Gene expression profiles associated with stable disease in metastatic castrationresistant prostate cancer patients treated with ADXS-PSA immunotherapy
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• Active immunotherapies, such as ADXS-PSA, are designed to stimulate an antitumor response
•

•

•

•
•

by directly targeting and engaging the immune system.
ADXS-PSA, a highly attenuated Listeria monocytogenes (Lm)-based immunotherapy that targets prostate-specific antigen (PSA), is currently being evaluated as a treatment for previously treated metastatic castration-resistant prostate cancer (mCRPC) in the phase 1/2 KEYNOTE
-046 trial as a monotherapy (Part A, presented here) and in combination with KEYTRUDA®
(pembrolizumab) (Part B, enrolling).1
Advaxis’ Lm-based immunotherapies act by stimulating innate immunity through multiple
mechanisms including the STING pathway, by reducing the numbers and activities of immunosuppressive cells in the tumor microenvironment, and by inducing the generation of antigenspecific T cells that infiltrate and destroy the tumor.2
Because of their ability to suppress the immune system,3,4 tumors and standard cancer treatments, such as chemotherapy and radiation therapy, may have an impact on the clinical outcome of cancer patients receiving active immunotherapies.
For this reason, we assessed the immune status of previously treated mCRPC patients participating in the KEYNOTE-046 trial.
Immune status was assessed by profiling and quantifying immune-related gene expression in
peripheral blood mononuclear cells (PBMCs) before and after ADXS-PSA treatment.

OBJECTIVES
• Assess immune status of mCRPC patients who have been previously treated with standard

cancer therapies by profiling and quantifying immune-related gene expression in their
PBMCs before and after ADXS-PSA treatment.
• Determine whether any gene expression profiles were associated with clinical response to
ADXS-PSA monotherapy.

MATERIALS AND METHODS
• The KEYNOTE-046 trial (NCT02325557) is a phase 1/2 evaluation of ADXS-PSA alone (Part
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• Immune-related gene expression was performed on RNA from PBMCs isolated at 4 time
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Figure 2. Blood draw schedule during ADXS-PSA monotherapy
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RESULTS
• Using established immune cell-specific gene signatures to identify major T cell effector sub-

populations, we measured changes in their expression levels in PBMCs of stable disease and
non-stable disease patients pre– and post-ADXS-PSA treatment.
• Dynamic changes in the levels of major T cell effector subpopulations were observed in all
patients on ADXS-monotherapy (Figure 3).
 Although the baseline levels of total T cells were significantly higher in stable disease patients than in non-stable disease patients (P<.001), the fold-change above baseline was
similar at each time point between stable disease and non-stable disease patients.
 The baseline levels of CD8+ T cells were also significantly higher in stable disease patients
than in non-stable disease patients (P<.001). CD8+ T cell levels increased on treatment in
all patients, with CD8+ T cell levels peaking at week 3 in stable disease patients and at
week 6 in non-stable disease patients.
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lated genes in ADXS-PSA-treated stable disease patients versus ADXS-PSA-treated nonstable disease patients. Further analysis of the differentially expressed genes within this functional category revealed that (Figure 8):
 On ADXS-PSA treatment, stable disease patients expressed significantly higher levels of
genes indicative of M1 macrophages and plasmacytoid dendritic cells (pDCs), both of
which have pro-inflammatory antitumor activities.6-10 The M1 macrophage-related genes
that were upregulated in stable patients are IFNGR1, CD86, HLA-DR, IL6, IL12B, IL15, and
CXCL10.6,11,12 The pDC-related genes that were upregulated in stable disease patients are
CD86, IL18R1, and IL3RA.13
 On ADXS-PSA treatment, stable disease patients expressed significantly lower levels of
genes indicative of M2 macrophages and myeloid-derived suppressor cells (MDSCs), both
of which have immunosuppressive protumor activities.9,10,14,15 The M2-macrophage-related
genes that were downregulated in stable disease patients are IL13RA, CD163, CD36,
LGAL3, and STAT6.6,11,12 The MDSC-related genes that were downregulated in stable disease patients are IL13RA1, PTSG2, STAT6, ARG1, ARG2, S100A8, and S100A12.10,15,16
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Figure 4. Highest ADXS-PSA dose affects expression levels of T cellspecific genes

150

CELLULAR FUNCTIONS

T CELL ACTIVATION AND FUNCTION

levels for safety and tolerability.
• To determine whether the dose level of ADXS-PSA has a bearing on post-treatment immune
status, we compared the expression levels of T cell-specific genes post-ADXS-PSA treatment
among the 3 dosing cohorts (Figure 4).
 The greatest fold-change above baseline in T cell-specific gene expression levels was observed in the cohort that received the highest dose (1 x 1010 CFU) (P<.05). Interestingly,
this cohort did not include any patients who achieved clinical activity.
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• To determine whether the increases in the levels of T cell-specific genes were associated with

changes in the state of T cell activation/differentiation, we measured the expression levels of
genes encoding T cell activation and differentiation markers in PBMCs of stable disease and
non-stable disease patients before and on ADXS-PSA treatment (Figure 5).
 At baseline, stable disease patients expressed:
 significantly higher levels of CXCR3 than non-stable disease patients (P<.001)
 similar levels of TNFRSF9 (CD137) as non-stable disease patients
 significantly lower levels of PDCD1 (PD-1), ENTPD1 (CD39), CD48, CD83, TBX21 (Tbet),
IFNG, and GZMB (granzyme B) than non-stable disease patients (P<.001)
 On ADXS-PSA treatment, stable disease patients expressed significantly higher levels of:
 PDCD1, ENTPD1, and TBX21 than non-stable disease patients at week 3 (P<.001)
 PDCD1, ENTPD1, CD48, CD83, TNFRSF9, TBX21, and GZMB than non-stable disease
patients at week 6 (P<.001).
 PDCD1, CD48, CD83, TBX21, and GZMB than non-stable disease patients at week 9
(P<.001).
 The fold-change increases above baseline in IFNG expression levels were comparable between stable disease and non-stable disease patients after ADXS-PSA treatment.

Figure 5. Stable disease patients express higher levels of T cell activation
markers than non-stable disease patients on ADXS-PSA treatment
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• The top 5 signaling pathways identified by the IPA software program that represent the 162

differentially expressed genes between ADXS-PSA-treated stable disease patients and nonstable disease patients are:
 Th1/Th2 activation pathway (P<.001, z-score=0)
 T helper cell differentiation pathway (P<.001, z-score=0)
 Th2 pathway (P<.001, z-score=-0.5)
 Th1 pathway (P<.001, z-score=+3.9)
 Dendritic cell maturation pathway (P<.001, z-score=+4.1)
• Th1/Th2 activation and dendritic cell maturation pathways are shown in Figure 9. Upregulated genes are shown in red tones while downregulated genes are shown in green tones.
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• To identify meaningful differences between the large gene expression data sets generated

for ADXS-PSA-treated stable disease and non-stable disease patients, we created a volcano
plot, which plots significance on the y-axis and log2-fold change on the x-axis (Figure 6). The
threshold for significance was an adjusted P value of ≤.1.
 In ADXS-PSA-treated stable disease patients, 97 genes were upregulated while 65 genes
were significantly downregulated compared to ADXS-PSA-treated non-stable disease patients.

Figure 6. Significantly differentially expressed genes between stable
disease and non-stable disease patients on ADXS-PSA treatment
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• Part A, the ADXS-PSA dose-determining phase of the KEYNOTE-046 trial, evaluated 3 dose
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ADXS-PSA monotherapy.
• Table 1 summarizes the baseline demographics of the patients who did and did not
achieve clinical activity while undergoing treatment with ADXS-PSA monotherapy. All patients who achieved clinical activity had stable disease.
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•

points during the first 9 weeks of treatment from mCRPC patients participating in the Part A
ADXS-PSA dose-determining stage of the KEYNOTE-046 trial (Figure 2).
The NanoString nCounter PanCancer Immune Profiling Panel was used to quantitate gene
expression levels.
Normalized NanoString gene-level counts were compared against NanoString’s immune cellspecific gene signatures to identify which immune cell types were detected in PBMCs before
and after ADX-PSA treatment.
Differential expression analysis was conducted on normalized NanoString count data by
stratifying patient samples into groups defined as stable disease or non-stable disease (eg,
progressive disease), based on their antitumor response. To identify genes that were differentially expressed (ie, adjusted P value ≤.1), we performed linear modelling as implemented in the R/Bioconductor package limma with voom transformation (version 3.30.13) in an R
statistical programming environment (R version 3.3.2).5
Ingenuity Pathway Analysis (IPA) (QIAGEN) was used to identify signaling pathways and networks that are activated in stable disease patients on ADXS-PSA treatment.
Statistical analyses were performed using GraphPad Prism software. The Mann-Whitney U
test was used to analyze nonparametric data.
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A), and in combination with KEYTRUDA® (pembrolizumab) (Part B), in the treatment of mCRPC.
The study design for KEYNOTE-046 trial is summarized in Figure 1.1

Figure 1. Study design for KEYNOTE-046 trial

Figure 7. Functional categories of differentially expressed genes in stable disease patients on ADXS-PSA treatment

Figure 3. ADXS-PSA treatment increases expression levels of genes identifying T cells and major T cell subsets in stable disease patients
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INTRODUCTION

The baseline levels of CD4+ T cells were comparable in stable disease and non-stable disease patients, but their levels on treatment were 2-fold higher at week 6 and 2.6-fold
higher at week 9 in stable disease patients than in non-stable disease patients (P<.001 for
both time points).

-log10 (adjusted P value)

1Advaxis,

stable disease and non-stable disease patients on ADXS-PSA-treatment, we compared the
differentially expressed genes by their functional categories (Figure 7).
 The top functional categories of the upregulated genes in ADXS-treated stable disease
patients were antigen processing and presentation (18%), T cell activation and function
(13%), and innate immune function (11%). Interestingly, T cell activation and function, NK
cell function, and NF-B signaling were functional categories that were unique to upregulated genes.
 The top functional categories of the downregulated genes in ADXS-PSA-treated stable
disease patients were innate immune function (29%), cellular functions (15%), and cytokine and cytokine receptors (12%). The complement pathway was the only functional
category unique to down regulated genes.
 Notably, although all patients had progressive metastatic disease at the start of treatment, stable disease patients expressed significantly fewer genes encoding cancer testis/tumor-associated antigens than non-stable disease patients. This finding suggests that
stable disease patients have less circulating metastatic tumor cells than non-stable disease patients.
• The innate immune function category was a top category for upregulated and downregu-

CONCLUSIONS
• By profiling and quantifying immune-related gene expression in previously treated mCRPC

patients before and after ADXS-PSA monotherapy, we have noted major differences between
the pre– and post-treatment immune status of stable disease and non-stable disease patients.
 At baseline, stable disease patients have significantly lower expression levels of PDCD1,
ENTPD1, CD48, CD83, TBX21, IFNG, and GZMB than non-stable disease patients. This finding suggests that low expression levels of genes encoding T cell activation and differentiation markers at baseline may be associated with stable disease.
 On ADXS-PSA treatment, stable disease patients have
 significantly higher expression levels of gene profiles indicative of CD4+ T cells, specifically those of the Th1 lineage, as well as of gene profiles indicative of mature antigen
presenting cells. These findings underscore the importance of peripheral CD4+ T cell responses in the generation of effective antitumor immunity by immunotherapies.17
 significantly higher expression levels of pDC– and M1 macrophage-related genes and
significantly lower expression levels of MDSC– and M2 macrophage-related genes.
 significantly lower expression levels of gene encoding cancer testis/tumor-associated antigens. This finding suggests that stable disease patients have fewer circulating tumor cells
and thus less tumor burden than non-stable disease patients.
• The gene profiles identified in this study not only provide insight into the mechanisms of action
of ADXS-PSA, but also identify potential predictive and pharmacodynamic biomarkers of clinical response to ADXS-PSA monotherapy.
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