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Safety notwithstanding, the immune system,
as a sworn enemy of all things viral, has been
seen as the enemy of oncolytic viruses (OVs).
However, in this issue ofMolecular Therapy,
Ricca et al.1 challenge this doctrine. Not
only do they show that oncolytic virother-
apy with Newcastle Disease Virus (NDV)
requires the immune system for efficacy,
but they also show that actively ramping
up anti-viral immunity before treatment
enhances therapy.

The earliest gospels of oncolytic viro-
therapy envisioned an immaculately created,
perfectly tumor-adapted virus that was engi-
neered to replicate freely through the trans-
formed cell population, which falls on its
own sword and dies out rapidly in surround-
ing normal cells.2–4 When a virus infects a
group of cells (tumor or not), the immune
system swings into action to shut down virus
replication and spread. From an oncolytic-
centric viewpoint, these responses—when
directed at an OV in a tumor—represent
“the dark side,” reeking retribution upon
creation.

However, seditious reports emerged from
testing OVs in fully immune-competent
animal models. In some cases, anti-tumor
therapy depended upon (rather than was
destroyed by) host immune effector cells.5–8

More subversive still, anti-tumor therapy
did not always necessarily correlate with
levels of viral replication.5,9,10 These findings
opened a schism between the oncolytic-
centric “replication and lysis is everything”
church and a new, breakaway immune-
centric sect.11,12 Immune-centrics preached
that OVs may work more as indirect facil-
itators of immune-based killing (immu-
nological adjuvants) than as direct killers
(oncolysis). This was blasphemy. In its
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most extreme form, it suggested that OV
therapy might be no different from injecting
an immune-provoking, Toll-like receptor
agonist, such as lipopolysaccharide (LPS) or
CpG, to trigger an innate and adaptive im-
mune response.13 Was oncolytic virotherapy
simply a re-incarnation of Coley’s toxin?
Such a creed was highly unpalatable because
it argued against the need for “creation-
ism”—generation of beautifully sculpted
viruses engineered for tumor-specific infec-
tion, replication, and killing.

The schism between the oncolytic-centrics
and immune-centrics has been healing. The
more viral replication there is in a tumor,
the greater the levels of immune stimula-
tion to light the immunotherapeutic fire.12

Similarly, OVs represent a “living ther-
apy”—just a few viral particles should amplify
the therapeutic signal through replication.
A virus-hostile immune system threatens
this therapeutic amplification. However, a
self-amplifying, anti-tumor innate, adaptive,
and memory immune response, triggered by
an OV, is also a living therapy. This keeps
both sides happy and opens the way for the
rational combination of OV with immune
checkpoint inhibitors, which are all the rage
at the moment.5,14

OVs will be superior to small molecules and
drugs like Coley’s toxin because they can,
in principle, circulate and target and infect
metastatic disease and then amplify.2,3 How-
ever, pre-existing anti-viral immunity (B/T
cell) remains the “evil guardian” that has to
be defeated to reach this Holy Grail.15,16

Thus, pre-existing immunity to the OV
raises neutralizing antibody (NAb), which
renders systemically delivered virus dead
on arrival and prevents spread through the
tumor. It also generates anti-viral memory
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T cells, which rapidly re-activate upon virus
injection to quell viral infection. Doctrinally,
no good could possibly come from pre-exist-
ing anti-viral immunity. Or could it?

In this issue, Ricca et al.1 do their level best to
reopen the schism between the oncolytic-
and immune-centrics. In the first instance,
they re-capitulate their previous findings
that intra-tumoral injection of Newcastle
Disease Virus (NDV) leads to effective
anti-tumor treatment, which is both depen-
dent upon host immune effectors and occurs
despite low levels of virus replication in tu-
mors, showing their immune-centric colors
that oncolytic virotherapy with NDV is actu-
ally oncolytic immunovirotherapy.5 They go
on to show that, in mice with pre-existing
anti-NDV immunity, viral replication in tu-
mors is further reduced compared to levels
in mice that are NDV-naive. This is as
expected—NAbs, and anti-viral T cells, are,
after all, virus killers. However, the real
shocker is that mice pre-vaccinated with
NDV have significantly better anti-tumor
therapy following intra-tumoral injection
than mice with no pre-existing anti-viral
immunity. This is not just extreme im-
mune-centrism; this is outright heresy.

Using immune depletions, they show that
several immune subsets combine to lead a
concerted attack against the virus in injected
tumors. However, the presence of pre-
primed, rapid anti-viral responders (princi-
pally CD8+ T cells, with help from natural
killer [NK] cells) actually enhanced NDV
oncolytic immunovirotherapy.

So how could this be working? An attrac-
tive working model is that, in virus-naive
mice, therapy of injected tumors is mediated
through innate anti-viral immune effectors
(cytotoxic cells, cytokines) activated by virus
in the tumors (Figure 1). Furthermore, tu-
mor lysis primes anti-NDV CD4 and CD8
T cells, which track back to the site of viral
herapy.
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Figure 1. NDV Oncolytic Viroimmunotherapy in a Virus-Naive Host
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protein expression (the tumor) to kill resid-
ual virus-expressing cells (Figure 1). A sec-
ond T cell response involves the breaking
of tolerance to self-tumor-associated anti-
gens (TAAs) or the generation of de novo
anti-tumor T cells targeted against neo-epi-
topes, against which the mice would not be
tolerized (Figure 1). Both processes are facil-
itated by highly inflammatory signals pro-
Figure 2. NDV Oncolytic Viroimmunotherapy Enhanc
vided by the virus acting as a potent immune
adjuvant at the tumor and in the lymph no-
des, with the anti-viral T cell response greatly
outpacing the anti-tumor T cell response
qualitatively and quantitatively (Figure 1).

In the case of the pre-immunized mice, these
anti-tumor immunotherapies are signifi-
cantly enhanced because these same mecha-
ed in a Virus Pre-immune Host

Mole
nisms would be augmented by a rapid influx
of pre-primed anti-viral CD8, and maybe
CD4, cells. These effectors recognize viral
immunogens presented by tumor and stro-
mal cells, adding to the general mayhem
of intra-tumoral inflammation, resulting in
better local therapy (Figure 2). In this
respect, the authors point out clinical
administration of the US Food and Drug
cular Therapy Vol. 26 No 4 April 2018 943
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Figure 3. Local Intra-tumoral NDV Oncolytic Viroimmunotherapy in a Virus-Naive Host Is Effective against Distant Tumors
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Administration (FDA)-approved oncolytic
T-Vec virus proceeded via initial virus
priming for safety to prevent virus spread
in virus-naive patients.17 Perhaps, given the
new heresy, this regimen may have contrib-
uted to the therapy. Thus, once the virus
was administered intra-tumorally it would
self-boost the pre-existing anti-viral T cell
response induced by vaccination and focus
that T cell response upon the tumor as a
site of virus infection.

The authors addressed the relative roles
of the anti-viral and anti-tumor T cell re-
sponses using mice bearing bilateral tumors.
Intra-tumoral injection of one tumor led to
regressions of both (Figure 3). Significantly,
abscopal therapy was also improved in pre-
immunized mice over virus-naive mice,
dependent upon CD8+ effectors (Figure 4).
If clearance of the un-injected tumors de-
pended upon anti-viral responses (cells and
NAbs), virus injected into one tumor must
have trafficked via the circulation to the
distant un-injected tumor to attract anti-
viral effectors, leading to abscopal regres-
sions (Figure 3). However, the investigators
were unable to detect viral leakage between
tumors, suggesting priming of anti-tumor
T cell responses (Figure 3). Indeed, it may
944 Molecular Therapy Vol. 26 No 4 April 201
be that tolerance against self-TAA can be
more readily broken in mice in which im-
muno-dominant anti-viral T cell responses
have already been primed, thereby reducing
competition for the de novo priming of im-
mune-subdominant anti-TAA T cells (Fig-
ure 2).18 Consistent with such a model, the
authors showed that virus-immune mice
contained more tumor-reactive T cells than
their non-immune counterparts.

These results should be interpreted
cautiously. It is attractive for the immune-
centrics that oncolysis and immune-medi-
ated tumor killing primes T cell responses
against TAA. However, the immune system
is complex. For example, concomitant tumor
immunity and resistance describes how seed-
ing one tumor can lead to immune inflam-
mation and perturbations, which make
rejection of a second tumor more probable,
without invoking breaking of tolerance to
TAA.19 In addition, intense inflammation
at one tumor (by intratumoral [ i.t.] virus)
can activate innate immune cells and cyto-
kine storms, which can circulate and attack
a second tumor without involvement of a
TAA-specific T cell response (Figures 3
and 4). Showing that and how oncolysis rai-
ses effective, adaptive TAA-specific T cell
8

responses over and above concomitant
anti-viral responses will be important to un-
derstand how OVs can be best combined
with immune stimulators, such as immune
checkpoint blockade.5,14

Enhancement of therapy in pre-immu-
nized mice may also derive from anti-viral
antibody dependent cellular cytotoxicity
(ADCC) through antibody binding to virus
antigens expressed in the injected tumors
(Figure 2). However, the lack of detectable
virus in the distant tumors argues that the
abscopal effects are not ADCC-mediated
in the same way. In this respect, we have
shown that antibody-(reo)virus complexes
can hitchhike onto immune cells, which,
when activated by granulocyte-macro-
phage colony-stimulating factor (GM-CSF),
hand the virus off into tumors to trigger
therapy in pre-immune mice.20,21 As heresy
goes, this is right up there, suggesting
that not all anti-viral antibodies are
necessarily catastrophic for OVs. Similarly,
there are other reports in the scriptures
in which pre-existing viral immunity has
enhanced virus delivery and infection, sup-
porting apparently heretical roles for the
immune system in potentiating oncolytic
viroimmunotherapy.22–27
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Figure 4. Local Intra-tumoral NDV Oncolytic Viroimmunotherapy in a Virus Immunized Host Is Enhanced against Distant Tumors
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How one OV fights, or exploits, the immune
systemmay be different from another. None-
theless, the original gospel of oncolytic viro-
therapy has evolved to embrace, rather than
villify, the immune system.28 The oncolytic-
and immune-centrics mutually acknowledge
that robust, tumor-targeted viral replication
serves as an excellent immune adjuvant to
prime innate, and adaptive, tumor killing.
The new, improved doctrine of viroimmu-
notherapy sits well with most of us, whether
we secretly remain closet oncolytic-centrics
or immune-centrics. The results of Ricca
et al.,1 and others, show that there are still
mysteries to be uncovered in the field of vi-
roimmunotherapy and that today’s heresy
can sometimes be tomorrow’s new gospel.
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