Great Apes Adenoviral vaccine encoding neoantigens synergizes with
immunomodulator (NKTR-214) to cure established tumors in mice.
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BACKGROUND

Efficacy GAd vaccine and NKTR-214 on CT26 tumor model

Current immunotherapies based on checkpoint inhibitors (CPI)
revealed the importance of neoantigen-specific T cells for tumor
control. Here, we developed a novel neoantigen vaccine
approach based on Great Apes Adenovirus (GAd) and Modified
Vaccinia Ankara (MVA) viral vectors encoding multiple cancer
neoantigens in tandem. NKTR-214 is designed to expand
cancer-killing T cells, known as tumor-infiltrating lymphocytes
and it is preferentially active on effector CD8+ T cells and NK
cells over Tregs. Preclinical studies in syngeneic mouse tumor
models investigate the synergy between the two drugs in
presence/absence of anti-PD1 was investigated.
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Triple combination of vaccine, NKTR-214 and α-PD1 cures
100% of established tumors

b)

RESULTS
Generation of NOUS-020 vaccine based on GAd and
MVA vectors and immunological characterization
To select for high confidence neo-antigens to be encoded by GAd
and MVA vectors, CT26 tumors were harvested and whole exome
sequencing and RNA sequencing were performed. Analysis of non
synonymous single nucleotide variants on DNA and RNA allowed
the selection 20 “top” neo-antigens based on MHC binding
prediction and in vivo expression (RNA). Those 20 mutations
(NOUS-020 vaccine) were included in tandem in GAd and MVA.
Immunogenicity of GAd and GAd/MVA was evaluated in vivo by
immunizing naïve BalBC mice and measuring the induction of
INFγ T cell responses post prime and post boost. 5 out of 20 neoantigens were immunogenic, with induction of both CD8 and
CD4 responses (Figure 1). Moreover, MVA could boost GAd
induced immune response.
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Figure 2: Efficacy Gad vaccine and NKTR-214 on CT26 tumor model
a) Tumor Volume (mm3) of CT26 tumors in mice treated with GAd vaccine alone, NKTR-214 (given
at day 0 or 7) and concomitant or subsequent combination of NKTR-214 and GAd (respectively
named GAd&NKTR-214 Day0 and GAd&NKTR-214 Day7). b) Tumor free mice from NKTR214 (d7)
and combo GAd&NKTR-214 Day7 were rechallenged with a second CT26 tumor inoculum. Efficay at
second challenge was monitorerd until 10 weeks post rechallenge.

Interval between GAd vaccination and Nektar-214 delivery is
crucial for synergic activity (early therapeutic setting)
To set dose administration time in the combination GAd& NKTR-214,
different intervals of treatment have been explored by adding a single
NKTR-214 administration after vaccination. The analysis revealed that
interval between vaccine and NKTR-214 delivery is crucial to synergic
activity and the best interval resulted to be 7 days (Table 1).

Figure 1: Immunogenicity of GAd/MVA vaccine. a) Schematic of constructs; red
and blue show the neontigens inducing CD8 and CD4 response respectively. b) Analysis of
T cell responses measured post GAd/MVA immunization in naive mice by IFN-γ ELISpot on
pool of 20 vaccine encoded neo-antigens (left). Quality of vaccine induced T cell response
(CD4 and CD8 neo-antigen) was assessed by IFN-γ ICS (right).SFC = Spot Forming Cells

Combination of GAd vaccine with NKTR-214 dramatically
improves anti-tumor efficacy (early therapeutic setting)
Combination of GAd-NOUS-20 neoantigens vaccine with NKTR-214
was evaluated on CT26 tumors. Balb/c mice were implanted sc with
CT26 cells and 3 days later (early therapeutic setting) anti-tumor
activity of concomitant (GAd and NKTR-214 d0) and subsequent
administration (GAd d0 and NKTR-214 d7) of vaccine and NKTR214
was assessed in vivo. Administration of NKTR-214 on day 7
dramatically improves efficacy of Nouscom GAd vaccine, resulting
in 93% (14/15) of tumor free mice (Figure 2a). On the contrary,
simultaneous delivery of GAd and NKTR-214 didn’t have
therapeutic effect (0% tumor free mice). To explore the durability of
antitumor activity induced by combo treatment, tumor free mice
were re-challenged with a second tumor. 100% of these animals
remained tumor-free 10 weeks post re-challenge (Figure 2b).

Table 1: Efficacy induced by
GAd
and
NKTR-214
at
different
intervals
of
administration
Mice were challenged with CT26
tumor cells and 3 days post
challenge (day 0) they were all
vaccinated with GAd (Gr1 to Gr4).
Gr1 received only GAd, Gr2 GAd
d0 and NKTR d3, Gr3 GAd d0 and
NKTR d5, Gr4 GAd d0 and NKTR
d7. Tumor growth was monitored
over time, frequency of tumor free
mice are reported in table.

Combination of NOUS-020 vaccine (GAd&MVA) , NKTR-214 and
anti-PD1 results in 100% cure of large established tumors
A therapeutic cancer vaccine can be considered effective if capable to
control tumor growth or even better if it induces eradication of large
established tumors. For this reason, the anti-tumoral effect of GAd/MVA
and NKTR214 was evaluated in the presence of established tumors and
showed tumor regression in 90% of mice, of which half were complete
responders (tumor free, CR), the other half partial responders (PR)
showing about 40% of tumor shrinkage and disease stabilization. Single
agent NKTR-214 treatment led to tumor regression in about 40% of mice.
Importantly, triple combination GAd/MVA, NKTR-214 and anti-PD1 resulted
to be the most potent and efficacious treatment providing cure of 100%
of treated animals, all presenting a complete response (Figure 3a,b).

Figure3: Triple combination of GAd/MVA NOUS-020 vaccine, NKTR-214 and α-PD1
cures 100% of CT26 established tumors a) Schematic of treatment groups. b) Tumor
volume in mice with established tumors treated with NKTR-214 alone (green), NKTR-214 and
anti-PD1 (light blue), combination of NOUS-20 vaccine & NKTR-214 (blue), and triple combo
NOUS-20, NKTR-214 and anti-PD1 (pink). Vaccine was composed of GAd given at d0 and MVA
booster at d28. Shown is a representative experiment. In c) are shown % of mice with a
complete response (green) or partial response (orange; >40% tumor shrinkage).

Combo treatments induce greater breadth and depth of
neo-antigen specific immune response in responder mice

Immune response against vaccine encoded neoantigens was
measure by ICS in responder mice at the end of treatment (spleen).
Combination of vaccine&NKTR-214 and triple combo vaccine, NKTR214, α-PD1 induced a greater proportion of IFN-γ+ CD4 and CD8 T
cells against the 5 immunogenic neoantigens compared to NKTR214 and NKTR-214& α-PD1. Combo treatments increased also the
breath of responses and induced additional neoantigens amongst
the remaining 15 vaccine encoded ones, not detected with vaccine
alone, NKTR-214 and NKTR&PD1 treatment (Figure 4a, b).
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Figure 4: Neoantigen T cell
responses
in
responder
mice after combo NOUS-020
&NKTR-214.
a)
Immune
response at day 54 measured in
spleen of responder mice. T cells
response against the pool of top
5 immunogenic neo-antigens
were quantify by ICS. Dashed
and solid line represent a
threshold for a positive response
respectively for CD4 and CD8 T
cells. In b), are shown the
number of induced T cell
reactivities amongst the 5 top
neoantigens for each group.
Detection of T cell responses
against the remaining 15 neoantigen vaccine encoded is
indicated with a “+“ (positive
response), a “-” (negative
response or +/- (weak positive
response).

CONCLUSIONS: The combination therapy was very effective
treating syngeneic tumors. Vaccine plus NKTR-214 induce a greater
breadth and depth of immune response then either agent alone.
Importantly, a triple regimen based on vaccine, NKTR-214 and α-PD1
provided 100% cure of established tumors.

