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Abstract

Purpose: To conduct a phase I clinical trial with a second-generation oncolytic herpes simplex
virus (HSV) expressing granulocyte macrophage colony-stimulating factor (Onco VEXGM-CSF) to
determine the safety profile of the virus, look for evidence of biological activity, and identify a
dosing schedule for later studies.
Experimental Design: The virus was administered by intratumoral injection in patients with
cutaneous or s.c. deposits of breast, head and neck and gastrointestinal cancers, and malignant
melanoma who had failed prior therapy. Thirteen patients were in a single-dose group, where
doses of 106, 107, and 108 plaque-forming units (pfu)/mL were tested, and 17 patients were in a
multidose group testing a number of dose regimens.
Results: The virus was generally well tolerated with local inflammation, erythema, and febrile
responses being the main side effects. The local reaction to injection was dose limiting in HSVseronegative patients at 107 pfu/mL. The multidosing phase thus tested seroconverting HSVseronegative patients with 10 6 pfu/mL followed by multiple higher doses (up to 108 pfu/mL),
which was well tolerated by all patients. Biological activity (virus replication, local reactions,
granulocyte macrophage colony-stimulating factor expression, and HSV antigen-associated
tumor necrosis), was observed. The duration of local reactions and virus replication suggested
that dosing every 2 to 3 weeks was appropriate. Nineteen of 26 patient posttreatment biopsies
contained residual tumor of which 14 showed tumor necrosis, which in some cases was extensive, or apoptosis. In all cases, areas of necrosis also strongly stained for HSV. The overall
responses to treatment were that three patients had stable disease, six patients had tumors
flattened (injected and/or uninjected lesions), and four patients showed inflammation of uninjected as well as the injected tumor, which, in nearly all cases, became inflamed.
Conclusions: Onco VEXGM-CSF is well tolerated and can be safely administered using the multidosing protocol described. Evidence of an antitumor effect was seen.

Oncolytic virus therapy is a promising approach to cancer
treatment, particularly for the locoregional control of solid
tumors. Here, viruses that selectively replicate in tumor
compared with normal cells are used such that tumor cells
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are killed by lytic virus replication and normal cells are spared.
Various viruses have been tested for use as oncolytic agents,
including adenovirus, Newcastle disease virus, and vesticular
stomatitis virus with promising preclinical, and, in some cases,
clinical results. However, although safety has been shown, it is
evident that improvements to oncolytic potency would be
beneficial.
Herpes simplex virus (HSV) is a highly lytic virus in which
deletion of the extensively studied gene encoding ICP34.5
provides tumor selectivity (see below). ICP34.5-deleted HSV
infects and replicates in a broad range of human tumor cells,
apparently irrespective of the genetic aberration resulting in
their transformation. HSV thus has the potential to be a useful
oncolytic virus that could be used in the treatment of a broad
spectrum of solid tumor types.
Thus far, oncolytic HSVs have been tested in several clinical
trials with encouraging results. These viruses are all deleted for
one or both copies of ICP34.5 (virus strains 1716 and NV1020;
refs. 1 – 3), or ICP34.5 and ICP6 (virus strain G207; refs. 4, 5).
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Table 1. Patient characteristics and responses
Patient

Dose (pfu/mL)

Age/sex

HSV sero status

Pathology

Prior therapy

101
102
103
104
201
202
203
204
205
301

106
106
106
106
107
107
107
107
107
108

50/F
74/F
55/F
70/F
80/F
57/F
40/F
59/F
31/F
30/M

Positive
Negative
Positive
Positive
Positive
Negative
Negative
Positive
Negative
Positive

Breast
Breast
Breast
Colorectal
Melanoma
Breast
Breast
Breast
Melanoma
Melanoma

302
303
304
401

108
108
108
106, 107, 107

61/F
63/F
67/F
39/F

Positive
Positive
Positive
Negative

Breast
Breast
Breast
Breast

402
403
601
602
603
604
501
502
503
701
702
703
704
705
706
707

106,
106,
106,
106,
106,
106,
108,
108,
108,
106,
106,
106,
106,
106,
106,
106,

61/F
60/F
48/M
47/F
43/F
45/F
50/F
59/F
62/M
55/F
57/F
50/M
53/M
49/M
56/M
80/F

Negative
Negative
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Head and neck
Breast
Colorectal
Breast
Breast
Melanoma
Melanoma
Melanoma
Melanoma
Head and neck
Head and neck
Head and neck
Head and neck
Melanoma
Melanoma
Breast

S, CXT, RXT
H, S, CXT
CXT, S, RXT
S, CXT
S, CXT, laser, thalidomide
S, CXT, RXT, TNF Autovac trial
CXT, S
S, H, CXT
S, CXT, I, TAM Glivec, thalidomide
S, CXT, RXT, I, isolated limb
perfusion, thalidomide
S, CXT, TAM, H, RXT
TAM, H, CXT, RXT
S, TAM, H, RXT
S, high-dose CXT with stem cell
transplant, CXT, RXT
S, RXT
TAM, CXT, RXT
CXT, S
S, H, TAM, CXT, RXT
CXT, herceptin
S, dendritic cell trial
S, CXT, I, laser
S
CXT, RXT, I, S
S, CXT, RXT
S, CXT, RXT
CXT, RXT, S
S, CXT, RXT
S, CXT, RXT
S
S, TAM, H, CXT

107,
107,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,

107
107
108
108
108
108
108
108
108
108
108
108
108
108
108
108

NOTE: Patients had progressive disease unless otherwise noted.
Abbreviations: S, surgery; H, hormonal therapy; I, immunotherapy; TAM, tamoxifen; CXT, chemotherapy; RXT, radiotherapy; U, injected and/
or uninjected lesion(s) ulcerated; V, vesicles; E, erythmatous/inflamed (degree: +, ++, +++); FI, flattening/shrinkage of injected lesion; FU,
flattening/shrinkage of uninjected lesion(s); SD, stable disease; EU, uninjected lesion inflamed (degree: +, ++, +++); N, necrosis in tumor
biopsy; A, apoptosis in tumor; H, HSV antigen detected in necrotic areas; P, pain in injected or uninjected lesion(s).
*Small biopsy, possibly not representative.
cPatient 401 also received three further doses over 7 weeks on a compassionate basis.

1716 and G207 have been tested in clinical trials in glioma,
with some evidence of disease stabilization (6 – 8), and
NV1020 has been tested followed by chemotherapy in 12
patients with colorectal cancer hepatic metastases with some
minor responses (9). 1716 has also been tested in melanoma
at very low dose (10). All the patients in these clinical trials
tolerated the treatment well. Thus, safety of ICP34.5-deleted
HSV has been shown in multiple clinical studies. However,
although suggestions of efficacy have been obtained, greater
potency viruses would likely improve the effectiveness of the
treatment seen.
Therefore, we set out to build on this previous work to
develop a higher-potency oncolytic HSV while retaining the
safety profile of these previous viruses. This virus was also
developed to induce a more potent antitumor immune
response through the deletion of the HSV gene encoding
ICP47, which blocks antigen presentation in HSV-infected cells
(11) and the delivery of the gene encoding human granulocyte
macrophage colony-stimulating factor (GM-CSF). Improved
oncolysis was achieved through the use of a more potent
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clinical isolate of HSV for construction of the virus, and, in
addition to the deletion of ICP34.5, which is well documented to provide tumor-selective virus replication (12 – 16),
the expression of the US11 gene as an immediate early rather
than late gene that has previously been shown to boost
tumor-selective virus replication (11, 17, 18). GM-CSF was
chosen as it induces myeloid precursor cells to proliferate and
differentiate, is a recruiter and stimulator of dendritic cells, has
given promising preclinical and clinical results (19 – 23), and is
used routinely in clinical practice. In addition, autologous
tumor cell vaccines expressing GM-CSF have shown significant
clinical benefit (24, 25). This virus (OncoVEXGM-CSF), and the
other viruses constructed during the development of OncoVEXGM-CSF, have been tested in extensive preclinical studies
showing significant antitumor effects. These include that both
the use of a clinical isolate for virus construction and the
increased expression of US11 greatly increase oncolytic
potency and that expression of GM-CSF greatly improves the
effects seen in tumors that have not themselves been subjected
to virus injection (26).
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Table 1. Patient characteristics and responses (Cont’d)
Patient

Dose (pfu/mL)

Diagnosis to trial (mo)

Evaluable/evaluable biopsy?
(drop out week)

101
102
103
104
201
202
203
204
205
301

106
106
106
106
107
107
107
107
107
108

31
13
102
28
50
180
28
144
151
67

Y/Y
Y/Y
Y/Y
Y/Y*
Y/Y
N/N (3)
Y/Y
Y/N
Y/Y
Y/Y

E+, P
E+
E++, U, V
E+++, U, V, P
E+
E+, P
E+, U, P

302
303
304
401

108
108
108
106, 107, 107

71
35
208
36

Y/Y
Y/Y
Y/Y
Yc/Y

E+
E+, U
E+, U
E++, U, V, P

402
403
601
602
603
604
501
502
503
701
702
703
704
705
706
707

106,
106,
106,
106,
106,
106,
108,
108,
108,
106,
106,
106,
106,
106,
106,
106,

34
13
10
78
6
116
69
14
108
148
20
13
77
8
36
39

Y/N
Y/Y
Y/Y*
Y/Y
Y/Y
N/N (7)
Y/Y
Y/Y
Y/N
N/N (1)
Y/Y
Y/Y
N/N (1)
Y/Y
Y/Y
Y/Y

E+, P
E+, U
E++, P, U
E++, P
E+, P
E+, P
E+
E+, P
E+, P
E+, P
P
E+, U, P

EU+, N, H
FU, EU++
EU+, SD, FI, FU
EU+

E+, U, P
E++, U
E+

N, H
SD, FI
N, H

107,
107,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,
108,

107
107
108
108
108
108
108
108
108
108
108
108
108
108
108
108

Materials and Methods
OncoVEXGM-CSF. OncoVEXGM-CSF has been described previously
(26). Briefly, the virus is based on HSV-1 strain JS-1 in which the
genes encoding ICP34.5 and ICP47 have been completely deleted.
Deletion of ICP47 also results in the US11 gene being under the control
of the ICP47 immediate early promoter, rather than the US11 late
promoter that results in enhanced tumor-selective replication (26).
The ICP34.5-encoding sequences have been replaced with a cassette
consisting of the cytomegalovirus promoter, the gene encoding human
GM-CSF, and the bovine growth hormone pA sequence.
Patients. Patients with refractory cutaneous or s.c. metastases from
breast, gastrointestinal adenocarcinoma, malignant melanoma, or
epithelial cancer of the head and neck were included. Inclusion criteria
included that patients were >18 years old; had WHO performance
status of 0, 1, or 2; had an interval of z4 weeks since exposure to
chemotherapy or radiotherapy; and z6 weeks since exposure to
nitrosoureas or mitomycin C. Eligibility requirements also included
that patients had a white cell count z3.0  109/L, a platelet count
z100  109/L, serum creatinine V0.14 mmol/L, bilirubin V1.5, and
aspartate aminotransferase/alanine aminotransferase/alkaline phosphatase V2 the upper limit of the reference range, unless secondary
to malignancy when V5 times upper normal limit was acceptable.
Exclusion criteria included cases where tumors were adjacent to the
trachea or a major blood vessel, pregnancy, major surgery, or a history
of cardiac or autoimmune diseases. The study was approved by the
local ethics committees, Gene Therapy Advisory Committee and the
Medicines and Healthcare Products Regulatory Authority. Biovex. Inc.,
which developed OncoVEXGM-CSF, funded the clinical trial.

www.aacrjournals.org

Local
reaction

Response

E+, P
E++

N, H
FI, FU, EU+, N, H
SD
A
FI, N, H
EU+
N, H
N, H, FI
FI, EU+, N, H

EU+, N, H
N, H
FI, FU, EU+
EU+
EU++

N, H
N, H

Patient details are given in Table 1, including, due to the late disease
stage of the patients enrolled, details of the often extensive prior therapy
they had received.
Treatment and clinical evaluation. The first, single dose, part of the
study evaluated three escalating dose levels of OncoVEXGM-CSF at 106,
107, and 108 plaque-forming units (pfu)/mL. At each dose level, four
evaluable patients were to be recruited irrespective of their HSV
serology status. However, only HSV-seropositive patients were dosed
at 108 pfu/mL (see Results). Patients in the second part of the study
were given three injections testing three dosing regimens of the virus
dependent on their HSV serology status. For HSV-seronegative
patients, the regimens tested were 106, 107, 107 pfu/mL and 106,
108, 108 pfu/mL and for HSV-seropositive patients 106, 108, 108 pfu/
mL and 108, 108, 108 pfu/mL. The volume of virus injected depended
on tumor size (see below).
Patients were assessed clinically, an electrocardiogram and a
computed tomography scan were also done, as well as routine
hematology and biochemistry and the other tests described below.
OncoVEXGM-CSF handling and injection. Virus was stored at 1  108
pfu/mL at 70jC, diluted before use when necessary. The volume of
injectate was based on the diameter of the target lesion (V1.5 cm, up
to 1 mL; >1.5 to V2.5 cm, up to 2 mL; >2.5 cm, up to 4 mL).
Patient monitoring. In the single-dose phase of the study, urine
and blood samples were obtained for vector detection by PCR predose
and at 1, 4, 8, 24, and 48 hours after injection and also at each followup visit when biochemical and hematologic tests were also done and
the dressing and the injected lesion were swabbed for virus. A fine
needle aspirate (FNA) was obtained for reverse transcription-PCR
detection of GM-CSF at 48 hours postinjection. Patients were then
discharged if they were well and if the 24-hour swab was negative for
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vector. Biopsies were obtained at 2 weeks postinjection and patients
were seen for the last time at 6 weeks postinjection, unless otherwise
clinically required. For the multidose phase of the study, follow-up
was similar, but without taking an FNA for the detection of GM-CSF.
Injections were given at intervals of 1 to 3 weeks provided that patients
were clinically well, the injected site had recovered from the previous
injection, and HSV-seronegative patients had seroconverted after the
first injection.
Cytokines and serology. FNA samples were analyzed at Lark
Technologies, Inc. (Houston, TX) using a quantitative reverse transcription-PCR assay for GM-CSF, giving relative mRNA levels (presented as
the level relative to patient 101 in Fig. 1). Blood samples were assayed
for multiple cytokines using BD Cytometric Bead Arrays (BD
Biosciences, San Jose, CA) predose and at 1, 2, and 6 weeks. HSV
serology was assayed by indirect ELISA (Kalon Biological, Ltd.,
Aldershot, United Kingdom). Results are expressed as a proportion of
a cutoff-level reference serum (Fig. 2). Patients with levels below this
reference serum were thus classified as HSV seronegative.
Virus detection. DNA was extracted from 200 AL blood (QIAmp
DNA Blood Mini Kit) or urine (QIAmp Viral RNA Mini Kit) and tested
by quantitative PCR using primers specific for the cytomegalovirus
promoter region of the vector. Quantitative PCR was done by
Covance, Ltd., Swabbing (Virocult, Medical Wire & Equipment Co.,
Ltd., Corsham, Wiltshire, United Kingdom), and plaque assay on BHK21 cells was used to detect virus on injected tumors, dressings, and
new lesions at the time points indicated above.
Histology. Where possible, excision biopsies were obtained from
patients f3 weeks after the last injection. Specimens were fixed in 10%
neutral buffered formalin and assessed for the degree of necrosis,
immune cell infiltration, and stained using a polyclonal anti-HSV
antibody (DAKO, Glostrup, Denmark). Immune infiltrates in the virally
treated tumors were also compared with those seen in archival
specimens from a number of patients with breast cancer.

Results
Patient characteristics
Twenty-six of the 30 patients enrolled were evaluable. Patient
details are given in Table 1. Eleven patients were seronegative
for HSV at enrollment and 19 were seropositive, reflecting the
serologic status of the general population. Four patients were
nonevaluable due to disease progression, which in one case
meant that a final biopsy could not be obtained. However, for
the sake of completeness, data with regard to side effects, tumor
responses, and other variables are included for these nonevaluable patients where possible.

Fig. 1. Human GM-CSF RNA levels. Relative human GM-CSF ^ specific mRNA
levels were measured in FNA samples taken from patient tumors by reverse
transcription-PCR 48 hours postinjection with OncoVEXGM-CSF. Blue columns,
initially HSV-seropositive patients; pink columns, initially HSV-seronegative patients.

Clin Cancer Res 2006;12(22) November 15, 2006

Side effects and adverse events
Single-dose group. The main side effects (see Table 2A) were
grade 1 pyrexia and associated constitutional symptoms, which
were more common and pronounced in HSV-seronegative
patients. Only a single patient (patient 301) experienced grade
2 pyrexia, at 108 pfu/mL, associated with rigor, hypotension
and tachycardia, and other constitutional symptoms. The other
more common side effects were low-grade anorexia, nausea and
vomiting, and fatigue. Two breast cancer patients developed
abnormal liver function tests. In patient 102, this was abnormal
predose that increased 5-fold 2 weeks after injection, remaining
elevated at final follow-up. Both transaminases became more
deranged (2-fold) at the same time point but returned to the
predose level 2 weeks later. For patient 203, previously normal
alkaline phosphatase had increased 2-fold, aspartate aminotransferase 9-fold, and alanine aminotransferase 20-fold at final
follow-up, which may have been associated with disease
progression.
The other main side effect was the local reaction at the
injected tumor site (data included in Table 1). The injected
lesion became inflamed in all but one patient starting 2 days
after the injection and usually subsiding by 1 week for seropositive patients. For seronegative patients, inflammation and
erythema was more pronounced, particularly at 107 pfu/mL,
persisting for at least 2 weeks with extensive, moderate
inflammation, and erythema of the surrounding tissue and
sometimes areas distant from the injected lesion that did not
have clinical disease. The injected lesion ulcerated in five
patients (both seropositive and seronegative), generally healing some weeks later. Small vesicles appeared transiently,
especially around the injected lesion, for 2 weeks after
injection in three seronegative patients. These were negative
for the presence of the virus as assessed by swabbing and
plaque assay.
Due to the local reactions of inflammation and erythema
in and surrounding injected lesions in seronegative patients at
107 pfu/mL (considered adverse events under the protocol),
which were much less pronounced in seropositive patients, the
maximum tolerated dose for seronegative patients was deemed
to be 107 pfu/mL. The dose 108 pfu/mL was, therefore, only
given to seropositive patients for whom no maximum tolerated
dose was determined.
Multidose group. The initial protocol anticipated giving
three doses of 108 pfu/mL to all patients. However, in view
of the extensive inflammation and erythema in and around
injected tumors seen in HSV-seronegative patients at 107
pfu/mL (see above), this was changed such that HSVseronegative patients were initially given a dose of 106 pfu/
mL to seroconvert (see Materials and Methods). Thus, in the
multidose phase of the study, HSV-seronegative patients were
given 106, 107, 107 pfu/mL and 106, 108, 108 pfu/mL,
whereas HSV-seropositive patients were given108, 108, 108
pfu/mL and 106, 108, 108 pfu/mL. The 106, 108, 108 pfu/mL
regimen was tested in HSV-seropositive patients with the
intention of identifying a dosing regimen appropriate for all
patients, irrespective of their prior HSV serostatus, which was
achieved.
Each of the regimens tested was well tolerated with no
dose-limiting toxicity seen. Particularly, in HSV-seronegative
patients, the extensive and sometimes prolonged local
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Fig. 2. Patient anti-HSV antibody levels before and after dosing. A, initially seronegative patients, single-dose group. B, initially seropositive patients, single-dose group.
C, initially seronegative patients, multidose group. D, initially seropositive patients, multidose group. The anti-HSV antibody index is shown for each of the doses at the time
points indicated.

reactions seen at 107 pfu/mL in the single-dose phase of the
study were not evident, and febrile responses were reduced.
Overall, however, the side effects in the multidose phase of
the study (Table 2B) were similar to patients who received a
single dose, although, as before, these were still more evident
in patients who were initially HSV seronegative. Most injected
lesions became inflamed after each dose. Two HSV-seronegative patients (patients 401 and 602) developed extensive
inflammation of the surrounding tissue 1 week after the first
injection, which lasted for a further week, although less
severe and of shorter duration than seen with a 107 pfu/mL
single dose. For patient 603, nearby uninjected lesions also
became mildly inflamed as did a cervical lymph node distant
from the injected lesion in patient 402. A subclinical
noncontiguous lesion also became inflamed after the first
injection in patient 501. Ulceration occurred in the injected
lesion of six patients. Mild pain was experienced transiently
in 11 patients, and also in noninjected adjacent lesions after
the second and third dose in patient 703. Vesicles were only
seen in one patient in the multidosing phase of the study
(patient 401).

www.aacrjournals.org

Other side effects, which may or may not have been treatment
related, were noted in patient 502 consisting of red palms,
swollen hands, and desquamation of palms and soles. These
side effects were also noted in patient 601 (colorectal cancer,
with liver metastases) whose already deranged alkaline phosphatase increased 2-fold after the second injection as did
previously normal aspartate aminotransferase and alanine
aminotransferase. These returned to predose levels by the end
of the study.
Finally, patient 706, who had a history of cold sores,
developed lesions on the lip reminiscent of HSV infection
48 hours after the second and third injection and also on the
cheek after the third injection. These tested negative for HSV by
plaque assay and PCR.

HSV serology
All seronegative patients strongly seroconverted 3 to 4 weeks
after their first dose to a similar level to patients who were
originally seropositive (Fig. 2). For seropositive patients, the
general trend was an increase in anti-HSV antibody index with
each injection, which eventually plateaued. Thus, with respect
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Table 2. Side effects
(A) Single-dose patients
Adverse events

HSV seropositive (n = 9)
Grade 1/2

Constitutional
Fever
Rigor
Sweating
Fatigue
Arthalgia
Myalgia
Cardiovascular
Tachycardia
Hypotension
Anemia
Transfusion reaction
Hypertension
Leg swelling
Respiratory
Dyspnea
Cough
Pleural effusion
Pneumonia
Gastrointestinal
Anorexia
Nausea
Vomiting
Constipation
Diarrhea
Ascites
Dehydration
Abdominal pain
Oral candidasis
Aphthous ulcer
Central nervous
Headache
Drowsiness
Psychiatric
Insomnia
Endocrine
Diabetes
Musculoskeletal
Back pain
Cramp
Cancer related
Pain
Progression

HSV seronegative (n = 4)

Grade 3/4

1
1

Grade 1/2

Grade 3/4

3
1
3

1
1
1
1
1
3
1
1

2
1
1
1
1
1

1
2

1
2

1

1

3
3
1
2
3

2
1
1
1

1

1
1
1

1

1
1
1
5

1
1
1
1

2
5

3

1
2

1

(Continued on the following page)

to the optimized dosing regimen described above, where
patients are first given a lower dose of 106 pfu/mL before
higher doses of 108 pfu/mL, the initial injection reliably
induces a strong anti-HSV immune response, as evidenced by
increase in antibody titer. However, although this reduces the
side effects seen (particularly the local erythmatous reaction at
the injection site), this does not appear to affect the extent of
the other clinical responses seen (see below), including the
degree of HSV antigen staining or necrosis observed at the
injected tumor site.

GM-CSF expression
The level of GM-CSF mRNA was detected in injected
tumors by reverse transcription-PCR from FNAs taken 48
hours after injection in the single-dose group. The results are

Clin Cancer Res 2006;12(22) November 15, 2006

shown in Fig. 1 where the signal relative to that observed in
patient 101 is shown in each case, the results from the
patients in the 106 pfu/mL group therefore providing a
control for whether the signals detected in the higher dose
groups are OncoVEXGM-CSF derived, there being no noninjected tumor biopsies available for comparison. The level
of GM-CSF mRNA detected seemed to be dose related in the
106 and 107 pfu/mL dose groups (the highest signal in the
107 pfu/mL group being >1,000 times the highest signal in
the 106 pfu/mL group), but without a further increase at 108
pfu/mL (the highest signal in the 107 and 108 pfu/mL group
was similar, although with greater variability at 108 pfu/mL).
The variability in expression levels within the groups could
have been due to differences in either the tumor, injection,
or biopsy procedure, or the HSV serology status of the
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Table 2. Side effects (Cont’d)
(B) Multidose patients
Adverse events

Constitutional
Fever
Rigor
Sweating
Fatigue
Arthalgia
Myalgia
Cardiovascular
Tachycardia
Hypotension
Anemia
Hypertension
Leg swelling
Lymphadema
Gastrointestinal
Anorexia
Nausea
Vomiting
Constipation
Diarrhea
Dehydration
Abdominal pain
Oral candidasis
Respiratory
Dyspnea
Cough
Pleural effusion
Pneumonia
Central nervous
Headache
Drowsiness
Seizure
Psychiatric
Insomnia
Depression
Musculoskeletal
Back pain
Ear, nose, and throat
Conjunctivitis
Mucositis
Skin
Red swollen palm
Desquamation
Eczema
Allergy
Dressing
Drug
Cancer related
Pain
Bleeding
Progression

HSV seropositive (n = 10)

HSV seronegative (n = 7)

Grade 1/2

Grade 3/4

Grade 1/2

4
3

1

6
4
2
2
2
1

3
2
0
1

1
1
2

2
1

1
2
2
3
1

1
1
1
1
1
1

1
1
1

1

1

1
1
1

2

2
1
1

1

1

2
1
1
1
1
1
1
1

1

1

patient, and probably also reflected the relatively small
number of patients in the single dosing phase of the clinical
trial. GM-CSF levels as assessed by ELISA were below the
limit of detection in patient blood samples at all time points
tested.

1
2
2

found effects on cytokine levels, these have been earlier after
injection than the earliest time point measured in the study
reported here (27). In addition, no clinically significant
effects on antinuclear antibody levels were observed (results
not shown).

OncoVEXGM-CSF biodistribution

Cytokine and antinuclear antibody levels
No treatment-related changes in the levels of the cytokines
measured were observed; thus, these results are not shown.
This may have been due to the time points used (predose
and 1, 2, and 6 weeks after dose); whereas other studies have

www.aacrjournals.org

Grade 3/4

Virus was assayed on the tumors, the occlusive dressing,
and, where required, at other sites by swabbing followed by
plaque assay. In the single dosing phase of the study, virus
was detected at low levels on the tumor surface for up to 2
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weeks in 3 patients, which, due to the fact that detectable
virus levels initially reduced following injection, suggested
virus replication. This, together with the timing of the local
reactions seen, suggested that a 2- to 3-week interval between
doses was appropriate, which was therefore used in the
multidosing phase. In the multidosing phase, virus was only
detected on the surface of the tumor of one patient at a single
time point at a very low level (7.5 pfu per swab). This
difference between the single and multidose patients was
attributed to the optimized dosing regimens used (i.e.,
initially dosing with 106 pfu/mL before moving to higher
doses), and the absence of a FNA, which prevented virus
leakage through the puncture site. A vesicle adjacent to the
tumor and under the occlusive dressing also tested positive at
a similarly low level in this same patient, which could have
been due to cross-contamination from the tumor as all other
vesicles from this or other patients tested negative for the
presence of the virus. Virus was not detected outside the
occlusive dressing in any case during the study.
Virus DNA was not routinely detectable in blood or urine in
any part of the study. In the single-dose phase of the study,
virus was only detected in the blood of two patients between
8 hours and 1 week after injection. In the multidose phase
of the study, virus was detected in the blood of eight patients
1 to 8 hours postdose, which was somewhat more evident in
HSV-seronegative patients. Virus DNA was even more rarely
detected in urine with only two patients testing positive at very
low levels 8 hours to 1 week after injection in the single-dose
group, and no patient tested positive in the multidose group.
The injected virus, therefore, in most cases, seems to be retained
at the injection site.

Clinical responses
There were no complete or partial responses in the
study although stable disease was observed in three patients;
in a number of cases, injected lesions either flattened or

did not progress further. The responses observed are detailed
below.
In the single-dose group, disease stabilized in patient 103
(breast cancer). For patient 102 (breast cancer), an extensive
intradermal infiltration of breast carcinoma dissipated 2 weeks
following dosing, which was maintained until the end of the
study, although other lesions appeared. Other than where
ulceration occurred as discussed above, and the histologic
evidence of necrosis as discussed later, lesions were transiently
flattened in three patients [patients 102 (breast cancer), 205
(melanoma), and 301 (melanoma); Fig. 3A].
In the multidose group, patients 501 and 706 with
malignant melanoma had stable disease, but disease progressed in other patients. The one superficial lesion in patient
602 (breast cancer), which was injected, was stable until final
follow-up, but disease progressed in the liver. Likewise, the
injected lesion of patient 707 (breast cancer) remained stable
but disease progressed elsewhere. As well as generalized stable
disease, the injected and adjacent tumors of patient 501 also
flattened as did the injected and adjacent tumors in patient
401 (breast cancer; Fig. 3B) and the injected lesion in patient
706. In Fig. 3B, it is evident that effects are observed up to f6
cm from the injection site, which may have resulted from
passage of virus through tumor tissue under the skin. These
tumors in patient 401 did not regrow although disease
progressed elsewhere. In patient 604 (melanoma), an uninjected lesion shrunk and disappeared, but other lesions
continued to progress.
Interesting effects were seen in patient 705 (melanoma) in
which the injected lesion was enlarged and engorged after the
second injection, became fluctuant, and a large volume of fluid
was aspirated, which was sterile. At excision, the lesion was
found to be largely necrotic with only a rim of viable tumor
cells (Fig. 4A). Disease progressed elsewhere.
Overall, there were no obvious differences in the clinical responses observed between HSV-seronegative or HSV-seropositive

Fig. 3. Gross effects in injected tumors. A, patient
301. Melanoma, initially seropositive, dosed with a
single dose of 108 pfu/mL.
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patients, although side effects and virus detectable on the
injected tumor surface were reduced in seronegative patients
using the optimized dosing regimens, or between the different
tumor types enrolled, which extended to the observations on
the tumor biopsies described below.

Tumor biopsies
The final tumor biopsies were stained for the presence of
T cells and macrophages. Although the degree of staining in
each case was not obviously different between tumor types or
dosage groups, in most cases, the degree of infiltration was
concluded to be high by the examining histologist. However,
the lack of preinjection biopsies generally prevented definitive
conclusions being made other than for some of the breast
cancer patients where preinjection biopsies were available. In
these cases, it was evident that the level of infiltrating cells was
generally higher postinjection than before (data not shown).
Biopsies were also examined for necrosis and the presence of
HSV (Fig. 4). In most biopsies where tumor tissue was present,

Fig. 3 Continued. B, patient 401. Breast cancer, initially seronegative, dosed with
106, 107, 107 pfu/mL. The injection was made into tumor 1 (arrow).

www.aacrjournals.org

areas of necrosis (or in one case apoptosis) were seen (14 of 19
biopsies), which, in many cases, were considerable (Fig. 4A and
B). Staining for HSV (Fig. 4C) showed the following
observations: (a) in all biopsies where necrosis was present,
HSV staining was also seen; (b) normal tissue showed no
evidence of necrosis; (c) HSV staining was only rarely seen in
nonnecrotic tumor tissue and even more rarely in nontumor
tissue. Taken together, these suggest that HSV antigens were
selectively expressed in tumor tissue, presumably accompanying virus replication, and thus that the virus is very likely to
have caused the often very considerable necrosis seen.

Discussion
This is the first reported clinical trial with an oncolytic HSV
carrying a transgene or with a second-generation virus with
improved oncolytic properties. The study was designed
primarily to assess the safety and biodistribution of local
delivery of the virus and secondarily to assess any level of
biological activity.
We found that the virus was well tolerated, although side
effects were more marked in patients who were previously
seronegative for HSV, that GM-CSF was expressed, and that
evidence of antitumor activity was seen.
The most common systemic side effects were low-grade
constitutional/flu-like symptoms. This result, although similar
in patients treated with all other oncolytic viruses, including
adenovirus (28 – 30), reovirus (31), Newcastle disease virus
(32), and vaccinia (33 – 35), contrasts with other clinical trials
with oncolytic HSV where side effects were reported rarely.
However, there are significant differences in these trials, such as
the use of very low doses of virus in melanoma (103 pfu) or
injection into the brain (6 – 8, 10, 36).
Most other studies with oncolytic viruses have not
reported the extensive local reactions seen here, except for
a study with a vaccinia virus incorporating GM-CSF in
patients with melanoma (37). The local reactions seen could,
therefore, at least in part, be GM-CSF mediated and were
ameliorated through the multidosing regimen developed in
which seronegative patients were first seroconverted with an
initial dose of 106 pfu/mL. A regimen of one dose of 106
pfu/mL followed by multiple doses of 108 pfu/mL was
identified as being well tolerated and appropriate for all
patients and is thus intended for use in future studies. This
dosing regimen also appeared to reduce the likelihood of
detecting viral DNA in blood or urine, which was, in any
case, relatively low, but did not seem to affect the degree of
tumor necrosis seen following seroconversion to HSV. The
timing of the local reactions, and in some cases indications
of virus replication assessed by swabbing and plaque assay,
suggested that injection every 2 to 3 weeks was appropriate,
which is considerably less frequent than what has been
found to be optimal with, e.g., oncolytic adenovirus, where
dosing up to twice a day has been tested (38). In addition, in
contrast to studies with oncolytic adenoviruses where the
induction of antivirus antibodies has been thought undesirable, induction of antibodies in the study reported here was
determined to be beneficial in reducing the side effects seen,
but without obvious effects on the level of tumor necrosis
generated.
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Fig. 4. Example histology, HSV antigen
staining, and inflammatory infiltrates.
A, whole-mount histology from patient 705
(melanoma) after excision of the tumor
showing extensive necrosis. B, histology
section from the same patient showing
extensive necrosis and cystic degeneration
(pink, arrow). C, example HSV antigen
staining (black/dark brown) in necrotic (i)
breast cancer (patient 201), (ii) melanoma
(patient 205), and (iii) head and neck
cancer (patient 702).

Bearing in mind the extensive local reactions in seronegative patients at 107 pfu/mL, and as these were associated
with a low-grade fever, it was perhaps somewhat surprising
that there was no associated effect on the levels of circulating
inflammatory cytokines in the blood detected. In previous
studies with the oncolytic adenovirus Onyx-015 (e.g., ref.
27), increases in inflammatory cytokines have been found
associated with flu-like symptoms. However, in this case
(27), blood samples were taken before injection and at 3 and
18 hours after injection, and elevated IFNg, interleukin-6,
and tumor necrosis factor were found at 3 hours after virus
injection, which reduced toward baseline by 18 hours.
However, in the study reported here, the first blood sample
analyzed for cytokine levels was not taken until 1 week
following OncoVEXGM-CSF injection. Thus, we would have
been likely to miss any shorter-term changes in cytokine
levels associated with OncoVEXGM-CSF injection in this case.
Histologic specimens from biopsies taken following injection showed inflammation and necrosis in the majority of
cases where tumor was also detected (14 of 19 tumor biopsies,
including one with apoptosis rather than necrosis noted).
Necrosis was in some cases considerable, and we believe that
the extent of necrosis observed has not been previously
reported following oncolytic virus treatment, particularly
when not combined with other therapy, such as chemotherapy or radiotherapy. Sections were also stained for the
presence of HSV, and, wherever necrosis was seen, this

Clin Cancer Res 2006;12(22) November 15, 2006

colocalized for HSV. HSV was only rarely detected in
nonnecrotic or nontumor tissue. Nontumor tissue also
showed no evidence of necrosis, with or without associated
staining for HSV. Taken together, these results strongly suggest
that the virus caused the necrosis observed. Necrosis following
administration of oncolytic HSV has previously been found in
one patient with glioma (8) and in a study in melanoma with
HSV 1716 (39). Necrosis has also been seen in clinical trials
with Onyx-015, although only after frequent injection of high
virus doses in conjunction with chemotherapy (38). This is
again in contrast to one to three injections separated by 2 to 3
weeks used here.
In addition to the histologic effects, changes suggestive
of clinical responses were observed in a number of patients,
with three patients demonstrating stable disease and six
patients showing flattening of injected tumors or uninjected
tumors nearby. In a number of cases, injected tumors did not
further progress, or first flattened and then did not further
progress until at least the end of the follow-up period, although
disease did progress elsewhere. However, as patients were only
followed for 6 weeks following their final injection, longer-term
conclusions cannot be made. Some evidence of a more distant,
potentially immunomediated effect was observed as four cases
of uninjected areas, including those with subclinical disease,
became mildly inflamed.
In conclusion, OncoVEXGM-CSF is well tolerated using the
multidosing protocol described, which has enabled the dosing
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schedule for further studies to be defined. This indicates that dosing
every 2 to 3 weeks is appropriate. Biological activity of the virus was
observed, at doses as low as 106 pfu/mL, as evidenced by local
reactions, tumor flattening, virus replication, GM-CSF expression,

presence of inflammatory infiltrates, and often considerable HSV
antigen-associated necrosis in tumor biopsies. Following these
promising results, OncoVEXGM-CSF is being entered into a number
of phase II clinical trials in individual tumor types.
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