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Chimeric antigen receptor (CAR) T cell therapy has revolutionized the treatment of hematological malignancies, but solid
tumors continue to pose significant challenges. Oncolytic viruses (OVs) have generated significant excitement in the field of
cancer treatment recently. In particular, OVs can help CAR T cells overcome some of the immunosuppressive mechanisms
within the tumor microenvironment through OV intrinsic effects or delivery of immunostimulatory agents. Numerous
preclinical studies demonstrate that combining CAR T cells with OVs can increase CAR T cell trafficking, antitumor
activity, and elimination of antigen-negative tumor cells. Despite promising preclinical results, only one clinical trial
(NCT03740256) investigating CAR T and OV combination therapy is underway, highlighting the challenges of translating
this approach to the clinic. Antiviral immunity and the route of OV administration, in addition to concerns about cost and
safety, limit the clinical application of this approach. Strategies to reduce the production cost of both CAR T cells and OVs,
as well as molecularly modifying OVs to enhance their bioavailability, will likely encourage further exploration of this
combination therapy in clinical trials.
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INTRODUCTION
CHIMERIC ANTIGEN RECEPTOR (CAR) T cells have demon-

strated impressive successes in hematological malignancies.1

The current ‘‘gold standard’’ in the field is the CD19-specific

CAR, and in pediatric B cell acute lymphoblastic leukemia,

CD19-specific CAR T therapy resulted in between 70%

and 90% complete response.1,2 While CD19 CAR T

therapy has produced excellent response rates, between

30% and 50% of patients relapse one year after treatment.3

Two broad categories to disease relapse exist: antigen-

positive and antigen-negative relapse. Antigen-positive re-

lapse, where the target antigen remains on the tumor cell

surface, is believed to occur as a result of limited CAR

T persistence and CAR T cell dysfunction/exhaustion.3,4

Alternatively, antigen-negative relapse occurs when tumor

cells either lose expression of the target antigen (e.g., CD19)

or modify the antigen such that the CAR T cells no longer

recognize it, and this can occur through a variety of mech-

anisms (see Shah and Fry3 and Xu et al.4 for more details).

Numerous avenues are being pursued to counter both

antigen-positive and antigen-negative relapse, such as

enhancing CAR T persistence in vivo, targeting multiple

antigens, and optimizing costimulatory domains.5 Thus,

improving CAR T therapy for hematological malignancies

remains essential to achieve better clinical outcomes.

Despite the overall success in targeting hematological

malignancies, CAR T therapy continues to struggle in the

context of solid tumors. Various factors within the tumor

microenvironment (TME) dampen T cell function (Fig. 1A).6

Tumor cells are known to upregulate programmed death

ligand-1 (PD-L1), which negatively regulates T cell function,

and tumor cells also induce tumor-associated macrophages

to polarize toward an immunosuppressive phenotype, further

impeding T cell function through a variety of surface receptors

(e.g., cytotoxic T lymphocyte-associated antigen 4 [CTLA-4])

and cytokines (e.g., transforming growth factor-b [TGF-b]).

In addition, tumors recruit myeloid-derived suppressor

cells to the TME where they block T cell infiltration and

metabolically inhibit T cells. Chronic antigen exposure in

the TME promotes regulatory T cell (Treg) differentiation,

and these Tregs contribute to the immunosuppressive en-

vironment by secreting interleukin (IL)-10 and TGF-b,
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metabolically disrupting conventional T cells, and lysing

effector T cells.7 The TME also induces an immunosup-

pressive phenotype, characterized by upregulation of PD-L1

and indoleamine 2,3 dioxygenase (IDO), which hampers

the immune response.6

Furthermore, the TME excludes T cells by disrupting

T cell extravasation and trapping T cells within a dense

stromal network.8 Overcoming these physical and molecular

mechanisms of immunosuppression would likely improve

the efficacy of CAR T cell therapy in solid tumors.

Figure 1. Opportunities for synergy between OVs and CAR T cells. (A) CAR T cells recognize antigen-expressing tumor cells, but immune checkpoints (e.g.,
PD-1), immunosuppressive cytokines (e.g., IL-10 and TGF-b), and inhibitory metabolites (e.g., adenosine and arginine) impair CAR T cell function. Furthermore,
antigen-negative tumor cells are not killed by CAR T cells. (B) OV particles infect tumor cells leading to tumor cell lysis and the release of DAMPs, as well as
OV virions that infect more tumor cells. DAMPs promote DC activation, maturation, and priming of a polyclonal host T cell response. DCs then release
proinflammatory cytokines (e.g., TNF-a) that support CAR T cell function. (C) Armed OVs cause tumor cells to release immunostimulatory agents like BiTEs,
ICIs, chemokines (e.g., CXCL11), and proinflammatory cytokines (e.g., IL-15). BiTEs redirect endogenous T cells against a different antigen than the CAR,
countering antigen escape. ICIs and proinflammatory cytokines promote CAR T cell function. Chemokines and cytokines augment CAR T cell infiltration of the
tumor. BiTE, bispecific T cell engager; CAR, chimeric antigen receptor; DAMP, damage-associated molecular pattern; DC, dendritic cell; ICI, immune
checkpoint inhibitor; IL, interleukin; OV, oncolytic virus; PD-L1, programmed death ligand-1; TNF-a, tumor necrosis factor-a.
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For both hematological and solid malignancies, addi-

tional modifications to the T cells are being tested to

enhance CAR T function. Further engineering of CAR T

cells, such as expression of cytokines or costimulatory li-

gands, has been developed to engage other immune cells

(e.g., IL-12 engaging macrophages) or improve persistence/

function of the CAR T cells themselves (e.g., IL-15).9–11

Investigators have also genetically modified CAR T cells to

produce single-chain variable fragments (scFvs) that block

signaling through the PD-1/PD-L1 axis, and this strategy

improved survival compared to CAR T therapy alone.12

However, incorporation of additional transgenes into the

CAR construct increases the amount of genetic material to

be transferred, which limits the transduction efficiency of

both lentiviral13 and retroviral vectors,14 as well as elec-

trotransfer efficiency.15 Therefore, providing help to CAR

T cells using other biological agents is extremely appealing.

Oncolytic viruses (OVs) are viruses that selectively in-

fect and replicate in cancerous tissue, while sparing normal

tissue,16,17 and numerous clinical trials involving OVs are

currently underway.18 Strategies to design a tumor-specific

OV are reviewed in references 17, 19, and 20.17,19,20

Briefly, defective innate antiviral pathways within tu-

mor cells, such as an inhibited interferon (IFN) response,

allow attenuated viruses to replicate in tumor tissue. Al-

ternatively, viral genes can be placed under tumor-

specific promoters, like the human telomerase reverse

transcriptase promoter, to prevent viral gene transcription

in normal cells. A more targeted approach to specify viral

tropism is adding tissue-specific microRNA to the viral

genome that silences viral genes in tissues that experience

OV-related toxicity, preventing off-tumor side effects.21

OVs exert their antitumor effects by directly lysing

tumor cells and stimulating the immune response within

the TME.22 OV-mediated tumor cell lysis results in the

release of tumor-associated antigens (TAAs), pathogen-

associated molecular patterns, and damage-associated

molecular patterns (DAMPs) into the TME, which aug-

ments immune cell recruitment and activation.23,24 OVs

also induce production of type-I IFNs, tumor necrosis

factor-a (TNF-a), and other cytokines to promote DC

maturation, which results in the activation and recruitment of

CD8+ T cells.25,26 These proinflammatory molecules re-

invigorate the local immune response and provide activation

signals for both innate and adaptive immune cells, which

aids in clearing tumor cells (Fig. 1B).22

Of note, OVs can also induce an immune response against

viral epitopes, which limits OV intratumoral spread, although

antiviral immunity has been observed to enhance the anti-

tumor effect of OV treatment.27 It remains unclear to what

extent anti-OV immunity aids the antitumor response and

how this should be balanced with the reduction in OV spread.

In addition to OV intrinsic effects, numerous groups

have engineered OVs with transgenes designed to help T

cells overcome the immunosuppressive TME (Fig. 1C).20

The immune-stimulatory properties of OVs, and the po-

tential to arm OVs with therapeutic transgenes, make them

excellent partners to boost CAR T cells in vivo. Herein, we

summarize current OVs in clinical trials, and discuss how

OVs partner with CAR T cells in preclinical models to

improve tumor control. In addition, we highlight promis-

ing combinations that remain unexplored and discuss

translational challenges facing OV and CAR T combina-

tion therapy.

Clinical outcomes of OV monotherapy
The use of OVs arose from case studies in the early

20th century suggesting that influenza infection could

provide beneficial effects to leukemia patients.28 Some

OVs tested before the advent of genetic engineering

exhibited antitumor effects, although they were often

weak or transient.28 However, the vast majority of OVs

currently in clinical trials are genetically altered to en-

hance their tumor-specific tropism. An oncolytic herpes

simplex virus type 1 (oHSV-1) derivative was the first

OV to obtain FDA approval for treatment of melano-

ma.29 The oHSV-1 was generated by deleting neuro-

virulence genes to prevent pathogenicity, and deletion of

the viral-infected cell protein 47 (ICP47) provides tumor

specificity, as ICP47 normally interferes with antigen

loading and presentation.30

While numerous clinical trials demonstrated the safety

of native oHSV-1, it did not meaningfully improve pa-

tient outcomes.31 However, ‘‘arming’’ the oHSV-1 with

the granulocyte-macrophage colony-stimulating factor

(GM-CSF) gene to create talimogene laherparepvec

(TVEC) was key to achieving clinical efficacy against

melanoma.30 GM-CSF enhances T cell activation and the

maturation of dendritic cells,32 and tumor cells infected

with TVEC release GM-CSF into the TME after viral lysis,

significantly improving patient outcomes.33,34 Mono-

therapies with other OVs follow a similar story—as native

viruses, they exhibit limited efficacy in vivo, but arming

them with immunostimulatory transgenes enhances their

antitumor effects.20,35

An extensive review of OV therapy can be found in Ref.

22. To briefly summarize, there are several important

lessons from OV monotherapy. One major limitation of

OV therapy is limited intratumoral spread due to antiviral

immunity. The mode of OV delivery and modifications to

the OV can delay clearance of the OV, but clinical

studies suggest that antiviral immunity is intimately

related to antitumor immunity, requiring a balance of

these two immune responses to be achieved.18 Another

key finding is that even though OVs directly lyse tumor

cells, various studies have demonstrated that T cells

play an essential role in the antitumor effect of OVs.36

Furthermore, OVs increase CD8+ T cell infiltration

to the tumor, which can render tumors more susceptible

to T cell-mediated immunotherapies.37
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Thus, despite limited success as monotherapies, OVs

have the potential to synergize with other immunotherapies,

like adoptive cellular therapy and immune checkpoint in-

hibitors (ICIs).38,39

CAR T AND ARMED OV COMBINATION
THERAPY
Enhancing activation and trafficking
to solid tumors

Many solid tumors interfere with immune cell infiltra-

tion by impairing adhesion molecule expression on en-

dothelium, reducing chemokine production, and secreting

extracellular matrix (ECM) components to physically

exclude T cells from reaching tumor cells.8

Our group was one of the first to describe an armed OV

used in combination with CAR T therapy (Table 1).40 We

loaded genes for RANTES, a chemokine that promotes

effector and memory T cell migration, and IL-15, which

has been shown to enhance CAR T cell activity, into an

oncolytic adenovirus (Ad5D24). We showed that, in a

neuroblastoma xenograft model, local treatment with

armed OV combined with systemic infusion of GD2-

specific CAR T cells led to improved tumor control due to

production of both RANTES and IL-15, which enhanced

CAR T cell trafficking to the tumor and persistence of these

cells within the TME.

A similar approach used a vaccinia OV armed with

another chemokine, CXCL11, combined with mesothelin-

specific CAR T cells.41 CXCL11 is another chemokine

that attracts effector T cells through interaction with

CXCR3, which is known to be highly expressed by ef-

fector T cells.41 Thus, enrichment of chemokines matched

with receptors expressed on effector T cells promotes

CAR T cell recruitment to the tumor, resulting in im-

proved tumor control.

An adenovirus armed with TNF-a and IL-2 combined

with mesothelin-specific CAR T cells also demonstrated

improved tumor control in a pancreatic ductal adenocarci-

noma model.42 While both TNF-a and IL-2 do not directly

attract T cells, they are known to induce production of che-

mokines, and in their model, the authors reported increased

intratumoral CXCL10 and macrophage chemoattractant

protein-1, both of which function as chemoattractants for

effector T cells.42 Overall, these results reveal that, even in

the context of immunosuppressive solid tumors, OVs armed

with proinflammatory cytokines and chemokines can sup-

port CAR T cell infiltration and activation.

Countering immunosuppressive
signals within the TME

Numerous molecular inhibitory pathways within the

TME negatively regulate T cell function, including immune

checkpoint receptor signaling (e.g., PD-1) from various cells

within the TME.6

The remarkable clinical activity of ICIs in reinvigorat-

ing T cells within the TME prompted the development of

OVs armed with ICIs, with the goal of delivering ICIs more

selectively to the TME and thus avoiding toxicities asso-

ciated with their systemic delivery. Many solid tumors

express PD-L1,6 and IFN-c produced by activated CAR T

cells further promotes PD-L1 expression.43 Treatment

with oncolytic adenovirus armed with a PD-L1 mini-

antibody (HDPDL1) combined with human epidermal

growth factor receptor-2 (HER2)-specific CAR T cells

resulted in enhanced antitumor efficacy in a prostate

cancer model, and delivery of the ICI through the OV

vector was superior to systemic administration of the

ICI.43 Thus, OVs armed with ICIs can enhance CAR T

cell function by intratumorally blocking the PD-1/

PD-L1 inhibitory pathway.

Preventing antigen-negative relapse
Treatment with CAR T cells, like other antigen-specific

therapies, promotes tumor immunoediting, leading to the

emergence of antigen-negative tumor cells.3,4 Furthermore,

in solid tumors, antigen escape is prompted by the high

heterogeneity of tumor cell composition. OVs directly lys-

Table 1. Summary of preclinical studies combining oncolytic viruses with chimeric antigen receptor T cell treatment

Viral Species Transgene Products Malignancy (Cell Line) CAR Antigen Refs.

Adenovirus IL-15, RANTESa Neuroblastoma (CHLA-255) GD2 40

Vaccinia CXCL11 Lung cancer (TC1-meso) Mesothelin 41

Adenovirus IL-2, TNF-a PDA (AsPC-1) PDA 42

Adenovirus PD-L1 ICI Prostate cancer (PC-3, SiHa) HER2 43

Adenovirus EGFR-BiTE Colon (HCT116), pancreatic (Panc-1) Folate-receptor-a 44

Adenovirus IL-12, PD-L1 ICI HNSCC (FaDu, SCC-47) HER2 48

VSV, Vaccinia None Murine breast cancer (D2F2) HER2 49

Vaccinia CD19 Murine melanoma (B16) CD19 51

Vaccinia CD19 Breast cancer (MDA-MB-468), murine colon cancer (MC38) CD19 52

Adenovirus CD44-BiTE, IL-12, PD-L1 ICI HNSCC (FaDu) HER2 58

VSV IFN-b Murine melanoma (B16-EGFRvIII) EGFRvIII 59

aAlternative name for CCL5.
BiTE, bispecific T cell engager; CAR, chimeric antigen receptor; CXCL11, C-X-C motif chemokine 11; EGFRvIII, epidermal growth factor receptor variant III;

HER2, human epidermal growth factor receptor 2; HNSCC, head and neck squamous cell carcinoma; ICI, immune checkpoint inhibitor; IL, interleukin; PDA,
pancreatic ductal adenocarcinoma; OV, oncolytic virus; PD-L1, programmed death ligand-1; TNF-a, tumor necrosis factor-a; VSV, vesicular stomatitis virus.
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ing tumor cells and causing a proinflammatory environment

increase priming against TAAs.

However, OVs can also be armed with bispecific T cell

engagers (BiTEs) to selectively target TAAs, which may

further reduce tumor immune escape through loss of anti-

gen. BiTEs consist of a CD3 scFv and an scFv targeting a

specific TAA, so they transiently localize T cells to the tu-

mor cell and activate the T cell, leading to tumor cell lysis.44

Investigators demonstrated that folate receptor-a-

specific CAR T cells combined with an adenovirus armed

with an EGFR targeting BiTE enhanced tumor control in a

colon cancer xenograft model by CAR T cells directly

killing tumor cells and the recruitment of non-CAR T cells

by the BiTE targeting the second antigen.44

Similar to BiTEs, membrane-integrated T cell engagers

(MiTEs) localize T cells to the surface of tumor cells

through a CD3 scFv, resulting in tumor cell lysis. However,

MiTEs remain on the membrane of tumor cells, so only

tumor cells infected with an OV armed with MiTEs would

be targeted for lysis. While this limits T cell activation to

cells infected by the OV, this approach could limit on-target,

off-tumor effects compared to BiTEs since activation is

dependent on viral tropism rather than expression of a

specific surface marker.19 To summarize, these studies

suggest that OVs armed with MiTEs or BiTEs could counter

antigen-negative relapse by targeting multiple TAAs.

CURRENT LIMITATIONS
AND FUTURE DIRECTIONS
Translational challenges

Despite numerous preclinical studies with promising

results, there is only one approved clinical trial evalu-

ating an OV in combination with CAR T therapy for

HER2-positive cancers (NCT03740256). Translation of

preclinical results to clinical trials is often difficult be-

cause oftentimes preclinical models use immunodeficient

NOD scid gamma (NSG) mice, and this experimen-

tal system cannot model the interactions between OV

and CAR T cells in the context of a fully competent

immune system.

In addition, combination therapy with OVs and CAR

T cells raises questions about the safety of combining

two potent proinflammatory immunotherapies. While

CD19-directed CAR T cells have gained FDA approval,

they still pose a risk for life-threatening adverse events,

like cytokine release syndrome and severe neurotoxicity.1

Although the only FDA-approved OV (TVEC) is rela-

tively well tolerated,31 armed OVs designed to enhance

T cell function could increase the rate and/or severity of

CAR T cell side effects. Thus, it is critical to establish

safe doses of these agents in combination with each other.

Another important consideration is cost. Current strat-

egies to generate CAR T cells for therapy have a high cost

per unit,45 and a full course of TVEC treatment is esti-

mated to cost around $65,000.46 Combining these thera-

peutic agents also combines their cost, which could create

a significant barrier to widespread access.

Delivery
One challenge to OV therapy is successfully delivering

virus to tumor sites. While many clinical trials are inves-

tigating intratumoral administration of OVs, systemic

administration is preferable to target metastatic cancer.24

However, in the blood, OVs encounter neutralizing fac-

tors in serum, become sequestered in the liver and spleen,

and have impaired extravasation into tumors. Systemic

administration can also cause cytokine storm responses,

which can lead to severe systemic inflammation and even

death.47 While strategies like carrier cells, polymer

coatings, and targeting of tumor vessel endothelium are

being employed to circumvent these challenges,24 OVs in

combination with CAR T therapy may not need to infil-

trate metastatic sites to promote their clearance.

As Rosewell et al. found in their study, an OV armed

with a PD-L1 ICI did not infiltrate lymph node metastases,

but HER2. CAR T cells from mice that received this OV

still demonstrated improved control over metastases.48

Perhaps increasing activity of CAR T cells at primary

tumor sites is sufficient to improve CAR T cell clearance

of metastases, although this should be further studied us-

ing other CAR constructs and tumor models.

To counter barriers to OV delivery, one group used

CAR T cells to deposit virus at tumor sites.49 They suc-

cessfully load CAR T cells with OVs and deliver OVs to

tumor cells without impairing CAR T function in vitro,

and synergy between HER2.CAR T cells and an oncolytic

vesicular stomatitis virus (VSV) is observed against a

breast cancer cell line. Although this interesting system

shows promise in vitro, its utility in vivo may be limited to

immunologically hot tumors since in this scenario the OV

cannot enhance CAR T infiltration without the cells first

infiltrating the tumor to deposit the OV.

Expanding the combinations of armed
OVs with CAR T cells

The primary mechanisms of resistance to CD19-specific

CAR T cell therapy are believed to stem from CAR T cell

dysfunction, lack of CAR T cell persistence, and antigen loss

by tumor cells.3,4 Arming an OV with a cytokine that in-

creases CAR T cell persistence, like IL-18,50 could also im-

prove CD19-specific CAR T therapy for B cell malignancies.

While OV therapy for hematological malignancies faces the

same challenges as systemic delivery of OVs to target me-

tastases (see Delivery section), OV engineering advances

could improve the feasibility of using OV and CAR T cell

combination therapy for hematological cancers in the future.

Despite its shortcomings, since the CD19-specific CAR T

cells exhibit the strongest preclinical and clinical efficacy,

investigators generated an OV armed with a human CD19
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transgene with the intent of forcing CD19 expression on

solid tumor cells, making them targetable by CD19-specific

CAR T cells. In a B16 melanoma model, an OV armed with

murine CD19 allowed CD19-specific CAR T cells to slow

tumor growth.51 Another group used a similar approach to

deliver CD19 to MC38 tumors, and they observed improved

antitumor efficacy when CD19-specific CAR T cells were in-

fused in combination with their truncated CD19 armed OV.52

Even if this concept is conceptually appealing, its

clinical potential remains questionable due to the unnec-

essary elimination of normal B lymphocytes and the lim-

ited biodistribution of the virus, which results in low

infection rate of tumor lesions. Significant improvements

in infectivity of OVs are likely necessary for this strategy

to achieve clinical efficacy.

Beyond this creative approach, there are a few trans-

genes we believe would synergize well with CAR T cell

therapy, which remain untested. In terms of improving

trafficking to solid tumors, combination of CAR T cells

with an OV targeting the physical barriers of the TME

remains unexplored. OVs armed with hyaluronidase53 and

matrix metalloproteinase-8,54 both of which degrade the

dense ECM characteristic of solid tumors, exhibited in-

creased intratumoral dissemination of the OV in preclin-

ical models. Combining this OV with CAR T cells may

also improve the infiltration of CAR T cells and thus their

antitumor activity.

A monoclonal antibody (mAb) targeting CTLA-4 re-

ceived FDA approval, along with a mAb targeting PD-1, for

treatment of melanoma recently, which indicates that

blocking CTLA-4 through an OV vector may also improve

CAR T therapy.55 Engeland et al. describe an oncolytic

measles virus (MV) armed with a full-length anti-CTLA-4

mAb, and they demonstrate that this OV improved tumor

control compared to the native OV in an immunocompetent

mouse model. However, the authors do report that systemic

aCTLA-4 treatment combined with native MV resulted in

better survival than MV-aCTLA-4.55 Nonetheless, using

CAR T cells in combination with an OV encoding a blocking

CTLA-4 agent should be explored.

Another potential approach is using OVs to modify the

metabolism of the TME, making it more hospitable for

CAR T cells. Studies in recent years have illustrated the

importance of metabolism in T cell biology. For example,

CD39 and CD73 hydrolyze extracellular ATP to immu-

nosuppressive adenosine, which can accumulate in the

TME and impair T cell function. A CD39 blocking anti-

body improved the efficacy of oxaliplatin chemotherapy

treatment in an immunocompetent mouse model, prompt-

ing a clinical trial investigating the efficacy of this an-

tibody in combination with a PD-1 blocking antibody

(NCT04261075).56 Arming an OV with this antibody could

represent a promising method to improve CAR T cell

therapy by reducing adenosinergic signaling, while simul-

taneously stimulating T cells through OV intrinsic effects.

IDO is another enzyme that exerts its immunosuppres-

sive effect through metabolism. IDO catalyzes the forma-

tion of immunosuppressive kynurenine and is commonly

expressed on tumor cells. Disruption of IDO expression on

tumor cells by micro-RNA targeting of its transcript im-

proved CAR T cell therapy in a colon cancer xenograft

model.57 Thus, there are multiple metabolic enzymes that

could be targeted through arming an OV vector to synergize

with CAR T cell therapy.

Furthermore, arming OV with multiple transgenes tar-

geting nonredundant pathways could provide even greater

tumor control. An OV armed with CD44-BiTE, IL-12, and

PD-L1 ICI was used to boost HER2-specfic CAR T cell

function.58 This OV combined with CAR T cells demon-

strated improved tumor control in a metastatic head and

neck squamous cell carcinoma model, highlighting the po-

tential power of multiplexed immunotherapy. While this

may represent a cost-effective method of delivering multiple

immunotherapies, since the OV encodes for three different

molecules, increasing the number of therapeutic molecules

delivered by OVs also presents an increased risk for adverse

reactions. Thus, safety concerns may limit the number of

transgenes loaded into an OV until each is individually

proven safe when combined with CAR T cell therapy.

Even though combining CAR T cells with OVs could

overcome challenges within the TME, combination ther-

apy can also present unique problems. Recent work de-

scribes a VSV encoding an IFN-b transgene that interferes

with CAR T therapy by promoting apoptosis of CAR T

cells; however, removal of the IFN-b transgene reduced

CAR T cell attrition.59 Type-I IFNs, which include IFN-a
and IFN-b, stimulate the immune system, but chronic

type-I IFN signaling can lead to immune dysfunction.60

Proinflammatory and anti-inflammatory duality is a

common feature of immunological molecules, which

makes designing combination therapies tricky and requires

a balance to be achieved. The heterogeneity of proteomes

between malignancies, and potentially even patients with

the same malignancy, could further complicate combina-

tion therapy. Careful consideration should be given to the

potential immunosuppressive effects of transgenes used in

armed OVs when combined with CAR T cell therapy.

CONCLUSIONS

The TME in solid tumors is characterized by multiple

immunosuppressive mechanisms, which may require the

simultaneous inhibition of different pathways to achieve

tumor eradication. The significant cargo capacity of OVs

can be leveraged to express multiple transgenes including

chemokines, cytokine, ICIs, and BiTEs, as well as other

molecules to shape the TME and facilitate the antitumor

effects of CAR T cells.48 Furthermore, the high flexibility

of the engineering process of OVs and CAR T cells allows

tailoring the most appropriate combinations of genes and

CAR T cell costimulation to the specific characteristics of
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the targeted tumor and TME. While the vast majority of

OV studies target solid malignancies, using armed OVs

with CAR T therapy against hematological malignancies

could reduce disease relapse.
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