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Genetically engineered herpes simplex viruses (HSVs) 
can selectively infect and replicate in cancer cells, 
and are candidates for use as oncolytic therapy. This 
long-term report of a phase I trial examines vascular 
administration of HSV as therapy for cancer. Twelve 
subjects with metastatic colorectal cancer within the 
liver failing first-line chemotherapy were treated in four 
cohorts with a single dose (3 × 106 to 1 × 108 particles) 
of NV1020, a multimutated, replication-competent 
HSV. After hepatic arterial administration, subjects were 
observed for 4 weeks before starting intra-arterial che-
motherapy. All patients exhibited progression of dis-
ease before HSV injection. During observation, levels 
of the tumor marker carcinoembryonic antigen (CEA) 
decreased (median % drop = 24%; range 13–74%; P < 
0.02). One of three individuals at the 108 level showed a 
39% radiologic decrease in tumor size by cross-section 
and 75% by volume. HSV infection was documented 
from liver tumor biopsies. After beginning regional che-
motherapy, all patients demonstrated a further decrease 
in CEA (median 96%; range 50–98%; P < 0.008) and 
a radiologic partial response. Median survival for this 
group was 25 months. During follow-up, no signs of 
virus reactivation were found. Multimutated HSV can be 
delivered safely into the human bloodstream to produce 
selective infection of tumor tissues and biologic effects.

Received 18 July 2008; accepted 27 September 2008; published online 
18 November 2008. doi:10.1038/mt.2008.240

Introduction
There has been great interest in exploiting the natural life cycle 
of herpes simplex virus type 1 (HSV-1) for killing cancer. After 
this virus infects host cells, it uses the host DNA and protein 
synthetic machinery to replicate, then kills the host cell by 
lysis. The resultant release of progeny virus leads to further 
infection and killing of tumor, amplifying the virus’ cancer-
killing actions. This common virus is an attractive therapeutic 

candidate for a number of reasons. Because of wide human 
exposure, biology of HSV-1 is much studied and understood. 
The wild-type virus is well tolerated; most exposed patients do 
not demonstrate any apparent clinical syndrome. The minor-
ity of cases of clinical infection usually manifest as the com-
mon “cold sore.” The large genome of this DNA virus contains 
a limited number of genes that are essential for replication, 
leaving much room for genetic engineering to produce mutant 
viruses that may be even more attenuated in effects on nor-
mal tissues and may also more specifically infect and kill can-
cer. Furthermore, the presence of the herpes thymidine kinase 
(TK) gene renders this family of viruses sensitive to antivirals 
such as acyclovir. Thus, this class of vectors represents the only 
viruses under clinical investigation for which effective clinical 
antiviral therapy exists.

Virologists have attempted to alter wild-type HSV for use 
as a vaccine for decades.1,2 The first HSV specifically engineered 
for potential cancer therapy was reported in 1995.3 Our study 
represents the first vascular infusion of an engineered HSV for 
treatment of human disease. We had previously reported the 
short-term safety data related to such viral administration, dem-
onstrating the safety of this approach.4 The current data confirm 
through long-term follow-up that no additional deleterious effects 
were noted. In addition, these data demonstrate selective infection 
of tumor and biologic antitumor effects.

Results
Baseline characteristics
Median age was 57 years (mean 55, range 32–68 years), with eight 
Caucasian and four African-American patients. There were nine 
men and three women. Median time from initial diagnosis of col-
orectal carcinoma was 12 months (mean 12, range 7–31 months). 
At baseline, all had a Karnofsky Performance Score of 100%. 
Two patients were seropositive for hepatitis A; three were posi-
tive for antibodies directed at the hepatitis B virus, but without 
hepatitis B antigens or any signs of active hepatitis or cirrhosis. 
All were HSV-1 seropositive; five tested seropositive for HSV-2. 
All patients had undergone primary tumor resection and received 
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chemotherapy following the initial cancer diagnosis. Two had also 
received radiotherapy not involving the liver.

Chemotherapy history
All 12 subjects had previously failed 5-fluorouracil and leuco-
vorin treatment: 11, 2, and 1 also failed irinotecan, capecitabine 
(Xeloda; Roche Pharmaceuticals, Nutley, NJ), and oxaliplatin 
therapy, respectively.

One month after viral infusion, all subjects were started on 
intra-arterial floxuridine plus dexamethasone via hepatic artery. Of 
these, seven were treated simultaneously with systemic irinotecan, 
two with systemic oxaliplatin, and three with both irinotecan and 
oxaliplatin.

Tumor viral appearance
In one patient [3 × 106 plaque-forming units (pfu)], NV1020 was 
detected by PCR and by immunohistochemistry in tumor tissue 
from the perfused lobe (Figure  1). NV1020 was also detected 
in biopsy samples by PCR from two patients in the highest dose 
cohort (1 × 108 pfu). In one of those two patients, NV1020 was 
detected in tumor tissue samples from both the perfused and 
nonperfused lobes. In the second of those patients, NV1020 was 
detected in normal liver samples from both lobes.

Antitumor effects
Radiologic assessment. Antitumor activity was seen as early as 28 
days after viral administration. There was a 39 (Figure 2) and 20% 
reduction in tumor size in 2 of 12 patients (1 × 108 pfu cohort) 
after a single infusion of NV1020 at day 28, before intrahepatic 
arterial infusion chemotherapy administration. Most patients 
were stable (n = 7) or had progression of disease (n = 3).

The subsequent change in tumor size is illustrated in Figure 3. 
By month 2 (1 month after start of chemotherapy) there was a 
12% average decrease in tumor dimensions. This response con-
tinued, with a 22% decrease in tumor dimensions by month 3, 
and a sustained 35–37% decrease in months 6–12. All 12 patients 
had a partial response to subsequent chemotherapy. The maxi-
mum response varied from 39 to 81%. There did not seem to be 
a relationship between viral dose and subsequent response to 
chemotherapy.
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Figure 1  Immunostaining for herpes simplex virus (HSV) antigens in 
tumor and liver from subjects dosed with NV1020. (a) Control tumor 
from a patient not dosed with virus. (b,c) Two separate tumors from two 
separate patients dosed with virus. Both patients were dosed with 3 × 
106 plaque-forming units. The tumor stained positive for HSV (arrows) 
whereas all normal liver area stained negative to date.
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Figure 2 R adiographic change in a single patient at a 1 × 108 plaque-
forming unit dose. Two representative slices from a computed tomog-
raphy scan done before (a,b) and comparative slices done 1 month after 
viral treatment (c,d) are shown for a patient at a 1 × 108 dose. The tumor 
(outlined by white arrows) has clearly decreased significantly in size. No 
other treatment besides viral injection was undertaken between the two 
sets of scans.
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Figure 3 C hanges in tumor size after treatment with virus and che-
motherapy. Dimensions are given according to the Response Evaluation 
Criteria in Solid Tumor criteria. The minimum response (diamond), max-
imum response (triangle) and average ± SE (square) are shown.
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Carcinoembryonic antigen assessment. At baseline, 10 of 12 pa-
tients had markedly elevated carcinoembryonic antigen (CEA) 
levels (>50 ng/ml) with a mean CEA level of 298 ng/ml for all 
(Figure 4). By day 6, the majority (11 patients) displayed a de-
cline in CEA concentration, and by day 14, this decline was still 
evident in 8 subjects. Figure 4a depicts the maximal drop in CEA 
in the first 28 days after NV1020 administration for each patient. 
Figure 4b presents box plots of these data. Drops varied between 
13 and 74% (median 24%; P = 0.02, paired t-test). In most cases, 
CEA rebounded by the end of the first month. What is remark-
able about these changes in CEA is that all subjects were failing 
chemotherapy and exhibited rising CEA levels at the time of viral 
treatment. Individual data from four representative patients are 
shown in Figure 5. Thus, not only was there an arrest of this in-
crease in CEA, there was a decline.

Once chemotherapy started, CEA levels continued to decline. 
By month 3, following two chemotherapy cycles, most patients 
demonstrated a decrease in CEA levels of ≥50%. Median con-
centration for the group dropped from 204 (baseline) to 27.5 ng/
ml at month 3 (P < 0.05, paired t-test). The maximal change in 
CEA in the first year after viral treatment is shown in Figure 4c,d. 
Figure 4c demonstrates the maximal drop in CEA after NV1020 
administration and chemotherapy for each individual. Figure 4d 
presents box plots of these data. Drops varied between 50 and 98% 
(median 96%; P = 0.008, paired t-test). On the basis of CEA cri-
teria, all patients responded after combination viral and chemo-
therapeutic treatment.

A relation between tumor regression and declines in CEA lev-
els was observed. Patients (one each from the 3 × 107 and 1 × 108 
pfu cohorts) showing a ≥50% decline in CEA levels with NV1020 
alone also experienced tumor regression during the same period, 
as determined by computed tomography scan. By month 2, both 

patients had decreases in CEA levels of 38–50% and achieved a 
partial response. By month 3, all seven patients with radiologic 
evidence of tumor response also had a >50% reduction in CEA 
levels. An additional three patients with ≥50% decreases in CEA 
levels did not experience tumor regression. There was no evidence 
of a dose–response in the CEA level changes.

Long-term follow-up and survival
All subjects were followed for continued assessment of safety, 
clinical status, and HSV monitoring. One month after adminis-
tration of NV1020, no additional adverse effects attributable to 
the test agent were noted. At the time of publication, 1 of the ini-
tial 12 subjects is still alive 62 months after dosing. Of note, this 
is the patient who had the highest response to NV1020. All others 
have died of disease progression. The survival curve is shown in 
Figure 6. The median survival of this entire group was 25 months 
(mean = 25 ± 3 months).
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Figure 4 C hanges in carcinoembryonic antigen (CEA) levels. 
(a) Maximum drop in CEA before chemotherapy in the first 28 days 
after NV1020 administration for each individual subject. Drops varied 
between 13 and 74% (median 24%). (b) Box plots of these data. P = 
0.02 by paired t-test. (c) Maximum drop in CEA after chemotherapy. 
Drops varied between 50 and 98% (median 96%). (d) Box plots of these 
data. P = 0.008 by paired t-test.
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Figure 5 C arcinoembryonic antigen (CEA) changes in four represen-
tative patients. CEA levels, represented along the y-axis, are shown in 
nanograms per milliliter; the x-axis represents time. Zero time represents 
the time of virus injection.
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During this follow-up period, no patient demonstrated signs 
of virus reactivation. No blood, urine, vaginal swabs, or rectal 
swabs cultured positive for HSV.

Discussion
One attractive attribute of HSV is its large genome, which can be 
altered to decrease its virulence against normal tissues. Using such 
genetic engineering, a number of investigators have attempted to 
further attenuate this common, naturally well-tolerated virus.3,5 
Four such designer viruses specifically made for cancer therapy 
are currently undergoing clinical investigation.6,7 The origin of 
the NV1020 virus used for the current trial differs from these 
agents in that it was originally designed as a vaccine against her-
pes infections.8 We reasoned that since one goal of a viral vaccine 
program is production of viruses that are highly attenuated in 
terms of infecting normal tissue, such vaccines might be ideal 
cancer therapeutic agents if they are also cytotoxic for cancer 
cells. Indeed, NV1020 has proved to be such a candidate. As a 
vaccine, it was tested in 36 human volunteers in 1985 by single 
dose intramuscular injection without significant toxicity.9 It has 
been tested in intravascular injection in rodents and primates,10,11 
and by direct liver injections, with acceptable toxicity profile. 
We previously reported the short-term effects of intra-arterial 
delivery.4 Doses ≤108 are well tolerated.12 The current follow-up 
study found no additional HSV toxicity, including no signs of 
viral reactivation or disseminated herpes infection even at the 
terminal phases of cancer. The current data also demonstrate sig-
nificant biologic anticancer effects that may be attributable to the 
viral therapies.

A number of experimental models have demonstrated high 
efficacy of viral treatment by regional delivery. Administration of 
a single dose of oncolytic HSV by peritoneal perfusion in mod-
els of carcinomatosis often cured experimental animals with gas-
tric cancer,13 colorectal cancer,14 and mesothelioma.15 Delivery of 
virus to the chest cavity by pleural perfusion was very effective in 
models of esophageal cancer,16 lung cancer,17 and mesothelioma.15 
Carotid perfusion produced cures for experimental oral cancer.18 
Indeed, vascular perfusion of liver as performed in one phase I 
study was highly effective in eradicating experimental liver can-
cer.19 It must be pointed out, however, that models of systemic 
delivery of HSV were also effective at treating and curing animal 
models of cancer.20 Our choice of regional delivery therefore was 
not based on a lack of preclinical data supporting the easier and 
more widely applicable systemic delivery.

Using a regional, intra-arterial route allows for delivery of the 
agent proximal to the target. Therefore, this route of administra-
tion was chosen to minimize systemic toxicities and exposure to 
neutralizing antibodies, while providing optimal conditions for 
biologic effects on the target tumors. This study also presented the 
opportunity to conduct the first study of intravascular delivery of 
HSV as treatment for any disease. The low doses of virus at which 
we encountered evidence of biologic activity are encouraging for 
possible efficacy of systemic delivery.

CEA is the standard tumor marker used to assess the presence 
of colorectal cancer.21 Although absolute levels vary greatly from 
patient to patient, the relative change in level in a single patient 
has been shown to correlate with tumor recurrence22–24 and tumor 
burden.25 Changes in CEA have also been shown to be indicative 
of tumor response to therapy that can be seen before radiologic 
changes. This is because killed tumor still requires time for resorp-
tion. In a setting of rising CEA before administration, it is very 
encouraging that all patients demonstrated a decrease in CEA in 
the first month after NV1020 administration. The greatest drop 
in CEA (75%) occurred in the individual who demonstrated the 
greatest shrinkage of tumor on scanning (39%). These data are 
highly suggestive of a biologic effect of the virus on cancer.

The normal liver has ~2 × 1011 cells. In this study, a minimal 
viral dose of 3 × 106 pfu was administered, and a random 1-g tumor 
sample taken at surgery. To detect virus in the tumor at any level 
is remarkable, given the low virus-to-cell ratio. To find virus by 
immunohistochemical assay (Figure 1) is highly suggestive of viral 
replication.

Immunogenicity is a concern with any viral therapeutic 
modality. Nearly 90% of human adults have active antibodies 
directed against HSV-1. Immunoreactivity may theoretically pro-
duce acute toxic effects as well as reduce agent efficacy. Potential 
immunoreaction has been seen clinically for viruses of greater 
immunogenicity such as adenovirus. We had previously reported 
that administration of virus in the current cohort did not produce 
a major immune reaction that could be detected either clinically 
or by acute cytokine profile.4 Preclinical data had already demon-
strated that in animals that have preformed cellular and humoral 
immunity against HSV, gene transfer using herpes vectors20,26 and 
effective killing of tumor by oncolytic HSV are still accomplished, 
although a higher dose is necessary.20,26 In the current study, only 
seropositive patients were included. The current data demonstrate 
biologic activity in these patients, and it is likely that these effects 
will be seen in even lower doses in seronegative individuals.

Other oncolytic viruses are being considered for therapy. For 
adenoviruses, doses of 2 × 1013 pfu have been required to produce 
biologic effect.27 In the current study, we have documented bio-
logic effect against a common cancer target at a dose of 3 × 106 
pfu. These data demonstrate oncolytic HSV to be a potentially safe 
therapy at a dose that produces biologic effects. Preclinical data 
had suggested multiple dosing to be much more efficacious.20,28 
Our current data encourage clinical studies of such multiple dos-
ing in humans.

Materials and Methods
Study population and design. This phase I, open-label, dose-escalation 
study investigated the safety, tolerability and antitumor activity of a single 
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Figure 6  Kaplan–Meier survival curve for the 12 study subjects.
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hepatic arterial infusion of NV1020. Forty-eight patients with colorectal 
adenocarcinoma metastatic to the liver and refractory to first-line chemo-
therapy were screened, of which 12 eligible subjects were consented under 
an Institutional Review Board–approved protocol and enrolled for this 
trial. Declaration of Helsinki protocols was followed and patients provided 
written, informed consent. All were >18 years of age, and had unresectable 
liver metastases from histologically confirmed primary colorectal carci-
noma with three or more metastatic lesions involving both lobes. All had 
failed first-line chemotherapy. All were awaiting intrahepatic arterial infu-
sion pump insertion for subsequent regional chemotherapy. All subjects 
had a Karnofsky Performance Score >60%. All were seropositive for circu-
lating HSV-1 antibodies. None had a history or signs of hepatic fibrosis or 
cirrhosis. In addition, no subject had any evidence of active herpes infec-
tion or a history of other malignancies. None was undergoing systemic 
antiviral or steroid therapy.

Viral agent. NV1020 is an oncolytic HSV-1 genetically altered to be rep-
lication competent but highly attenuated and less neurovirulent than its 
wild-type counterpart. The construction of NV1020 has been described 
in detail.19,29–31 This nonselected clonal derivative of R7020 was originally 
produced by Roizman and colleagues in the 1980s.11,32 It has a 15-kb dele-
tion over the joint region of the HSV-1 genome, which encompasses the 
region coding for ICP0, ICP4, latency-associated transcripts and one copy 
of the neurovirulence gene (γ134.5). These deletions greatly attenuate viru-
lence. As NV1020 was originally designed as a vaccine against HSV-1 and 
HSV-2 infection,8 a fragment of HSV-2 DNA from the HindIIIL region 
encoding for several glycoprotein genes was inserted into the deleted 
joint region. NV1020 also has a 700-bp deletion of the endogenous TK 
locus that prevents expression of overlapping transcripts belonging to the 
UL24 gene. An exogenous copy of the HSV-1 TK gene was inserted under 
control of the α4 promoter, providing sensitivity to antiviral drugs such 
as acyclovir. Clinical grade virus stocks were produced by BioReliance 
(Rockville, MD).

Treatment. NV1020 was diluted in normal saline to achieve a 10 ml total 
infusate volume. The 12 patients were grouped in four cohorts of three 
patients each. A single dose of NV1020 was infused into the right hepatic 
artery of each patient via a percutaneous catheter over 10 minutes. The 
cohorts received escalating doses of 3 × 106, 1 × 107, 3 × 107, and 1 × 108 
pfu. No control or comparison group was used.

Three days after infusion, a laparotomy was performed, during which 
an intrahepatic arterial infusion pump was placed to deliver subsequent, 
regional chemotherapy. During surgery, normal liver and tumor were 
biopsied to assess levels of viral infection. Approximately 1 g each of liver 
and tumor was harvested from each side of the liver.

Subjects were observed for toxicity, and given no other tumor-directed 
treatment for a minimum of 28 days after viral infusion. Chemotherapy, 
typically intrahepatic arterial infusion floxuridine and intravenous 
irinotecan (CPT-11), was then administered. The acute toxic effects of 
such a viral infusion have been previously reported.4 Here, we report 
biologic changes noted in this trial and long-term follow-up.

Assessments.
Viral infection in tumor and liver tissue: Assessment was performed at 
an independent laboratory blinded to treatments. Freshly harvested tis-
sues were immediately frozen at −70 °C, then shipped for sectioning and 
immunohistochemical analysis by staining for HSV antigens using poly-
clonal antibodies specific for HSV as previously described.19 Tissues were 
counterstained with hematoxylin and eosin.

To further ascertain persistence of infection and extent of 
dissemination, we performed quantitative PCR analysis on genomic DNA 
extracted from organs and tumor using an ABI Prism 7700 Sequence 
Detector (PE Biosystems, Foster City, CA), as previously described,33,34 
using primers specific for a unique 111-bp fragment of the HSV ICP0 
(immediate early gene).19

Tissue viral cultures were performed at a separate independent 
laboratory (University of Alabama, Birmingham, AL) also blinded to 
treatment doses and conditions. Freshly frozen (−70 °C) tissues were 
transported under sterile conditions. Tissues were homogenized and 
serial dilutions cultured on Vero cells through standard plaque assay.35

Long-term assessment of viral shedding: Long-term assessment of 
viral shedding was done monthly for the first 3 months and then every 3 
months until the 1-year time point after injection with virus. Patients were 
assessed for circulating virus and mucosal shedding of virus. Swabs of oral 
mucous membranes, rectal and vaginal swabs, and blood sampling were 
done both for viral culture and PCR for virus.

CEA levels: CEA levels were measured in serum samples before and 
at serial time points after viral administration by monoclonal antibody–
based immunoassay, a solid phase enzyme-linked immunosorbent assay 
based on the sandwich principle (Ortho Clinical Diagnostics, Rochester, 
NY). A CEA serum level ≥5 ng/ml was considered positive.

Radiologic assessment: Hepatic computed tomography scans were 
obtained at baseline, day 28, and months 2, 3, 6, 9, and 12 after infusion. 
Antitumor activity was assessed with the Response Evaluation Criteria 
in Solid Tumor using sums of largest diameters on serial radiologic 
assessments. Interpretation of radiologic images was performed by an 
independent group blinded to the treatments (Bio-Imaging Technologies, 
Newtown, PA). A 30% decrease was considered a partial response. A 20% 
increase in size was considered progression of disease. Stable disease was 
any disease not considered response or progression.

Clinical follow-up: Subjects were followed at least every 3 months 
until death. No subject was lost to follow-up.

Statistical methods. Comparison of CEA levels was performed by paired 
t-test. P < 0.05 was considered significant. Survival curves were depicted 
using the Kaplan–Meier method.36
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