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Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal cancers, characterized by a poor prognosis, aggressive
progression, and resistance to conventional therapies. Although immunotherapy has successfully treated other cancers, its
performance in PDAC is limited due to PDAC tumors having dense stroma and very immunosuppressive microenvironments.
Oncolytic virotherapy is a promising field of immunotherapy that uses viruses to directly target and lyse tumor cells and
stimulates antitumor immunity. Among several viral candidates for treating PDAC, reovirus has shown much promise because
of its safety profile and natural oncolytic properties. However, reovirus has lagged behind other oncolytic viruses (OVs), such
as adenoviruses and herpes simplex viruses, in terms of genetic engineering due to reovirus being a segmented double-stranded
RNA virus. This paper provides a review of the developments in oncolytic virotherapy and findings from preclinical and clinical
studies of OVs, with a focus on reovirus. Furthermore, this review will examine therapeutic transgenes that OVs have been
equipped with and propose that reovirus could be modified with the cytokine IL-21 to aid reovirus’s antitumor capabilities.
Although the proposed reovirus design is a hypothetical design, it is backed by previous research with other OVs, and available
evidence suggests it could reasonably improve reovirus’s performance. Future advancements in reovirus engineering could
allow for other transgenes to be expressed, and combination therapy of OVs and other therapies, such as immune checkpoint
inhibitors, could be the key to effectively treating PDAC. Oncolytic reoviruses with rational modifications could be important
components of future treatments for PDAC.
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Introduction

Current treatments for pancreatic ductal adenocarcinoma

Pancreatic ductal adenocarcinoma (PDAC) is the most com-
mon type of pancreatic cancer, making up more than 85% of
all pancreatic cancer cases1. PDAC is characterized by a very
poor prognosis, with a 5-year survival rate of around 9.2% in
the US1. These rates, which make PDAC one of the most
lethal cancers, are due to both the difficulty in detecting early-
stage disease (with the majority of cases being distant stage
diseases at diagnosis) and the aggressive nature of the can-
cer1. Though surgery and chemotherapy have been shown
to be effective for early-stage disease, approximately 80% of
PDAC cases are unresectable at the time of diagnosis1. The
standard therapy for metastatic PDAC has been chemotherapy,
specifically gemcitabine-based therapies since 19971,2. While
gemcitabine does provide symptomatic benefit for patients,
two phase II studies observed partial response (PR) in only
11% of PDAC patients and 6.3% of advanced and metastatic
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PDAC patients respectively2. Though new chemotherapeu-
tic regimens like FOLFIRINOX (leucovorin (folinic acid), 5-
fluorouracil, irinotecan, and oxaliplatin) have become avail-
able for patients with PDAC, many patients still receive gemc-
itabine for treatment because of the increased toxicity of these
new combinations3. Due to the lack of effective treatment
options for PDAC, many new therapies, especially various
immunotherapies, are being tested. Therapies such as im-
mune checkpoint inhibitors (ICIs) have proven to be effective
in treating non-small-cell lung cancer (NSCLC), melanoma,
and other solid tumors4. However, ICIs have failed to pro-
duce significant results for PDAC in clinical trials. For in-
stance, ipilimumab (Anti-CTLA-4) monotherapy in a phase II
trial did not elicit an objective response in any of the patients
with PDAC based on Response Evaluation Criteria in Solid
Tumors (RECIST)5. Similarly, a phase I trial of BMS-936559
(Anti-PD-L1), another ICI, in patients with various solid tu-
mors showed partial and complete responses in patients with
NSCLC, melanoma, renal-cell cancer, and ovarian cancer but
reported no objective responses among the 14 enrolled pan-
creatic cancer patients6. Combination therapy of ipilimumab
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and gemcitabine in a phase Ib trial resulted in an objective re-
sponse rate of 14%, higher than that of ipilimumab alone but
comparable to the response rate with gemcitabine7. Although
ICIs could be effective in a combination therapy for PDAC,
ICIs have yet to yield promising results in clinical trials.

Barriers to treatment in pancreatic adenocarcinoma

The inefficacy of treatments for PDAC can partially be at-
tributed to the genetic mutations within cancer cells in PDAC.
Some cancers have specific mutations in important genes that
respond well to targeted therapies: for instance, some lung
carcinomas have EGFR mutations that can be targeted8. Mu-
tations in PDAC meanwhile include oncogenic KRAS mu-
tations and deactivations of multiple tumor suppressor genes
such as TP538. Different combinations of these mutations in-
fluence resistance to therapies; in addition, genetic analyses
of PDAC have shown the intratumoral genetic heterogeneity
of PDAC cells, which makes the cancer more likely to de-
velop resistance to therapies8. PDAC is also a cancer with
low mutational burden, meaning tumor cells are less likely to
express neoantigens that immune cells can identify and distin-
guish from normal cells1.

Another factor contributing to the difficulty of treating
PDAC is its complicated and unusual tumor microenviron-
ment (TME). Many of the cells inside tumors are often cancer-
associated fibroblasts (CAFs), which are recruited by can-
cer cells and surround the tumor; CAFs produce much of
the dense extracellular matrix that PDAC is marked by his-
tologically9. The most prominent effect of desmoplasia in
PDAC tumors is that the perfusion of drugs, including gem-
citabine, is limited in tumors10. The anti-angiogenic effects
of the tumor stroma in PDAC further reduce the efficacy of
intravenously delivered drugs10. Another important group of
cells in tumors are immunosuppressive cells. Regulatory T
cells (Treg), M2 macrophages, and myeloid-derived suppres-
sor cells (MDSCs) in the stroma (alongside CAFs) limit the
activity of CD8+ T cells in PDAC, maintaining a highly im-
munosuppressive TME11. Dense stroma and immunosuppres-
sive cells in PDAC tumors limit the efficacy of conventional
therapies such as chemotherapies, thus warranting the use of
novel therapies that could overcome the problems associated
with PDAC.

This review will present an overview of one promising type
of immunotherapy that is currently being tested for PDAC
along with other cancers: oncolytic viruses (OVs). OVs can
directly kill cancer cells, mount antitumor immune responses,
and even be modified in numerous ways to increase their ef-
ficacy against cancer. The diversity of OVs, in terms of both
viral backbones and the spectrum of genetic modifications im-
plemented, shows the potential of the OV platform to create
highly specific and potent therapies for challenging cancers to

treat such as PDAC. In addition to a review of current OV de-
signs and trials, this review will propose new possible modifi-
cations for one promising OV, reovirus, that could potentially
improve reovirus’s performance against PDAC.

Methods

A structured literature search was conducted in PubMed
and Google Scholar for studies published in English up to
July 2025, using the keywords “pancreatic ductal adenocarci-
noma”, “oncolytic virus”, and either “adenovirus”, “vaccinia”,
“herpes simplex virus”, or “reovirus”. The search included
both preclinical and clinical studies investigating OVs for
PDAC. Furthermore, reference lists of relevant reviews and tri-
als were screened manually to identify additional studies. In-
clusion criteria included studies reporting mechanistic, trans-
lational, or clinical data on genetically engineered oncolytic
adenoviruses, vaccinia viruses, herpes simplex viruses, or re-
oviruses targeting PDAC. Exclusion criteria included non-
peer-reviewed reports, conference abstracts without full text,
and studies unrelated to PDAC or OV therapy. The study se-
lection followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) framework, and a
simplified diagram showing the search and screening process
is available below (Figure 1).

Evidence assessment

Each included publication was appraised according to study
type and design quality. Preclinical studies (in vitro and in
vivo) were evaluated for reproducibility and mechanistic rel-
evance, whereas clinical studies were classified by phase and
sample size. The overall strength of evidence was summarized
by a three-level scale (high, moderate, and exploratory) as pre-
sented in Table 1. This grading serves to aid the interpretation
of translational maturity for each OV platform for PDAC.

Patient-selection framework

For translational and early-phase clinical application, patients
would be stratified according to tumor entry-receptor con-
text, specifically sialic-acid expression profiles determined by
immunohistochemistry or RNA sequencing8. Baseline anti-
reovirus neutralizing-antibody (NAb) titres would be mea-
sured to determine dosing frequency and assess the feasibility
of systemic delivery11. In cases where intravenous delivery
may be insufficient (due to dense stroma or limited vascular
access), endoscopic ultrasound (EUS)-guided intratumoral in-
jection would be chosen as the delivery route9,11. Outcome
analyses would create groups by receptor status and NAb level
to evaluate responsiveness to the therapy and to correlate with
pharmacodynamic goals.
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Fig. 1 PRISMA-style flow diagram of literature search and study selection.

Table 1 Quality assessment and level of evidence of included studies on oncolytic virotherapy for PDAC

OV platform Representative studies (References) Study type Key findings Level of evidence*

Reovirus (Pelareorep) 12–14 Phase I–II human clinical trials
(with preclinical support in text)

Safe and
immunogenic;
limited single-agent
efficacy; synergy
with chemotherapy or
PD-1 blockade

Moderate–High

Adenovirus (VCN-01, LOAd703, etc.) 15–21 Phase I clinical and translational
PDAC studies

Stromal modulation,
enhanced penetration,
early-phase signals

Moderate–High

Vaccinia virus (CF33, oVV-Smac, etc.) 22–25 Preclinical/translational PDAC
(plus immunotherapy synergy)

Strong oncolysis and
immune modulation;
feasibility of genetic
arming

Exploratory–Moderate

HSV (T-VEC, oHSV-CD40L) 26,27 Preclinical and early clinical
PDAC trials

Potent immune
activation; limited
PDAC-specific
clinical data to date

Exploratory–Moderate

*Evidence levels were graded as High (multicenter human trials with reproducible outcomes), Moderate (well-designed preclinical or early-phase clinical
studies), or Exploratory (conceptual or preliminary preclinical findings).

Oncolytic virotherapy: Its history and mechanisms

Oncolytic viruses (OVs) are novel immunotherapies utilizing,
as the name suggests, live, replicating viruses that selectively
target, infect and kill cancer cells; OVs can be further altered
genetically to be safer and stimulate antitumor immune re-
sponses.

The concept of OVs traces back to the 1890s, when it was

observed that a patient with leukemia saw improvement af-
ter contracting what was likely a flu28. From the 1940s to
the 1970s, some viruses like the West Nile virus were found
to have natural oncolytic properties, with patients sometimes
seeing regressions in their tumors after the so-called virother-
apy28. Reovirus is one naturally occurring OV that has been
shown to be very safe, meaning even unmodified reoviruses
are good OV candidates12,28.
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With advances in genetic engineering in the 1990s, new,
more effective OVs—including ones derived from human
viruses, but with fewer adverse effects—have been created.
One example is ONYX-015, an oncolytic adenovirus that was
the first genetically engineered OV to be tested in clinical
trials. The deletion of the viral gene E1B, which interferes
with p53 (cellular apoptotic gene) activation, was removed in
ONYX-015. This made the virus selectively replicate in can-
cer cells (with dysfunctional p53) but not in normal cells with
functioning p5328. Modified human viruses like adenoviruses
and herpes simplex viruses are used commonly to create OVs
today and generally have good safety profiles29.

OVs generally work through four mechanisms (Figure 2).
The first is replication in and spread throughout a tumor site
(usually leading to direct lysis of infected cancer cells i.e. on-
colysis)30. As mentioned before with ONYX-015, OVs can
be modified to selectively replicate in cancer cells, further en-
hancing their specificity (a crucial safety feature). The sec-
ond mechanism is the infection of cells supporting the tumor
(tumor-associated stroma cells), such as endothelial cells and,
in the case of PDAC, cancer-associated fibroblasts9,11. In the
third mechanism, the deaths of cancer cells can trigger an anti-
tumor immune response and introduce more tumor-infiltrating
lymphocytes—in other words, turning an immunologically
‘cold’ TME into a ‘hot’ TME with more immune activity30.
Sometimes, the antitumor immune response caused by on-
colytic virotherapy can achieve significant regressions in unin-
jected tumors with similar tumor-associated antigens, which is
known as the ‘abscopal’ effect—an effect especially important
in metastatic cancers28. A phase III trial of T-VEC (talimo-
gene laherparepvec, an oncolytic herpes simplex virus 1 for
late-stage melanoma) observed the abscopal effect, with 34%
of uninjected non-visceral lesions shrank by 50% or more30.
Finally, OVs can be modified with transgenes for additional
therapeutic effect. For instance, the aforementioned oncolytic
herpes simplex virus, T-VEC, was equipped with granulocyte-
macrophage colony-stimulating factor (GM-CSF), which has
the effect of boosting the antitumor immune response through
the recruitment of dendritic cells (DCs)30. Oncolytic viruses
can be armed to express a range of cytokines, chemokines, and
other genes to become more effective.

Approved oncolytic viruses

Currently, the only OV approved by the FDA is T-
VEC (talimogene laherparepvec) for recurrent, unresectable
melanoma. Globally, there are a few more available OVs, in-
cluding G47∆ (teserpaturev) as an adjuvant therapy for resid-
ual or recurrent glioblastoma in Japan30. Both viruses are de-
rived from herpes simplex virus 1. This section will discuss
the modifications of these two viruses and how the modifica-
tions have improved the viruses’ performance in their respec-

Fig. 2 Mechanistic modes of action of oncolytic viruses (OVs).
OVs mediate antitumor effects through four complementary mech-
anisms. (i) Direct oncolysis of infected tumor cells, (ii) lysis of
tumor-supporting cells (ex. cancer-associated fibroblasts), (iii) induc-
tion of immunogenic cell death leading to a systemic antitumor im-
mune response, and (iv) therapeutic transgene expression such as im-
munomodulatory cytokines to enhance immune activation. Graphic
inspired by “The discovery and development of oncolytic viruses:
are they the future of cancer immunotherapy?” 28 and created using
https://bioart.niaid.nih.gov/.

tive cancers.
T-VEC and G47∆ share two same genetic alterations,

specifically in the genes gamma 1(34.5) and α47. The dele-
tion of ICP34.5 increases the virus’s specificity, and the dele-
tion of ICP47 allows more MHC class I expression on infected
cells, enabling a stronger antitumor immune response30. The
same genes are also deleted in G47∆; γ34.5 has further been
shown to be a factor for neurovirulence (infection of normal
and nondividing cells in the nervous system) so its removal
in G47∆, an OV for glioblastoma, is an important safety fea-
ture28. In addition to these two modifications, T-VEC is also
armed with a therapeutic gene: GM-CSF, which stimulates the
maturation of progenitor cells into DCs30. Preclinical trials
showed that GM-CSF expression indeed improved the virus’s
performance30.

These modifications have undoubtedly increased the effi-
cacy of T-VEC and G47∆ for melanoma and glioblastoma.
The median overall survival (OS) for melanoma patients
treated with T-VEC in a phase III trial was 23.3 months,
while the control group receiving GM-CSF had an OS of 18.9
months30. Meanwhile, the median OS for glioblastoma pa-
tients treated with G47∆ in a phase II trial was reported to be
20.2 months, compared to an OS of 5.0 months for various
chemotherapies30.

One important aspect of OV engineering is safety: few pa-
tients in clinical trials of both viruses experienced grade ≥3
adverse events30. Another very important aspect is an en-
hanced antitumor immune response: biopsies found increased
counts of tumor-infiltrating CD8+ T cells in phase II trials for
both viruses30. Few studies have engineered reoviruses to im-
prove antitumor immune responses, however, so this evidence
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from T-VEC and G47∆ (along with other modified OVs) sug-
gests that oncolytic reoviruses could be improved genetically
for better effect on PDAC.

OVs currently being tested for the treatment of pancreatic
ductal adenocarcinoma

Currently, no OVs have been approved for PDAC; nonethe-
less, several promising viruses with various viral backbones
and modifications are currently in preclinical and clinical tri-
als. This section of the review will review five OVs being
tested for PDAC and their modifications—including therapeu-
tic transgenes that have been inserted to improve performance
in PDAC tumors.

Oncolytic adenoviruses, herpes simplex viruses, and
poxviruses for PDAC

Commonly used OV backbones include adenoviruses (oAds),
herpes simplex viruses (oHSVs), and poxviruses. Unlike re-
oviruses, natural strains of these three viruses do cause ill-
nesses, so they must be attenuated and retargeted to cancer
cells. Although reoviruses may have an advantage in terms
of safety, the three currently used viruses are easier to manip-
ulate genetically. The three viruses all have linear, double-
stranded DNA genomes, but reoviruses have segmented,
double-stranded RNA (dsRNA) genomes31. Here, this review
will examine different transgenes that oAds, oHSVs, and on-
colytic poxviruses have been equipped with.

Typically, the first modifications to oAds, oHSVs, and on-
colytic poxviruses are for decreasing virulence and increas-
ing tumor specificity. This can be done through natural at-
tenuation, as was the case with Canerpaturev (HF10), a spon-
taneously occurring HSV-1 mutant28. A chimeric poxvirus,
CF33, was also created from co-infecting cells with several
poxviruses and chosen for its enhanced oncolytic abilities over
its parental viruses25. Many OVs, like T-VEC, are instead
genetically modified in order to selectively or conditionally
replicate, usually via the deletion or modification of key genes
causing virulence—for example, the gamma 1(34.5) gene in
oHSVs, or the E1A and E1B genes in oAds28. These changes
can be referred to as “detargeting” and “retargeting” OVs.

The first genetically modified OVs, such as HSV-1 dlsptk
(oHSV) and ONYX-015 (oAd), only had detargeting and re-
targeting changes to them28; since then, newer generation
OVs have been encoded with therapeutic transgenes to en-
hance their efficacy (Table 2). oAds, oHSVs, and oncolytic
poxviruses have so far been modified to express a range of
transgenes, including but not limited to suicide genes (ex.
HSV thymidine kinase, adenovirus death protein), cytokines
(ex. Interleukins (ILs), interferons (IFNs)), tumor suppressor
genes (ex. ST13), and co-stimulatory ligands (ex. CD40L).

Several of these viruses have been tested in preclinical mod-
els, and a few have been tested in clinical trials.

One common group of transgenes expressed by OVs is
cytokines, which serve to stimulate antitumor immune re-
sponses. A diverse array of cytokines has been tested in PDAC
OVs, including GM-CSF, ILs, IFNs, cytokines from the tumor
necrosis factor superfamily, and chemokines. Of these, mul-
tiple ILs (IL-2, IL-10, IL-12, IL-21) have been expressed by
OVs. One of these viruses, an adenovirus expressing IL-12,
has been tested in a phase I trial with metastatic PDAC pa-
tients35. The study reported a median survival of 18.1 months
among patients receiving the highest dose and elevated lev-
els of IL-12, IFNγ , and CXCL10 (cytokines important for NK
cell and CD8+ T cell activation) in patients’ blood serum. Im-
portantly, the study hypothesized that IL-12 expressed by in-
fected tumor cells, in addition to its role as a cytokine, acted
as a neoantigen that immune cells could identify, creating an
immunologically hot TME35. Thus, based on the outcomes
of this clinical trial, the usage of cytokines in OVs could en-
hance immune responses against PDAC not only as a sig-
nalling molecule but also as a way for immune cells to dis-
tinguish cancer cells.

Another group of transgenes used in OVs is co-stimulatory
ligands. The oncolytic adenovirus LOAd703 is armed with
two co-stimulatory ligands, CD40L and 4-1BBL, that attach
onto the receptors CD40 and 4-1BB respectively16. CD40
and 4-1BB are expressed by some cells in the tumor stroma
(specifically, stellate cells and immune cells like MDSCs
and anti-inflammatory type II macrophages). The stimula-
tion of these two receptors activates multiple pathways, like
the MAPK pathway, involved in cellular processes and im-
mune responses16. Gene therapy with CD40L was previously
shown to increase key cytokine (IL-12 and IFNγ) levels and
immune infiltration into tumors, meaning OV expression of
CD40L could also achieve similar immune activation27. The
study indeed observed that various cell types in the PDAC tu-
mor (stellate cells, DCs, and tumor cells) expressed important
chemokines for immune responses in vitro.

Other transgenes include ICIs such as an anti-PD-L1 single-
chain antibody fragment in a poxvirus or suicide genes to im-
prove viral cytotoxicity25,35. Two interesting transgenes that
have been used are the genes encoding for relaxin, which sup-
presses collagen production and stimulates collagenase, and
the genes for PH20, a soluble human hyaluronidase. Both
were encoded in their respective viruses (the oAds YDC002
and VCN-01) in order to combat a problem especially im-
portant in PDAC: the desmoplastic ECM, which can pre-
vent drug perfusion15,20. in vitro testing of YDC002 and
gemcitabine in tumor spheroid models showed decreased lev-
els of collagen, fibronectin, and elastin expression, and the
study observed synergistic effect between YDC002 and gem-
citabine—the degradation of the ECM by YDC002 made gem-
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Table 2 Therapeutic transgene expression on oncolytic adenoviruses, herpes simplex viruses, and poxviruses for pancreatic ductal adenocarci-
noma
Transgene Role Virus(es) References

Cytokines

Granulocyte-macrophage
colony stimulating factor
(GM-CSF)

Stimulates maturation of progenitor cells into dendritic cells Talimogene laherparepvec (T-VEC) (HSV)
OrienX010 (HSVGM-CSF) (HSV) 26,32

Interleukin-2 (IL-2) Stimulates antigen-specific T cell growth and proliferation OAd-TNFa-IL2 (Ad)
33

IL-10 Inhibits antiviral immune response; stimulates antitumor
immune response

VV∆TK-IL-10 (VACV)
34

IL-12 Activates and primes both innate and adaptive immune systems Ad5-yCD/mutTKSR39rep-hIL12 (Ad)
35

IL-21 Activates T cells, inhibits Treg growth VVL-21 (VACV)
22

Interferon β (IFN-β ) Inhibits tumor growth, activates immune system SJ-815 (VACV)
36

Tumor Necrosis Factor α

(TNF-α)
Induces apoptosis and stimulates immune system OAd-TNFa-IL2 (Ad)

33

Tumor Necrosis
Factor-Related
Apoptosis-Inducing Ligand
(TRAIL)

Causes apoptosis in tumor cells CD55-ST13-TRAIL
18

Co-stimulatory ligands

CD40L (CD154) Stimulates antigen presentation and T cell activation oHSV-CD40L (HSV)
LOAd703 (Ad) 16,27

4-1BBL (CD137L) Stimulates T cell proliferation, cytokine production LOAd703 (Ad)
16

Immune checkpoint inhibitors (co-inhibitory ligands)

Anti-PD-L1 PD-1/PD-L1 interaction suppresses T cells CF33-hNIS-AntiPDL1 (orthopoxvirus)
25

Miscellaneous

Sodium iodide symporter
(NIS)

Reporter gene that, with radioactive iodine isotope intake, allows
for screening and enhances cytotoxicity of virus

CF33-hNIS-AntiPDL1 (orthopoxvirus)
25

Yeast cytosine
deaminase/HSV thymidine
kinase

Enhances chemotherapy and radiotherapy; suicide gene Ad5-yCD/mutTKSR39rep (Ad)
35

Adenovirus Death Protein
(ADP)

Enhances cytotoxicity of virus; causes cell lysis Ad5-yCD/mutTKSR39rep-ADP (Ad)
35

Second
mitochondrial-derived
activator of caspase (Smac)

Blocks apoptosis inhibition oVV-Smac (VACV)
23

Hyaluronidase Degrades ECM (hyaluronan) VCN-01 (Ad)
20

Relaxin Degrades ECM (collagen) YDC002 (Ad)
oAd/RLX-PCDP (Ad) 15,17

ST13 Tumor suppressor gene CD55-ST13-TRAIL (Ad)
18

Ad = adenovirus; HSV = herpes simplex virus; VACV = vaccinia virus; Bolded = used in a clinical trial.

citabine more potent against tumor cells15.

Recently, oncolytic adenoviruses have demonstrated en-
couraging activity in PDAC and clinical advances. LOAd703
(LOKON001 Arm 1; NCT02705196) combined with
gemcitabine/nab-paclitaxel achieved an objective response
rate (ORR) of 44% (8/18; 95% CI 25–66) and a disease control
rate (DCR) of 94%16. VCN-01, a hyaluronidase-expressing

oncolytic adenovirus designed to degrade stromal components
and enhance viral spread, produced approximately 50% ORR
in combination cohorts with gemcitabine/nab-paclitaxel in its
phase I trial20. Momentum for oncolytic adenoviruses for
PDAC has continued as VCN-01 received U.S. FDA Fast
Track designation in 2024, LOAd703 in 2025, and the VI-
RAGE phase 2b trial reported positive top-line results in
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202516,20.

Oncolytic reoviruses for PDAC: Pelareorep

Currently, only one reovirus has been used in clinical tri-
als for PDAC: Pelareorep, also known as Reolysin®12. Al-
though Pelareorep is an unmodified reovirus, it has shown
very promising results in clinical trials for PDAC and other
cancers; in fact, Pelareorep currently is designated as an FDA
orphan drug for glioma, ovarian, pancreatic, gastric, and other
cancers37. In this section, this review will examine reovirus
mechanisms and the results of pre-clinical and clinical trials
of Pelareorep for patients with PDAC.

Mammalian reovirus infects a large proportion of humans,
with approximately 50% of children aged 5–6 being seroposi-
tive for antibodies against reovirus38. Most cases of infection
are asymptomatic or result in mild respiratory or gastrointesti-
nal discomfort (with the name ‘reovirus’ coming from ‘respi-
ratory enteric orphan virus’), although reovirus infection can
cause severe disease in immunocompromised individuals and
children and has been linked to celiac disease (an autoimmune
disease)37,39.

Out of the four strains of mammalian orthoreovirus, mam-
malian orthoreovirus Type 3 Dearing (simply referred to as
reovirus) has been used the most for oncolytic reoviruses (in-
cluding Pelareorep)37. The virus’s dsRNA genome has 10
segments classified by their molecular weights (3 L segments,
3 M segments, and four S segments), with the overall genome
length being around 23.5k base pairs (bp)37. The S1 seg-
ment is of interest, as it encodes for the attachment protein
σ137. Differences in S1 distinguish serotypes of mammalian
orthoreovirus (Types 1, 2 and 3) and influence virus tropism37.
S1 has been manipulated genetically to broaden cell tropism
(infecting cancer cells unable to be infected by wild-type re-
ovirus) and even express transgenes40,41.

Reovirus (mammalian orthoreovirus Type 3 Dearing) pos-
sesses natural oncolytic properties, replicating in and lysing
cancer cells with activated Ras42,43. Specifically, it has been
shown that Ras activation results in the inhibition of dsRNA-
activated protein kinase R (PKR)43. In normal cells, PKR is
activated by viral dsRNA in cells and leads to an antiviral re-
sponse (through shutting down viral protein synthesis); how-
ever, in cancer cells with Ras mutations, this antiviral response
cannot be activated due to PKR inhibition, meaning reovirus is
conditionally replicative43. Although this explanation covers
why Ras-mutated cells can be sensitive to reovirus infection
and subsequent death, other studies have shown that (i) some
Ras-mutated cells are resistant to reovirus-mediated death and
(ii) cytopathic effect (lysis due to reovirus infection) may not
be connected to PKR activation nor Ras expression44. The
exact mechanisms by which reovirus oncolysis preferentially
affects Ras mutant cells likely include more factors than just

PKR inhibition and are still being studied37.
Because 92% of PDAC tumors express mutations in the

KRas oncogene, PDAC is potentially a good target for on-
colytic reoviruses8. An in vitro study of Pelareorep, a
wild-type mammalian orthoreovirus Type 3 Dearing, in-
deed showed that reovirus replication was higher in KRas-
transfected pancreatic epithelial cell lines than in KRas-
negative cell lines42. Additionally, endoplasmic reticulum
(ER) stress-related gene expression was significantly higher
in the KRAS-transfected cells, suggesting that apoptosis can
occur because of ER stress that reovirus induces42. These re-
sults confirmed Pelareorep’s ability to target pancreatic cancer
cells, and further clinical trials have explored Pelareorep’s ef-
ficacy for treating PDAC.

An important suggestion that preclinical trials in vivo made
was using reovirus in combination therapies. Pelareorep plus
bortezomib (an approved proteasome inhibitor that causes
apoptosis) in xenograft models of pancreatic cancer resulted in
significant reductions in tumor burden compared to monother-
apies of the two42. Hence, although early reovirus clinical
trials (for various cancers) used reovirus monotherapies, many
clinical trials including ones for PDAC have been testing com-
bination therapies37,42.

Among the four completed reovirus clinical trials, one of
the most promising trials has been a phase II trial of Pelare-
orep and gemcitabine12. Out of 34 chemotherapy-naı̈ve ad-
vanced/metastatic PDAC patients, 91% presented with metas-
tases12. The median OS was 10.2 months, and the 1-year and
2-year survival rates were 45% and 24%12. For comparison,
the median OS with the chemotherapeutic regimen FOLFIRI-
NOX is 11.1 months with 1-year and 2-year survival rates of
48.4% and approximately 10%3.

One notable detail in the Pelareorep study was toxicity.
Grade ≥3 hematological toxicities experienced by patients
were anemia (26%), neutropenia (27%), and thrombocytope-
nia (6%)12. Meanwhile, a phase II–III trial of FOLFIRI-
NOX reported 7.8%, 45.7%, and 9.1% of patients in the
FOLFIRINOX group experiencing grade ≥3 anemia, neu-
tropenia, and thrombocytopenia respectively3. In the Pelare-
orep study, the most common grade ≥3 nonhematological ad-
verse event was fatigue (9%), with no grade 4 nonhemato-
logical adverse events. In the FOLFIRINOX study, the most
common grade ≥3 nonhematological toxicities included fa-
tigue (23.6%), vomiting (14.5%), diarrhea (12.7%), and sen-
sory neuropathy (9.0%).

Although FOLFIRINOX has been shown to have higher
survival rates compared to gemcitabine (and gemcitabine plus
nab-paclitaxel), its associated toxicity means that today, the
regimen is typically reserved only for patients ≤76 years old
with good performance health status3. In a phase II trial,
Pelareorep combined with gemcitabine achieved a median OS
of 10.2 months with acceptable toxicity12. Although this
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Table 3 Therapeutic transgene expression on oncolytic adenoviruses, herpes simplex viruses, and poxviruses for pancreatic ductal adenocarci-
noma
Transgene Role Virus(es) References

Cytokines

Granulocyte-macrophage
colony stimulating factor
(GM-CSF)

Stimulates maturation of progenitor cells into dendritic cells Talimogene laherparepvec (T-VEC) (HSV)
OrienX010 (HSVGM-CSF) (HSV) 26,32

Interleukin-2 (IL-2) Stimulates antigen-specific T cell growth and proliferation OAd-TNFa-IL2 (Ad)
33

IL-10 Inhibits antiviral immune response; stimulates antitumor
immune response

VV∆TK-IL-10 (VACV)
34

IL-12 Activates and primes both innate and adaptive immune systems Ad5-yCD/mutTKSR39rep-hIL12 (Ad)
35

IL-21 Activates T cells, inhibits Treg growth VVL-21 (VACV)
22

Interferon β (IFN-β ) Inhibits tumor growth, activates immune system SJ-815 (VACV)
36

Tumor Necrosis Factor α

(TNF-α)
Induces apoptosis and stimulates immune system OAd-TNFa-IL2 (Ad)

33

Tumor Necrosis
Factor-Related
Apoptosis-Inducing Ligand
(TRAIL)

Causes apoptosis in tumor cells CD55-ST13-TRAIL
18

Co-stimulatory ligands

CD40L (CD154) Stimulates antigen presentation and T cell activation oHSV-CD40L (HSV)
LOAd703 (Ad) 16,27

4-1BBL (CD137L) Stimulates T cell proliferation, cytokine production LOAd703 (Ad)
16

Immune checkpoint inhibitors (co-inhibitory ligands)

Anti-PD-L1 PD-1/PD-L1 interaction suppresses T cells CF33-hNIS-AntiPDL1 (orthopoxvirus)
25

Miscellaneous

Sodium iodide symporter
(NIS)

Reporter gene that, with radioactive iodine isotope intake, allows
for screening and enhances cytotoxicity of virus

CF33-hNIS-AntiPDL1 (orthopoxvirus)
25

Yeast cytosine
deaminase/HSV thymidine
kinase

Enhances chemotherapy and radiotherapy; suicide gene Ad5-yCD/mutTKSR39rep (Ad)
35

Adenovirus Death Protein
(ADP)

Enhances cytotoxicity of virus; causes cell lysis Ad5-yCD/mutTKSR39rep-ADP (Ad)
35

Second
mitochondrial-derived
activator of caspase (Smac)

Blocks apoptosis inhibition oVV-Smac (VACV)
23

Hyaluronidase Degrades ECM (hyaluronan) VCN-01 (Ad)
20

Relaxin Degrades ECM (collagen) YDC002 (Ad)
oAd/RLX-PCDP (Ad) 15,17

ST13 Tumor suppressor gene CD55-ST13-TRAIL (Ad)
18

Ad = adenovirus; HSV = herpes simplex virus; VACV = vaccinia virus; Bolded = used in a clinical trial.

outcome falls within the survival range reported for standard
chemotherapies such as FOLFIRINOX and gemcitabine/nab-
paclitaxel, because these observations come from different pa-
tient populations, it is difficult to gauge how Pelareorep com-
pares with other treatments. Overall, the results of the Pelare-
orep study indicate that reovirus therapies are feasible and
generally well tolerated, warranting further evaluation in con-

trolled studies. In addition, when compared to gemcitabine-
based therapies, the Pelareorep regimen had a smaller dose of
gemcitabine (800 mg/m2 in gemcitabine plus Pelareorep vs.
1000 mg/m2 in gemcitabine plus nab-paclitaxel) and conse-
quently less toxicity12.

Across clinical trials, Pelareorep has demonstrated con-
sistent results of disease stabilization with occasional par-
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tial responses and a favorable safety profile12,14,37. Although
these outcomes indicate that unmodified reovirus monother-
apy achieves limited tumor regression, they also highlight its
ability to alter the TME and synergize with chemotherapy
or immune checkpoint inhibitors13,14. The modest efficacy
likely reflects barriers to systemic delivery in PDAC, includ-
ing desmoplastic stroma, neutralizing antibodies, and an im-
munologically “cold” TME with poor T-cell infiltration11.

Among OV platforms, reovirus offers several advantages
that make it an attractive candidate for future therapeutic en-
gineering. Its segmented double-stranded RNA genome pro-
vides high replication fidelity and safety with minimal risk
of genomic integration, while its inherent tumor selectivity
through Ras-pathway activation allows preferential replica-
tion in more than 90% of PDAC tumors harboring oncogenic
KRAS mutations43. In contrast to DNA viruses like aden-
ovirus or vaccinia, which require complex transgene regula-
tion, or HSV, which relies on endoscopic injection, reovirus
is able to be administered systemically and has a favorable
toxicity profile even in the presence of pre-existing immu-
nity22,26,30,37. These biological and translational character-
istics make reovirus a favorable platform for future genetic
modifications. The next section will describe one such hypo-
thetical reovirus that is armed with a therapeutic transgene.

Hypothetical design of an IL-21–expressing reovirus for
pancreatic ductal adenocarcinoma

This section proposes a hypothetical reovirus design express-
ing the cytokine IL-21 that could improve reovirus’s efficacy
against PDAC. The selection of IL-21 as the transgene is based
on its balanced immunostimulatory profile and suitability for
the reovirus genome. Compared with IL-12 and GM-CSF,
IL-21 promotes strong CD8+ T-cell and NK-cell activation
while limiting regulatory T-cell expansion and maintaining
a lower risk of cytokine-related toxicity22,31. IL-15 also en-
hances cytotoxic lymphocytes but primarily expands memory
subsets with less direct effector activation in the PDAC con-
text. Furthermore, the compact size of the IL-21 coding se-
quence (∼0.5 kb) allows stable incorporation into the reovirus
genome, whose segmented RNA structure restricts large in-
serts41. Collectively, these properties make IL-21 an attractive
payload to amplify local antitumor immunity without compro-
mising viral fitness or safety of the reovirus backbone.

Although IL-21 has been linked to tumor invasion and
poorer prognosis in some PDAC contexts, these effects have
not been linked to IL-21 expressed by OVs22. In the proposed
reovirus design, IL-21 expression is confined to infected tu-
mor cells, restricting diffusion and systemic activity and stim-
ulating localized antitumor immune activation rather than a
sustained and potentially dangerous response.

To reduce the risk of immunopathology caused by IL-21,

the design incorporates multiple safety layers. IL-21 expres-
sion is limited to tumor-infected cells through the intrinsic
tumor-selective replication of reovirus29,31. EUS-guided in-
tratumoral injections, conservative doses, and defined treat-
ment schedules can be used to maintain localized exposure.
In preclinical PDAC models, serum IL-21 levels, pancre-
atic histopathology, and cytokine profiles can be prospec-
tively monitored to detect excessive inflammation or fibro-
sis11. These measures aim to preserve IL-21–mediated cy-
totoxic lymphocyte recruitment while preventing any chance
of pancreatic injury.

Although the immunostimulatory activity of IL-21 was first
demonstrated in an oncolytic vaccinia model, the results can-
not be directly extrapolated to reovirus, as the two platforms
differ substantially in genome structure, innate immune sens-
ing, and replication mechanisms22,45,46. Reovirus replicates
exclusively in the cytoplasm and tolerates only small genetic
inserts due to its segmented double-stranded RNA genome,
whereas vaccinia possesses a large DNA genome with more
capacity for transgene expression22,42. Consequently, cy-
tokine incorporation into reovirus requires precise balancing
of genome length and segment stability39.

Our proposed configuration confines IL-21 (∼0.5 kb) to the
S1 segment and links it via a self-cleaving 2A peptide to pre-
serve viral packaging and replication kinetics41. This hypo-
thetical design seeks to achieve effective cytokine expression
while maintaining the safety and tumor selectivity intrinsic to
the reovirus backbone. Ultimately, the design’s efficacy and
the utility of the IL-21 insert would have to be experimentally
validated. This review will examine how reovirus has been
genetically engineered so far for oncolytic virotherapy as well
as research on key cytokines before discussing how existing
research provides rationale for an IL-21–expressing reovirus.

Genetic engineering of reovirus

As mentioned before, reovirus has a segmented dsRNA
genome, which has historically made it less amenable for
genetic engineering compared to other viruses. Neverthe-
less, a plasmid-based reverse genetics system for reovirus has
been developed, tested and used since 200745,46. The sys-
tem uses 10 separate plasmids, each having a bacteriophage
T7 RNA polymerase promoter, hepatitis delta virus ribozyme
sequences, and the complementary DNA (cDNA) of one of
the reovirus genome segments (with the 10 plasmids match-
ing the 10 segments). Recombinant viruses derived from
co-transfection of murine cells with the plasmids have been
shown to match natural reovirus isolates46.

This plasmid-based system was used to create a GM-CSF-
expressing reovirus in one study41. The researchers in the
study had previously tested a reovirus expressing the gene
E4orf4, an adenovirus gene that increases viral replication and
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can cause tumor-selective cell death41. However, E4orf4 ex-
pression by itself did not seem to improve oncolysis, so an im-
munomodulator, the cytokine GM-CSF, was chosen next for
expression on reovirus.

The attachment protein σ1 (which is encoded by the gene
segment S1) on reovirus binds to two molecules on the host
cell surface, that being sialic acid (with low affinity) and junc-
tional adhesion molecule A (JAM-A) (with higher affinity)40.
In particular, the head domain of σ1 binds to JAM-A. JAM-
A is important for cell entry by wild-type reovirus, meaning
tumor cells with low JAM-A expression are less prone to in-
fection47. Previously, spontaneously occurring reovirus mu-
tants that could infect cells regardless of JAM-A expression,
named jin-1, jin-2, and jin-3 (JAM-A independent), were cre-
ated47. The third variant, jin-3, features just a single mutation
(G196R, where glycine is replaced by arginine).

Reovirus has a limited coding capacity and cannot carry
hundreds of additional nucleotides, meaning the addition of
a transgene to reovirus would have to be balanced out by a
deletion in a gene39. The jin-3 mutant allows for a deletion
in S1: as jin-3 infects cells independently of JAM-A expres-
sion and instead only depends on sialic acid expression, the S1
segment encoding for the head domain of σ1 (which normally
binds JAM-A) becomes unnecessary and can be replaced by a
transgene.

Using this strategy, researchers successfully created a GM-
CSF-expressing reovirus, replacing the S1 segment encoding
for the σ1 head domain and part of the 3’ untranslated region
(UTR). In place of the deleted segments, researchers placed a
hexahistidine-tag, a porcine teschovirus-1 2A (P2A) sequence,
and then either human GM-CSF (hsGM-CSF, 432 bp), murine
GM-CSF (mmGM-CSF, 423 bp), or a fluorescent protein for
control (iLOV, 402 bp)41. The S1 segments of the recombi-
nant viruses rS1-mmGMCSF and rS1-hsGMCSF were 1407
bp and 1416 bp long respectively. For comparison, the S1
segment of wild-type reovirus is 1416 bp long.

Cell lines (human embryonic retinoblast-derived “911”
cells) were able to produce mmGM-CSF when infected with
rS1-mmGMCSF. Mouse bone marrow leukocytes were ex-
posed to the supernatants of the infected 911 cells to gauge
the functionality of the secreted GM-CSF. Higher numbers of
mature and immature DCs were created from the leukocytes
treated with the rS1-mmGMCSF supernatant compared to the
leukocytes treated with the rS1-iLOV supernatant, indicating
that the secreted murine GM-CSF is indeed functional41.

Unlike rS1-mmGMCSF, which was stably expressed
throughout viral propagation, in vitro testing of rS1-
hsGMCSF revealed that (i) genetic deletions occurred in the
gene encoding for hsGM-CSF and (ii) these deletion variants
actually outperformed the original rS1-hsGMCSF in terms of
replication in 911 cells. The researchers hypothesized that ei-
ther the hsGM-CSF gene or protein had negative influences on

viral replication41.
Another key observation in the study was from testing rS1-

mmGMCSF in vivo with the KPC3 mouse pancreatic tu-
mor model. Compared to mice treated with rS1-iLOV, mice
treated with rS1-mmGMCSF had significantly higher levels of
CD86 expression among CD11c+ cells (DCs) in their tumor-
draining lymph nodes. Mice treated with rS1-mmGMCSF
also had significantly more CD62L− cells (effector memory T
cells) among CD4+ (helper T) and CD8+ cells in their spleens.
However, within the tumors of the mice, no significant differ-
ence was shown for T cell activation markers in the CD11c+

cell population. Furthermore, the study was unable to deter-
mine whether treatment with rS1-mmGMCSF improved sur-
vival or reduced tumor mass41.

Preclinical trials with rS1-mmGMCSF and rS1-hsGMCSF
show that it is possible for reovirus to express a functional
transgene. However, it seems that modified reoviruses created
from current methods are not entirely reliable and are lim-
ited in how many modifications can be made, at least when
compared to other OVs (like oAds) that have successfully ex-
pressed two or more transgenes that are also larger in size than
GM-CSF. As new research fully uncovers the specific roles
of, interactions between, and replication signals for each gene
segment, better engineered reoviruses could potentially be cre-
ated39,48.

Choosing the optimal cytokine for expression on reovirus

KPC3 mouse pancreatic tumor models treated with rS1-
mmGMCSF suggested that while GM-CSF increased levels
of T cell activation markers in the spleen and tumor-draining
lymph nodes, there was a negligible increase of T cell activa-
tion markers in the pancreatic tumor itself compared to rS1-
iLOV. This could potentially be due to the TME of PDAC,
which is known to suppress CD8+ T cell activity by using
immune cells. In this section, this review will examine dif-
ferent cytokines (including GM-CSF), their speculated roles
in pancreatic tumors, and why IL-21 is a good contender for
expression on reovirus.

GM-CSF (granulocyte-macrophage colony-stimulating fac-
tor) has been used on multiple OVs for PDAC. Out of sev-
eral OVs expressing a cytokine that have been used in clin-
ical trials for PDAC, two OVs (T-VEC, OrienX010) express
GM-CSF. For certain cancers such as melanoma, GM-CSF
expressed by OVs serves to primarily promote the develop-
ment of hematopoietic stem cell progenitors into DCs that
can in turn start an effective antitumor immune response30.
Yet, for PDAC, GM-CSF may be causing the opposite effect,
aiding tumor growth instead of an antitumor response. Re-
searchers examined the generation of Gr-1+ CD11b+ cells
(myeloid-derived suppressor cells, MDSCs) in 10 different
cell lines49. As expected, c-kit+ splenocytes (progenitor cells
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isolated from the mice’s spleens) only proliferated into MD-
SCs in pancreatic cancer cell lines but not in normal cell lines.
The study noted that out of 11 proteins analyzed for in the
cell lines, tumor-derived GM-CSF was the only protein with
high expression in pancreatic cancer cell lines but not in nor-
mal cell lines. Indeed, GM-CSF was shown to cause c-kit+

splenocytes to proliferate into MDSCs in vitro, while using an
anti-GM-CSF antibody blocked proliferation49. An analysis
of PDAC tumor samples from patients further showed that in
19 out of 20 samples, the majority of tumor cells expressed
GM-CSF49.

MDSCs block CD8+ T cell activity, so this research sug-
gests that, in the case of PDAC, introducing GM-CSF into the
tumor could ultimately block an effective antitumor immune
response. This could perhaps explain part of why in vivo test-
ing of rS1-mmGMCSF revealed insignificant levels of T cell
activation markers in the tumor. For the reasons mentioned,
it was decided not to express GM-CSF in our hypothetical re-
ovirus design.

ILs are a group of cytokines also commonly used in OVs.
An IL-12 expressing oAd (Ad5-yCD/mutTKSR39rep-hIL12)
has been used in a clinical trial for pancreatic cancer as well35.
So far, several ILs have been expressed on oAds, oHSVs and
vaccinia viruses, that being IL-2, IL-10, IL-12, and IL-21 (Ta-
ble 2). In addition, IL-15 has been expressed on an oncolytic
vesicular stomatitis virus28.

It was decided not to use IL-2 or IL-10 in the reovirus de-
sign. As with GM-CSF, IL-2 likely has a complicated overall
effect on PDAC tumors. Although IL-2 has been shown to im-
prove DC tumor infiltration and T cell antitumor activity, it is
a potent activator of Treg cells, which are one of the immuno-
suppressive cell types in the PDAC TME11,34,50. Meanwhile,
high levels of serum IL-10 has been linked to a worse prog-
nosis in PDAC patients, and studies have shown that periph-
eral NK cells in these patients are a different phenotype than
normal NK cells, have increased production of IL-10, and are
immunosuppressive, aiding tumor growth and evasion51. An
IL-10–armed vaccinia virus seems to primarily have inhibited
viral clearance by immune cells but not directly affect antitu-
mor immune responses34. As with GM-CSF and many other
cytokines, current research suggests that both IL-2 and IL-10
induce multiple effects, sometimes increasing immune activ-
ity in PDAC tumors but also utilized by the tumor itself or
tumor-associated cells.

IL-12 is known to stimulate NK, CD4+, and CD8+ cells
and make these cells produce IFN-γ and also the chemokine
CXCL10, both of which are important for antitumor immune
activity35. Indeed, IL-12 is to our knowledge the only inter-
leukin to have been expressed on an OV in a clinical trial
for PDAC35. Therapy with an IL-12 expressing oAd indeed
resulted in elevated counts of serum NK, CD4+, and CD8+

cells in patients. However, in terms of reovirus engineering,

IL-12 may not be a good option to use. When designing Ad5-
yCD/mutTKSR39rep-hIL12, researchers used a 1.6k bp coding
sequence encoding for the two parts of IL-12 (IL-12A, also
called p35, and IL-12B, also called p40)35. The method used
by Kemp et al. in creating rS1-GMCSF only leaves 522 bp
in the reovirus S1 segment that can be replaced by transgenes,
however, so IL-12 may be physically unable to be encoded by
reovirus41. Newer methods of modifying reovirus, perhaps by
deleting additional genes and allowing larger transgenes to be
used, could make an IL-12 expressing reovirus possible in the
future.

Hence, the selection was narrowed down to IL-15 and IL-
21 that could be expressed on the hypothetical reovirus design.
Both cytokines are from the IL-2 family of cytokines and have
similar gene lengths encoding around 162 amino acids22,28. In
comparison, GM-CSF consists of 144 amino acids (and hence
its coding sequence is 432 bp as was in rS1-hsGMCSF)41.
From these two cytokines, IL-21 was chosen, a cytokine pri-
marily secreted by CD4+ T cells that is closely involved in B
cell activation as well as CD8+ T cell activity22. Still, if an
IL-21–expressing reovirus was not suitable for some reason
or did not perform well, an IL-15–expressing design could be
used instead.

Generating an IL-21–expressing reovirus

An oncolytic vaccinia virus expressing IL-21, VVL-21,
showed promising effects in a preclinical trial22. In particu-
lar, the study noted that the immunosuppressive macrophages
in pancreatic tumor models were impacted by IL-21. In
the PDAC TME, tumor-associated macrophages are M2-like
tumor-supporting types, but IL-21 produced by VVL-21 was
able to repolarize these macrophages into M1 macrophages,
which possess antitumor properties instead22. Tumor-
associated (M2-like) macrophages have been speculated to
promote antiviral immune responses in other studies, so this
repolarization effect induced by IL-21 may further aid on-
colytic activity22. This observation with VVL-21 could per-
haps be replicated in an IL-21 expressing–reovirus.

An IL-21–expressing reovirus could be generated follow-
ing a similar reovirus design as rS1-GMCSF that Kemp et al.
devised. The new S1 segment would consist of (i) the 768
bp that includes the 5’ untranslated region, the open reading
frame for the σ1s protein, and the G196R mutation present
in jin-3 mutant reovirus; (ii) a hexahistidine tag; (iii) the se-
quence for thosea asigna virus 2A peptide (T2A); (iv) 486 bp
for the coding sequence of IL-21; (v) a stop codon; (vi) and
finally, 98 bp of the 3’ untranslated region that is necessary
for packaging52. The resulting S1 segment would be approxi-
mately 1436 bp long, which is 19 bp longer than the wild-type
S1 segment.

Reovirus reverse genetics would be performed using a
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plasmid-based rescue system with the jin-3 strain, which har-
bors a G196R mutation in the σ1 protein, enabling JAM-
A–independent entry45–47. The S1 segment would be mod-
ified to accommodate an IL-21 insert, linked via a Thosea
asigna virus 2A (T2A) peptide40,48. The resulting recom-
binant genome would maintain a balanced overall genome
length.

To address challenges with engineering feasibility and in-
sert stability, the S1 segment was selected as the head-domain
deletion in the JAM-A–independent jin-3 backbone provides
sufficient coding space for a cytokine without affecting recep-
tor binding or packaging40,47,48. Incorporation of the short
T2A self-cleaving peptide ensures the translation of IL-21 as
a separate product and not a part of the viral assembly40,41. To
mitigate the chances of instability previously observed with
large or human cytokine inserts, the design restricts the trans-
gene to ¡0.6 kb, preserving genome length parity with wild-
type S140,47,48. Basic quality-control steps would include se-
quence confirmation after serial passages (≥5), quantification
of IL-21 expression by ELISA, and replication kinetics com-
pared with the parental jin-3 virus to verify genetic stability
and preserved infectivity29,45,46.

It should be noted that, like other cytokines, IL-21 can be
harnessed by cancer cells to aid cancer development in some
tumors. A study found that Th17-like cells in PDAC tumors
secreted IL-21, with high density of IL-21+ immune cells in
tissue samples being correlated to worse prognosis53. In the
same study, adding IL-21 to tumor cells aided tumor invasion
in vitro. However, other research suggests that IL-21 is still
important for antitumor immunity in PDAC, and the overall
effect of IL-21 may ultimately be beneficial. In immunocom-
petent mouse models, VVL-21 indeed induced greater tumor
regressions and improved survival compared to the control
virus VVL∆TK-STC∆N1L (VVL-21 is an IL-21–expressing
variant of VVL∆TK-STC∆N1L)22. As was done with VVL-
21, in vivo testing with an immunocompetent model (with un-
modified reovirus as control) would be crucial in assessing the
efficacy of the IL-21–expressing reovirus.

Hence, from the analyses of VVL-21 preclinical trials, it
seems that IL-21 expression on an OV has several antitumor
effects in the context of PDAC tumors (Figure 3). Firstly, it
can polarize immunosuppressive M2-like macrophages in the
TME into antitumor M1 macrophages. In addition, IL-21 can
also significantly increase counts of CD8+ T cells, effector
memory CD8+ T cells, and NK cells, all of which are impor-
tant for antitumor immunity, in the tumor and the blood22.

Finally, a combination therapy of the IL-21–expressing
reovirus and an immune checkpoint inhibitor (ICI) could
achieve synergistic effect and improve response to treatment.
Several studies of OVs, including VVL-21, have pointed out
higher expression of PD-L1 by tumor cells following on-
colytic virotherapy, likely due to the TME becoming immuno-

Fig. 3 Effects of Interleukin-21 (IL-21) (expressed by oncolytic
viruses (OVs)) on antitumor immunity in pancreatic ductal adeno-
carcinoma (PDAC). IL-21 can polarize immunosuppressive M2-like
macrophages in the tumor microenvironment (TME) of PDAC into
M1-like macrophages, which aid antitumor immune activity. In ad-
dition, IL-21 can enhance the tumor infiltration of CD8+ T cells,
effector memory CD8+ T cells, and natural killer (NK) cells within
tumors and circulation. Graphic made using https://bioart.
niaid.nih.gov/.

logically ‘hot’22,27. Whereas ICI monotherapy may not elicit
a significant effect in PDAC due to its ‘cold’ TME, adminis-
tering ICIs together with OVs can significantly improve im-
mune activity. In fact, clinical trials of Pelareorep for PDAC
have been using ICIs like pembrolizumab (anti-PD-1) and ate-
zolizumab (anti-PD-L1) in combination already12,13. It can be
hypothesized that the IL-21–expressing reovirus could also be
used in combination with ICIs for improved efficacy.

Safety and delivery considerations

Cytokine-armed OVs carry an inherent risk of systemic in-
flammation, particularly with potent T-cell stimulators such
as IL-21. To mitigate these risks, transgene expression is re-
stricted by using the tumor-selective replication of reovirus
and placing the IL-21 insert under native viral control ele-
ments, favoring intratumoral and not systemic release29,30.
Conservative dosing and local delivery help to further limit ex-
posure. Previous experiences with IL-12- and IL-2-expressing
OVs demonstrated that excessive systemic cytokine exposure
and resulting effects, rather than local immune stimulation,
were the likely causes of toxicity31,35,50. These precedents
guided our approach toward moderate transgene expression
balanced with viral fitness and safety, making sure the virus
can create an effective yet controllable immune response.

Effective delivery of oncolytic reovirus to pancreatic tu-
mors remains a major challenge due to the tumor sites’
dense desmoplastic stroma, high interstitial pressure, and
deep anatomical location, all of which hinder viral dissem-
ination9–11. Moreover, pre-existing neutralizing antibodies
against reovirus are common in the adult population and could
potentially target circulating virions following intravenous de-
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livery38,39.
To overcome these physical and immunological barriers,

several complementary strategies can be used. Repeated intra-
tumoral dosing or EUS-guided injection achieves higher local
titers and bypasses stromal resistance while minimizing sys-
temic inactivation19. On the other hand, intravenous admin-
istration may require additional measures—such as carrier-
cell delivery using mesenchymal stromal or immune cells—to
shield virions from neutralization and promote tumor-homing
dissemination17. Transient immunomodulation with agents
such as low-dose cyclophosphamide can maximize OV effects
and prevent antiviral responses37. Collectively, these safety-
and delivery-oriented adaptations provide a rational frame-
work for using IL-21-armed reoviruses to achieve an effec-
tive yet controlled immune activation in PDAC’s challenging
TME.

Limitations of the evidence base

Current evidence supporting OV therapy for PDAC is largely
from small, early-phase, and often single-arm studies, some
of which combine OVs with existing chemotherapy or im-
munotherapy31,35,54. As a result, there is a substantial risk of
selection bias and cross-trial variability that limits the general-
izability of reported outcomes30,31. Moreover, differences in
viral backbones, dosing routes, and patient populations com-
plicate direct comparisons between trials. While preclinical
data are mechanistically robust, translation to clinical efficacy
remains constrained by the heterogeneity of study design and
endpoint reporting. Future randomized and biomarker-guided
trials will be essential to validate the observed signals and de-
fine the true therapeutic value of any novel OV for treating
PDAC29,30.

Conclusion

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
lethal cancers, with patients often being unresponsive to con-
ventional therapies. Immunotherapies have shown efficacy
against some cancers and hold promise for cancers like PDAC,
which have very immunologically ‘cold’ TMEs. Oncolytic
virotherapy is one especially promising immunotherapy for
PDAC because it operates through multiple mechanisms, such
as direct lysis of tumor cells and activating antitumor im-
munity, and is diverse in terms of viral backbones and ge-
netic modifications. In the case of PDAC, viroengineering has
been used most extensively on oAds, oHSVs, and oncolytic
poxviruses to improve their performance. Reovirus is a seg-
mented dsRNA virus with natural tumor selectivity that has
shown promise as a therapeutic agent for PDAC but has lagged
behind in therapeutic transgene expression.

This review proposed a hypothetical design of a modified
reovirus expressing the cytokine IL-21 that, based on current
research, could improve reovirus’s efficacy for PDAC. Al-
though the hypothetical design is not an experimentally tested
design, rationale was provided on how genetic engineering
of reovirus, specifically the expression of IL-21, could im-
prove reovirus’s performance. An IL-21–expressing reovirus
in combination with ICIs or other agents, such as chemother-
apeutic agents, could achieve synergistic effect for treating
PDAC. Future genetically engineered reoviruses could utilize
IL-21 or other transgenes for enhanced capabilities, and fur-
ther research on reovirus engineering could allow for more
efficient packaging and expression of transgenes.
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I, multicenter, open-label study of intravenous VCN-01 oncolytic aden-
ovirus with or without nab-paclitaxel plus gemcitabine in patients with
advanced solid tumors. J Immunother Cancer, 2022, 10, 003255. DOI:
https://doi.org/10.1136/jitc-2021-003255.

21 E. Eriksson, I. Milenova, J. Wenthe, M. Ståhle, J. Leja-Jarblad, G. Ul-
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