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genetically modified cell therapy
aiming to fill the gaps for solid
tumor immunotherapy

Stefania Mazzoleni, Bernhard Gentner, Valentina Brambilla,
Tiziana Magnani, Fabio Ciceri, Gaetano Finocchiaro,
Luigi Naldini & Carlo Russo

Despite significant advances, the clinical application of immunotherapy for cancer patients
still has some challenges associated with safety and efficacy. Novel, cutting-edge thera-
peutic approaches, such as genetically modified cell-based therapies, are arousing interest
thanks to their capability to effectively target tumors and/or immune cells of interest, re-
ducing off-target effects and potentially providing a life-long effect. Genenta Science de-
veloped Temferon™, a novel ex-vivo genetically modified cell-based therapy for IFN-a local
release into the tumor, achieved by bone marrow-derived myeloid cells characterized by
Tie2 promoter activation (TEMs) leading to immunostimulatory reprogramming of the tumor
microenvironment (TME). Temferon™ is being studied in both hematologic and solid tumors
and could play a relevant role also in combination with current available therapies, overcom-
ing issues related to off-target effects and limited long-term benefits for currently available
immunotherapies.
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NEW FRONTIERS FOR CANCER
TREATMENT

Immunotherapies, including chimeric anti-
gen receptor T-cell (CAR-T), are increasingly
recognized as important contributors to the
therapeutic armamentarium in oncology and
immune checkpoint inhibitors have rightful-
ly gained an important role in the manage-
ment of specific tumors [1,2]. Nevertheless,
important obstacles persist in the effective
use of these therapies. These include, among
others, development of tumor resistance [3],
poor response rates for many patients, lack
of a durable response [4,5] and the inability
to efficiently target many solid tumors. Im-
munotherapies were initially evaluated in
hematological malignancies because in solid
tumors physical and pharmacologic barriers
for effective delivery exist, represented among
others by complex tumor microenvironments
(TME) [6] which also limit their biologic ef-
fects and clinical efhicacy.

Very recently, cutting-edge technologies
allow local and targeted delivery of immuno-
therapeutic payloads to the TME and these
not only are viewed as the new frontier in
cancer immunotherapy but are also renewing
the interest for optimizing immunotherapies
that showed efficacy, but had issues relating
to tolerability when administered parenter-
ally. Novel control mechanisms that poten-
tially allow a life-long outcome, by targeting
cellular delivery of immunotherapies to the
TME with a toxicity minimization, provides
an opportunity to fundamentally change the
oncology treatment paradigm [7-11].

Interferon-oc (IFN) was one of the first
immunotherapy approaches to be brought
into the oncology clinic and, thanks to its
well-known effects on tumor growth [12,13]
and immune system modulation [14], was
considered a gold standard for certain types
of cancer for many decades. It subsequently
lost favor among clinicians due to systemic
toxicity following parenteral administration
as well as a lack of specific biomarkers to bet-
ter define likely responders. We and others
have been developing novel strategies using
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cell delivered IFN in order to effectively tar-
get tumors and/or immune cells of interest,
reducing off-target effects and providing a
long-term response. In this scenario, genet-
ically modified cell therapies, that include
a therapeutic payload such as IFN, might
be able to enhance the efficacy of standard
therapies, also contributing to broad T-cell
penetration particularly in more difhcult to
manage tumors from an immunologic per-
spective, such as solid tumors with low mu-
tational load or lacking dominant neo-anti-
gens. Pre-clinical evidences show that IFN
gene therapy counteracts the expansion of
immunosuppressive myeloid cells and induc-
es tumor growth inhibition [7-15] by trig-
gering an immunostimulatory response in
the TME that results in T-cell priming and
effector function against multiple surrogate
tumor-specific antigens [7].

TEMFERON™: A NOVEL
PROMISING DELIVERY SYSTEM

Genenta Science has developed a genetically
modified, hematopoietic stem and progen-
itor cell based platform that allows the spe-
cific and controlled targeting of immuno-
therapeutic payloads to the TME. This local
delivery is achieved by ex-vivo engineering
CD34" hematopoietic stem and progenitor
cells (HSPCs) that, following in-vive engraft-
ment and differentiation into myeloid lineage
cells, effectively become a local therapeutic
payload reservoir. The transgene expression is
fine-tuned to reach the therapeutic window
thanks to a specific tumor-associated myeloid
cell (Tie2-expressing monocytes — TEMs)
promoter and a post-transcriptional regu-
lation layer represented by a miRNA target
sequence.

Specifically, we have developed Temferon™,
an ex-vivo genetically modified cell-based
therapy for the selective and local tumor
targeting of IFN-a using TEMs. Patient-de-
rived HSPC:s are genetically modified with a
third-generation lentiviral vector, encoding
for the human IFN-a2 protein and carrying




miRNA target sequences for stringent expres-
sion control [7-11,16-18]. Lentiviral vectors
are particularly attractive for clinical applica-
tions due to their ability to efficiently trans-
duce non-proliferating or slowly proliferating
cells, such as CD34" stem cells, allowing a
persistent gene transfer in transduced cells
[8,19]. Possible off-target and systemic effects
are minimized by adding in the design of the
lentiviral vector the recognition target se-
quence of miRNA-126. Indeed, miRNA-126
is highly expressed in HSPCs and down-reg-
ulated in the differentiated progeny, and this
allows the suppression of IFN-a expression
specifically in the primitive HSPC compart-
ment (Figure 1) [16,20].

Therefore, Temferon™ represents a unique
opportunity to overcome tolerability issues
associated with systemic administration of
IFN. Furthermore, IFN deployed locally in
TME may allow full exploitation of its pleio-
tropic anti-tumor activities while limiting
systemic adaptation to chronic IFN stimula-
tion and immunoparalysis possibly associat-
ed with this phenomenon [7,8,14,20]. Most
importantly, Temferon™ does not require
priori knowledge about the antigen to be
targeted and induces the simultaneous target-
ing of multiple tumor specific antigens thus
diminishing the risk of immune evasion [7].
Taking this into consideration, Temferon™
is literally an ‘agnostic’ immunotherapy that
could be successfully applied to several can-
cers and immune contexts. Moreover, thanks
to the selected cellular carrier, the Tie2-ex-
pressing monocytes that are spontaneously
and actively recruited by growing tumors,
Temferon™ represents a unique opportunity
for the local delivery of therapeutic payloads.
Furthermore, as Temferon™ is based on the
administration of engineered HSPCs, there
is the potential to reach a life-long durabil-
ity of response. All the above cited features
may overcome the current limitations of im-
munotherapy. Our technology, thanks to the
transcriptional and post-transcriptional miR-
NA-mediated control of transgene expression,
opens future possibilities to employ genes
other than IFN-a as a payload, expanding
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therapeutic opportunities for many forms of
cancer [8,16,21,22].

BREAKING IMMUNE TOLERANCE
WITH IFN

The induction and long-term maintenance of
an effective immune surveillance is essential
for the success of innovative cancer immu-
notherapies. Understanding the mechanisms
contributing to localized immune suppres-
sion within the TME is fundamental to im-
prove the efficacy of current and well-estab-
lished therapies as well as to achieve a better
targeting to break established immune eva-
sion or tolerance in the era of novel and per-
sonalized therapies. In this regard, IFN could
be envisioned as a key player to accomplish
this purpose.

Different targets have been identified with-
in the IFN signaling cascade that may play an
important role in breaking immune tolerance
in cancer. Activation of the stimulator of IFN
genes (STING) pathway and IFN produc-
tion stimulation are critical for the endoge-
nous anticancer immune response. Emerging
evidence suggests that STING also regulates
anticancer immunity in an IFN-independent
manner. STING activation, not only induces
cell death, but also enhances cancer antigen
presentation, contributes to T-cells priming
and activation, facilitates the trafficking and
infiltration of T-cells into tumors and pro-
motes the recognition and killing of cancer
cells by T-cells [23].

Data suggest that IFN may synergize from
an efficacy perspective not only with chemo-
therapy, but also with radiotherapy by multi-
ple mechanisms, acting on apoptosis, immu-
nogenic cell death and immune cells [24,25].
Preliminary data also indicate that targeting
tumor-inherent IFN signaling could offer an
opportunity to overcome primary or acquired
resistance to immune checkpoint inhibitors.
Notwithstanding these encouraging observa-
tions, patient specific factors also need to be
addressed to make this a realistic clinical op-
tion. IFN plays a role in the control of cancer
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—» FIGURE 1

tional controls (B).

A

Lentiviral vector

transduction a

Hematopoietic Stem and

Progenitor Cells (HSPCs) harvest

Transcriptional targeting
TEMs-targeted expression

Tie2 P

Stem cell

Myeloid
progenitor

Reinfusion

IFN-02 transgene

o
— - — —>

11 miRNA 126-T = no IFN-a expression

Overview of Temferon™ manufacturing process and mechanism of action (A) and transgene transcriptional and post-transcrip-

DePalma et al., Cancer Cell, 2008

. N Gentner et al., Sci Transl Med, 2010
Transgene expression inhibition in HSPCs o ot o1 ¢ ciTrans] Med, 2014

N ,.»" Catarinella et al, EMBO Mol Med, 2016

Post-transcriptional targeting

Escobar et al., Nat Commun, 2018

Lentiviral vector

IFN-a

o
Tie2+ Macrophage
(TEM)

Myeloblast Tie2+ Monocyte

Absence of miRNA 126-T = IFN-a expression

stem cell (CSC) growth and low-dose exoge-
nous IFN administration has been shown to
favor differentiation over self-renewal of CSC
and activates immune responses against CSC
[26]. IFN may also have a role in potentiating
antigen presentation effects and have direct
action on dendritic cells with a potential role
in optimizing the efficacy of oncology vac-
cines [12].
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Several well-established clinical approaches
rely on the triggering of IFN endogenous ex-
pression (e.g. radiotherapy, immunomodula-
tory drugs such as lenalidomide, etc.) [27,28]
and novel experimental agents are designed
with the purpose of either activating down-
stream players of IFN pathway [29,30] or, for
IFN-a local delivery directly into the tumor,
avoiding systemic toxicities [31-33]. These




—» TABLE 1

Characteristics of recruiting or active interventional clinical trials with IFN-a.

Conditions
Solid tumors
Hematologic malignancies

includes gene therapy-based approaches such
as Temferon™ for use in both hematological
and solid tumors.

IFN-o: AN ATTRACTIVE TARGET
FOR CLINICAL ONCOLOGY
RESEARCH

As of August 2020, 41 were the active clinical
trials (CTs; https://clinicaltrials.gov [34]) in-
vestigating different IFN-a forms, used either
in combination with conventional agents or
as monotherapies, in hematological or solid
tumor indications (Table 1).

Recently, genetically modified cell-based
therapies as a modality for delivering targeted
IFN therapy to tumors, are viewed as an at-
tractive development for potentially improv-
ing clinical outcomes. One strategy relies on
in-vivo delivery of the therapeutic gene using
a viral vector such as adeno-associated virus.
Such an approach may result in non-specific
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off-target effects due to the wide distribution
of the viral vector, difficulties in transgene
dose tuning and it may be limited by the pos-
sible presence of pre-existing antibodies to
AAV serotypes in patients.

Specifically, the role of adenovirus vec-
tor-based (AAV) gene therapy delivering IFN
was investigated in both non-muscle invasive
bladder cancer [32] and malignant mesothe-
lioma [33,35]. FerGene developed an AAV
gene therapy containing IFN-alfa-2b. Every
three months, AAV was administered into
the bladder and, after integrating in bladder
wall cells, these started to release IFN-alfa-
2b. By this novel approach, the patient’s own
bladder was turned into a reservoir for IFN
release that was able to enhance the body’s
natural defenses against cancer. However, its
clinical application has some restrictions for
not easily reachable tumors and due to the
limited durability of response. An analogous
approach has been taken by Trizell with the
administration of an AAV for IFN-alfa-2b

N° of CTs (total n= 41)
27
14

vV Vv vV v v Vv

Neuroendocrine tumors
Breast cancer

Ovarian cancer

T-cell leukemia-lymphoma

Melanoma

Leukemia

Lymphoproliferative

disorder

Polycythemia vera

Lymphomatoid
granulomatosis

Interventions with IFN-a* different form (N° of trials) and conditions

0 DC vaccine + IFN-a (n=1) Pegylated or recombinant (n=24)

» Malignant melanoma

Neuroendocrine tumor >
Polycythemia vera

Squamous cell carcinoma of skin
T-cell leukemia-lymphoma

Renal cell carcinoma

Chronic myeloid leukemia

vV Vv vV v v Y

Fallopian tube cancer/ovarian
cancer/peritoneal cancer

Melanoma
Breast cancer
Colorectal cancer

Prostate cancer

vV vV v v Vv

Hematological neoplasms

Glioblastoma
multiforme

» Multiple myeloma

» Malignant pleural
mesothelioma

» Epithelial tumor/
metastatic cancer

*One CT included both native biological and pegylated IFN-a.
STwo trials with Temferon™.
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—» FIGURE 2

TEM-GBM-001 study design.
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delivery into the pleural cavity in patients
with mesothelioma.

A replication-defective adenoviral vector
containing the human IFN-alfa-2b gene was
studied in a Phase 2 study in patients with
malignant pleural mesothelioma with con-
comitant celecoxib followed by chemotherapy.
Results suggested that this approach was fea-
sible, safe and well-tolerated and showed an
overall disease control rate of 87.5% and an
almost doubling of median survival time com-
pared to historical study controls (17 months
vs 9 months) with approximately 25% of pa-
tients living at least 2 years and approximately
20% surviving to at least 3 years [33]. These
data provided to Trizell the rationale to move
to a Phase 3 pivotal study. Moreover, combi-
nation approaches including IFN delivered by
gene therapy together with chemotherapy and
systemic checkpoint inhibitors or other immu-
no-modulators may provide a suitable treat-
ment approach in non-muscle invasive bladder
cancer and perhaps other indications [36,37].

These recent experiences based on IFN-a
suggest that the therapeutic potential of this
cytokine has not been fully achieved and that
new delivery strategies designed to establish
effective local tissue concentrations of IFN-«
may represent new clinical options for several
cancers. In this scenario, Temferon™ provides
a more refined and targeted therapy com-
pared to in-vivo gene therapy approaches as it
relies on ex-vivo transduction of HSPCs with
lentiviral vector carrying the therapeutic gene

under the control of TEMs promoter and mi-
cro-RNA target sequences.

Temferon™ is therefore an attractive alter-
native as it can sustainably supply a targeted
immune modulating cytokine for a long pe-
riod, overcoming systemic toxicity related to
traditionally administered IFN-a treatments.

Temferon™ from bench to bedside

Two Phase 1/2a clinical studies are current-
ly ongoing in Italy, evaluating the safety and
biological effects of Temferon™ in patients
with rapidly progressing multiple myeloma
(TEM-MM-101, NCT 03875495) and in
patients with newly diagnosed glioblasto-
ma multiforme (GBM) and unmethylated
O-6-methylguanine-DNA  methyltransfer-
ase (MGMT) promoter (TEM-GBM-001,
NCT03866109) who have limited benefit
from treatment with temozolomide. The
TEM-GBM-001 study is a dose escalation
study recruiting up to 21 patients. The study
design is shown in Figure 2. Potentially eligi-
ble patients are identified immediately after
GBM surgical resection, once MGMT pro-
moter methylation status is known. In Part
A of the study, the safety and tolerability of
3 escalating doses of Temferon™ including 2
different conditioning regimens, are inves-
tigated in up to 15 patients. In Part B, ad-
ditional 6 patients will be evaluated using a
conditioning regimen and a single dose of

Methylatedgg Not eligible

Temferon™ production & release \

Conditioning: \
BCNU & Infusion of

Temferon™
Busulfan

Day O

MGMT: 06-methylguanine-DNA methyltransferase; HSPC: hemopoietic stem and progenitor cell; SOC: Standard of care; BCNU: Carmustine;
Temferon™ production and release: advanced medicinal product manufacturing process by an authorized contract manufacturing organization
followed by its characterization and release by a Qualified Person for clinical use.
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