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Two of the most exciting new areas of 
cancer therapy are the use of oncolytic 

viruses and immune-stimulating monoclo-
nal antibodies. Each approach has shown 
great promise in animal models and some 
successes in early clinical trials, but there 
remain significant barriers to highly effec-
tive therapy. To date, the two technologies 
have been developed independently of each 
other, for the most part. However, in this is-
sue of Molecular Therapy, Yu et al.1 describe 
experiments that combine the strengths of 
both approaches by creating an oncolytic 
vaccinia virus (VV) that has the ability to 
home to tumors where it can replicate and 
induce tumor lysis but also has the ability 
to secrete a bispecific T-cell engager (BiTE) 
that can bind T cells to tumor cells and ad-
ditionally induce immune-mediated tumor 
cell destruction (Figure 1).

Oncolytic viruses, which are capable of 
selective or preferential replication within 
tumor cells, have been studied intensively 
over the past 15 years.2 A large variety of 
such viruses have been studied in both 
the preclinical and clinical settings. Both 
naturally occurring viruses with intrinsic 
tumor selectivity (such as reovirus, vesicu-
lar stomatitis virus, and Newcastle disease 
virus) and viruses genetically engineered 
to enhance tumor specificity (such as 

adenovirus, herpes simplex virus, measles 
virus, polio virus, and VV) are being de-
veloped.3 One of the most promising ap-
proaches has been the use of oncolytic 
VVs,4 as this viral backbone is capable of 
rapid replication and spread that leads to 
profound localized tissue damage, and it 
has evolved to disseminate through the 
bloodstream and to induce a targeted im-
mune response. Its safety was demon-
strated during the smallpox-eradication 
program, and strains highly selective for 
tumor replication have been reported.5,6 
This viral backbone is the area of focus of 
the paper by Yu et al.1

An important determinant in the suc-
cess of any oncolytic virus is its interaction 
with the immune system. Not unexpected-
ly, injection of a virus induces strong innate 
and acquired immune responses with the 
goal of eradicating the virus. This immuno-
logically mediated destruction of the virus 
and virally infected cells limits the ability 
of the virus to persist and spread, thus re-
stricting its oncolytic potential and antitu-
mor efficacy. It is therefore not surprising 
that the immune system was initially seen 
as a barrier that needed to be overcome 
in oncolytic viral therapy. However, it has 
more recently become clear that the rela-
tionship of the immune system to oncolytic 
virus therapy is far more complex.7 The key 
observation was that destruction of tumor 
cells in a highly immunogenic environment 
saturated with high levels of exogenous (vi-
ral) and endogenous danger signals was an 
ideal environment in which to generate and 
attract polyclonal antitumor CD8+ T cells. 
Further experimentation has confirmed 
that this induction of antitumor immune 
responses is important, and in some cases 
is the most important mechanism by which 
oncolytic viruses eliminate tumors.8

Finding the optimal balance between 
induction of antitumor immune responses 
and minimal inhibition of antiviral re-
sponses has thus become a goal of the field. 
Some of the most promising results in this 
area have come from studies using modi-
fied VVs.4 VV has been extensively used 
in immunotherapy studies. It has a large 
cloning capacity for cytokine or antigen 
expression, a long track record of safety 
when used as a vaccine, and a well-defined 
immune response. As such, a variety of 
transgenes designed to enhance the anti-
tumor immune response induced by on-
colytic VV have been examined. The most 
successful approach to date has been inser-
tion of the gene encoding the immune-ac-
tivating cytokine granulocyte–macrophage 
colony-stimulating factor (GM-CSF).9 Se-
cretion of GM-CSF by tumor cells has long 
been known to reduce tumor formation in 
mice,10 probably through its ability to at-
tract and activate dendritic cells. Genetic 
incorporation of GM-CSF into irradiated 
tumor cells has been used in the vaccine 
setting and is being tested in clinical trials 
with some success.11 With the same ratio-
nale, the GM-CSF gene was engineered 
into a modified VV and developed as an 
oncolytic agent (JX-594).9 JX-594 has 
moved to clinical trials, where it has shown 
potential in hepatocellular carcinomas12 
and is now in phase III clinical testing. 
Other immune-activating cytokines and 
chemokines—including interferon-b (refs. 
6, 8) and CCL5 (ref. 13)—have also been 
introduced into VVs and have shown en-
hanced efficacy in preclinical models.

However, because mediators such as 
GM-CSF, IFN-b, and CCL5 are generalized 
activators of the immune system and have 
relatively little direct antitumor effect, they 
have at least three potential limitations. 
First, their efficacy is dependent on the de-
velopment or enhancement of endogenous 
antitumor responses (which may be absent 
or compromised in many tumor patients). 
Second, the inflammation they produce 
may enhance viral clearance. Third, these 
activators may potentially trigger protu-
mor immune effects (e.g., GM-CSF has 
been shown to induce the production of 
myeloid-derived suppressor cells). It would 
therefore be an advance if a VV cargo 
could be developed that would specifically 
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induce antitumor immune responses with-
out stimulating innate or acquired antiviral 
immune responses.

It is in this context that Yu et al.1 report 
experiments describing a VV designed 
to secrete a BiTE antibody (summarized 
in Figure 1). BiTEs consist of a tumor-
targeting single-chain variable antibody 
fragment (scFv) translated in tandem 
with another scFv directed against the 
T-cell activation ligand, CD3 (ref. 14). These 
bispecific antibodies bind to both tumor-
specific epitopes and the T-cell receptor 
(TCR) on nearby lymphocytes. Crosslink-
ing of the TCR initiates an immunological 
synapse and triggers T-cell activation with 
subsequent release of proteases and cyto-
kines that kill tumor cells. The T cells do not 
need to be preactivated, costimulation does 
not appear to be necessary, and serial lysis 
by engaged T cells has been observed. They 
are thus extremely potent, with in vitro 
activity in the picomolar range. BiTEs 
directed against CD19 (to target B-cell ma-
lignancies) have shown success in clinical 
trials.15 Other targets on tumor cells being 
explored include EpCAM, EGFRvIII, and 
EphA2 (refs. 14, 16). Despite great promise, 
however, there are still significant challeng-
es in the administration of BiTes, including 
(i) the need for continuous intravenous 
administration by infusion pumps, (ii) dif-
ficulties in the manufacturing of these bio-
logical agents from mammalian producer 
cells, and (iii) troublesome systemic side 
effects (e.g., flulike symptoms and some 
worrisome central nervous system effects).

Yu et al.1 hypothesized that an oncolytic 
VV encoding a BiTE targeting the tumor 
surface antigen EphA2 would result 
in enhanced antitumor efficacy due to 
oncolysis plus bystander immune killing. 
They therefore generated a double-deleted 
VV (lacking the TK and VGF genes) 
expressing an EphA2-CD3 BiTE or control 
green fluorescent protein (GFP) by cloning 
these genes into the TK gene locus under 
the control of the F17R late promoter to 
allow sufficient viral replication before T-
cell activation. Their tumor target was the 
human A549 lung cancer cell line, which 
expresses EphA2. They found that the BiTE 
did not interfere with either viral replication 
or the ability of the virus to induce A549 
tumor cell lysis with no T cells present. 
Supernatant from the VV-BiTE–infected 
cells, but not VV-GFP–infected cells, was 

able to activate the T cells and induce T 
cell–mediated killing of uninfected A549 
cells. Importantly, A549 lung cancer cells 
infected with the VV-BiTE in the pres-
ence of human T cells were killed more ef-
ficiently than A549 cells infected with the 
VV-GFP virus, establishing the bystander 
effect. Finally, the effect of the VV-BiTE 
virus was studied in two animal models. 
First, A549 cells were mixed with hu-
man peripheral blood mononuclear cells 
(PBMCs) and injected into the flanks of 
immunodeficient mice. Second, A549 cells 
were injected intravenously (to form lung 
tumors). Seven days later, the mice were 
injected intravenously with PBMCs alone, 
VVs alone, or an admixture of PBMCs 
with VVs. In both cases, systemic admin-
istration of VV-BiTEs, but not VV-GFP, 
resulted in significantly increased survival 
compared with controls.

There are some limitations to this study. 
The authors studied only one BiTE target 
and one tumor cell target. Also, the animal 
models used were artificial in that PBMCs 
were coinjected with either the tumor 
cells or the virus. A more realistic model 
would require VV-BiTE treatment in mice 
in which the tumors are infiltrated with 
human T cells. It is also not clear how effec-
tively BiTEs will activate tumor-infiltrating 
lymphocytes that show profound hypofunc-
tion and proximal defects in their TCR sig-
naling machinery.17

However, even given these limitations, 
the findings by Yu et al.1 show the promise 
of combining two promising and previously 
separate new forms of anticancer therapy. 
By using the VV as a “carrier” and localized 
expression factory, it should be possible to 
overcome some of the limitations of system
ically injected BiTEs by ensuring very high 
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Figure 1  Mechanism of action of a vaccinia vector vs. a vaccinia-BiTE vector. (a–c) 
Vaccinia vector. (a) After viral infection of tumor cell 1, the viral DNA directs production of new 
virus. (b) New virus that is produced and released can infect some of the neighboring tumor cells 
(cell 3). (c) The originally infected tumor cell (cell 1) is killed through viral oncolysis. Cell 3 is now 
infected and will undergo the same cycle of viral release and death with some neighbor cell killing 
until the process is extinguished by the immune system. The uninfected tumor cell 2 is not dam-
aged. (d–f) Vaccinia virus encoding a bispecific T-cell engager (BiTE). (d) After viral infection of 
tumor cell 1 the viral DNA directs production of new virus plus production of BiTEs. (e) New virus 
produced and released can infect some of the neighboring tumor cells (cell 3). Soluble BiTEs are 
also released that can link the EphA2 surface receptor to T cells on cell 2. (f) The originally infected 
tumor cell (cell 1) is killed through viral oncolysis. Cell 3 is now infected and will undergo the same 
cycle of viral release and death with some neighbor cell killing until the process is extinguished by 
the immune system. In this case, however, the uninfected tumor cell 2 is now killed by T cell–medi-
ated lysis. A bystander effect is thus created, amplifying the effects of the VV used alone.
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results of a phase II trial in which patients 
with advanced EBV+ NPC underwent a 
regimen that combined standard chemo-
therapy with T-cell immunotherapy using 
a schedule of four cycles of gemcitabine 
and carboplatin followed by up to six doses 
of EBV-specific T cells.5 This combination 
therapy resulted in an encouraging re-
sponse rate of 71.4% with 3 complete and 
22 partial responses. Moreover, the medi-
an overall survival of 29.9 months and the 
2- and 3-year overall survival rates at 62.9 
and 37.1%, respectively, were significantly 
higher than those observed in historical 
controls receiving chemotherapy alone 
(11–22 months). This article suggests that 
the combination of chemotherapy with 
immunotherapy may improve response 
rates in patients with advanced NPC and 
sets the stage for a randomized trial.

Many head and neck cancers are as-
sociated with viruses, and more than 95% 
of cases of NPC express a limited array of 
EBV antigens, including EBNA1, BARF1, 
LMP1, and LMP2 (refs. 6, 7), making im-
munotherapy approaches targeting EBV 
an attractive therapeutic option. Several 
groups have shown that administration 
of EBV-specific T cells to patients with 
NPC is safe and has antitumor activity. 
Comoli et al. treated 10 patients with 
progressive NPC after conventional 
therapy, using autologous EBV-specific T 
cells generated using EBV-infected lym-
phoblastoid cell lines (LCLs) as antigen-
presenting cells to stimulate a polyclonal 
response to latent EBV antigens. The in-
vestigators observed partial responses in 
two patients and stable disease in four.8 
Our group has given LCL-activated EBV-
specific T cells to patients with NPC and 
observed 10 responses in 15 patients 
treated with active disease (5 complete 
responses, 2 partial responses, and 3 
with stable disease).9,10 An additional 8 

An optimal cancer therapeutic would 
secure effective disease control with 

only minimal adverse effects so that tumor 
destruction is not achieved at the cost of 
the patient’s quality of life. Chemotherapy 
with small-molecule drugs remains the 
standard treatment for most cancers, but, 
despite their ready availability and rapid 
action of onset, most of these agents also 
cause both short- and long-term toxicity. 
Conversely, immunotherapy using tumor-
directed T cells has shown promise in some 
malignancies without long-term toxicity, 
but broader application has been limited 
by the time taken to manufacture the T-
cell products and the complexity of the 
process.1–4 In the long term, the optimal 
approach might be to combine emerging 
immunotherapy approaches with targeted 
small molecules, exploiting the lack of 
cross-resistance and the potential for syn-
ergy. In this issue of Molecular Therapy, 
Chia et al. take the first steps toward evalu-
ating such combination approaches.5

Nasopharyngeal cancer (NPC), one 
of the most common malignancies in 
many parts of Southeast Asia and south-
ern China, is almost always associated 
with the presence of Epstein–Barr virus 
(EBV) antigens in the tumor cells. Al-
though localized primary disease is often 
successfully treated by a combination of 
drugs and radiation therapy, advanced or 
recurrent malignancy is rarely cured, and 
toxicity from the therapy is often severe 
and prolonged. Chia et al. now report the 

local concentrations, which should mini-
mize systemic side effects and may enhance 
efficacy. On the other hand, because the 
BiTEs should induce only minimal anti-
viral effects (perhaps due to local cytokine 
production), the oncolytic effects of the VV 
should be undiminished and perhaps al-
low persistence. Further exploration of the 
merger of these two new promising antitu-
mor technologies seems warranted.
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