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A B S T R A C T

Purpose
Despite aggressive therapies, median survival for malignant gliomas is less than 15 months.
Patients with unmethylated O6-methylguanine–DNA methyltransferase (MGMT) fare worse,
presumably because of temozolomide resistance. AdV-tk, an adenoviral vector containing the
herpes simplex virus thymidine kinase gene, plus prodrug synergizes with surgery and
chemoradiotherapy, kills tumor cells, has not shown MGMT dependency, and elicits an
antitumor vaccine effect.

Patients and Methods
Patients with newly diagnosed malignant glioma received AdV-tk at 3 � 1010, 1 � 1011, or 3 � 1011

vector particles (vp) via tumor bed injection at time of surgery followed by 14 days of valacyclovir.
Radiation was initiated within 9 days after AdV-tk injection to overlap with AdV-tk activity.
Temozolomide was administered after completing valacyclovir treatment.

Results
Accrual began December 2005 and was completed in 13 months. Thirteen patients were enrolled
and 12 completed therapy, three at dose levels 1 and 2 and six at dose level 3. There were no
dose-limiting or significant added toxicities. One patient withdrew before completing prodrug
because of an unrelated surgical complication. Survival at 2 years was 33% and at 3 years was
25%. Patient-reported quality of life assessed with the Functional Assessment of Cancer
Therapy-Brain (FACT-Br) was stable or improved after treatment. A significant CD3� T-cell infiltrate
was found in four of four tumors analyzed after treatment. Three patients with MGMT unmeth-
ylated glioblastoma multiforme survived 6.5, 8.7, and 46.4 months.

Conclusion
AdV-tk plus valacyclovir can be safely delivered with surgery and accelerated radiation in newly
diagnosed malignant gliomas. Temozolomide did not prevent immune responses. Although not
powered for efficacy, the survival and MGMT independence trends are encouraging. A phase II
trial is ongoing.

J Clin Oncol 29:3611-3619. © 2011 by American Society of Clinical Oncology

INTRODUCTION

From an annual 22,000 diagnoses of primary brain
tumors, there are about 13,000 deaths, most of
which are from malignant gliomas such as glioblas-
toma multiforme (GBM) and anaplastic astrocyto-
mas (AAs). GBMs are the most common and have
the most dismal prognosis. Even after gross total
resection, tumors recur because of infiltration out-
side the main mass. Temozolomide was approved
for use with radiation on the basis of an improve-
ment in median survival from 12.1 to 14.6
months.1 Tumors with an unmethylated O6-

methylguanine–DNA methyltransferase (MGMT)
promoter, and consequently high expression of the
MGMT DNA repair gene, are not as responsive to
temozolomide.2 For recurrent GBM, median sur-
vival is less than 6 months.3 Bevacizumab was ap-
proved for recurrent GBM on the basis of objective
response rates.3 Novel therapies are greatly needed
for this devastating disease.

ImmunotherapysuchasSipuleucel-T(Provenge;
Dendreon, Seattle, WA), which was recently approved
for castration-resistant prostate cancer, also has po-
tential for malignant gliomas.4,5 The approach de-
scribed here generates a systemic vaccine effect

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 29 � NUMBER 27 � SEPTEMBER 20 2011

© 2011 by American Society of Clinical Oncology 3611



through local delivery of an adenoviral vector containing the herpes
simplex virus thymidine kinase gene (AdV-tk), followed by an anti-
herpetic prodrug. This approach kills tumor cells via necrosis and
apoptosis, elicits danger signals, and stimulates antitumor T-cell
proliferation.6-9 The most well-known effect is the cytotoxic compo-
nent whereby herpes simplex virus thymidine kinase (HSV-tk)
phosphorylates the antiherpetic prodrugs and converts them into
nucleotide analogs, which are toxic to dividing or DNA-repairing cells
and neighboring cells through the bystander effect.10-13 Normal, qui-
escent cells are less susceptible to this effect. DNA-damaging agents,
such as radiation and some chemotherapies, increase DNA repair
activity and consequently increase susceptibility. Proliferating endo-
thelial cells from growing tumor vessels are highly sensitive to local
AdV-tk plus prodrug cytotoxicity.9,14 This antiangiogenic effect and a
potent immune-stimulatory effect are the less well-appreciated but
equally or even more important effects of AdV-tk in the clinic.

The immunotherapeutic effect was observed in animal studies
when AdV-tk plus prodrug led not only to local tumor response and
increased survival but also to protection against metastases and tumor
rechallenge, which was potentiated by radiation.8,15,16 Increased effi-
cacy of HSV-tk plus prodrug occurred in immune-competent com-
pared with immune-deficient models.17-19 Specific immunogenic
effects included increased heat shock protein expression,7 increased
expression of the toll-like receptor ligand HMGB1,20 increased co-
stimulatory molecule expression on antigen-presenting cells,21 infil-
tration of macrophages and T cells, and Th1 cytokine expression.6,16,22

In addition, the immunostimulatory effect can be enhanced by addi-
tion of other immune effectors, such as Flt3 ligand or interleukin-
2.20,23,24 These systemic effects may be particularly important for
malignant brain tumors, which often have tumor cells infiltrating
normal brain that cannot be removed by surgery or radiation and
often lead to local recurrence or progression.

The AdV-tk vector has been evaluated in brain, prostate, pancre-
atic, and ovarian cancer, retinoblastomas, and other cancers with
more than 400 patient doses delivered to more than 250 patients.25-32

Overall, the approach has demonstrated a good safety profile and
encouraging efficacy results. The first clinical trial was a dose escala-
tion study in recurrent malignant gliomas.25 No significant toxicity
was observed on the first three dose levels (2 � 109 to 2 � 1011 vector
particles [vp]), whereas two patients treated at the highest dose, 2 �
1012 vp, experienced CNS toxicity. Three of 13 patients survived more
than 25 months, one with stable disease and another with transient
reduction in tumor dimensions; two had a post-treatment interval of
reduced steroid requirement. Inflammation and necrosis were seen
within tumors whereas extratumoral inflammation was not ob-
served.25 Of particular interest, at autopsy of one patient, significant
lymphocytic infiltrate was observed in a contralateral untreated tu-
mor, suggesting induction of distant antitumor immunity. Other
groups have reported comparable results with similar vectors.33,34

To capitalize on the synergy with radiation and the expectation
that immunotherapy would be more effective in the up-front adjuvant
setting to prevent or delay recurrence, a phase IB dose escalation study
was planned. Before initiating this phase IB study, a preclinical study
requested by the US Food and Drug Administration that evaluated the
combination of AdV-tk with radiation in the limited space of the
cranium demonstrated no increased toxicity and reduced neurologic
symptoms with the combination.35 Radiation did not alter the immu-
nohistologic detection of AdV-tk expression in the tumors. Those data

supported the use of an accelerated timing for radiation to maximize
the potential for AdV-tk synergy such that radiation was targeted to start
within 1 week of AdV-tk injection in this phase IB trial. The primary
question for the clinical trial was whether AdV-tk plus valacyclovir would
be safe in up-front disease in combination with surgery and radiation.

PATIENTS AND METHODS

Study Design

Three dose levels were planned using a standard three- to six-patient-
per-dose design. AdV-tk was delivered to residual tumor cells in the tumor bed
during surgery followed by valacyclovir for 14 days starting on day 1 to 3 and
radiation starting 3 to 7 days after AdV-tk injection (Fig 1). Institutional review
boards of the participating institutions approved the protocol and informed
consent documents. Specific written informed consent was obtained from
each patient before enrollment.

Patients

Patients were required to be 18 years of age or older and to be diagnosed
with presumed malignant glioma on the basis of clinical and radiologic evalu-
ation. Pathologic confirmation at the time of surgery, if not previously deter-
mined, was required for continued participation. The tumor site had to be
amenable to injection and not be located in the brainstem, midbrain, within
the ventricular system, or in the infratentorial region. Patients were required to
have a Karnofsky performance score � 70, AST within 3� upper limit of
normal, platelets more than 100,000/�L, WBC more than 3,000/�L, and
serum creatinine less than 2 mg/dL.

AdV-tk Vector Description and Administration

AdV-tk has been previously described.36 GliAtak represents its current
trade name for glioma (Advantagene, Auburndale, MA). Three dose levels
were evaluated: 3 � 1010, 1 � 1011, and 3 � 1011 vp.

On day 0, craniotomy and tumor resection, total or subtotal, were per-
formed. Stereotactic methods, intraoperative navigational guidance, magnetic
resonance imaging (MRI), and/or other radiologic guidance were used at the
neurosurgeons’ discretion. AdV-tk was administered by using tuberculin sy-
ringes into each of 10 sites at least 1 cm apart. For each site, the needle was
inserted into the tumor bed to a depth of 1 to 2 cm and then 100 �L was slowly
injected over approximately 60 seconds. The neurosurgeon selected sites that
avoided adjacent motor or speech cortex, the cerebral ventricle, or spillage into
the subarachnoid space. Routine wound closure was performed with sutures,
not staples, to avoid interference with simulation for radiation therapy. Stan-
dard perioperative antibiotics, corticosteroids, anticonvulsants, and analgesics
were used as clinically indicated.

Day 0

Surgery/AdVtk
injection*

Valacyclovir† Follow-up

Radiotherapy‡

Temozolomide allowed after 
valacyclovir completed

Day 1 Day 14 Week 7 Every 2-4 months

Fig 1. Study design. An adenoviral vector containing the herpes simplex virus
thymidine kinase gene (AdVtk) was injected at the time of surgery in a total
volume of 1 mL divided into 10 injection sites in residual tumor in the surgical
wall. Valacyclovir was administered at 2 gm three times per day for 14 days
starting on days 1 to 3. Radiation was started 4 to 9 days after AdVtk injection to
overlap with AdVtk activity and valacyclovir administration. Temozolomide was
administered after completing valacyclovir. Differences in the study design
compared with other recent studies46 with adenoviral delivery of herpes simplex
virus thymidine kinase to newly diagnosed malignant gliomas include vector
delivery: 1 mL in 10 sites versus 10 mL in 30 to 70 injection sites; prodrug: oral
valacyclovir versus intravenous ganciclovir over 1 hour twice per day; radiation
timing: accelerated radiation targeting within 7 days after surgery versus radiation
delayed to 3 to 6 weeks after surgery. Differences highlighted in the figure as
follows: (*) vector delivery; (†) prodrug; (‡) radiation timing.
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Valacyclovir Prodrug

Valacyclovir (Valtrex, provided by GlaxoSmithKline, Philadelphia, PA)
was administered at 2,000 mg orally three times per day for 14 days starting 1 to
3 days after AdV-tk injection.

Chemoradiotherapy

Radiation was initiated within 9 days after surgery at 2 Gy per day for
approximately 6 weeks to a total of 55 to 60 Gy. Standard temozolomide was
started after completion of valacyclovir.

Clinical Assessment

Toxicity was assessed by using the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version 3.0. Dose-limiting
toxicities (DLTs) were defined as any grade 3 or 4 toxicity requiring interrup-
tion in radiation therapy for more than 7 days. Adverse events up to 1 week
after completion of valacyclovir (weeks 1-3) were considered acute and were
considered late if they occurred during the remainder of radiation therapy
(weeks 4-8). Investigators evaluated the association as definitely, probably,
possibly, unlikely, or not related to the investigational agent.

Total resection was defined as removal of more than 95% of the enhanc-
ing tumor. Classification of prognostic groups was based on the original
Radiation Therapy Oncology Group (RTOG) recursive partitioning analysis
definition,37 except that baseline mental status was determined by using the
Mini-Mental S Examination (MMSE) with abnormal defined as a score of �
26 of 30. Progression was defined according to the Macdonald criteria as �
25% increase in tumor area, appearance of a new lesion or neurologic deteri-
oration, and corticosteroid dose stable or increasing.38

Quality-of-Life Assessment

The Functional Assessment of Cancer Therapy-Brain (FACT-Br) ver-
sion 4 was used to assess patient-reported outcomes at baseline and at
follow-up visits. The FACT-Br instrument is a 50-item questionnaire with
physical, social, emotional, functional, and brain-specific domains validated
for use in patients with brain tumors.39

MGMT Analysis

Tumor DNA harvested from frozen samples was analyzed by using the
methylation-specific polymerase chain reaction.2

Immunohistochemistry

Paraffin-embedded tumor sections were stained with antibodies specific
for T cells (CD3, CD4, and CD8), B cells (CD20), and macrophages (CD68).

Statistical Methods

The primary method of data analysis for this phase I study was descrip-
tive. Progression-free survival (PFS) and overall survival (OS) rates were cal-
culated from the time of AdV-tk injection by using the Kaplan-Meier method.

RESULTS

Patients and Treatment

Thirteen patients were enrolled and one patient withdrew during
prodrug administration because of an intraoperative vascular compli-
cation that was unrelated to the trial. Patient characteristics for the 12
evaluable patients are listed in Table 1. Valacyclovir was started 1 to 3
days (mean, 2 days) after AdV-tk injection. One patient stopped after
10 days because of nausea and vomiting. Radiation was started by day
7 after surgery except for one patient who started on day 8 for logistical
reasons and one who started on day 9 because staples rather than
sutures had been used for surgical wound closure. Temozolomide was
administered after completion of valacyclovir.

Safety

DLT was not observed, and dose escalation proceeded with three
patients each at dose levels 1 and 2 and six patients at dose level 3. Labo-
ratoryandsymptomaticabnormalitiesreportedinpatientswhileonstudy
are summarized in Table 2 with grading by the clinical investigators ac-
cording to CTCAE version 3.0. None of the events were definitely or
probably related; possibly related events are indicated with an asterisk in
Table 2. Most events were deemed expected and related to the underlying
disease or standard of care (SOC) treatments. Laboratory abnormalities,
whichwereconsideredpossiblyrelatedandincludedincreasedALT,AST,
or creatinine and hyponatremia, were transient.

Two serious adverse events were deemed possibly related to the
investigational agent. The first was in the fifth patient on dose level 3, who
was hospitalized for fever, hyponatremia, and confusion 1 week after
surgery and AdV-tk injection. Grade 2 AST and ALT and creatinine
increases were also noted. Extensive evaluations for the cause of fever did
not result in a diagnosis, and intermittent fevers continued for several
weeks.The laboratoryabnormalities resolved,andmental statusreturned
to baseline. Valacyclovir was discontinued after 10 days because of nausea
and vomiting. The patient completed radiation therapy per SOC. The
second event was in the fourth patient on dose level 3 who was hospital-
ized7weeksafterAdV-tk injectionforplacementofasubduralperitoneal
shunt for progressive extra-axial fluid collection underlying the surgical

Table 1. Patient Demographics and Outcomes

Patient ID
AdV-tk

Dose (vp)
Age

(years)
Baseline
MMSE

Baseline
KPS

Tumor
Pathology RPA Resection

MGMT
Status

OS
(months)

PFS
(months)

1B2 3 � 1010 59 30 100 AA 2 Subtotal N/A � 56.1 49.9
1B3 3 � 1010 41 25 90 GBM 3 Total U 46.4 27.8
1B4 3 � 1010 47 23 80 GBM 4 Total N/A 11.1 6.5
2B1 1 � 1011 72 10 70 GBM 5 Subtotal U 6.5 2.9
2B2 1 � 1011 69 27 90 GBM 4 Subtotal N/A 13.7 8
2B3 1 � 1011 59 21 90 GBM 5 Total U 8.7 4.7
3B1 3 � 1011 64 30 90 GBM 4 Total N/A 15.8 10.2
3B2 3 � 1011 62 17 80 GBM 5 Total M 7.7 5.4
3B3 3 � 1011 52 27 100 GBM 4 Subtotal N/A 33.9 22.3
3B4 3 � 1011 60 24 90 GBM 5 Subtotal N/A 2.0 2.0
3B5 3 � 1011 60 30 90 GBM 4 Subtotal M 10.6 10.2
3B6 3 � 1011 43 27 100 AA 1 Subtotal N/A � 47 � 47

Abbreviations: AA, anaplastic astrocytoma; AdV-tk, an adenoviral vector containing the herpes simplex virus thymidine kinase gene; GBM, glioblastoma multiforme;
ID, identification number; KPS, Karnofsky performance score; M, methylated; MGMT, O6-methylguanine–DNA methyltransferase; MMSE, mini-mental state
examination; N/A, not available; OS, overall survival; PFS, progression-free survival; RPA, recursive partitioning analysis; U, unmethylated; vp, vector particles.
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Table 2. Adverse Events After AdV-tk Injection During Valacyclovir and the First 2 Weeks of Radiation (weeks 1-3) and After Valacyclovir Through Completion
of Radiation (weeks 4-8)

Adverse Events

Weeks 1-3 Weeks 4-8

CTC Grade CTC Grade

1 2 3 4 1 2 3 4

Cardiac
Ischemia 1

Constitutional
Fatigue 1 2 1
Fever 1�

Insomnia 1
Dermatologic

Rash 1
Wound complication 1�

GI
Anorexia/weight loss 1
Constipation 3 2 1
Nausea/vomiting 1 1� 2

Hematologic
Hemoglobin 3 2 1 1
Leukopenia 1
Platelets 1 2

Hemorrhage
Epistaxis 1
Hematoma, while on heparin 1

Infection
Sinus 1

Laboratory
ALT 7� 2� 1� 1�

AST 4� 1� 1�

Bilirubin 1
Creatinine 1 1� 2
Hyponatremia 5 1�

Lymphatics
Edema, lower extremities 1 1

Neurologic
Ataxia 1
Confusion 1�

CSF leak 1
Dizziness 1
Hydrocephalus 1�

Mood alteration, anxiety 1
Mood alteration, depression 1� 1 2
Neuropathy, cranial 2 1
Neuropathy, motor 1�

Seizure 1
Speech impairment 1� 1

Pain
Headache 1� 1�

Chest, not cardiac 3
Postoperative 1

Pulmonary
Dyspnea (COPD flare-up) 1

Renal/genitourinary
Urinary retention with UTI 1

Vascular
Deep venous thrombosis 1 1

NOTE. Most events were deemed unrelated to the adenoviral vector containing the herpes simplex virus thymidine kinase gene (AdV-tk) � prodrug except those
marked with an asterisk which were deemed possibly related. These events were transient.

Abbreviations: COPD, chronic obstructive pulmonary disease; CSF, cerebrospinal fluid; CTC, Common Terminology Criteria for Adverse Events version 3.0; UTI,
urinary tract infection.
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wound closure. Radiation therapy and concomitant temozolomide were
interrupted 3 days before completion of therapy. The patient remained
hospitalized for complications following shunt placement, including a
seizure, fever, confusion, and agitation. Cultures of the subdural fluid
were negative. The patient improved and was due to resume radiation
therapy but developed pneumonia and possible sepsis which progressed
to acute respiratory distress syndrome and death in week 8. The clinical
investigatordeemedthefluidcollectionpossiblyrelatedbutthepostshunt
operative issues not related.

Starting radiation therapy within 7 days of surgery was well tol-
erated without wound complications such as dehiscence or infections.

Clinical Outcome

Accrual was completed in 2007 and follow-up continues with
two patients with AA still alive. Patient demographics and outcomes
are provided in Table 1, and survival curves are shown in Figure 2.
Median OS was 12.4 months, median PFS was 9.1 months, 2-year
survival was 33%, and 3-year survival was 25%.

Three patients had post-treatment MRI findings suggestive of
progression that gradually resolved without change in SOC treatment.
One dose-level 1 patient with GBM developed ring enhancement 4
weeks postradiation that continued to resolve through 8 months (Fig
3). This patient was clinically well without progression through 28
months, despite stopping temozolomide after four cycles because of
noncompliance. A patient with GBM who was on dose level 3 had a
new focus of enhancement on MRI that remained stable for more than
1 year and finally progressed at 22 months. A third patient had a
5.6-cm residual AA tumor 1 month after radiation that decreased to
3.1 cm 4 months later on adjuvant temozolomide, increased gradually
over the next 5 months followed by some gradual decrease, and has
remained stable for more than 47 months since AdV-tk injection
without additional therapy.

Quality of Life

Health-related quality of life, evaluated by using the FACT-Br
questionnaire as a patient-reported outcome measure, was stable or
improved after treatment (Appendix Fig A1, online only).

Molecular and Histologic Analyses

MGMT promoter methylation was available for five of 12 evalu-
able patients (Table 1). No specific correlation between survival and
MGMT methylation was observed from this small sample. The one
long-term survivor with GBM (shown in Figure 3) possessed an un-
methylated MGMT promoter.

Evidence suggestive of immune stimulation was observed with a
significant CD3� T-cell infiltrate in four of four patients at 7 to 22
months after AdV-tk injection (Fig 4). Significant CD68� macro-
phages were also detected. Further analysis in one patient (3B3) re-
vealed the T-cell subset to be predominantly CD8� (data not shown).

DISCUSSION

This study is unique in capitalizing on AdV-tk synergy with radia-
tion by starting radiation within 1 week of injection to overlap the
therapeutic effects. The safety of AdV-tk and other adenoviral-
based approaches has been demonstrated in recurrent malignant
gliomas.25,33,34,40-43 This phase IB study demonstrated that AdV-
tk/prodrug can be safely delivered intracranially up front in combination
with surgery, intensive timing radiation, and chemotherapy. In addition,
the use of valacyclovir, an oral antiherpetic prodrug, significantly de-
creased inconvenience, toxicity, and cost compared with intrave-
nous ganciclovir used in previous studies. Although DLT was not
reached, further dose escalation was not pursued. Early AdV-tk
data in prostate cancer suggested that efficacy was not dose depen-
dent.26,27 Toxicity, however, was seen at 2 � 1012 vp in our phase I
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Fig 2. Kaplan-Meier analysis of overall
survival and progression-free survival. The
top two curves include all evaluable pa-
tients at dose levels 1, 2, and 3, and the
bottom two curves include the 10 patients
with glioblastoma multiforme.
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study in recurrent malignant glioma.25 Thus, escalation beyond
5 � 1011 vp was not considered necessary.

The vector, as well as the transgene, is a key component of the
approach. A phase III study with a retroviral vector failed, in large
part because of poor transduction.44-46 Adenoviral vectors signifi-
cantly enhance in vivo gene transfer to malignant gliomas.47 In a
small controlled study in malignant gliomas, an adenoviral-tk vec-
tor led to a doubling of mean survival compared with a
retroviral-tk vector or an adenoviral-marker vector.40 The infiltra-
tive nature of malignant gliomas and natural inhibitory factors,
such as inflammatory and immune response, suggest that achiev-
ing vector delivery to all tumor cells is unlikely. The potential
immune stimulation by AdV-tk/valacyclovir could provide an in-

novative tumor vaccine mechanism to inhibit residual tumor cells
after debulking therapy.

A European group has evaluated a similar adenoviral vector,
AdvHSV-tk, in malignant gliomas. A phase II study48 that included
primary and recurrent patients showed a significant survival ad-
vantage. A subsequent phase III study randomly assigned 251
patients to AdvHSV-tk versus SOC alone. The study suffered from
patient and SOC variability and was not sufficiently powered for
definitive evaluation. Nonetheless, it showed a trend toward im-
proved outcomes for a composed primary end point of time to
reintervention and OS.

AdV-tk has shown synergy with all components of malignant
glioma SOC, including surgery,49 radiation,8 and temozolomide.50

A

B

C

D

Fig 3. Slow resolution of magnetic reso-
nance imaging enhancement; magnetic reso-
nance imaging of patient 1B3 at dose level 1.
Before surgery and injection (panel A) imaging
shows a glioblastoma multiforme in the left
temporal lobe. Postoperative images (panel B)
reveal a total resection. Residual ring enhance-
ment is apparent 4 weeks after completion of
radiation (panel C), which gradually resolved
over the next 6 months. Decreased enhance-
ment 4 months after radiation completion is
shown in panel D. Adjuvant temozolomide
was stopped after four cycles because of
noncompliance. However, the patient did not
develop progression until 27 months and sur-
vived for 46 months.
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For radiation and surgery, synergistic systemic effects suggest a mech-
anism involving potentiation of TK-mediated immunostimula-
tion.8,49 Synergy with temozolomide has been shown to be due to
inhibition of DNA cross-link repair by phosphorylated prodrug.50

Temozolomide inhibition of regulatory T cells may augment tumor
vaccine effects.51,52 The study design, based in part on these proposed
mechanisms, included accelerated radiation timing, which was well
tolerated, and temozolomide per SOC.

AdV-tk immunostimulation, recently reviewed,53 is the result of
a complex interaction from the delivery vehicle being a virus, the
mode of cell death induced, the immunogenic properties of the trans-
gene itself, and the synergy of AdV-tk with a local insult such as
radiation.8,17-19,27,54-56 In vivo, the systemic antitumor effect requires
prodrug, indicating that tumor cytotoxicity is required to release an-
tigens to be used by antigen-presenting cells. In addition, CD8�

T-depletion studies showed that these cells are critical for the re-
sponse.54 Preclinical data support the proposed mechanism of local
cytotoxicity in the context of an immune stimulatory milieu leading to
a polyvalent tumor vaccine effect. If accurate, this mechanism is not
limited to a specific antigen, and it reduces the potential of immuno-
logic escape from single-antigen vaccines.57,58

The observed pseudoprogressions, with subsequent gradual res-
olution, may reflect an immune reaction. In a mesothelioma study
that used a similar AdV-tk delivered to the pleural space, two patients
showed no initial imaging response but had long-term durable re-
sponses (� 6.5 years) after gradual resolution of the initial tumor
many months after treatment.59 Immunotherapies may require re-
evaluation of traditional response measures. In addition to imaging
abnormalities, median survival may not reflect a real benefit. Immu-
notherapy may not have any impact on patients with aggressive tu-
mors that progress early. If 50% of the treatment population had

aggressive tumors, the median would not change. Patients with min-
imal residual disease, in which immunotherapy is most likely to be
effective, may be represented in the tail of the survival curve. This may
be addressed by selecting against rapid progressors, as in the EGFRvIII
[epidermal growth factor receptor variant III] vaccine trial for GBM58

that selected patients who had not progressed 3 months after surgery.
However, this approach delays immunotherapy while the residual
tumor mass increases. The observation that immunotherapy may not
meet traditional end points but may still prolong survival was demon-
strated in two randomized phase III trials of Sipuleucel-T.60

MGMT promoter methylation would not be expected to affect
immunotherapy. In an EGFRvIII vaccine trial, the PFS and OS were
actually longer in patients with unmethylated MGMT.58 The evalu-
able tumors from this study were insufficient to make conclusions, but
there were no evident patterns, and one patient with GBM with an
unmethylated tumor survived more than 46 months.

This study has demonstrated the potential for neoadjuvant
use of AdV-tk plus valacyclovir and accelerated radiation in treat-
ment of malignant gliomas. In addition, although not powered to
evaluate clinical efficacy, the 2- and 3-year survival rates of 33%
and 25%, respectively, are encouraging, especially since two pa-
tients surviving more than 2 years had unfavorable GBMs, one with
unmethylated MGMT and the other with a subtotal resection. A
phase II study to further evaluate safety, MGMT status, and poten-
tial efficacy is ongoing.
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