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Abstract

Survival rates for pancresatic cancer patients have remained unchanged for the last four decades. The
most aggressive, and most common, type of pancreatic cancer is pancreatic ductal adenocarcinoma
(PDAC), which has the lowest 5-year survival rate of all cancers globaly. The poor prognosis is
typically due to late presentation of often non-specific symptoms and rapid development of resistance
to al current therapeutics, including the standard-of-care cytotoxic drug gemcitabine. While early
surgical intervention can significantly prolong patient survival, there are few treatment options for
late-stage non-resectable metastatic disease, resulting in mostly palliative care. In addition, a defining
feature of pancreatic cancer is the immunosuppressive and impenetrable desmoplastic stroma that
blocks access to tumour cells by therapeutic drugs. The limited effectiveness of conventional
chemotherapeutics reveals an urgent need to develop novel therapies with different mechanisms of

action for this malignancy.

An emerging aternative to current therapeutics is oncolytic adenoviruses; these engineered biological
agents have proven efficacy and tumour-selectivity in preclinical pancreatic cancer models, including
models of drug-resistant cancer. Safety of oncolytic adenoviral mutants has been extensively assessed
in clinical trials with only limited toxicity to normal healthy tissue being reported. Promising efficacy
in combination with gemcitabine was demonstrated in preclinical and clinical studies. A recent surge
in novel adenoviral mutants entering clinical trials for pancreatic cancer indicates improved efficacy
through activation of the host anti-tumour responses. The potential for adenoviruses to synergise with
chemotherapeutics, activate anti-tumour immune responses, and contribute to stromal dissemination

render these mutants highly attractive candidates for improved patient outcomes.

Currently, momentum is gathering towards the development of systemically-deliverable mutants that
are able to overcome anti-viral host immune responses, erythrocyte binding and hepatic uptake, to
promote elimination of primary and metastatic lesions. This review will cover the key components of
pancreatic cancer oncogenesis; novel oncolytic adenoviruses; clinical trials; and the current progress

in overcoming the challenges of systemic delivery.
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Introduction

Pancreatic cancer is the fourth leading cause oterarelated deaths globally, even though it
accounts for only 3% of all cancer diagnoses inWestern world [1]. Survival rates for the most
aggressive form of pancreatic cancer, pancreatitaladenocarcinoma (PDAC), have not improved
significantly since the 1980s [2]. The prognosisRP®AC patients remains unacceptably poor, owing
to the fact that around 80% of patients have ewdasf distant metastases at the time of diagnosis.
Evidence of locally advanced or metastatic disgaselude potentially curative surgical resection
resulting in treatment with chemotherapy and theidradevelopment of resistance to all current
therapeutics [3]. In patients with resectable turapthe 5-year overall survival (OS) rate is still
remarkably low at 15-20%; for non-resectable disgdisis <5%. The low OS rates in patients
undergoing surgical resection is most likely dueutmletectable distant metastases and incomplete

removal of the tumour [4].

The incidence of pancreatic cancer is highest witthie 65-75-year-old age group. Current
observations suggest that 5-10% of all cases hawes@mal dominant hereditary components with
reduced penetrance; the remainder of cases arisadipally [5]. Some indicated risk factors are
smoking, high alcohol intake, obesity, pancreatitisl diabetes mellitus [5-7]. The majority (65%) of
tumours are located in the head of the pancreais, 1sP6 in the body, 10% in the tail and 10% within
multiple sites Figure 1). Patients with tumours originating in the headhef pancreas tend to present
earlier with obstructive jaundice and pancreatitibjle patients with tumours of the tail and body

present later and have worse prognoses [7].

Pancreatic cancer is histologically characterised adenocarcinomas (>90%), mucinous tumours,
neuroendocrine tumours and cystadenocarcinoma®][8The survival rates vary significantly
depending on the histological type; the best pregnis for patients with neuroendocrine tumours and
the worst for patients with adenocarcinomas andimows tumours [9]. More than 80% of patients
present with metastasis at the time of diagnosi) \esions predominantly detected within the
abdominal viscera and peritoneum [10]. The livema msommon site for metastasis due to the complete
hepatoportal venous drainage of the pancreas Méfastases originating from the body and tail of
the pancreas can bypass lymphatic, hepatic and opalm filters, resulting in spread to sites

throughout the entire body including lungs, bones adrenal glands [10-13].

Despite recent advancements in understanding tterlying molecular causes of pancreatic cancer,
current therapeutics neither significantly prolosgrvival nor alleviate morbidity. Treatments are
rarely curative outside surgical resection, witlstfline palliative chemotherapy remaining relative

unchanged since the evaluation of gemcitabine nhemapy in 1997 [14]. In 2011, it was



demonstrated that a combination regime of leucoyofiuorouracil, irinotecan and oxaliplatin

(FOLFIRINOX) generated a slight increase in survisa4.3 months when compared to gemcitabine
monotherapy; 11.1 and 6.8 months, respectively. [Usfortunately, prolonged survival came at a
cost, with hugely increased toxicity profiles comezh to gemcitabine monotherapy, including
multiple grade 3/4 adverse events. After FDA apaplam 2013, gemcitabine can now be given in
combination with nab-paclitaxel, following repottsat the combination granted prolonged survival
compared to gemcitabine alone [16]. Although onlslight improvement (< 2 months) in survival,

the toxicity profile was more tolerable than wit@EFIRINOX, and grade 3/4 adverse events were

less common.

Presently, clinical data indicate that both FOLNRIX and gemcitabine with nab-paclitaxel are
acceptable first-line treatment options for pasenith a good performance status and non-resectable
disease [17, 18], however, a significant proporbbpatients do not present with a good performance
status and may not tolerate these combination piesa For these patients, the only option is

gemcitabine monotherapy [19].

The limitations of current treatments for advanaad metastatic pancreatic cancer highlight the need
for innovative and novel therapeutics with differemechanisms of action. The dismal prognosis for
patients afflicted with PDAC and the lack of sigeéint improvements in survival during recent
decades signifies that the sole use of chemothatiapemay never be enough. This review will
discuss the exciting therapeutic potential thatobriic adenoviruses pose for future treatment of

pancreatic cancer.

Molecular alterations during the oncogenesis of pasreatic cancer

Our understanding of how the combination of comphealignant transformations and precursor
lesions ultimately develop into PDAC has signifitarprogressed during the last 20 years [20-22].
The evolution of a pancreatic ductal epithelial aglo a PDAC cell occurs in several stages: driver
gene mutations within precursor cells followed lynal expansion into multicellular neoplasms leads
to the development of cellular heterogeneity artdralions in the surrounding microenvironment.
Formation of PDAC precursor lesions is, in the mgjoof cases, induced via oncogerkéAS
activation. The two most noted precursor lesiomspancreatic intraepithelial neoplasias (PanIN) and
intraductal papillary mucin-producing neoplasm (IRM21, 23, 24]. PanINs are microscopically
visible, non-invasive proliferations and metaplasi@nce healthy ductal epithelium, and are thetmos
common precursor lesions; IPMNs are grossly visilblen-invasive, mucin-producing neoplasias

from the pancreatic ducts and branches. The preigreof PanINs to dysplastic lesions occurs



through three distinct stages: PanIN-1, PanIN-2 BadIN-3. A PanIN-3 lesion is described as
carcinoma in situ within the TNM Classification fBancreatic Cancer [25]. Cells are characterised
by both morphological and genetic-alteration sigtpdor each of the PanIN stages, with only stages
2 and 3 showing cellular dysplasia. It is importamhote that PanINs will not definitely progress t
an infiltrating PDAC, although they have the futitential to do so [26]. The genetics of pancreatic
cancer is dominated by the presence of three tokimown alterations ilKRAS, CDKN2A, TP53 and
SMADA4 [20, 22, 26, 27]. Accumulation of these somatierations have been identified within the
various PanIN stages and PDAC its€llable 1). The key mutations of pathway and regulatory
proteins, alongside their usual functions and mteoccurrence, are outlined imable 2. The
consistently high prevalence of these specific geraterations suggests that a main evolutionary
pathway plays a role in the development of PDACwENeer, low-frequency genetic alterations have
been recently identified, which may provide scoped more personalised treatment with continued

extensive research [28, 29].

Activation of KRAS

Mutations leading to the activation of tK&RAS oncogene are already present during the earlgstag
of PanIN lesions and in more than 95% of PDAC cd2@s 30, 31]. KRAS is a small GTPase
involved in a plethora of cellular functions, indlng cell survival, proliferation and cytoskeleton
remodelling. It functions as a transducer betwesthstirface receptors and downstream intracellular
pathways, existing in ‘on’ and ‘off’ conformationghich is conferred by binding of GTP and GDP,
respectively [32]. The majority of mutations, indilng KRAS**?*® and KRAS'?", cause constitutive
activation of KRAS by preventing hydrolysis of GT@®GDP [33, 34]. This locks the protein into an
active conformation, leading to persistent stimafatof signalling pathways that drive the early
oncogenesis of pancreatic cancer including thegiémgon of cell cycle progression. The three major
affected pathways are Raf-Mek-Erk, PI3K-Pdk1-Aktddhe Ral-guanine nucleotide exchange factor
pathway [35, 36].

Inactivation of CDKN2A

The humarCDKN2A gene encodes the tumour suppressor genés‘$1and p14=F[37]. In PDAC,
loss of both proteins via larger gene deletions o@ytribute to oncogenesis by varying mechanisms,
although evidence from humans and mice allude &1 as the primary deleterious factor. For
example, p18™““* inhibits cell cycle progression at the G1/S cheikp which is mediated primarily
by CDK4 and CDK6; consequently, g18”* loss through CDKN2A inactivation will abrogate ghi
vital checkpoint enabling continuous cell cyclegnession [38]. The pf4" protein also activates the
G1/S checkpoint, through a CDK-independent mechani/ preventing p53-degradation [37, 39].

Loss of p14~Fprevents cell cycle arrest and p53-induced apaptosi



Inactivation of p53

The p53 gene encodes the tumour suppressor transcriptiotorf p53, which is activated in the
presence of DNA stress or damage [40, 41]. Expyessf p53 is fundamental in the regulation of
both G1/S and G2M checkpoints, which enable DNAairepr apoptosis to occur when necessary. In
addition, p53 increases expression of the cyclipeddent kinase inhibitor CDKN1A, thus preventing
cell cycle progression [42]. In pancreatic cang®3 is either completely inactivated by genetic
mutations, or by alterations in the DNA binding dom preventing p53-mediated transcriptional
activity [20, 43]. The mutations result in contiusocell cycle progression, even in the presence of

severe DNA damage, promoting further accumulatfogemetic abnormalities in the cells [44].

Inactivation of SMAD4

SMAD4 is a major tumour suppressor gene that is spatiyfialtered in 45% of PDAC cases either
through homozygous deletions (30%) or direct matawith loss of the second gene copy (25%) [45,
46]. SMAD4 encodes a transcription factor that acts as aiatrgentral mediator in the TG-
signalling pathway for cellular differentiation,ayrth and maintenance of homeostasis [47]. During
PanIN stages 1 and 2, the TGRpathway remains functional as a tumour suppresgsocontrast,

during PanIN stage §VIAD4 is inactivated and the TGFpathway promotes growth.

Induction of Epithelial to Mesenchymal Transition EMT)

The gain of infiltrative capacity of cancer celia the epithelial to mesenchymal transition (EMY) i
considered a pivotal step in the progression ah@ary tumours to invasive and metastatic cancer,
including PDAC. During the process of EMT, cellddarngo a developmental shift from an epithelial
to highly motile mesenchymal or fibroblastoid phimpe; this shift facilitates invasion of malignant
cells into surrounding tissues, the circulation,axitimately, dissemination to distant sites [4BMT

is strongly associated with decreasing expressorld of E-cadherin and increasing N-cadherin
levels [49]. The low levels of E-cadherin resultreduced formation of adherens-junctions, thus
leading to the loss of maintenance of the epithpl@notype [50]. Furthermore, higher levels of N-

cadherin expression contribute to the increaseakine potential of the cells [51].

Treatment-resistance in PDAC

In addition to the late presentation of symptorhe,rapid development of resistance to chemotherapy
remains one of the greatest barriers to curatigatrments in pancreatic cancer [52]. Treatment of
PDAC is in most cases a losing battle because ehthmerous underlying genetic reprogramming

events, including altered apoptosis, metabolicaaildilar pathways, and increased EMT. In addition,



acquired drug-dependent alterations such as u@tgulof drug efflux pumps and deregulation of
mMiRNAs counteract the effects of cytotoxic drug8][8Cancer cells generated from the predominant
oncogenic drivers mentioned above may also havaténresistance to chemotherapeutic drugs [54].
However, many PDAC patients show some extent ofcifaliine susceptibility before the first round

of treatment. This initial susceptibility with rapsubsequent development of resistance suggests tha
there are pre-existing resistant cell populatiorthin the stroma or the heterogeneous tumour jtself
with the initial treatment selecting for these sémnt populations [55]. For example, elimination of
gemcitabine-sensitive cell populations enablestasi cell populations to expand and repopulate the

tumour microenvironment within weeks of treatmes#t][

Interestingly, the tumour microenvironment has beeneasingly recognised as a major contributor
to the development of chemoresistance in pancrezdicer [56-58]. Desmoplasia is a well-
established characteristic of PDAC that involvefibao-inflammatory process leading to cancer-
associated fibrosis of the stroma which restrictseas of chemodrugs. The desmoplastic stroma is
comprised of both cellular and non-cellular compuag with the main constituents being non-
guiescent pancreatic stellate cells (PSCs), immeelés, endothelial cells and fibroblasts, that
promote tumour growth [59]. Activated PSCs are knaw be the main regulators of pancreatic
cancer-associated desmoplasia, and may promoteefuprogression and metastasis [60, 61]. The
non-cellular component is comprised of an extratall matrix (ECM), which contains proteins,
glycosaminoglycans and proteoglycans, forming ttehitectural foundations for cancer growth and
maintenance. A key glycosaminoglycan, hyaluronitd,acs markedly overexpressed in PDAC,
making it a structural hallmark and potential tipenatic target of the pancreatic cancer stroma [62].
summary, the roles of the microenvironment in thevelopment of chemoresistance are: i)
Dysfunctional vasculature resulting in raised s@bnmterstitial pressure that prevents sufficient
deposition of drugs within the tumour. ii) Stromzlls promote resistance by generation of the
desmoplastic microenvironment, promoting EMT amaréfore, metastasis. iii) Components of the

ECM promote chemoresistance by affecting gene egre in cancer cells.

It is clear that the resistance to cytotoxic drug®DAC cannot be conquered by currently available
anti-cancer drugs but could, however, be combditedirectly altering the genetic landscape of the
cancer cells. Oncolytic adenoviral mutants may pgheeway as genetic vectors, supplying the cancer

cells with new ways of dying with no or limited foity to healthy cells.

Oncolytic Adenoviruses



Adenoviruses are small non-enveloped double-stchiiA viruses with a 30-38 kb linear double-
stranded genomé-igure 2) [63]. The family includes >57 serotypes that @esssified in subtypes A-
G, based on their respective agglutination properfAdenovirus-infection is facilitated by bindiafy
viral fibre-proteins to the epithelial-specific kahr Coxsackie virus and Adenovirus Receptor
(CAR), followed by internalisation through viral ggen-binding to integrins; mainlgv33 andavi35
(Figure 2). Once internalised, the viral protein coat isrdelgd, and the genome is transported to the
host cell nucleus for transcription. The first steghe viral life-cycle is expression of the eaviyal
E1A proteins, required for initiation of S-phaseitis fundamental for viral propagation [63]. The
E1ACR2 domain in the E1A protein binds to the maiastoma protein (pRb), which in turn releases
E2F and forces the infected cell to enter S-ph&s#lowing E1A translation and S-phase entry,
expression of the viral anti-apoptotic E1B55K artBE9K proteins protect the infected cells from
premature death by inhibiting the G1/S checkpoimil &activating both p53 and mitochondrial
depolarisation. In addition, the viral E3- and Eghgs protect the infected cell from immune-

mediated cell killing and prevent activation of DMamage repair, respectively.

To date, multiple oncolytic viruses have been gateer, with the majority based on genomic
alterations of serotype 5 species C (Ad5) [64-68j advantages of Ad5-based mutants include the
ease of genetic engineering of the small genomé wit gene functions established; high-titre
production under good manufacturing production (GMiIAd specific targeting of both dividing and
non-dividing epithelial cells, including adenocaminas. Furthermore, even the wild type Ad5 virus
causes only mild upper respiratory tract infectithveg resolve spontaneously in otherwise healtlly an
immunocompetent individuals [67]. Extensive datanirclinical trials using replication-selective
oncolytic Ad5-based mutants have proved that thesgants are safe in cancer patients and

specifically eliminate tumour cells with limitedxicity to healthy cells [64, 68-72].

Viral activation of the anti-tumour immune response

In contrast to current chemotherapeutic and tadgetgicancer drugs, oncolytic adenoviruses act
through multiple mechanisms to eliminate cancelsaahd prevent recurrence. In addition to local
amplification of viral dose within the tumour miemvironment and activation/inhibition of numerous
cellular pathways, adenoviruses also activate tyat Anti-tumour immune responses [65, 73, 74].
Generation of a potent immune response is crifmamaximum therapeutic efficacy in response to

oncolytic viruses.

One of the emerging hallmarks of cancer is theitghib evade the host immune system and, thus,

avoid immunologically-mediated destruction [75].riyg the process of early immune editing, cancer



cells that present tumour antigens are highly qui#de to detection and removal by the immune
system, resulting in a selection-based eliminafiéd]. Following immune destruction of the initial
immunogenic cancer cells, continued aberrant delsidn of the remaining populations results in
accumulation of mutations and reduction in canedirimmunogenicity. Eventually, the tumour will
fully escape recognition by the immune system [78, The main mechanisms underlying tumour
evasion are defective tumour-associated antigeseptation and over-production of immune-
suppressive factors [78]. Adenovirus-induced caceéirlysis causes activation of the innate immune
defence and exposure of novel tumour antigens filitates the generation of an anti-tumour
immune response that counteracts the immune sigiyeimour microenvironment. Importantly,
adenoviral infection induces immunogenic cell de@@D) through direct cell lysis and release of
tumour-associated antigens (TAAs), as well as damagd pathogen-associated molecular pattern
molecules (DAMPs and PAMPSs) [73, 74, 79, 80]. Aation of the adaptive immune responses
occurs after presentation of these molecules,quéatly DAMPS, to antigen-presenting cells (APCs)
such as the dendritic cell (DC) [81, 82]. Activate@s migrate to draining lymph nodes for cross-
presentation to CO8T-cells, the primary anti-tumour effector cell8[8DCs also activate CD4T-
helper cells, which are fundamental for the deuslept of long-term anti-tumour immunity [84].
Viral infection induces the release of pro-inflantorg cytokines and chemokines from both
infiltrating and resident immune cells as well asnf the infected cells. As a result, this localised
inflammation may augment the function of infiltragi lymphocytes while contributing towards the
generation of anti-tumour immunity [84]. Therefoomcolytic adenoviruses may play a potential role
in reversing the profound immunosuppressed statkeoPDAC microenvironment, which ordinarily
prevents the successful infiltration/activation@b4™ and CD8 T-cells and release of anti-tumour
chemokines and cytokines [85]. In addition, adenmés are often armed with therapeutic transgenes
that promote local cytokine-activation to exploiflammatory-induced infiltration of lymphocytes,
including IL-12, IL-18 and IFNx that stimulate both innate and adaptive immunpaeses [73, 86-
88].

Clinical trials with oncolytic adenoviruses may lige only current way of demonstrating the
induction of potent long-term anti-tumour immunity response to adenoviral infection due to the
limitations with preclinicalin vivo models. The species-specificity of adenovirus lpdes the

generation of relevant immune mechanisms in otheciss in response to potent viral replication and
cell lysis; as a result, murine models are inadegdier investigating these anti-tumour immune

responses.

Generation of PDAC-selective potent oncolytic ademiral mutants



The first oncolytic adenoviruses were developed thia deletion of viral genes, the so-called
complementation deletions, which are fundamentavii@l replication within normal cells but not in
cancer cells due to their altered cell cycle anopagsis pathways. The first oncolytic adenovirus to
be evaluated in cancer patients, including PDAGep&t, was Onyx-015d(1520) with the anti-
apoptoticE1B55K-gene deletedrigure 2) [71, 89, 90]. The E1B55K protein binds and inzaties
p53, which is already non-functional in the majpmif cancers including pancreatic cancer. Thus,
Onyx-015 propagation could proceed in cancer drlisnot in normal cells with functional p53. In
the initial Phase | trial targeting patients witlresectable, locally advanced pancreatic cancenx-On
015 was delivered directly into the tumours by Giidgd or intraoperative administration [89]. While
safety was clearly demonstrated, no significanpoases were reported. In a follow-up Phase /I
trial, the virus was delivered intra-tumourally bitrasound-guided administration in combination
with intravenous gemcitabine [68]. Despite improwdficacy compared to each agent alone (partial
regression, 2/21; minor responses, 2/21), the twarcomes were disappointing and no further grial
in PDAC patients were undertaken with Onyx-015. Ppber efficacy of Onyx-015 was attributed to
the lack of viral mMRNA nuclear export, a functionedmted by E1B55K in addition to p53
inactivation, that was later demonstrated to beerdss for viral replication [70, 91]. Without a
functional E1B55K-protein, viral replication andrepd within the tumour were severely attenuated.
Furthermore, the deletion of the immune-regulatBBB-genes, that had been included for safety
reasons, contributed to premature elimination afs/infected cells by the host macrophages prior to

maximal viral replication [92].

To date, several oncolytic adenoviral deletion-mtgahave been developed with highly specific
genetic alterations and retained activity, resgliim promising improvements in efficacy within both
preclinical studies and early-phase clinical triaith PDAC patientsTable 3). The most common
alteration is deletion of the pRb-binding ELACR®io®, generating mutants with proven efficacy in
the majority of cancers, including pancreatic canBeletion of the ELACR2-domain prevents viral
replication in normal cells while propagation répdiroceeds in cancer cells with deregulated cell
cycle, such as in PDAC cells with activating KRASItations. Mutants with the ELACR2-deletion
include dl922-947 [93], Ad24RGD [94], AANA and Ad5-A-A20T [95, 96], and have been
demonstrated to potently replicate and spread wiHHDAC cell models in botm vitro andin vivo
preclinical studies. Additional modifications inde insertion of E2F-binding domains to drive viral
replication €9. VCN-01 and LOAd703) and transgene expression tivae the host anti-tumour
immune responses.§. LOAd703 and Ad5-yCD/mutTkgsgep-hiL12), which will be discussed

below.

Clinical trials targeting pancreatic cancer with adenoviral mutants



Despite the poor efficacy of Onyx-015, the triatmgincingly demonstrated feasibility, tolerance and
safety of adenoviral delivery, paving the way fatufre clinical evaluation with improved oncolytic
viruses. Interestingly, the Chinese FDA (SFDA) awed the clinical application of an almost
identical mutant, HL01E1B55K- and E3B-deleted) for head and neck cancers in combinatiibim
cisplatin and/or 5-fluorouracil (5-FU) in 2005 [998]. Currently, thousands of patients have been
treated with H101 with no reported side-effects. daie, there are a great number of published
clinical trials involving PDAC patients that utésmodified adenoviral mutants, both replicating and
non-replicating (outlined iable 3).

Currently, patients are being recruited in two ghifials aimed at evaluating mutants based on the
Onyx-015 backbone with additional modifications, ieth were reported to improve efficacy in
preclinical studies; Ad5-yCDiutTK(sr39yep-ADP and Ad5-yCDhutTK(sr39yep-IL12 [99, 100].
Both mutants express the chimeric prodrug convgrtenzyme yeast cytosine deaminase
(yCD)/mutant sr39 herpes simplex virus thymidineadsge (yCD/mutTKsr39) that potently converts
the prodrugs 5-FC and ganciclovir to their respectmetabolites 5-fluorouracil (5-FU) and
ganciclovir-5-monophosphate (ganciclovir-MP). Enzyrexpression is regulated by the CMV-
promoter that also controls expression of the Adi#abDeath Protein (ADP) or IL-12 to further
boost anti-tumour activity in PDAC patients. In t@st, the replicating AdVince virus targets liver
metastases originating from pancreatic neuroeng®dtimours (NET) [101]. Although, pancreatic
cancer is dominated by adenocarcinomas (PDAC),cappately 10% of the pancreatic patient
population suffer from metastatic NETSs, creatinglistinct group in need of a novel therapeutic
option. NETs typically produce the secretory pmotehromogranin A (CgA), which presents the
opportunity to exclusively target viral replicatido NET cells. In AdVince, E1A expression is
controlled by the CgA-promoter region and to mirsenhepatocyte toxicity, target sequences for the
hepatocyte-specific microRNA miR122 were incorpedainto the 3’-untranslated region of the E1A
gene to prevent viral replication in hepatocyte®l]1In order to enhance the transduction of tumour
cells, the protein transduction domain (PTD) frdra Trans-Activator of Transcription (Tat) protein
of human immunodeficiency virus (HIV)-1 was inseriato the hypervariable region (HVR)-5 of the
viral hexon protein. This PTD insertion achievesCAR-independent route of infection and
dissemination throughout the NETs. Although onlgteéd pre-clinically on surgically-resected
metastatic NETs originating from the small intestiddVince displayed NET-cell specificity with
high lytic activity, as well as limited toxicity irsolated human hepatocytes compared to wild-type
virus. AdVince is currently being evaluated in aagh I/lla clinical trial for patients with multiple
metastatic liver lesions of pancreatic NET origimportantly, CgA is expressed in healthy tissues
including pancreatic-cells, the pituitary gland, and adrenal medull®1]l and is therefore

administered in close proximity to the target tumsovia intrahepatic artery infusion.
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Interestingly, a number of trials are currently lagéing non-replicating adenoviral mutants that
cannot spread within the tumour and require exjprs¥ prodrug converting enzymes or cytotoxic
factors to induce tumour cell killing (Table 3). Bfinition, non-replicating mutants have the viral
E1A-gene deleted that prevents replication in aglf. tn AdV-tk, the immunoregulatory E3-genes
were deleted in addition to E1A to enable insertibthe HSV-tk enzyme expressed from the CMV-
enhancer/promoter [102, 103]. Favourable respomsas reported in a Phase | trial after intra-
tumoural injections. In the TNFerade mutant, thérenEl-gene (E1A and E1B) was deleted in
addition to the E4-genes and a partial E3-deletrenable insertion of TNF regulated by the
radiation activated early growth response elemegt-() [104]. TNFerade was reported to be safe
but had no significant advantage compared to cturstgsndard of care in a small randomised
Phasell/lll trial. ETBX-011 was deleted in the Ednrgs (E1A and E1B), the E2B- (the viral
polymerase) and the E3-genes [105, 106]. The ratdior deleting the major early viral genes was to
enable insertion of the tumour associated carcihogomic antigen (CEA) regulated by the CMV
promoter. Potent expression of CEA elicited antitdur activity as a result of cell-mediated
immunological responses. Furthermore, CEA was retlito contain the highly immunogenic
epitope, CAP-1-6D. Promising preclinical resultsreveeported [105], which explains why multiple
phase I/l trials with ETBX-011 in PDAC patientearurrently underway (outlined rable 3).

To date, the most promising results for treatmdrPIDAC, have been reported for the replication-
selective mutants LOAd703 and VCN-01, and theseanmatwill be discussed in detail below.

LOAd703

Deletion of the E1ACR2-region has been establisteedoroduce highly tumour-selective and
efficacious oncolytic adenoviral mutants and wasrdfore included in LOAd703. In addition, E2F-
binding sites were inserted upstream of E1A to rabrts expression and viral replication, and the
immune regulatorye36.7K and E3gpl19K genes were deleted for increased immunogenicity -1
109]. The novelty in LOAd703 is the insertion dfrinerized, membrane-bound human CD40 ligand
(TMZ-CD40L) and the full-length human 4-1BB ligaijd-1BBL), both under control of the CMV

promoter.

CD40 belongs to the tumour necrosis factor rece@diFR) family and is expressed by B-cells,
professional antigen presenting cells (APCs), mamiine cells and tumour cell$10]. The ligand,
CDA40L (a.k.a. CD154) is expressed primarily by\atd T-cells and B-cells, and by natural killer
cells (NK), mast cells, monocytes and basophilsJ1C040/CD40L interactions play pivotal roles in
governing humoral and cell-mediated immunity, matarly for ‘licensing’ DCs to undergo
maturation and effectively trigger cytotoxic T-cedictivation/differentiation[110-112]. It was

hypothesised that CD40/CD40L interactions in PDA@ynprovide a key regulatory step in the

11



generation of a T-cell-dependent anti-tumour immuasponse [113] by mechanisms including
activation of the adaptive immune system and CD4@liated apoptosis of cancer ce]l08].
However, this hypothesis was contested when amgjydiita from a clinical trial evaluating a CD40-
activating monoclonal antibody (mAB) in combinatiaith gemcitabine in PDAC patients, resulting
in partial responses in primary and metastatiofesianalysis of tumour biopsies revealed infilbmrat
by macrophages rather than T-cells [113]. Nones$iseléhere is evidence that therapies involving
CD40 agonists may produce an anti-tumour immun@orese via myeloid-cell activation, albeit
potentially without T-cell involvement due to potumour infiltration.[108] The TMZ-CD40L in
LOAd703 may increase myeloid and T-cell infiltratiof PDAC tumours, and promote lymphocyte
transmigration across CD40L-stimulated endothekds [108].

The 4-1BB protein is also a member of the TNFR farand is typically expressed on activated T-
cells and natural killer cells, monocytes, neutitspand macrophaged14]. Its natural ligand, 4-
1BBL (a.k.a. CD137L), is expressed on B-cells,\at&d T-cells, dendritic cells and macrophages
[115]. Binding of 4-1BBL to 4-1BB is associated withe expansion of innate immune cells,
including NK cells, and potentiation of immunologianemory[116, 117]. In one study, cultured
surgical PDAC specimens were treated with an aiigat-1BB mAb, resulting in increased numbers
of tumour-infiltration lymphocytes (TIL)[118]. The 4-1BBL in LOAd703 may potentiate the
infiltration of lymphocytes into the tumour and iease the efficacy of CD40/CD40L orchestrated

anti-tumour immune responses.

Pre-clinical studies using LOAd703 demonstrated tha mutant successfully replicated and lysed
cultured human PDAC cells (Panc01, BxPc3, MiaPakaZ;a3) and subcutaneous Panc01 xenografts
in immune deficient mice [107]. In these modelgratumoural administration of LOAd703 in
combination with gemcitabine significantly reducéamour growth compared to single agent
treatments. Due to the lack of immune competenirmaunodels, further evaluation was conducted in
isolated human immune cells and infected DCs, whadhto NK cell expansions in response to the
replication-independent expression of TMZ-CD40L ahdBBL, resulting in cytokine production
[108]. Due to the poor infiltrative capacity of lacytes into the desmoplastic stroma in PDAC
tumours, viral replication and upregulation of dytes may aid in producing a significant anti-
tumour immune response in patients. Safety andnpredry anti-tumour activity of LOAd703 is
currently being evaluated in Phase I/ll and I/ileal$ including PDAC patients with unresectable
cancergTable 3). Patients in the phase I/1l trial will receive kigntratumoural LOAd703 injections

in combination with gemcitabine and/or nab-packfaxn the phase I/lla trial, six intratumoral
LOAd703 injections every other week together wil performed alongside standard of care (SOC)

gemcitabine and nab-paclitaxel.
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VCN-01

Replication-selectivity of VCN-01 was achieved dieletion of the ELACR2-region and insertion of
E2F-binding sites to control E1A-expression andalvireplication [119, 120]. To circumvent
adenoviral hepatocyte transduction, the heparifateuglycosaminoglycans (HSG) putative-binding
site KKTK in the fibre shaft was replaced by an R@Dtif [121, 122]. This KKTK-RGDK
mutation decreased liver transduction in murine e®dfter intravenous injection and increased
tumour-targeting [123, 124]. VCN-01 penetrates demse desmoplastic stroma in PDAC tumours
because of incorporation of the human glycosylphasgdylinositol-anchored enzyme PH20
hyaluronidase in the viral genome, which breaksrmddve ECM[120]. Currently, two phase | trials
are underway including PDAC patients with unredaeletaancergTable 3). The use of the anchored
PH20 hyaluronidase should theoretically allow foeager adenoviral dissemination throughout the
desmoplastic stroma and ECM, facilitating both Miaread and immune cell infiltration. In one trial
three intratumoral injections of VCN-01 every 28gldn combination with intravenous Gemcitabine
and Abraxane® is assessed, while in the seconld drisingle intravenous injection of VCN-01 in

combination with intravenous Gemcitabine and Abna®& is evaluated.

Challenges with systemic delivery of adenoviral maints in PDAC patients

In the vast majority of clinical trials with oncaly adenoviruses the mutants have been administered
intra-tumorally. Unless potent anti-tumour immuresponses are initiated, many of the current
mutants are not suitable for the 80% of patienéd gresent with already active metastatic disease
because of the inability to reach distant tumowioles in sufficiently high doses after systemic
delivery [125].The ultimate aim is to generate mutants that hastopged half-life in blood and can
reach and eliminate all tumour lesions after systetalivery, and concurrently activate anti-tumour
innate and adaptive immune responses. The bafolessiccessful systemic delivery will be discussed

below.

Pre-existing antibodies neutralise Ad5

One challenge with systemic delivery is the preseoic pre-existing humoral immunity. Anti-Ad5
neutralising antibodies (NABs) are detectable intap85% of the population indicating prior
exposure to Ad5 at some point in their lives [1Z&]jr the remaining few lacking acquired immunity,
primary exposure to Ad5 will initiate innate andapgtlive immune responses, rendering the individual
immune to future administrations within two week27]. One strategy to evade NABs is the
chemical conjugation of polymers such as N-(2-hygpoopyl)methacrylamide (HPMA) or
polyethyleneglycol (PEG) to the viral capsid. Hoervit was reported that viral infectivity was

decreased and a strong humoral immune responk@dtilrred suggesting that shielding may be
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more of a hindrance than a benefit [127-129]. Receork using an albumin-binding strategy
protected adenoviruses from NABs and reduced bideakrance in micgl30]. An albumin-binding
domain (ABD) was inserted in the HVR1 region of tiexon protein, thus allowing viral binding to
albumin, which prevented binding by NABs. Howe\eryitro studies demonstrated that infectivity
of adenoviruses with the inserted ABD was decre@sége presence of human serum albumin. This

method may be of future interest when used in coatlin with tumour targeting modifications.

Non-tumour uptake of Ad5

The predominant sites for Ad5 uptake after systeteitvery are liver hepatocytes and the hepatic
reticuloendothelial system, which is composed sfident macrophages called Kupffer cells (KC),
and liver sinusoidal endothelial cells (LSEC). K&e responsible for sequestration of up to 90% of
intravenously administered Ad5 within minutes, pgsa monumental barrier to systemic delivery
[131, 132]. Ad5 uptake by KCs is independent of CBIR may involveavp5-integrins [122, 133,
134]. Ad5 also binds heparan sulphate glucosamyeagks (HSPG), expressed on cell membranes,
via a KKTK motif in the viral fibre shaft and medtks binding to numerous tissues including hepatic
cells. By substituting the four amino acid KKTK dam with the integrin binding sequence RGDK in
the VCN-01 mutant, systemic delivery to tumours weg®orted to be more efficient, ablating HSPG
binding. Although, hepatocyte uptake and KC elirtiorawere not prevented [123][[124]. A family
of receptors known as scavenger receptors (SR) theee shown to facilitate KC-mediated uptake of
Ad5, with SRA-II involved in than vitro uptake through the hexon hypervariable regions (HYR
2,5 and 7 [132]. PEGylation of the HVRs preverf&luptake, with a subsequent 20-fold increase in
hepatocyte transduction. Furthermore, depletigplatklets with either anti-CD42b, neuraminidase or
anti-CD41, suggested that KC-uptake was platelpendent contesting a previous hypothesis that
platelets assist the sequestration [135, 1B6}ivo studies demonstrated an increase in adenoviral
transduction of hepatocytes in the presence ofitaein K-dependent coagulation factors VII, IX, X
and protein C [137, 138]. Factor X binding to AdYRI5 and 7 promotes KC uptake and fibre knob
binding to FIX/complement-4 binding protein (C4BR¢reases hepatocyte uptake. However, it was
reported that in mice, these coagulation factorsevealy required for hepatocyte-uptake but not for
KC-uptake [135]. Additionally, pre-existing IgM abodies neutralise Ad5, with opsonisation
orchestrated via the co-interaction with variougnptement components including complement
receptor 3 (CR-3) or the Fc receptor, that fa¢disubsequent KC-uptake [132, 135, 139].

The reticuloendothelial system has been evadedffeyaht strategies including pre-administration of
virus to saturate receptors and uptake mechanis®g [L40]; modification of the viruge.f. HVR
PEGylation) [127, 132]; and by detargeting and rgstting of the fibre €g9. KKTK to RGDK
mutation) [123]. Saturation of KCs with an oncatytadenovirus in pre-clinicaln vivo models
increased the anti-tumour responses after a subsegingle intravenous injection of the same virus

[141]. When KC saturation was combined with warfgpre-treatment, hepatotoxicity was reduced,
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and anti-tumour efficacy enhanced. These findimgkcate that a two-pronged attack is superior in
order to prevent both reticuloendothelial sequésttaand hepatic parenchyma uptake when

delivering adenoviruses systemically.

Erythrocyte binding

Ad5 binds with high affinity to human erythrocytéa both CAR and complement receptor-1 (CR1),
but is not internalised [142]. Thus, the erythresyact as a viral sink, dramatically reducing thels

of free circulating virus and the bioavailabilitA strategy to partly overcome this is polymer
‘stealthing’, for example, by using a new generatd an epidermal growth factor (EGF)-targeted,
positively charged, HPMA polymer (EGF-P) [142]. Hewer, early data from an ongoing clinical trial
of ICOVIR-5 (NCT01864759), suggests that erythredyinding may not pose a major obstacle to
systemic viral delivery and that focus should beeded to other major obstacles [143]. Murine
erythrocytes do not express CAR which means thgata aconsequence, murine models are not
representative of the situation in humans aftetesye delivery of Ad5-mutants when assessing the
erythrocyte viral sink [144].

To move towards systemically deliverable oncolgitenoviruses for targeting of metastatic PDAC,
strategies to overcome the hepatic and blood fdmorers need to be developed for example by
combining coat modifications, de- and re-targetangj chimeric serotypes with different receptor and

binding preferences.

Promising Developments

We recently developed a novel adenoviral mutanh wiultiple gene alterations to target PDAC
through systemic administration (Ad&-320T) [96]. The mutant was generated fromAAd which

is tumour selective because of the E1ACR2-delettord enhances chemodrug-induced apoptosis
through deletion of the viral anti-apoptotic Bckihctional homologue E1B19K [95, 145-147]. The
absence of a functional anti-apoptditB19K-gene allowed for greater pancreatic cancer calttde
through enhancement of drug-induced apoptosis gndrgistic cell killing in combination with
chemotherapeutics [95, 146, 148, 149]. In pre-cdihistudies, thée1B19K-gene-deleted mutants
potently synergised with apoptosis-inducing cytatakugs including gemcitabine, which allows for
highly efficient tumour elimination while utilisingignificantly lower doses of chemotherapeutics.
The double-deletion of ELIACR2 and E1B19K has theatast synergistic effects on cancer cell
killing and is significantly more potent than wilgipe Ad5. Additionally, in Ad5-8-A20T, the
E3gp19K-gene is deleted to promote MHC class | expressiotihe infected cancer cells and promote

reactivation of the host anti-tumour immune respsr{96]. Furthermore, Ad5A3A20T is targeted to
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avR6-integrins that are frequently expressed by PDO&@ours but not by healthy tissues [150].
Additional fibre-modifications improved specific tafie in tumour cells by reducing blood-factor
binding and improved the tumour-to-liver viral gem® ratios in murine models [140, 142, 151].
These preclinical findings suggest that AdS-820T may be suitable for clinical translation tetigg
late stage PDAC lesions in combination with curgandard of care. Additional preclinical toxicity
and efficacy studies are underway. However, tréioslaf any promising oncolytic viral mutant from
preclinical studies to the clinic is considerabanipered by the limitations o vivo models. Human
adenoviruses do not replicate and spread withimtinene components of xenografted human tumour
cells. Furthermore, the absence of an adaptive memsystem within these models prevents
exploration of relevant cytokines, immune cells dedlelopment of long-term immunity.

Currently, severain vitro model systems have been explored to bridge thalgdapurrently exists
between cells grown on plastic or xenografted intmune-deficient mice and clinical translation.
Promising developments involve PDAC cells co-c@turwith various stromal cells including
activated stellate cells in 3-dimensional (3D) agén/Matrigels€.g. organotypic models) [152, 153]
and in organoids (without supporting gel$b4, 155]. In the organotypic 3D models, PDACIgel
invaded the gels only in the presence of activattallate cells (non-transformed PS1 cells),
mimicking tumour invasion in patients [153, 156hdortantly, it was demonstrated that Ad5 AAd
and the novel mutant AASA3A20T infected and spread within the 3D structufeésthermore, they
potently eliminated PDAC cells and also infecteel fictivated PS1 cells that likely contributed te th
higher cell killing efficiency compared to monoauks of PDAC cells [96]. Interestingly, PDAC and
PS1 cells grown in organotypic cultures have beenuttured with isolated human immune cells to
study migration and interactions with T-cells andcmophages [157]. Further optimisation of these
organotypic or organoid cultures may enable moceirate predictions of viral interactions with host
immune factors within the human tumour microenvinemt and better predict which viral mutant

should be pursued for clinical development.

Concluding remarks

Oncolytic adenoviruses are at the forefront of ichh utilisation, however, the future success of
providing systemically-delivered therapy for parmtie cancer depends hugely on the strategies used
to overcome a plethora of limitations. Achievingfiient bioavailable doses of adenovirus after
intravenous injection in an immune-competent habtlikely be a major challenge that may require a
combination of strategies such as those describ&db-3A-A20T, VCN-01 and LOAd703. Arming

the viruses with immune stimulatory factors andotiytic transgenes is the most promising way

forward to target both early- and late-stage camcand with additional capsid-modifications these
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mutants may also be delivered systemically to distaetastasis. Although the number of novel
mutants currently entering clinical trials for pegatic cancer is a monumental achievement, the vast
majority of trials still fail to target metastatiesions that are present in 80% of patients airtial
treatment. However, the burst of novel mutants #ratclinically evaluated is exciting as they will
provide fundamental information that cannot cufgebe obtained in pre-clinical studies. Results on
efficacy and the effects of viral replication onethhost anti-tumour immune responses and

development of tumour immunity are eagerly awaiteth these trials.
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Table 1: The morphological features and key drivegene alterations from normal
pancreas, through the various PanIN stages to PDAC.

Stage Morphological Features Key Cumulative Driver Gene Refs
Alterations at Various Stages

Normal Cuboidal epithelium with ducts; None [22,
islet cells with surrounding acinar 158]
tissue.

PanIN-1 Columnar or cuboidal cells which N [22,
are flat or papillary. Cells have AR eilEl 158,
complete nuclear polarity and no 159]
nuclear atypia.

PanIN-2 Multiple nuclear abnormalities: ) o [22,
pleomorphism; hyperchromasia; CDKNZ2A inactivation 158,
loss of polarity; crowding; and 159]
nuclear pseudostratification.

PanIN-3 Widespread loss of nuclear polarit [22,
marked atypia of nuclei; and Inactivation of 158,
prevalent mitosis within the TP53 andSviAD4 | 1591
basement membrane.

PDAC Similar to PanIN-3 but with [158,
infiltration through the basement 160]
membrane. Neoplastic glands
undergo perineural and vascular
invasion in a completely haphazard
manner. v 4 v 4
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Table 2: The proportions and downstream consequensef the key PanIN stage and

PDAC gene alterations.

Pathway PanIN Protein Downstream Proportion | Refs
or Driver Function Consequences of | of
Regulatory | Gene Genetic Tumours
Process Alterations Alteration with
PanIN
Driver
Gene
Alterations
KRAS KRAS Oncogene; Growth 95% [20, 30,
Signalling | activation | GTPase; independent of 161]
activation of ligand-bound
MAPK activity. | RTK.
Immunosupressio
Metabolic
reprogramming
Protein
scavenging
TGF-p TGFBR2 Transforming | Loss of 5-10% | [20, 30,
Signalling | inactivation | growth factor- | homeostatic 161]
B receptor type | mechanisms.
II; regulation of
SMAD4 growth. 55%
inactivation
Mothers agains| Loss of gene
decapentaplegi{ expression that is
homologue 4; | co-regulated by
BMP signalling | p53 and TGF$
pathway.
G1/s CDKN2A | Cyclin- Loss of G1/S 90% [20, 30,
Phase inactivation | dependent checkpoint. 161]
Transition kinase inhibitor
Regulation 2A; G1/S
transition of
mitotic cell
cycle; tumour
suppressor.
DNA TP53 gain | Tumour Loss of G1/Sand| 80-85% | [20, 30,
Damage of function | suppressor p53 G2/M 161]
Control DNA damage | checkpoints.
response.

Resistance to
apoptotic
signalling.

Usual protein function fron{161]

Proportion of tumours data frorf80]

Downstream consequences from: [20]
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Table 3: Pancreatic cancer clinical trials with adeaoviral mutants.
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Adenovirus | Genetic Trial Route of Trial Outcomes Ref
Mutant Modifications Phase; Administrati
Number on
of Patients
ONYX-015 | E1B55K- and E3B- | Phase I; 23 Intratumoral | Feasible and well- [162]
(di1520) deleted. injection via | tolerated. Viral [89]
CT-guided or | replication was not
intraoperative| detectable. 6/23 minor
injection. responses; 11/23 stabl
disease; 5/23
progressive disease.
ONYX-015 | E1B55K- and E3B- | Phase I/ll; | Intratumoral | Feasible and generally, [162]
(dl1520) deleted. 21 injection via | well-tolerated. [68]
endoscopic | 2/21 minor responses;
ultrasound 6/21 stable disease;
guidance. 2/21 partial regression
11/21 progressive
disease or dropped ou
of study.
Ad5- E1B55K-deleted; Phase I; 8 | Endoscopic | Terminated due to poo [99,
yCD/mutTK | expression of ultrasound enrolment. 163]
srad €P-ADP | chimeric guided
yCD/mutTK srzgand intratumoral
the 11.6K (ADP) injection.
genes regulated by
the CMV promoter.
Theragene®| E1B55K-deleted; Phase I; 9 | Endoscopic | Currently recruiting [99,
, Ad5- expression of ultrasound patients. 164]
yCD/mutTK | chimeric guided
srad €P-ADP | yCD/mutTK srsgand intratumoral
the 11.6K (ADP) injection.
genes regulated by
the CMV promoter.
Ad5- E1B55K-deleted; Phase I; 9 | Endoscopic | Currently recruiting [100,
yCD/mutTK | expression of ultrasound patients. 165]
SRad €P- chimeric guided
hiL12 yCD/mutTK srzgand intratumoral
single-chain murine injection.
IL-12 genes in E3-
region under control
of the CMV
promoter.
AdVince Human Phase I/lla; Intrahepatic | Currently recruiting [101,
chromogranin A 35 artery patients. 166]
promoter driving infusion.

E1A expression ir
neuroendocrine

cells; miR122 targe
sequences to redug
liver toxicity;
expression of cell
penetrating peptid

in capsid.
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LOAd703

E1ACR2-,
E3gpl9K- and
E36.7K-deleted;
expression of TMZ-
CD40L and 4-1BBL
under control of the
CMV promoter.

Phase l/lla;
26

Image-guided
intratumoral
injection.

Currently recruiting
patients.

[107,
108,
119,
167,
168]

LOAd703

E1ACR2-,
E3gp19K- and
E36.7K-deleted;
expression of TMZ-
CD40L and 4-1BBL
under control of the
CMV promoter.

Phase I/11;
50

Image-guided
intratumoral
injection.

Not yet open for patien
recruitment.

[107,
108,
119,
167,
169]

VCN-01

E1ACR2-deleted;
E1A expression
regulated by 8x E2F
and 1x Sp1-binding
sites; expression of
human
hyaluronidase; and
retargeted by RGDK
insertion in the fibre
knob.

Phase |; 18

Intratumoral
injection.

Ongoing.

[170,
171]

VCN-01

E1ACR2-deleted;
E1A expression
regulated by 8x E2F
and 1x Sp1-binding
sites; expression of
human
hyaluronidase; and
retargeted by RGDK
insertion in the fibre
knob.

Phase |; 36

Intravenous
injection.

Currently recruiting
patients.

[170,
172]

TNFerade

™

E1A-, E1B- and E4-
genes deleted and
partial E3-deletion.
Tumour necrosis
factor alpha (TNE)
expression regulate
by radiation-
sensitive promoter
Early Growth

Response (Egr-1).

Phase

[1/111; 304
Randomly
assigned
2:1;
SOC+TNF
erade:SOC

Intratumoral
injection by
percutaneous
trans-
abdominal or
endoscopic
ultrasound.

Median survival 10.0
months for both
treatment arms, n=277

SOC + TNFerade was
safe but not effective in
patients with locally
advanced pancreatic
cancer.

[104,
173]
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AdV-tk El-deleted and Phase I; 27| CT or Safe without toxicity in| [102,
partial E3-deletion. endoscopic | combination with SOC| 103]
The HSV-tk gene ultrasound n=24.
expressed from guided Favourable anti-tumou
CMV intratumoral | responses and increas
enhancer/promoter injection. immune responses.
with SV40
polyadenylation
signal.

AdV-tk El-deleted and Phase I/ll; | Intratumoral | Currently recruiting [103,
partial E3-deletion. | 44 injection. patients. 174]
The HSV-tk gene
expressed from
CMV
enhancer/promoter
with SV40
polyadenylation
signal.

ETBX-011 | El-, E2B- and E3- | Phase N/A Ongoing. [105,
deletions with Ib/11; 80 106,
epitopes of human 175,
CEA expressed 176]
under control of the
CMV promoter.

ETBX-011 | El-, E2B- and E3- | Phase N/A Currently recruiting [105,
deletions with Ib/Il; 173 patients. 106,
epitopes of human 175,
CEA expressed 177]
under control of the
CMV promoter.

ETBX-011 | El-, E2B- and E3- | Phase N/A Ongoing. [105,
deletions with Ib/Il; 3 106,
epitopes of human 175,
CEA expressed 178]
under control of the
CMV promoter.

ETBX-011 | El-, E2B- and E3- | Phase N/A Ongoing. [105,
deletions with Ib/Il; 3 106,
epitopes of human 175,
CEA expressed 179]

under control of the
CMV promoter.
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Figure Legends

Figure 1. Percentage distribution of pancreatic tumurs by anatomical site A diagram

illustrating the structure of the pancreas as a®its anatomical relation to both the duodenum and
hepatobiliary tree. Pancreatic tumours can ariseasite within the pancreas and are situated most
commonly within the head; tumours originating hiea@e the ability to disrupt hepatobiliary
architecture and disturb the passage of duodemétots.

Figure 2. lllustration of the 36kb adenovirus type5 (Ad5) genome with selected genes at
approximate locations.The first gene to be expressed after viral infecis E1A, which is required
for viral genome amplification; protein synthesasid viral replication. The E1A gene products force
the infected cell into S-phase and drive the e)gioesof other early viral genes including E1B, E3
and E4. These genes are essential for preventerggiure apoptosis by directly inhibiting the G1/S-
checkpoint (E1B); the host antiviral immune defelfg8); and DNA-damage repair mechanisms
(E4). The E3 immunomodulatory domain codes for EBK; E3-6.7K; E3gpl9K; the adenovirus
death protein (ADP); the E3B proteins RiBndp; and E3-14.7K — the main functions are indicated
in the figure. The viral DNA polymerase (Pol) aimg fprecursor terminal protein (pTP) are encoded
by the E2B genes, and the viral DNA-binding prot@BP) is transcribed from the E2A gene. Both
E2A and E2B proteins are essential for viral DNAtggsis. VA-RNAs inhibit the cellular protein
kinase R (PKR) that is activated in response tal unfection. Following viral genome synthesis abir
late gene expression is initiated from the majte fromoter (MLP). The late genes 1-5 (L1-5) code
for structural proteins essential for virion assgmimcluding penton (L2), hexon (L3), fiber (L5ha
the viral protease (L3; Pr). The LITR and RITR cate the left and right inverted terminal repeats,
respectively, an®’ is the packaging sequence. Transgenes are offeried to replace one or both of
the E1B19K- and E1B55K-genes. More frequently, dgemes are inserted to replace the entire E3-
genome or specific E3-genes such as the E3B- dE3lgp19K-genes. * Indicates regions frequently
deleted in the viral coding genes to generate @ticoleplication-selective adenoviral mutants
(ELACR2 and E1B55K) and/or enhance the potency (BkKBand E3gpl9K). # Indicates viral
promoters frequently exchanged for cancer-spegfiomoters for selective viral replication in
tumours. € Indicates sites used to change celtutgism of the fiber protein, for example by de-
targeting of CAR-binding and retargeting to canggecific receptors. See text for examples of viral
modifications.

Abbreviations: MHC, major histocompatibility comgleEGFR, epidermal growth factor receptor;
TRAIL, TNF-related apoptosis inducing ligand.
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Highlights

Metastatic PDAC is incurable due to the late presentation of symptoms and rapid
development of resistance to all current therapeutics. It is a cancer of unmet medical
need with no significant improvementsin survival over the last 40 years.

PDAC is characterised by numerous genetic alterations resulting in deregulation of
cell cycle and growth control and expression of cell surface proteins that are not
present in normal cells. Adenoviral mutants have been engineered to complement and
utilise the altered genetic programme in PDAC cells and have emerged as a promising
new strategy to overcome drug resistance.

Adenovira mutants penetrate the dense tumour stroma that frequently contribute to
tumour growth paving the way for drugs and tumour infiltrating immune cells.



