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Abstract

Multimodal temporal therapy orchestrated to leverage immunotherapy, tumortargeted chemotherapy, and natural killer (NK) cell ther
apy may provide an opportunity to induce immunogenic cell death for tumor response and increased survival in patients with recurrent
cancer. The interleukin-15 (IL-15) superagonist N-803, an enhancer of NK cells, CD4 +T cells, cytotoxic CD8 + T cells, and memory T-cell
activity, combined with off-the-shelf PD-L1-targeted high-affinity NK (PD-L1 t-haNK) cells represent novel immunotherapies designed to
overcome an immunosuppressive tumor microenvironment (TME). The epidermal growth factor receptortargeted antibody-nanocell con-
jugate E-EDV-D682 provides tumortargeted chemotherapy in the form of its anthracycline metabolite PNU159682 (nemorubicin) cargo
and is currently being studied in combination with immunomodulatory EDVs delivering the adjuvant a-galactosyl ceramide (GC). Here, we
report the compassionate use treatment of this combination in a patient with recurrent, metastatic pancreatic cancer (mPC) after 3 lines
of therapy. Under the initial single-patient Investigational New Drug (spIND) protocol, the patient received N-803, PD-L1 t-haNK cells, and
the albumin doxorubicin conjugate aldoxorubicin for ~27 months. The patient’s disease became stable on this regimen, and a transient
complete response was observed by ~14 months of therapy. Due to progression, a second spIND protocol was designed whereby the
patient received E-EDV-D682 plus EDV-GC for more than 24 months, which resulted in stable disease and the patient’s continued survival
at the time this report was written. The patient's extended survival despite the dire prognosis associated with recurrent mPC points to the
merits of this temporal combination regimen in overcoming immuno-chemo resistance with enhanced immune activity required for tumor
response and extended survival.
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Implications for practice

A patient with recurrent, metastatic pancreatic cancer after 3 lines of therapy achieved stable disease and then a transient complete
response to compassionate-use treatment with the IL-15 superagonist N-803 combined with PD-L1-targeted high-affinity NK cells and
the albumin doxorubicin conjugate aldoxorubicin. Subsequent compassionate use of the EGFR-targeted antibody-nanocell conjugate
E-EDV-D682 resulted in stable disease and the patient's continued survival. The patient's extended survival despite her dire prognosis
points to the merits of these temporal combination therapeutic regimens in overcoming immuno-chemo resistance with the enhanced
immune activity required for tumor response and extended survival.

Introduction additional therapy are capecitabine or fluoropyrimidine plus
oxaliplatin.>* There is no standard of care (SoC) for 3rd-line

Pancreatic cancer (PC) is the 4th leading cause of cancer-
(PC) 8 therapy, although modest benefit has been reported for

related death worldwide and typically has a poor prognosis, ) : . . . -
with a S-year survival rate of 5%, and a life expectancy of tegafur-gimeracil-oteracil potassium or nano-liposomal irino-

. . . . - in 5.6
~3-6 months for patients with metastatic pancreatic cancer tecan plus S-FU/ le}lcovon’n. .
(mPC).! Options for patients with pancreatic cancer who have per-

The National Comprehensive Cancer Network (NCCN) sistent disease after 3 lines of therapy are few, and palliative

recommends FOLFIRINOX or nab-paclitaxel (Abraxane) care is, ofFen the only choice. o
plus gemcitabine as 1st-line therapy and gemcitabine mono- While immunotherapy has been found to be effective in the

or combination therapy as 2nd-line therapy. Options for ~ treatment of many types of cancer, PC is generally resistant to
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checkpoint inhibitor monotherapy likely due to impairments
in T-cell function and an immunosuppressive tumor microen-
vironment (TME).”10

The investigational biologic N-803, an Fc-conjugated
interleukin-15 superagonist, may overcome therapeutic
resistance. N-803 has been shown to enhance natural killer
(NK), CD4 + T, and CD8 + killer T-cell activation, leading
to the generation of memory T cells and durable complete
responses when used in combination with other therapies.'!!3
Examples of N-803 efficacy in combination therapy include
the achievement of durable complete responses in all patients
in a phase 1b trial of N-803 plus bacillus Calmette-Guerin
(BCG) in BCG-naive non-muscle invasive bladder cancer
(NMIBC)* and in a phase 2/3 trial of the combination in
BCG-unresponsive NMIBC." Based findings in the latter
study, the US FDA recently approved the combination for the
treatment of bladder carcinoma in situ with or without Ta/T1
papillary disease.'s'¢

To further circumvent immunosuppression, N-803 may
be used in combination with investigational programmed
death receptor ligand 1-targeted high-affinity natural killer
(PD-L1 t-haNK) cells which have demonstrated activity
against immunosuppressive myeloid-derived suppressor
cells (MDSCs),'”!* and/or the investigational chemotherapy
aldoxorubicin—doxorubicin with an acid-sensitive linker—
that has enhanced activity at the tumor site."” Investigational
vaccines targeting tumor-associated antigens (TAAs) such as
carcinogenic embryonic antigen or CEA (ETBX-051) and/or
mucin-1 or MUC1 (ETBX-061) may also enhance responses
by inducing antigen-specific T cells targeting tumor cells.?*!

While the investigational agents N-803, aldoxorubicin,
PD-L1-t-haNK, ETBX-051, and -061 have not yet been
approved by the US FDA for use in pancreatic cancer, they
have been studied in multiple phase /Il QUILT (Quantum
Integrative Lifelong Trial) clinical studies to explore safety
and early signals of efficacy across multiple tumor types,
including pancreatic cancer.?*> To date, over 300 subjects
have participated in the QUILT trials wherein the combi-
nation immunotherapy was well-tolerated with evidence of
complete responses in late-stage tumors (BCG-unresponsive
non-muscle invasive bladder, triple-negative breast, pan-
creatic, and head/neck cancer, as well as Merkel cell carci-
noma),?®* supporting Institutional Review Board (IRB)
approvals for their use in the present case.

An additional therapeutic approach leverages both the
advantages of tumor-targeting and the stimulation of an
immune response. The novel Antibody Nanocell Drug
Conjugate (ANDC) E-EDV-D682 packages PNU159682,
the potent secondary metabolite of the anthracycline nemo-
rubicin,®® and delivers it via the epidermal growth factor
receptor (EGFR)-targeted nanocellular vector E-EDV. EDVs
(EnGenelC Dream Vectors) are bacterially-derived nanocells
that can deliver cargos such as chemo- or immuno-therapies
selectively to the tumor due to the tumor-associated leaky
vasculature.?”! To further increase efficacy, EDVs carrying
an immunomodulatory adjuvant a-galactosyl ceramide cargo
(EDV-GC) may be used in combination with E-EDV-D68.3?

E-EDV-D682 plus EDV-GC therapy is being studied in
clinical trials for mPC and has been demonstrated to be
well-tolerated with no dose-limiting toxicities (DLTs), and no
drug-related severe adverse event (SAEs); further, early effi-
cacy signals suggest the ability of the drug combination to
elicit partial responses (PR) or stable disease (SD) in patients
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who have exhausted treatment options.?”** These findings
informed the approval by the IRB for the use of E-EDV-D682/
GC in the present case.

The sources of the investigational agents, their mechanism
of action, and roles in therapy are listed in Table 1.

Case report

Herein, we present a case report for a patient who had
received 3 lines of therapy for recurrent mPC and who then
underwent compassionate-use, single-patient Investigational
New Drug (spIND) treatment initially with a combination
of N-803, PD-L1-t-haNK, and aldoxorubicin; followed by
ongoing treatment with E-EDV-D682 plus EDV-GC. The
patient was provided spIND care at the Chan Soon-Shiong
Institute for Medicine (CSSIFM) in El Segundo, California in
partnership with Hoag Hospital.

The patient, who at the time of this report shows no
signs of disease progression, is a 65-year-old female origi-
nally diagnosed with locally-advanced PC approximately 5
years ago. She had reported abdominal pain and magnetic
resonance cholangiopancreatography (MRCP) revealed
a 3.2 cm mass at the head of the pancreas with dilatation
of the common bile duct (CBD); CT of the abdomen and
pelvis revealed a 4.1 x 3.3 cm mass with associated biliary
dilatation. Endoscopic ultrasound-guided fine-needle aspi-
ration (EUS-FNA) x 3 suggested a neuroendocrine tumor
(later determined by pathology to be pancreatic adenocar-
cinoma) and enlarged lymph nodes were noted. In the same
month as her diagnosis, endoscopic retrograde CP (ERCP)
was performed with placement of a CBD stent, and pathol-
ogy confirmed PC. Soon after, she suffered cholangitis and
cholecystitis, and underwent CT-guided placement of a cho-
lecystostomy tube.

STRATA genome sequencing of the biopsy characterized
the tissue as microsatellite stable (MSS), Tumor Mutational
Burden (TMB) low, PD-LI-low, and STRATA immune signa-
ture low.>* No genomic alterations were detected.

As 1st-line therapy, she received 8 cycles of neo-adjuvant
FOLFIRINOX over 4 months starting 1 month after diag-
nosis. During that time, there was an occasion when she was
admitted for ascending cholangitis.

As 2nd-line therapy, she received radiation with capecit-
abine (Xeloda) in 28 treatments over a month starting 1
month after completion of FOLFIRINOX therapy.

Three months later, she was scheduled for planned surgi-
cal resection of the primary tumor (Whipple procedure), but
diagnostic laparoscopy demonstrated metastatic disease in
the liver that did not appear on CT or PET scans. A biopsy
of the liver metastasis confirmed mPC and the surgery was
aborted.

As 3rd-line therapy, she began treatment with gemcitabine
and nab-paclitaxel immediately after the confirmation of
mPC. A PET CT 2 months later showed increased uptake in
the pancreatic head, suggesting a lack of response to therapy.

PD-L1 t-haNK, N-803, and aldoxorubicin spIND
therapy

Having exhausted 3 lines of SoC therapy, a compassionate-
use treatment plan was designed and approved for this
patient comprising the immune-cell activating interleukin-15
superagonist N-803, allogenic PD-L1-targeted high-affinity
natural killer cells (PD-L1 t-haNK) and the linker-conjugated
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doxorubicin compound, aldoxorubicin. This investigational
therapy was alternated with gemcitabine plus nab-paclitaxel.

As shown in Figure 1, 4th-line spIND therapy began
within weeks of the noted lack of response to previous ther-
apy, following a schedule of alternating therapies for ~9
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months. Treatment was held in month 2 due to low ANC
and in month 3 due to possible coronavirus disease expo-
sure. Aldoxorubicin only was held and 2 units of PRBCs
were given in month 4 due to low hemaglobin. A dose of
cyclophosphamide was given at 3 months, and regular

PETCT:
pancreatic
head hyper- 2 units PRBC:
metabolism Hgb 6.3
PETCT: 4.35 max SUV
pancreatic T
head 5.50 max Treatment held,
suv Treatment | possible COVID CT w contrast: PETCT:
held, low exposure Stable Stable
ANC Aldox held: disease disease
low Hgb | I
T T
[_Jan | Feb | | Apr | May [ Jun | Jul | Aug | Sep [ Oct | Nov [ Dec |

4th Line spIND Therapy - N-803, aldoxorubicin,&
PD-L1 t-haNK; alternated with gemcitabine & Abraxane

Year

Month  Jan Feb Mar Apr

Day
Therapeutic

PD-L1 t-haNK |

Cyclophosphamide
added

2020

May Jun Jul Aug Sep Oct Nov Dec

tabine | J N BN M | IIIIIIII ILLLLL
Cyclophosphamide

PETCT:
COMPLETE
RESPONSE

PETCT:
9 mm liver lesion;
1.5 cm pancreatic cyst

|_Jan_ | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |

N-803, aldoxorubicin,
& PD-L1 t-haNK
Year
Month  Jan Feb Mar Apr May Jun

Day
Therapeutic
PD-L1 t-haNK]
N-803 1] [
Aldoxorubicin

i B

PET CT: New uptake
pancreatic head 1.3 cm SUV

ETBX vaccines added to N-803, aldoxorubicin, &
PD-L1 t-haNK; gemcitabine & Abraxane stopped

2021
Jul Aug Sep Oct Nov Dec

MRI: Liver lateral
segment 23 x 18 mm

I
[ Jan | Feb [ Mar | Apr |
ETBX, N-803, aldoxorubicin,
& PD-L1 t-haNK

Year
Month  Jan
Day
Therapeutic

Aldoxorubicin
1)

SBRT
PD-L1 t-haNK] | I Ui I
N-803

2022
Feb Mar Apr

Figure 1. Initial spIND therapy with N-803, aldoxorubicin, and PD-L1 t-haNK. The patient received the initial compassionate-use therapy as shown by
year. Any adverse events, blood chemistry or other findings that affected treatment are shown in comment boxes above the timeline.
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administration of cyclophosphamide 6-9 months after initi-
ation of spIND therapy.

CT and PET CT were performed at months 5 and 8 of
spIND therapy showed stable disease.

Eleven months after the initiation of spIND therapy,
the investigational human adenovirus serotype 5 (hAdS)
vector-based cancer vaccines ETBX-051 (targeting carcino-
genic embryonic antigen; CEA) and -061 (targeting mucin-1;
MUC1) were added, and treatment with gemcitabine/nab-
paclitaxel ceased.

Notably, after ~14 months of spIND therapy, no abnormal
metabolic activity was observed on PET CT, suggestive of a
complete response (CR) (Figure 1). Subsequent PET CTs per-
formed 19 and 24 months (2 years) after commencement of
spIND therapy revealed the presence of a new lateral segment
liver lesion likely representing progressive disease. At that
time the patient required routine paracentesis due to abdom-
inal ascites. The initial spIND regimen was continued for a

total of 2 years and 3 months. In the final month, the patient
received radiation therapy to the liver.

E-EDV-D682 plus EDV-GC spIND therapy

Given the patient’s progression after a complete response to
the initial spIND therapy, a new compassionate-use treat-
ment plan based on a recently approved Investigational
New Drug (IND) application for pancreatic ductal adeno-
carcinoma (PDAC) of the antibody nanocell drug conjugate
packaging nemorubicin, E-EDV-D682, plus the immuno-
modulatory adjuvant EDV-a-galactosyl ceramide, EDV-GC,
was initiated.

As shown in Figure 2, immediately after cessation of the
first spIND regimen, 2 sequential doses of E-EDV-D682 plus
EDV-GC were administered bi-weekly for 4 weeks (16 doses).
On the treatment day, the 1st dose was followed 45 (+ 15)
minutes after completion by a 2nd repeat dose. In month 2 of
this regimen, a dose was held due to elevated liver function

CT CAP: RML nodule
stable; lung nodules

CT CAP: CT: no significant p:'ogressed
RML nodule 11 mm, changes Pleural fluid: No
previously 8 mm. 8 mm | malignant cells
. Dose held: rn to pre- changes PO
elevated LFTs | dose meds | Bodkes Niaterab)
[ Apr | '-mﬂ-m--m_m-ﬂ- |__Dec |
spIND therapy -
E-EDV-D682 & EDV-GC
Year 2022
Month Apr May Jun Jul Aug Sep QOct Nov Dec

Day
Therageuﬂc

PET: Lung nodules
stable; uptake near
pancreatic head stable

PET: Lung nodules stable;
pancreatic head stable

spIND therapy —
E-EDV-D682 & EDV-GC
Year 2023
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Day
Therapeutic
Srcmenannl IR0 0 SEEEm E@ E@ omEE ® B

Pleural fluid: No PET: ill-defined Pleural fluid: No
malignant cells pancreatic lesion malignant cells

-EALE_-IE_-Z!_-E_I

spIND therapy —
E-EDV-D682 & EDV-GC
Year 2024
Month Jan Feb Mar Apr May Jun
Day
Therapeutic

Figure 2. sp/IND therapy with E-EDV-D682 and EDV-GC. The patient received a second compassionate use therapy regimen as shown by year. The
initial dosing regimen comprising two repeat doses is shown in darker colors and the single dosing regimen (started after approximately 14 months
of therapy) in lighter colors. Any adverse events, blood chemistry, or other findings that affected treatment are shown in comment boxes above the

timeline. The dosing regimen was ongoing as of June 2024.
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tests (LFTs), and one was held later that month due to the
patient’s reaction to pre-dose medications.

Subsequent cycles consisted of a maintenance regimen of
2 repeat doses of E-EDV-D682 plus EDV-GC delivered 45
(+ 15) minutes apart starting 10 months from initiation of
the second spIND regimen, followed by a regimen of a single
dose of E-EDV-D682 plus EDV-GC commencing 4 months
after that; for both regimens, dosing was every 2 weeks.

Noting that the patient’s disease is characterized by being
diffuse and not clearly defined on imaging, findings from
imaging and the absence of malignant cells in pleural fluid
collected frequently throughout treatment confirm a lack of
disease progression and are suggestive of a response to ther-
apy for at least an additional 12 months, at which time this
report was written.

Discussion

Herein we describe the case of a patient with advanced, recur-
rent metastatic pancreatic cancer who—after exhausting 3
lines of standard therapy—achieved a complete response with
the combination of N-803, PD-L1 t-haNK, aldoxorubicin,
and a single dose of CEA- and MUC-based adeno (Ad35) vac-
cines. Following the patient’s progression, she then began a
new spIND regimen comprising investigational E-EDV-D682
plus adjuvant EDV-GC therapy which prevented disease pro-
gression and supported the patient’s continued survival.

Standard chemotherapies—FOLFIRINOX, capecitabine,
and gemcitabine—as well as radiation all have tumor cell
cytotoxicity and thus elicit release of tumor-associated anti-
gens from dying cells that coordinate immunogenic cell death
(ICD) signaling.’* In an immunosuppressive TME, however,
the magnitude of ICD needed to elicit a response to therapy
is unlikely. Nab-paclitaxel offers an opportunity to mitigate
TME immunosuppression by its albumin-bound form,*¥” but
is not always sufficient.

N-803, PD-L1 t-haNK, aldoxorubicin, and the ETBX TAA-
targeted vaccines all address the problem of immunosuppres-
sion by different mechanisms: N-803 by direct activation of
NK and T cells,*®* PD-L1 t-haNK by the provision of an
exogenous source of NK cells that not only can assist in over-
coming endogenous NK insufficiency but also the expression
of immunosuppressive PD-L1 and, importantly, the presence
of MDSCs.!7-18

Aldoxorubicin, in a fashion similar to nab-paclitaxel, allows
for a greater concentration of effective chemotherapy at the
tumor site, with a reduction of off-target effects that can limit
the dose or frequency of dosing with other chemotherapies."”

The vaccines have the potential to then add to responses by
directing the immune system to surviving tumor cells express-
ing TAAs and thus conditioning dendritic and T cells to rec-
ognize these tumor cells if they recur.

The response of this patient to this first spIND regimen was
not completely unexpected, as some advanced PC patients in
QUILT clinical trials have been observed to respond to similar
treatment regimens,”>** but is nonetheless notable due to the
patient’s treatment history and prognosis.

The subsequent response to additional spIND therapy is
also explained by the mechanisms of action of E-EDV-D682
and EDV-GC. E-EDV-D682 is targeted directly to cancer
cells via an anti-EGFR antibody. Its bilayer membrane pro-
tects the drug payload, facilitating the use of the highly cyto-
toxic compound PNU159682, which has the potential to
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overcome drug resistance. The E-EDV-D682 particle size pre-
vents extravasation into non-target tissues, allowing delivery
of higher concentrations of effective therapy to the targeted
tumor with no payload-related off-target effects?; efficacy is
increased by co-delivery of the immuno-enhancer EDV-GC,
with similarly protected cargo.? In this patient, E-EDV-D682
plus EDV-GC therapy has prevented disease progression and
prolonged survival with minimal toxicities. This is in align-
ment with findings from a clinical trial of E-EDV-D682/GC
in patients with advanced pancreatic cancer wherein partial
response (PR) or stable disease (SD) was achieved at 8 weeks
in 8/9 patients.?*

The EDV-based treatment regimen also benefited the patient
by reducing the need for long infusion times. Currently, avail-
able treatments for mPC are highly toxic and time-intensive,
often requiring patients to endure hours of infusions. For this
patient, E-EDV-D682 offered a novel, targeted approach to
the delivery of effective chemotherapy, with minimal toxic-
ities and a significant reduction in infusion time, ultimately
contributing to improved quality of life and resumption of
regular activities.

The prolonged survival and tumor response of this
patient with advanced PC provides encouraging validation
that temporal/spatial orchestration of the innate and adap-
tive immune systems to elicit immunogenic cell death raises
the possibility of converting metastatic cancer to a chronic
disease. Further evidence of the efficacy of this approach
is provided by the durable complete responses observed
in patients with BCG-naive and BCG-unresponsive
non-muscle invasive bladder cancer."!S While N-803
(ANKTIVA) plus BCG has been approved for the treatment
of BCG-unresponsive NMIBC, the investigational therapies
described herein are currently only available for patients
with pancreatic cancer through a compassionate use or par-
ticipation in a clinical trial.
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