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Summary
The management of patients with glioblastoma remains challenging with an average survival of 32–56 weeks. We
report on a clinical trial of patients with recurrent glioblastoma treated with adenovirus/herpex simplex-thymidine
kinase/ganciclovir (ADV/HSV-tk/GC).
Entry criteria for this study included: recurrent malignant glioma after surgical resection and conventional radiation therapy. At the time of recurrence, computerized volumetric resection of the tumor was performed and the
ADV/HSV-tk complex was injected in the tumor bed. GC was administered 24 h after surgery (10 mg/kg/day) for
7 days. Patients were divided into 3 ADV/HSV-tk dose-escalating cohorts.
Adenoviral vector shedding, and local or systemic toxicity did not occur in this study. Magnetic resonance
imaging showed lack of increased brain edema in the treated patients. Histological examination of the 5 patients
that had repeated surgery after gene therapy treatment showed lack of tissue toxicity. Additionally, PCR for HSV-tk
was negative in the brain 3 months after injection. The patients’ Karnofsky score was maintained ≥70 in 8/10 patients
(80%) and 5/9 patients (55%) 3 and 6 months respectively, after gene therapy. Ten of 11 patients survived ≥52 weeks
from diagnosis with an average survival of 112.3 weeks. One patient is still alive 248 weeks from diagnosis.
These data show that the ADV/HSV-tk/GC complex at the dose used in this study is safe. Additional dose
escalation is currently in progress.
Introduction
Glioblastoma multiforme (GBM) accounts for 20%
of primary brain tumors [1] Despite the tremendous emphasis that the neuroscientist community has
made in the application of new therapies during
the last decade, patients survival remains practically
unchanged since the early 1970s [2]. Available surgical, radiotherapeutic and chemotherapeutic options
achieve at best transient responses in a minority of
patients treated, with a median survival ranging from
32 to 56 weeks [3,4]. Tumor recurrences are located
in the margin of the previous resection cavity in more
than 90% of the patients [5,6]. Innovative therapeutic
approaches to this tumor are clearly needed.
Gene therapy characterized by direct introduction
of therapeutic genes into malignant cells in vivo may

provide an effective treatment for solid tumors of the
central nervous system (CNS). One of the first examples, introduced by Moolten in 1986, was the transfer
into malignant cells of the herpes simplex-thymidine
kinase (HSV-tk) gene which converts the non-cytotoxic
nucleotide analog ganciclovir (GC) into phosphorylated compounds that halt the transcription of DNA in
dividing cells [7]. This technique referred to as ‘suicide
gene therapy’ has shown promising results in numerous
animal studies [8–15]. Animal experiments indicate
that this strategy causes selective tumor cytotoxicity
and spares the quiescent non-neoplastic neuronal and
glial cells [15]. Glioblastomas are particularly appropriate targets for gene therapy approach. This is due
to the non-dividing characteristics of the tissue from
which the tumor arises. Furthermore, GBMs have
a very low frequency of multicentric dissemination.
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Therefore, to lengthen the interval to tumor progression
local control is the therapeutic goal for most patients.
Additionally, the ‘bioavailability’ of the vector in the
brain compared with other tissues, could be extended
[15,16].
The use of adenoviral vectors provides several
theoretical advantages over their retroviral counterparts. The transfection efficiency for adenovirus vectors greatly exceeds that of retroviruses. In addition,
retroviral-mediated gene introduction is limited to
those cells within the target tumor which are actively
dividing [17]. Since the proliferation index of malignant gliomas, including GBM, is small and not all the
cell lines might be in active replication [18], retrovirus vectors may fail to introduce the suicide gene
into a sufficient fraction of tumor cells to produce a
clinical response. Adenoviruses infect both dividing
and non-dividing cells [19], so that the large percentage of cells in G0 will still be susceptible to infection
with subsequent sensitivity to GC when they divide.
Additionally, adenoviral gene therapy in the brain leads
to transfection of ependymal, choroid plexus, neurons
and isolated glia and neurons without clinical toxicity
[20–24]. This vector is also capable of producing gene
expression without integration into the host genome,
eliminating the oncogenecity secondary to insertional
mutagenesis [25].
We report on an ongoing phase I clinical trial of gene
therapy for recurrent GBM using the ADV/HSV-tk/GC
complex. The primary study end point is to find
the maximum tolerated dose of virus that can be
safely administered after surgical resection of recurrent
tumor, using an escalating dose protocol. The secondary end points include assessment of quality of life
and survival after treatment with ADV/HSV-tk/GC.
Patients and methods
Regulatory compliance
This study was conducted in accordance with
the Institutional Review Board of Mount Sinai
School of Medicine, Food and Drug Administration
(FDA) Regulations under appropriate IND, and
NIH/OBA/RAC regulation. All patients signed
informed consent prior to enrollment in the study.
The study was monitored by an external regulatory
monitoring agency, by a Data Safety Monitoring
Board, and was audited by the FDA.

Clinical end points
The primary study end point is to find the maximum tolerated dose of virus that can be safely administered after
surgical resection of recurrent tumor, using an escalating dose protocol. The secondary end points include
assessment of quality of life, tumor progression and
survival after treatment with ADV/HSV-tk/GC.
Study design
Inclusion criteria were as following: (1) Patients
≥18 years of age with histologically confirmed malignant glioma, defined as GBM, anaplastic astrocytoma
(AA), anaplastic oligodendroglioma (AO), anaplastic
mixed oligo-astrocytoma (AOA) who failed conventional external beam radiation and possibly chemotherapy (GBM, AA, AOA) and external beam radiation
and chemotherapy (AO), (2) radiographic evidence of
recurrent tumor was considered any increase in size
of the gadolinium-enhancing area on serial brain magnetic resonance imaging (MRI) scans, (3) completion
of brain radiation therapy 8 weeks before enrollment,
completion of chemotherapy, if applicable, 6 weeks
before enrollment, (4) solitary surgically resectable
tumor, defined as: a lesion that can be resected without unacceptable neurological deficits; a lesion that the
surgeon anticipates could be resected leaving <2 cm in
maximum diameter of tissue enhancing with gadolinium on MRI scan, (5) Karnofsky performance score
≥70 at the time of recurrence, (6) adequate baseline organ function, (7) histological confirmation at
the time of surgery of recurrent primary malignant CNS
GBM confirmed by neuropathological review.
Exclusion criteria included: (1) Active infection
defined as: any acute viral, bacterial or fungal infection which requires specific therapy; HIV positive
patients, (2) pregnancy, (3) progressive systemic malignancy, (4) severe systemic diseases considered to be
indicative of an unacceptable anesthetic/operative risk,
(5) tumor characteristics including multiple tumors and
tumors infiltrating the corpus callosum, (6) entry of the
ventricular system at the time of surgery.
Adenovirus concentration and dose escalation
Dose escalation cohorts are outlined in Table 1. The
initial dose was 2.5 × 1011 virus particles (vp). Dose
increments were planned at 0.5 log after 3 patients

281
Table 1. ADV/HSV-tk dose escalation cohorts
Cohorts

Number of
patients entered

ADV concentration
(VP)

I
II
III
IV
V

5
3
3
Pending
Pending

2.5 × 1011
3.0 × 1011
9.0 × 1011
2.7 × 1012
5.6 × 1012

had received the same dose. If grade 3 or 4 neurologic
or non-neurologic toxicity, NCI Common Toxicity
Criteria, occurred related or non-related to the study
additional 2 patients would be treated at that dose.
All preclinical experiments using ADV/HSV-tk were
based on viral concentrations expressed in plaque forming units (pfu) per ml. Due to the great variability
between biological assay of infectious adenovirus titer,
viral titers in this and other clinical study using the
same vector were expressed in vp per ml. The value
for vp is based on optical density of viral preparation and is much more consistent between different
labs than the biological assay to determine pfu or iu
(infectious units). The approximate ratio of vp to pfu
is generally 50 to 1. The FDA allowed us to start at
the initial dose indicated in Table 1 as there was evidence in animal studies that this would be unlikely to
cause tissue toxicity (see Discussion). The maximum
dose of ADV/HSV-tk to be administered to each patient
in the final cohort is limited by: (1) The clinical protocol, with FDA approval to inject a volume of fluid not
to exceed 1 ml, (2) the concentration of vector in the
clinical lot (5.6 × 1012 vp/ml).

Surgical resection, intraoperative
administration of ADV/HSV-tk and GC
All surgeries for gene therapy were performed by
the same surgeon (IMG) using image-guided computer assisted techniques, as previously published
[27–29]. Briefly, all patients underwent a pre-operative
contrast-enhanced MRI the day of the surgery with
skin adhesive fiducial markers. The pre-operative MRI
was acquired using a conventional frameless protocol (axial T1-weighted images, 2 mm thick). Patients
were then brought to the operating room and anesthesia induced. The StealthStation (Medtronic SNT,
Louisville, CO) was used in all cases for frameless guidance. In cases involving tumor near eloquent cortex, intraoperative electrophysiological mapping was also used. In all patients, intraoperative
frozen sections were sent to confirm the presence of
recurrent tumor. All patients were treated perioperatively with dexamethasone, antibiotics and anti-seizure
medications.
After gross total surgical resection was accomplished, a Surgicel grid was tailored to the tumor cavity
and marked at 5 mm intervals. Each patient was injected
with 1 ml of viral solution in the tumor bed. Injection of
the virus was performed using a microsyringe in 5 mm
as guided by the grid, at a depth of 10 mm. GC treatment began 24 h post-virus injection at 5 mg/kg IV over
1 h every 12 h for 7 days (14 doses).
Primary end point: safety monitoring

Vector construction

Adenovirus toxicity monitoring
Adenoviral toxicity was followed to monitor viral
shedding and brain toxicity.

The viral construct was described by Graham and
Prevec [26] and Chen et al. [10]. The adenovirusthymidine kinase (ADV-tk) vector used in this study
was prepared by inserting HSV-tk into the plasmid
pADL.1/RSV, which contained the Rous sarcoma
virus long-terminal-repeat promoter (RSV-LTR) to
generate pADL.1/RSV-tk [10]. Recombinant adenovirus was produced by co-transfecting 293 human
kidney cells which contain the E1 region of the
adenovirus genome with pADL.1/RSV-tk and a plasmid, pJM17, containing the adenovirus genome.
Replication-defective adenovirus was produced by
homologous recombination [26].

Viral shedding. After patients received the intratumoral ADV/HSV-tk treatment, they were admitted
to the neurosurgical intensive care unit in a single
patient module with respiratory and body fluid precautions. Beginning 24 h after the vector administration
and prior to the first GC infusion, nasal swab, urine
and blood specimens were obtained. When the screening immunofluorescent assay identified adenovirus in
the patients’ body fluids, the isolates were plated in a
quantitative fashion in plaque forming assays. The
viral isolates were analyzed by PCR amplification,
Northern hybridization with probes specific for the
recombinant HSV-tk sequences and direct sequencing
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to determine if the viral isolates represent recombinant
ADV/HSV-tk or a concurrent unrelated adenoviral
infection.

Table 2. Post-operative patients’ follow-up after ADV/
HSV-tk/GC complex treatment
Interval

Tests

Brain toxicity. Potential brain toxicity of the
ADV/HSV-tk/GC complex includes brain edema and
inflammatory response [30]. Brain edema was measured by evaluation of increased water content on
T2-weighted brain MR images obtained 24 h (early
effects) and 7 days after surgery (delayed effects).
Assessment of brain edema was performed by the same
Neuro-Radiologist in all cases (AS) comparing the preoperative and post-operative images (early effects) and
the immediate post-operative with the delayed images
(delayed effects). A three point semi-quantitative
scale was used to score the differences (same, better,
worse).
In addition, when tissue became available after
gene therapy, brain toxicity was measured by histological and immunohistochemical examination. This
was focused on detecting abnormalities consistent
with inflammatory changes. Immunohistochemistry
for glial fibrillary protein (GFAP), T and B cell markers, and macrophages was performed in all cases. In
addition PCR for HSV-tk was performed for the brain
and all other organs in all autopsy cases.

Day 1
Day 3
Day 5
Day 7
2 weeks
4 weeks
6 weeks
8 weeks
12 weeks
16 weeks
20 weeks
24 weeks
28 weeks
32 weeks
36 weeks
40 weeks
44 weeks
48 weeks
52 weeks

CBC, LFTs, ADV, MRI
CBC, LFT’s, ADV
CBC, LFT’s, ADV
CBC, LFT’s, Chem 7, ADV, MRI
PE, CBC, LFT’s, ADV
PE, CBC, LFT’s, ADV
PE, CBC, LFT’s, ADV
PE, CBC, LFT’s, ADV
PE, MRI, ADV
PE, ADV
PE, ADV
PE, MRI, ADV
PE
PE
PE, MRI
PE
PE
PE
PE, MRI

GC toxicity monitoring
Potential toxicity caused by intravenous administration of GC includes: neutrophilia, thrombocytopenia, anemia, hepatic/renal insufficiency [30,31]. These
were monitored according to the patient follow-up
schedule summarized in Table 2. Patients were followed up as outpatients at 2-week intervals for the first
2 months and on a monthly basis for one year or as
clinically indicated. Evaluations included laboratory,
radiographic and neurologic examination.
Secondary end points: quality of life, tumor
progression and survival
Quality of life was monitored by assessing the
Karnofsky performance score at each patient follow-up
visit as summarized in Table 2. Tumor progression, assessed on follow-up MR images as summarized in Table 2, was defined as increase in signal
intensity on images after gadolinium. Survival is
reported in weeks after first diagnosis at the time of
the first surgery and after the administration of the
ADV/HSV-tk.

CBC – Cell blood count with platelets and differential; LFT’s –
Liver function test; ADV – Adenovirus cultures (blood, urine,
nasal sawb) and adenovirus serum antibody titer; MRI – Brain
magnetic resonance image; Chem 7 - Blood chemistry (glucose,
sodium, potassium, chloride, carbon dioxide, BUN, creatinine).

Statistical analysis
Linear regression analysis was used to analyze blood
work results. A 95% confidence interval was used to
ensure that the average change lies between the lower
and upper limit of the confidence interval.

Results
Patients characteristics
Patients’ demographics and baseline characteristics are
outlined in Table 3. A total of 11 patients with diagnosis of recurrent malignant gliomas were enrolled. There
were 5 women in this study. Nine patients had initial
diagnosis of glioblastoma. The mean age of all patients
was 55 years, ranging from 33 to 75 years. The average
Karnofsky score at the time of enrollment was 88, ranging from 100 to 70. The average time interval between
the initial surgery and the surgery for gene therapy was
41 weeks, ranging from 18 to 72 weeks. All patients
underwent resection of the enhancing area as outlined
in the entry criteria and documented by post-operative

283
Table 3. Patients’ demographics
Patient
no.

Age

Sex

Symptom

Tumor
location

Weeks between
first surgery and
gene therapy

KPS at
enrollment

1
2
3
4
5
6
7
8
9
10
11

43
63
73
33
69
48
62
47
57
49
64

M
F
M
M
F
M
M
M
F
F
F

Seizures
Hemiparesis
Decreased MS
Seizures
Seizures
HA
HA, Decreased MS
HA, Decreased MS
Seizures
HA
Hemiparesis

R temporal
R frontal
R parietal
L frontal
R temporal
L parietal
L temporal
L frontal
L parietal
L parietal
R frontal

32
42.5
36
20
29
18.5
60
72.5
48
64
31.5

90
80
90
90
80
90
90
90
100
70
100

MRI with contrast obtained 24–48 h after the
surgery.
GC toxicity monitoring
There were no significant changes in hematological
parameters for the evaluation of myelotoxicity. In
particular, administration of GC did not result in neutrophilia, thrombocytopenia or anemia. Similarly, liver
function and renal function tests were not significantly
altered in this study.
Adenoviral toxicity monitoring
Adenoviral shedding
Adenoviral antibody blood titers and body fluid cultures for the vector used (ADV type V) were negative
in all patients.
Local toxicity: radiographic results
Early and delayed assessment of brain edema evaluated as described in Methods, revealed no change in
6/11 patients and improvement in 5/11 patients in the
early and delayed phases. Worsening of cerebral edema
was not noticed in any of the patients (Figure 1).
Local toxicity: histological findings
All patients had histology consistent with GBM at
the time of tumor recurrence and ADV/HSV-tk treatment. In addition, one patient had some features suggestive of gliosarcoma component. In all examined
specimens, there was no evidence of intraparenchymal toxicity, including encephalitis and ventriculitis.

PCR analysis of brain sections at the injection site and
distant to the administration of gene therapy and of
peripheral organs failed to reveal persistent transgenic
expression. Figure 2 shows illustrative histological
findings.
Serious adverse events
Serious adverse events are listed in Table 4. Six patients
experienced 11 serious adverse events. Four patients
required hospitalization for tumor progression. Three
of these patients required re-operation for resection of
recurrent tumor 12 weeks after gene therapy. Only one
of 3 patients was symptomatic. One patient leaked CSF
from the surgical incision 2 weeks after surgery. This
was successfully managed conservatively. One patient
had perioperative status epilepticus followed by prolonged need for intubation, sepsis, and death 4 weeks
after gene therapy. Ten of 11 patients have died at the
time of this report (see below).
Quality of life, tumor progression
monitoring, survival
The Karnofsky performance score remained
unchanged at 12 and 24 weeks after gene therapy in 8/10 patients (80%) and 5/9 patients (55%),
respectively (Table 5).
Two patients had radiographic evidence of tumor
control for over 12 months after gene therapy, 72
and 118 weeks respectively (Figure 3). Radiographic
evidence of tumor progression was found in 6 of
10 patients 12 weeks after gene therapy. Three of
these patients underwent re-operation. Histological
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Figure 1. Magnetic resonance (MR) axial images of a patient with recurrent glioblastoma at the time of recurrence prior to gene
therapy (A), 24 h after surgery and administration of gene therapy (B,C) and 7 days after gene therapy. The amount of edema was
unchanged from pre-operative MRI (data not shown) and improved 7 days after surgery compared to immediately post-operative images
(C,D). A,B = gadolinium-enhanced T1-weighted images; C,D = T2-weighted images.

Figure 2. Microphotographs of glioblastoma at initial presentation (A), after radiation-therapy before the administration of gene therapy (B) and 12 months after gene therapy (C,D). Note the perivascular lymphocytic cuffing seen in most glioblastomas at first
presentation (A). Note the radiation-induced changes characterized by nuclear atypia, hyalinized vessel wall, and decreased inflammatory component after radiation therapy (B). Twelve months after gene therapy, histological and immunohistochemical stains did not
reveal increased inflammatory response (C,D) A,B,C: Hematoxylin and Eosin; D: leukocyte common antigen immunohistochemistry.
Magnification: (A,C,D) 200×; (B) 400×; Magnification bar: (B) 100 µm; (A,C,D) 200 µm.
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Table 4. Summary of serious adverse events
Patient
ID no.

Serious adverse event

Relationship
to protocol

Action

Time interval
after gene
therapy(weeks)

1
1
2
2
1
3
3
5
9
9
11

CSF leak
Left hemiparesis
Status epilepticus
Sepsis
Lethargy
Head trauma
Deep vein thrombosis
Radiographic recurrent GBM
Radiographic recurrent GBM
Radiographic recurrent GBM
Radiographic recurrent GBM

Not related
Not related
Possibly related
Not related
Not related
Not related
Not related
Not related
Not related
Not related
Not related

Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization
Hospitalization

2
12
24 h
3
8
32
50
72
12
32
12

Table 5. Karnofsky performance score
Patient
no.

Age

Sex

KPS at
enrollment

KPS at
12 weeks

KPS at
24 weeks

KPS at
36 weeks

KPS at
48 weeks

Survival after
gene therapy
surgery(weeks)

1
2
3
4
5
6
7
8
9
10
11

43
63
73
33
69
48
62
47
57
49
64

M
F
M
M
F
M
M
M
F
F
F

90
80
90
90
80
90
90
90
100
70
100

50
n/a
90
100
90
90
60
No visit
100
80
80

50
n/a
80
100
90
90
No visit
n/a
90
No visit
No visit

50
n/a
60
100
90
No visit
n/a
n/a
No visit
n/a
n/a

No visit
n/a
50
100
90
n/a
n/a
n/a
n/a
n/a
n/a

51.4
5
48
227
118.2
45.1
28
16.2
51
25
33.1

Figure 3. Magnetic resonance (MR) axial gadolinium-enhanced T1-weighted images of a patient with recurrent glioblastoma at the time
of the tumor recurrence (A) and 12 months after administration of the ADV/HSV-tk/GC complex (B,C). Note that radiographic tumor
control was persistent 12 months after gene therapy.
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Figure 4. Kaplan–Meier survival curves of patients with malignant astrocytomas since first diagnosis (A) and administration of ADV/HSVtk/GC complex (B). Data is reported in months (see text).

exam showed recurrent tumor in two of these patients.
Survival data is reported in Figure 4. The average survival from initial surgery and diagnosis was
102.4 weeks, ranging from 51 to 248 weeks. The
average survival from gene therapy was 58.9 weeks,
ranging from 5 to 118 weeks. The 50% survival from
initial diagnosis was 22 months and from gene therapy
12 months.

Discussion
Tissue toxicity
Although gene therapy is potentially useful in treatment of many inherited [32] and acquired disorders, it
currently suffers from a number of limitations. Two of
the main limitations attributed to the ADV/HSV-tk/GC
complex are the safety of the vector in vivo and the
efficiency of gene transfer [33]. One of the primary
concerns for the use of adenoviral vectors in cancer
therapy is the inflammatory response that the virus
might trigger in the brain and the specific immune
response to adenoviral proteins that can be triggered.
Inflammatory response to viral vectors has been previously documented. Animal and clinical studies by MRI
and histological exam [15,17,34,35] reported brain toxicity in the rat characterized by necrosis, gliosis and

focal astrocytosis with an adenoviral viral dose of
1.5 × 1011 pfu. This is a dose lower than that used in
our study. In addition, these authors reported evidence
of increased edema on MRI of rhesus monkeys’ brain
[34]. Similarly, in a clinical trial using retroviral vector, increased edema on MR images in 2 of 10 patients
was reported [35]. Rainov et al. [17] reported that
in their clinical trial the number of tumor-infiltrating
lymphocytes found after gene therapy was not significantly increased compared with the primary tumors.
Ram et al. [15] reported lack of increased edema in
rhesus monkeys’ brain MRI after administration of
HSV-tk/GC using a retroviral-mediated vector.
On the other hand, Klatzman et al. [36] and Shand
et al. [37] did not report increased brain edema in 12
and 48 patients, respectively, who received retroviralmediated gene transfer with HSV-tk followed by GC
administration. Similarly, Goodman et al. [38] reported
small MRI abnormalities in the primate brain treated
with ADV/HSV-tk/GC complex. These authors, however, reported microscopic foci of brain necrosis found
at autopsy. In our study we examined seven human
brain specimens after gene therapy. There was no evidence of significant increase in inflammatory response
in any of the cases examined. In addition, in the patient
who experienced perioperative status epilepticus and
subsequent death 4 weeks after gene therapy surgery,
there was no evidence of increased mononuclear
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infiltrate or other inflammatory response. These histological data is corroborated by clinical observation.
None of the patient in this study showed any clinical
symptoms or signs of inflammatory reaction. Thus, we
suggest that at the dose used in this clinical study, the
ADV/HSV-tk/GC complex does not cause tissue toxicity. It must be noted, however, that the dose escalation
of this study is still in progress.
Viral shedding
The escape of the adenovirus from the brain tissue
into the systemic circulation is of great concern when
administering gene therapy. Although this is a theoretical risk, to the best of our knowledge, at the present time
there has been no documentation of viral shedding after
use of the adenovirus vector in the brain. Similarly, in
our study we did not document any viral shedding in
the body fluids examined, including blood. These findings suggest that viral shedding should not be a concern
when using the adenovirus vector for recurrent brain
tumors at the dose reported in our study.
Systemic toxicity
Ganciclovir is an FDA-approved medications for treatment of cytomegalovirus retinitis in immunocompromized individuals [31]. The most common side effects
include granulopenia and thrombocytopenia. Other
side effects occurring in approximately 2% of the population include anemia, fever, rash, abnormal liver and
kidney functions, myelotoxicity and liver or kidney
insufficiency [30]. In this study we did not detect any
side effects attributable to the administration of GC.
A previous clinical report had suggested that one of
124 patients receiving GC experienced neutropenia,
probably attributable to GC [17]. A previous clinical
study had reported the evidence of six intracerebral
hemorrhages after administration of HSV-tk/GC complex in 48 patients [37]. This was attributed to GC toxicity. In our study, we did not detect any intracerebral
hemorrhages.
Similar to other studies [17,36], the present clinical trial did not disclose any evidence of neurological
side effects at the time of the GC administration
when the local gene therapy induced cell destruction
should occur. These were previously observed in a
series of 12 children treated with retrovirus/HSV-tk/GC
complex [39].

Adverse events, radiographic recurrence,
quality of life, and survival
The serious adverse events reported in this study were
all attributable to tumor progression. One patient experienced CSF leak 2 weeks after gene therapy. CSF
leak in re-operated patients is a well-known complication in patients undergoing re-operation for malignant
astrocytoma [40]. Compared with chemotherapy for
malignant brain tumors, the ADV/HSV-tk/GC complex appears to offer a better clinical safety profile
as regards to the incidence of adverse events with
chemotherapy [41,42]. Furthermore, the overall quality
of performance of the patients enrolled in this study was
maintained for at least 3 months in 70% of the patients.
This compares favorably with other clinical reports on
patients with glioblastoma who did not receive gene
therapy [3,17].
Radiographic control was not a primary end point
of this dose escalation study. Nonetheless, it is encouraging to see that radiographic control was achieved
in 2 patients of the first cohort 12 months after gene
therapy. Similarly, other clinical trials had reported
radiographic control on a few patients after gene therapy treatment. Shand et al. [37] showed radiographic
evidence of tumor control in 7 of 48 patients using
retroviral-mediated HSV-tk transfer followed by GC
3 months after gene therapy. Klatzman et al. [36]
reported 4 of 12 patients with radiographic control
4 months after gene therapy. Deliganis et al. [43]
reported decreased tumor volume in 3 of 7 patients
treated with retrovirus-mediated HSV-tk/GC complex.
Our results taken together with those of other trials
suggest that there is a subpopulation of patients with
glioblastoma that responds to gene therapy. Although
at the present time there are no factors identified to predict responders to treatment, additional studies focused
on the cellular biology of these tumors might bring
additional insights. In addition, strategies to improve
vector delivery and enhance viral-mediated transfection efficiency are currently investigated and provide
promising preliminary results [44,45].
Clearly, quality of life is a major concern in patients
with malignant brain tumors. Adjuvant treatments with
intracavitary brachytherapy or intravenous chemotherapy have been associated with detrimental impact
on quality of life [42]. On the other hand, newer
approaches using oral chemotherapy seem to be better tolerated [46]. In our study, we showed that a high
Karnofsky performance score (≥70) was maintained
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by 80% of patients 3 months after gene therapy and
by 55% of patients 6 months after gene therapy.
These results compare favorably with those for other
glioblastoma patients reported in the literature.
The prognosis quod vitam of patients with glioblastomas remains practically unchanged since the early
1970s [2]. Available surgical, radiotherapeutic and
chemotherapeutic options achieve at best transient
responses in a minority of patients treated, with a
median survival ranging from 32 to 56 weeks [3,4]. The
survival found in our paper compares favorably to that
reported in the literature. It should be noted, however,
that the sample size is relatively small and therefore,
this improved survival can be attributed to selection
biases.
Conclusions
The interim data of our clinical trial shows that the
ADV/HSV-tk/GC complex is safe to use in the clinical
setting at the dose reported in our paper. The survival
rate and quality of life of the patients in our study compares favorably with that of other glioblastoma patients
reported in the literature. Altogether, we believe that
our results warrant further clinical investigation of this
therapeutic strategy for the treatment of glioblastoma.
In particular, the efficiency of gene transfer needs to
be assessed in a phase II clinical trial.
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