patients who showed signs of clinical or MRI disease progres-
sion were declared treatment failures.

Statistical analyses. All statistical analyses were conducted using SAS
Ver. 9.1.3 (SAS Institute, Cary, NC). For time-to-event data (e.g., survival
time from initial diagnosis to G207 inoculation or time from G207 inocula-
tion until death), the Kaplan-Meier method was used to estimate the median
time to event with corresponding 95% confidence intervals rounded to the
nearest week. To evaluate the influence of time between the end of G207
inoculation and beginning of radiation treatment on overall survival, a Cox
proportional hazards model was performed estimating the corresponding
regression coefficient and hazard ratio (significance level: 5%).

HSV culture and PCR. One milliliter of serum and saliva were used
for virus isolation and PCR assays. Of this, 0.2ml was inoculated into
duplicate wells of 24-well tissue culture plates containing Vero and A549
cells. Plates were incubated in a CO, incubator (37 °C, 95% humidity) and
examined by inverted microscope daily for cytopathic efficacy for 7 days.
Prior experience indicated that Vero cells are able to detect 10 pfu of G207.
Positive cultures were passaged in Vero cells, and positive supernates were
analyzed by PCR to distinguish between G207 and wild-type HSV. Cells
from the initial positive cultures were serotyped using a MicroTrak HSV-1/
HSV-2 Culture Identification/typing Test (Trinity Biotech, Bray, Ireland).
Viral DNA was extracted from sera using the QIAmp DNA Blood Mini Kit
(Qiagen, Germantown, MD). Initial screening of specimens was performed
by quantitative PCR using two primer sets that amplify glycoprotein B
and DNA polymerase genes of HSV. Laboratory studies were performed
in Germany at Medigene AG, Martinsried and at Becker, Olgemoller and
Colleagues, Munich. Safety was assessed throughout by evaluating toxici-
ties (rated using the classification developed by the National Institutes of
Health)," laboratory testing, and neurologic status. Efficacy was evaluated
by time to progression of disease (clinical and imaging) and immunohisto-
chemistry to monitor viral replication and infection.

Hematology laboratory studies. All screening and monitoring hema-
tology studies were performed at UAB Hospital Laboratories. Blood was
collected and transferred according to their specifications and standard
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institutional procedures. Slides were stained using these standard protocols
with immunostains for HSV-1 and HSV-2 (Cell Marque, Rocklin, CA).

SUPPLEMENTARY MATERIAL

Table S1. G207 steroid status of subjects; IV, intravenous; po, oral,
NA, Not available.

Table $2. Seriousness as determined by CTCAE grading scale; SEV,
Severity with 1-mild, 2-moderate, and 3-severe.

Table $3. Progression-free and overall survival times

Table $4. CD 4 and CD 8 counts.

Table S5. HSV serostatus.

Table $6. Compassionate use event/endpoint times
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