Molecular signatures of combination immunotherapy of prostate
cancer using a Listeria-based PSA vaccine and radiation
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Abstract

Expression of resident/memory cell markers and immune checkpoints in recurring tumors-

Concurrent administration schedule of ADXS-PSA vaccine and RT is most effective-

Background -Radiotherapy (RT) has the potential to amplify immune responses triggered by tumor
vaccines, including ADXS-PSA, a live-attenuated Listeria monocytogenes (Lm)-based vector
expressing human PSA. Earlier observations suggest that the two treatment modalities
cooperatively induce regression of syngenic mouse prostate cancer cells expressing human PSA
(TPSA23), though immune correlates of efficacy and tumor recurrence are poorly understood.
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Changes in tumor volumes between
day 14 and 25 post inoculation indicate
concurrent RT and PSA vaccine
administration leads to more robust
tumor regressions when compared to
the other treatment schedules.
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A-B) Transcriptome profiling reveals upregulation of
genes associated with the IFNγ pathway in the tumors of
mice treated with dual RT and PSA vaccine. RNA from
tumors taken 20 days post treatment were pooled and
changes in mRNA transcript levels determined using the
Affymetrix Clariom S platform. A) Relative expression of
IFNγ signaling genes in RT+ PSA treated compared to
untreated tumors based on Ingenuity Pathway Analysis
software. B) Relative differences in transcript levels
between experimental groups. C) IFNγ ELISpot
representation of PSA and LLO responsiveness in
splenocytes of mice 20 and 38 days-post tumor
implantation.

Next steps: Trimodal radio-immunotherapy targeting checkpoints upregulated by dual therapyExperimental timeline
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Concurrent administration of ADXS-PSA vaccine and RT affects gene expression patterns in the tumor
microenvironment consistent with enhanced intra-tumoral Th1 immune responses-

Potential mechanisms of tumor elimination by ADXS-PSA vaccination:
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Immunogenic cell death

Immuno-radiotherapy utilizes radiation, a common cancer
therapeutic modality, to induce immunogenic cell death
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ADXS-PSA and RT combination therapy has shown efficacy in mice bearing TRAMPC1 prostate tumor cells
engineered to express human PSA (TPSA23).
Hypothesis: Combination therapy will result in reduced tumor burden that correlates with a highly Th1polarized tumor microenvironment, increased T cell activation, and TCR epitope spreading.

Experimental timeline

RT
ADXS-PSA

ADXS-PSA
7

10

12

17

Untreated

RT

PSA Vaccine

RT + PSA Vaccine

CD4 CD8

A-B) Transcriptome profiling reveals upregulation of genes associated with T cell receptor (TCR) signaling primarily in the dual RT and
PSA vaccine treatment group. RNAs from tumors taken 20 days post treatment were pooled and changes in mRNA transcript levels
determined using an Affymetrix Clariom S chip. A) Relative expression of TCR signaling genes in RT+ PSA vaccine treated-mice compared
to untreated tumors as described by Ingenuity Pathway Analysis software. B) Relative differences in transcription between experimental
groups. C) Immunofluorescence staining of CD4 and CD8 cells in the tumors reflects increased T cell infiltration in dual-treated animals.
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Days post- tumor implantation

TPSA23 tumors were treated with PSA vaccine on days 10, 17, and 21 and irradiated (10 Gy) on day 12. Additionally, an αPD-1 (RMP114) or an αPD-L1 antibody (10F.9G2), or an appropriate isotype control, were administered ip on day 20, 23, and 26. Trimodal radioimmunotherapy including αPD-1 was more effective than dual combination therapy, although all tumors eventually developed
resistance.
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Methods and Results
Combining subtherapeutic doses of RT and ADXS-PSA vaccine inhibits TPSA23 tumors more effectively
than individual modalities-
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Lm is taken up by antigen presenting cells (APC) and secretes
LLO to escape the phagolysosome and enter the cytosol.
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Transcriptome profiling
reveals upregulation of
genes associated with T cell
memory and immune
checkpoints in the dual RT
and ADXS-PSA treatment
group. RNAs from tumors
taken post treatment were
pooled and changes in
mRNA transcript levels
determined (Affymetrix
Clariom S). Results were
filtered by comparing
relative expression of
genes assigned to either
pathway exhibiting at least
a 2-fold change between
experimental groups. Heat
map reflects relative
differences between
experimental groups.

Combining RT and ADXS-PSA vaccine is associated with a robust intra-tumoral IFNγ signature-

ADXS-PSA is an attenuated Listeria monocytogenes (Lm) vector genetically engineered to secrete a fusion
protein composed of human PSA and a truncated nonhemolytic form of listeriolysin O LLO (tLLO-PSA).
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The tLLO-PSA fusion protein is processed into peptides, which
are subsequently presented to T cells via MHC molecules.
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Conclusions- Combining RT with the ADXS-PSA vaccine leads to effective tumor growth inhibition
and induces robust, persistent antitumor immunity within the tumor environment. Transcriptome
analysis during treatment revealed increased PD1 expression as a potential resistance mechanism
and a PD1 blocking antibody provided further therapeutic benefit. These results support the
rationale for combining Listeria-based vaccines with radiation in the clinic.
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Methods- We compared efficacy of different sequencing regimens of combination RT/vaccine
treatments on TPSA23 tumor growth in syngenic mice. Using the best sequencing protocol, tumors
were collected post-implantation to assess immune infiltrate and function during initial tumor
regression (day 20) and upon resumption of tumor growth (day 38). Correlates of treatment
efficacy were determined by transcriptome analysis, phenotypic analyses of immune infiltrates
and TCR sequencing.
Results- We confirmed that combination RT/ADXS-PSA is superior to single modality treatments.
Concurrent administration of RT/vaccine was the most effective treatment schedule and was
associated with enhanced T cell activation and robust IFN signatures in the tumor
microenvironment. This was reflected in increased intratumoral CD4 and CD8 T cell infiltration in
mice receiving RT/vaccine. TCR chain sequencing revealed elevated and sustained T cell diversity
in tumor tissues of RT/vaccine-treated mice, when compared with mice receiving single modality
treatments. In these residual tumors resident and/or memory T cell phenotypic markers were
increased. Transcriptome analysis of recurring tumors further revealed induction of PD-L1 as a
function of treatment. Targeting of the PD1/PD-L1 axis via a PD1 blocking antibody administered in
addition to radiation and ADXS-PSA (triple combination) further amplified tumor growth inhibition
in mice receiving dual RT/vaccine therapy.
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Combination RT and PSA vaccination induces a distinct and sustained TCR repertoire shift-

Conclusions
- Combination therapy with subtherapeutic doses of RT and PSA vaccine cooperatively
reduces tumor burden compared to single modality treatments, confirming prior
observations.
- Concurrent RT + PSA vaccine administration is more efficacious that either pre- or post-RT
vaccination schedules.
- Dual RT + PSA vaccine promotes enhanced IFNγ signaling in the tumor microenvironment.
- Increased levels of genes associated with T cell activation and signaling in dual-treated
animals are accompanied by higher frequencies of CD4 and CD8 cells in the tumor.
- Intratumoral T cell diversity is increased and maintained in dual-treated mice.
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- Combination therapy induces intratumoral abundance of transcripts associated with
targetable checkpoints potentially relevant to resistance development.
- Targeting PD-1, which is upregulated in recurring tumors further increases efficacy of dual
therapy.
- In aggregate, these observations indicate robust T cell activation potentially countered by T
cell exhaustion in ADXS-PSA/RT-treated mice.

Days post- tumor implantation

Subcutaneuos TPSA23 tumors were established in male C57/BL6 mice and treated with a suboptimal dose of ADXS-PSA (or control Lm
vaccine, both at 107 FFU) on days 10, 17, and 21, with or without a single subtherapeutic radiation dose (10 Gy) on day 12. Combination
therapy consisting of radiation and ADXS-PSA is more effective than either modality alone or the RT and control Lm vaccine.

A-B) TCRβ diversity was compared in spleens and TILs by chao1 (A) and eftronThisted (B) indices. * P < 0.05, ** P < 0.01, *** P
<0.0001 one-way ANOVA with multiple comparisons (Sidak correction). C-D) TIL TCRβ diversity by treatment group on days 20 and 38.
E) Comparison of TIL repertoires (MHSI index) between untreated and treated cohorts on days 20 and 38. Treatments were compared
to no treatment at the respective time points. F) Day 38 TIL comparison in PSA and RT + PSA treatment cohorts. G-H) Analysis of the
top 30 clonotypes in TILs of the RT + PSA cohorts on days 20 (G) and 38 (H). Each colored box within the stack indicates a different
clonotype. P < 0.001 two-way ANOVA analysis of treatment effect.
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