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Abstract. DeltaRex-G is a replication-incompetent ampho-
tropic murine leukemia virus-based retroviral vector that
displays a collagen-matrix-targeting decapeptide on its
surface envelope protein, gp70, and encodes a cytocidal
‘dominant negative’, i.e. a truncated construct of the execu-
tive cyclin G1 (CCNGI) oncogene. DeltaRex-G inhibits the
CCNG] function of promoting cell competence and survival
through the commanding CCNGI/cyclin-dependent kinase
(CDK)/Myc/mouse double minute 2 homolog (Mdm2)/p53
axis. In 2009, DeltaRex-G was granted Fast Track designation
from the US Food and Drug Administration for the treatment
of pancreatic cancer. In 2019, the results of a phase 1/2 study
that used DeltaRex-G as monotherapy for stage 4 chemo-
therapy-resistant pancreatic ductal adenocarcinoma (PDAC)
were published. A unique participant of the aforementioned
phase 1/2 study is now an 84-year-old Caucasian woman with
chemoresistant PDAC who was treated with DeltaRex-G,
3x10" colony forming units (cfu)/dose, 3 times/week for
4 weeks with a 2-week rest period, for 1.5 years. During the
treatment period, the patient's tumors in the liver, lymph node
and peritoneum exhibited progressive decreases in size, which
were accompanied by a reduction and normalization of serum
carbohydrate antigen 19-9 levels, and the patient achieved
complete remission after 8§ months of DeltaRex-G therapy
with minimal side effects (grade 2 fatigue). Henceforth, the
patient has been in remission for 12 years with no evidence
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of disease, no late therapy-related adverse events, and no
further cancer therapy following DeltaRex-G treatment. The
present study reports a mutation of tumor protein p53 (TP53)
(G199V) found retrospectively in the patient's archived tumor
samples. TP53 is a well-characterized tumor suppressor
gene, and a critical regulatory component of the executive
CCNGI/CDK/Myc/Mdm?2/p53 axis, which regulates prolif-
erative cell competence, DNA fidelity and survival. Studies
are underway to determine whether TP53 mutations in
pancreatic cancer can help identify a subset of patients with
advanced metastatic cancer with an otherwise poor prognosis
who would respond favorably to DeltaRex-G, which would
broaden the treatment options for patients with otherwise
lethal PDAC.

Introduction

Metastatic pancreatic ductal adenocarcinoma (PDAC) is a
serious disease with a 5-year survival rate of 3% (1). Therefore,
clinical trials using innovative therapies are urgently required.
In recent years, molecular profiling and next-generation
sequencing of archived or resected tumor samples have been
developed, and certain genetic mutations in tumors have
predicted favorable responses to gene-targeted inhibitor
therapies (2). A unique patient with chemoresistant PDAC
metastatic to the liver, lymph nodes and peritoneum is reported
in the present study because she participated in a phase I/II
clinical trial that used DeltaRex-G, the first-in-human intra-
venously (i.v.) administered tumor-targeted gene therapy
approach to stage 4 pancreatic cancer (3), has survived
beyond the median survival time of 8 months reported for the
optimal first-line therapy (gemcitabine and nab-paclitaxel) (4)
and beyond the 5-year survival time reported for metastatic
PDAC (1), with no evidence of cancer or delayed therapy-related
adverse events for >12 years. Furthermore, her tumor harbored
a genetic mutation that could favorably broaden the limited
range of treatments available for the otherwise lethal prognosis
of stage 4 pancreatic cancer.
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DeltaRex-G (formerly Mx-dnGl, dnGl or Rexin-G) is a
replication-incompetent tumor-targeted retroviral vector that
displays a collagen matrix (Signature, SIG)-binding deca-
peptide for targeting anaplastic collagenous (SIG) proteins
exposed by the invading tumor and encodes a dominant nega-
tive mutant construct of the cyclin G1 (CCNGI) gene that is
devoid of its N-terminus and the first two helical segments
(al anda2) of the definitive cyclin (proteolytic processing). The
cytocidal dnGl protein, which induces apoptosis in prolifer-
ating cells, retains the cyclin-dependent kinase (CDK) contact
points (helices 3" and a.5") and the structural domains for
serine/threonine protein phosphatase subunit designated 2A
(PP2A), p' and Mdm?2 binding, ultimately blocking CCNG1
function and proliferative cell competence and survival
through the commanding CCNGI/CDK/Myc/Mdm?2/p53
axis (9).

Case report

Patient information and clinical findings. In late 2006,
the patient was initially diagnosed with localized, poorly
differentiated PDAC, underwent a Whipple's procedure with
postoperative radiation therapy, and received fluorouracil
chemoradiotherapy and external beam radiation, followed by
gemcitabine. In 2008, the patient presented with hepatic and
lymph node metastases, and peritoneal carcinomatosis based
on abnormalities on the fluorodeoxyglucose-positron emission
tomography scan and elevated serum carbohydrate antigen
(CA)19-9 levels. At that time, the patient refused further
chemotherapy and decided to participate in a phase I/II study
using DeltaRex-G, a tumor-targeted retrovector encoding and
expressing a truncated cytocidal construct of the CCNGI
oncogene, which blocks CCNG/ function in the malignant cell
cycle (3).

Therapeutic intervention. The advanced phase I/II clinical
trial (NCT00504998) was a dose-seeking study that incorpo-
rated a modified cohort-of-3 design (3). Increasing doses of
DeltaRex-G [1.0-3.0 x10"] colony-forming units (cfu)/dose]
were administered i.v. two/three times per week for 4 weeks
with a 2-week rest period, which comprised one treatment
cycle. Treatment cycles were repeated if grade <1 toxicity
was observed. Treatment response was evaluated based on the
Response Evaluation Criteria in Solid Tumors (v1.0). Safety
and efficacy analyses were conducted by the Site Principal
Investigators (clinical sites: Santa Monica, Brooklyn and
Durham, USA). The clinical protocol was reviewed and
approved by the Western Institutional Review Board (Olympia,
WA, USA). The patients were recruited on a first-come,
first-served basis, and written informed consent was obtained
from each patient at the time of enrollment. All personnel who
handled and disposed of the vector complied to biosafety level
2 requirements in accordance with the NIH Guidelines for
Research Involving Recombinant or Synthetic Nucleic Acid
Molecules.

Follow-up and outcomes. The patient received dose level 3,
which consisted of 3x10" cfu DeltaRex-G/dose three times per
week for 4 weeks with a 2-week rest period (one treatment
cycle) for 1.5 years. The progressive reduction in the sum of
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Figure 1. Progressive reduction in tumor burden according to RECIST v1.0
during treatment with DeltaRex-G in a patient with metastatic pancreatic
adenocarcinoma. Change in tumor SLD from baseline (%) is plotted on
the vertical axis as a function of time during treatment with DeltaRex-G at
3x10'" cfu/day three times a week, plotted on the horizontal axis. SLD, sum
of the longest diameters; RECIST, Response Evaluation Criteria in Solid
Tumors; cfu, colony forming units.

the longest tumor diameters over time is shown in Fig. 1. The
patient achieved complete remission with minimal toxicity
(grade 2 fatigue) after 8 months of therapy (Fig. 2). She received
no further treatment following the completion of the study and
has achieved a sustained remission with normal serum CA19-9
levels (32 ng/ml), and no late-onset treatment-related adverse
events as of the last follow-up in April 2021.

Diagnostic assessment. ‘FoundationOne®CDx is performed
exclusively as a laboratory service using DNA extracted from
formalin-fixed, paraffin-embedded (FFPE) tumor samples.
The assay involves a single DNA extraction from routine
FFPE biopsy or surgical resection specimens; 50-1,000 ng
DNA then undergoes whole-genome shotgun library construc-
tion and hybridization-based capture of all coding exons from
309 cancer-related genes, one promoter region, one non-coding
RNA and selected intronic regions from 34 commonly rear-
ranged genes, 21 of which also include the coding exons. In
total, the assay detects alterations in a total of 324 genes. Using
the Illumina® HiSeq 4000 platform (Illumina, Inc.), hybrid
capture-selected libraries are sequenced to high uniform depth
(targeting >500X median coverage with >99% of exons at a
coverage of >100X). Sequence data are then processed using a
customized analysis pipeline designed to detect all classes of
genomic alterations, including base substitutions, indels, copy
number alterations (amplifications and homozygous gene dele-
tions), and select genomic rearrangements (e.g., gene fusions)’.
Retrospective RNA sequence analysis of this patient's
archived tumor samples, performed by Foundation One®CDXx,
showed two clinically significant genetic mutations: KRAS
proto-oncogene, GTPase (KRAS; GI2R) and tumor protein
p53 (TP53; GI99V). In addition, the patient had simultaneous
U2 small nuclear RNA auxiliary factor 1 (U2AF1; S34F)
gene expression, which is considered to be involved in epithe-
lial-to-mesenchymal transition (EMT) and increased tumor cell
invasion (6). While KRAS and TP53 mutations are frequently
found in PDAC (7) and are associated with poor prognosis,
these genetic alterations have not, thus far, been targetable.
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Figure 2. Resolution of FDG-glucose uptake in a metastatic lymph node following DeltaRex-G therapy. (A) Prior to DeltaRex-G treatment, avid uptake of
FDG-glucose was observed in the metastatic lymph node by PET alone (arrow). (B) These observations were not readily seen by CT alone. (C) Avid uptake
of FDG-glucose was also noted by PET-CT (arrow). (D) After treatment with DeltaRex-G, no FDA-glucose uptake was observed by PET. (E) These observa-
tions were not readily seen by CT alone. (F) After treatment with DeltaRex-G, no FDA-glucose uptake was observed by PET-CT. FDG, fluorodeoxyglucose;

PET, positron emission tomography; CT, computerized tomography.

Discussion

DeltaRex-G is an immunologically stealth (repeatedly inject-
able)retrovectordisplaying aSignature collagen-matrix-binding
targeting peptide on its gp70 Env protein and encoding a
cytocidal dominant negative CCNG/ inhibitor gene, which
blocks the executive CCNGI axis. When injected i.v., the
DeltaRex-G nanoparticles (~100 nm in diameter) seek out
the tumor and accumulate in the tumor microenvironment
(TME), where anaplastic collagenous proteins secreted by
tumor-associated fibroblasts (TAFs) constitute an abnormal
finding, thus increasing the effective drug concentration in the
TME in the vicinity of proliferating cancer cells. The vector
then enters the cancer cell and delivers its cytocidal genetic
construct into the nucleus of rapidly dividing cancer cells,
TAFs and neoangiogenic cells, causing apoptosis by blocking
the G1 phase of the cell division cycle (8). The 10 steps of the
DeltaRex-G function are shown in Fig. 3.

The discovery that CCNGI is physically associated with
both PP2A and Mdm?2, and that this physical association
regulates the accumulation and degradation of the p53 protein,
has provided new and important insights into the oncogenic
function of CCNG1, and suggests that a major role of CCNG/
is to activate the Mdm?2 oncoprotein to override the cell cycle
checkpoint control functions of p53 (8). The loss of p53-medi-
ated tumor suppression in addition to the mutational activation
of the KRAS oncogene was found to drive multiple oncogenic
signaling cascades (Fig. 4), including mitogen-activated

protein kinase, phosphoinositol-3 kinase and transforming
growth-factor-f3 pathways governing cancer stem cell survival,
proliferation and metastatic behavior (EMT and U2AF1 S34F
gene expression). These findings may uncover a potential
mechanism for CCNG/-related growth promotion, rather than
simply p53-mediated growth arrest (9-11). This hypothesis
of the pro-survival and pro-growth function of the CCNGI/
oncogene is further supported by the reduced incidence of
hepatic tumors in CCNG/ knockout mice upon exposure to
hepatocarcinogens followed by partial hepatectomy (12). The
decrease in tumor predisposition associated with the loss of
CCNG] function during embryogenesis was partially due to a
consequential increase in p53 levels and p53 tumor suppressor
activity (9). In combination, these findings may provide
evidence to support a unifying molecular genetic hypothesis:
That the strategic modulation of CCNGI function(s) observed
in the commanding CCNGI/CDK2/Myc/Mdm2/p53 axis
(Fig. 4) may guide the development of novel, precise targeted
anticancer agents, such as DeltaRex-G (10), as well as for
combinatorial approaches.

Consistent with this hypothesis, MiaPaca-2 cell lines
(p-R248W; American Tissue Culture Collection) and human
xenograft murine models of pancreatic cancer expressing
TP53 hot-spot mutations continue to demonstrate significant
sensitivity to CCNG]I inhibitor treatment (13,14). High-level
transduction efficiency and cytocidal activity of DeltaRex-G
vector have been reported in MiaPaca-2 cells in vitro (14).
Furthermore, the systemic delivery of DeltaRex-G was found
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DeltaRex-G mechanism of action
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Figure 3. Ten-step illustration of DeltaRex-G mechanism of action. The DeltaRex-G nanoparticle displays a collagen matrix (SIG)-binding peptide derived from
coagulation vVWF on its gp70 envelope protein. When injected iv., DeltaRex-G seeks out the tumors and accumulates in cancerous lesions by binding to abnormal
collagenous SIG proteins exposed in the TME as a result of tumor invasion. This chimeric retrovector has the innate property of binding to the natural amphotropic
viral/cell receptor, fusing, entering, uncoating and integrating randomly into the chromosomes of only actively dividing cells (i.e., cancer cells), sparing normal cells.
DeltaRex-G bears a cytocidal CCNGI inhibitor gene, which causes cell death through apoptosis. CCNG, cyclin G1; SIG, abnormal signature; vVWF, von Willebrand
factor; TME, tumor microenvironment.
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Figure 4. Mitogenic signaling pathways and the human CCNGI gene. Left panel, RTKs, MAPKs/ERKs and CDK complexes control the progressive phases
of the cell division cycle. CCNGI physically binds to the PP2A to activate a key regulatory oncoprotein, Mdm?2. The Mdm2 oncoprotein forms a physical
complex with the p53 tumor suppressor, thus inactivating its tumor suppressor function, while also acting as a specific E3 ubiquitin ligase responsible for the
ubiquitination and degradation of the p53 tumor suppressor protein. This dephosphorylation event is CCNGI-dependent. CCNG] also activates CDKS5 and
CDK1/2 to target/activate the c-Myc oncoprotein. Right panel, TP53 tumor suppressor functions are presented as opposing to the CCNGI growth-promoting
function. CCNGI, cyclin G1; RTK, receptor tyrosine kinase; MAPKSs, mitogen-activated protein kinases; ERKs, extracellular-signal-regulated kinases; CDK,
cyclin-dependent kinase; PP2A, serine/threonine protein phosphatase subunit designated 2A; Mdm2, mouse double minute 2 homolog; TP53, tumor protein p53.
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to inhibit the growth of liver metastasis in vivo in a nude mouse
model of p53 mutated pancreatic cancer, likely through apop-
tosis-mediated pathways (14). Finally, intravenous infusions of
DeltaRex-G inhibited tumor growth in vivo in a subcutaneous
human xenograft model of pancreatic cancer expressing TP53
hot-spot mutations (15).

In conclusion, DeltaRex-G seeks out tumors, inhibits tumor
growth and eradicates metastatic tumors and, plausibly, cancer
stem cells, by precisely blocking the proliferative competence
of cancer cells with CCNGI oncogene-targeted therapy for a
prolonged period of time. An interesting emerging concept
is that patients with advanced oncogene-addicted tumors,
even those harboring TP53 mutation/loss, may still respond
favorably to DeltaRex-G gene-targeted therapy, while the
cytocidal CCNGI inhibitor expressed by DeltaRex-G is itself
lethal in the presence or absence of a functional p53 gene,
and the inhibition of CCNGI by complementary molecular
genetic approaches may indirectly (through Mdm?2) restore
the tumor-suppressive function of p53, highlighting
DeltaRex-G as an optimal targeted therapy for pancreatic
adenocarcinoma with a prevalence of TP53 mutations (13).
Studies are planned to determine whether oncogenic drivers
along the CCNGI pathway (5) could be exploited to achieve
effective therapies for pancreatic adenocarcinoma, sarcoma
and other solid tumors, since DeltaRex-G has achieved
long-term survival (>12 years) in a number of patients with
chemotherapy-resistant hard-to-treat stage 4 solid as well as
hematological malignancies (Table I).
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