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Abstract 
Background:  ADXS31-142 is an attenuated Listeria monocytogenes-based immunotherapy targeting prostate-specific antigen (PSA), being 
evaluated as monotherapy and combined with pembrolizumab for metastatic castration-resistant prostate cancer (mCRPC).
Patients and Methods:  The 2-part phase I/II KEYNOTE-046 study enrolled men with mCRPC who have progressed after 2 or fewer prior sys-
temic treatment regimens in the metastatic setting. In Part A, intravenous ADXS31-142 monotherapy was given every 3 weeks (q3w) to 3 dose-
escalation cohorts. In Part B, ADXS31-142 (1 × 109 colony-forming units) plus pembrolizumab (200 mg) was administered intravenously q3w for 
3 doses with a fourth pembrolizumab dose 3 weeks later (12-week cycles) for up to 24 months or until progression/toxicity. Endpoints included 
safety, overall response rate, progression-free survival (PFS), overall survival (OS), and immunogenicity.
Results:  Fifty patients received ADXS31-142 alone (n = 13) or with pembrolizumab (n = 37). Among the 37 RECIST-evaluable patients (n = 8 Part 
A; n = 29 Part B), there were no objective responses. Median PFS was 2.2 months (95% CI: 0.8-7.4) with monotherapy and 5.4 months (95% 
CI: 2.3-7.9) with the combination; median OS was 7.8 months (95% CI: 4.4-18.5) and 33.7 months (95% CI: 15.4–not evaluable), respectively. 
Promising OS benefit was observed in combination-treated patients who had received prior docetaxel (16.0 months, 95% CI: 6.4-34.6; n = 20) 
and those with visceral metastasis (16.4 months, 95% CI 4.0-not evaluable; n = 11). All patients had ≥1 treatment-related adverse event, mostly 
grade 1/2 manageable events. No additive toxicity was observed with combination treatment.
Conclusions:  Combining ADXS31-142 with pembrolizumab was safe and well tolerated. The observed OS in mCRPC warrants further testing 
of this combination.
Clinical Trial registration:  NCT02325557.
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Implications for Practice
Patients with metastatic prostate cancer initially respond well to androgen-deprivation therapy; however, castration resistance inevitably 
develops. There are multiple treatment options that confer survival benefits for patients with metastatic castration-resistant prostate 
cancer (mCRPC); however, these treatments are not curative and are sometimes associated with poor tolerability. Immunotherapy with 
checkpoint inhibitors (CPIs) alone has been evaluated but has limited activity in mCRPC. Hence, there is a need to evaluate novel therapies 
that may enhance the activity of CPIs. Preliminary results from this study suggest that the combination of a PSA-specific immunotherapy 
(ADXS31-142) with the CPI pembrolizumab may improve clinical outcomes in patients with mCRPC and warrants further testing.

Introduction
Prostate cancer is the second most common non-cutaneous 
malignancy in men worldwide.1 According to estimates by 
GLOBOCAN, in 2020 there were approximately 1 414 259 

new cases of prostate cancer and 375 304 deaths from the 
disease.1 An estimated 20% of men in the United States 
diagnosed with prostate cancer have regional or meta-
static disease at presentation.2 Furthermore, patients 
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with metastatic disease at diagnosis who are treated with 
androgen-deprivation therapy often develop a resistant 
phenotype within 1-3 years of therapy,3 a condition known 
as metastatic castration-resistant prostate cancer (mCRPC). 
There are multiple therapeutic options for mCRPC that 
confer a survival benefit including chemotherapy (eg, 
docetaxel, cabazitaxel), next-generation hormonal agents 
(NGHAs; eg, abiraterone, enzalutamide, darolutamide), im-
munotherapy with sipuleucel-T, and the bone-specific radio-
nuclide radium 223. The humanized anti-programmed cell 
death-1 (PD-1) antibody pembrolizumab is also approved in 
a subset of patients with microsatellite instability (MSI) high 
(MSI-H) or deficient mismatch repair (dMMR) including 
mCRPC patients. Beyond these, the outlook for patients 
with mCRPC remains poor, with median overall survival 
(OS) of 2 years.4 Immunotherapy with checkpoint inhibitors 
alone has had limited or no activity in mCRPC due to the 
well-characterized immune-suppressive tumor microenvir-
onment, particularly in those patients with microsatellite 
stable disease, prior use of chemotherapy and NGHAs, and 
the presence of visceral metastases, among other factors.5,6 In 
the KEYNOTE-199 trial, pembrolizumab was evaluated in 
mCRPC patients who had received one or more NGHAs and 
1-2 chemotherapy regimens, one of which was docetaxel. 
Overall response rates were limited (3%-5%) but there were 
encouraging survival estimates in patients with measur-
able disease and in those with bone-predominant mCRPC.5 
Median OS was 9.5 months in patients with programmed 
cell death ligand-1 (PD-L1)- positive disease (n = 133) and 
7.9 months in those with PD-L1-negative (n = 66) disease. 
In bone-predominant disease (n = 59), the mOS was 14.1 
months, regardless of PD-L1 expression.

The limited effectiveness of PD-1 treatment in these pa-
tients can be attributed to T-cell anergy, low CD8+ T-cell in-
filtration in the tumor, inability to generate tumor-specific 
cytotoxic T lymphocytes (CTLs) that do not already exist, 
and/or the inability for PD-1 blockade to have any impact 
on regulatory T cells (Tregs) and myeloid-derived suppressor 
cells (MDSCs) that reside within and protect the tumor 
microenvironment.7 We hypothesized that one strategy to 
improve efficacy would be to combine PD-1 blockade with a 
treatment that both ensures tumor-reactive T cells are gener-
ated and present and also reduces or eliminates the effects of 
central tolerance mediated by Tregs and MDSCs in the tumor 
microenvironment.

ADXS31-142 is a live attenuated Listeria monocytogenes 
(Lm) immunotherapy bioengineered to secrete an antigen ad-
juvant fusion protein (tLLO-PSA) consisting of a truncated 
fragment of the listeriolysin toxin (tLLO) fused to human 
prostate-specific antigen (PSA). Upon intravenous (IV) ad-
ministration, ADXS31-142 is rapidly taken up by antigen-
presenting cells, stimulating adaptive immunity and resulting 
in the generation of a new population of tumor antigen-specific 
CTLs. In addition, ADXS31-142 has been shown to alter the 
tumor microenvironment, facilitate T-cell infiltration, and re-
duce immune suppression mediated by Tregs and MDSCs.8 
Furthermore, synergistic activity of the combination of Lm-
based immunotherapies with PD-1-blocking antibodies has 
been shown in animal models and in clinical evaluations.9-11

The phase I/II KEYNOTE-046 trial evaluated the 
antitumor activity and safety of ADXS31 142 monotherapy 
or in combination with pembrolizumab in patients with 
mCRPC.

Methods
Study Design and Treatment
KEYNOTE-046 (NCT02325557) was a phase I/II, open-label, 
multicenter (8 sites), 2-part, dose-determining, safety and tol-
erability study of ADXS31 142 administered as monotherapy 
or in combination with pembrolizumab. An expansion co-
hort further evaluated the safety and antitumor activity of 
combination treatment. Eligible patients were men aged ≥18 
years with histologically confirmed mCRPC on androgen-
deprivation therapy that had progressed or become resistant 
to ≤2 prior systemic treatment regimens comprising chemo-
therapy, hormonal (including NGHAs, abiraterone and/or 
enzalutamide), radiopharmaceuticals, or immunotherapy in 
the metastatic setting. Patients were enrolled regardless of the 
PD-L1 expression status of their tumors.

Patients in Part A were administered ADXS31 142 IV at 
doses of 1 × 109 colony-forming units (CFUs), 5 × 109 CFUs, 
or 1 × 1010 CFUs every 3 weeks in a 12-week cycle for up to 
24 months or until disease progression or discontinuation. 
Part A was designed to select a recommended phase II dose 
(RP2D) of ADXS31 142 for use in Part B. Patients in Part B 
were administered ADXS31 142 at the RP2D (1 × 109 CFUs) 
in combination with pembrolizumab 200  mg IV every 3 
weeks for 3 doses with a fourth pembrolizumab dose given 
alone 3 weeks later (in 12-week cycles), for up to 24 months 
or until disease progression or discontinuation.

The study protocol and all amendments were approved 
by institutional review boards or ethics committees of all 
participating sites, and the study was conducted in accordance 
with the International Council for Harmonisation for Good 
Clinical Practice guidelines and the Declaration of Helsinki. 
All enrolled patients provided written informed consent.

Procedures
Tumor response was assessed through computed tomography 
or magnetic resonance imaging of the abdomen/pelvis and 
bone scan. Scans were obtained every 10 weeks (±1 week) 
during the first cycle and every 12 weeks (±1 week) thereafter 
during treatment. Serum levels of PSA were measured at Week 
1 of Cycle 1 and then every 4 weeks. During Cycle 1, blood 
samples for T-cell testing were collected before ADXS31-142 
infusion and 11-14 days (2 weeks) after every ADXS31-
142 infusion (Weeks 1, 4, and 7). In addition, retrospective 
testing was performed to determine the MSI status. Adverse 
events (AEs) were monitored throughout the study and 
graded according to the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events (version 4.0).

Immune Correlative Assays
Adaptive’s proprietary T-cell receptor (TCR) beta-chain 
sequencing was performed to evaluate changes in clonality 
and diversity of T cells.12 Sequencing analysis included iden-
tification and quantification of all clones in a given sample, 
including: (1) number of unique clones and frequency of each 
clone; (2) identification and comparison of common clones in 
all samples (between patients, and between pre-treatment and 
post-treatment samples for the same patient); (3) comparison 
of expansion of clones; and (4) computation of the diversity 
and clonality of all samples.

ELISpot assays were performed on cryopreserved periph-
eral blood mononuclear cells (PBMCs) isolated at Week 1 
(baseline), Week 3, Week 6, and Week 9 from patients with 
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mCRPC who had received 3 doses of ADXS-PSA mono-
therapy. Cryopreserved unfractionated PBMCs were thawed 
and rested overnight at 37  ºC prior to ex vivo stimulation. 
The ELISpot assay protocol followed the protocol outlined 
by Janetzki et al for assay harmonization.13 The reactivity 
of peripheral CD4+ and CD8+ T cells was assayed to pep-
tides derived from PSA, the target antigen of ADXS-PSA, as 
well as to peptides derived from prostatic acid phosphatase 
(PAP), prostate-specific membrane antigen (PSMA), prostate 
stem cell antigen (PSCA), and prostein to determine the extent 
of antigen spreading after ADXS-PSA treatment. All peptide 
mixes contained peptides that were 15 amino acids in length 
with 11 amino acid overlap. Secretion of IFNγ, TNFα, and the 
cytolytic granule granzyme B was measured using the 3-color 
fluoroSpot kit (Cellular Technology Limited, Cleveland, OH).

MSI status was evaluated via PlasmaSELECT R64 by 
PGDx along with identification of potential somatic and gen-
omic mutations.

Outcomes
The primary objective of this trial was to characterize the 
safety and tolerability of ADXS31-142 alone (Part A) and 
in combination with pembrolizumab (Part B) and select the 
RP2D. Safety endpoints included the incidence of AEs, SAEs, 
physical examinations, vital signs, concomitant medications, 
and laboratory safety test results.

Secondary objectives were to evaluate antitumor activity 
and survival signals of ADXS31-142 alone and in combin-
ation with pembrolizumab. Key efficacy endpoints were 
overall response rate, progression-free survival (PFS), OS, 
disease control rate (DCR), duration of response, and serum 
PSA levels. Overall response rate and DCR were based on 
best tumor response on treatment until disease progression/
recurrence, utilizing RECIST (version 1.1) and Prostate 
Cancer Working Group 2 (PCWG2) criteria. DCR was de-
fined as the proportion of subjects with complete response 
(CR), partial response (PR) or stable disease (SD) per RECIST 
1.1 criteria for a minimum of 12 weeks following the first 
day of treatment. Duration of response was measured from 
the date of first documented CR/PR to the date of first docu-
mented disease progression or death. PFS was defined as the 
length of time from the start of treatment to the date of first 
documented disease progression or death. OS was defined as 
the time from the start of treatment to the date of death.

Exploratory objectives included evaluating correlative im-
munologic profiles of PBMCs for ADXS-PSA monotherapy 
and ADXS-PSA + pembrolizumab combination therapy, as 
well as direct ELISpot assessment of T-cell responses to PSA 
and antigen spreading to other prostate cancer–associated 
antigens.

Details of the methods used have been reported 
elsewhere.10,11

Statistical Analysis
Statistical analyses were performed using SAS software 
(version 9.2 or later; SAS Institute, Cary, NC, USA). All 
patients who received at least one dose of ADXS31-142 
or pembrolizumab were included in the safety analysis; 
those patients who had at least one post-baseline radio-
logic tumor-response assessment were included in the ef-
ficacy analysis. Data were presented by treatment group 
(ADXS31-142 alone and ADXS31-142 and pembrolizumab 
combination). Descriptive statistics were used to summarize 

the continuous variables. Summary statistics for categor-
ical variables were presented in terms of frequencies and 
percentages. Time to event data were summarized using 
the Kaplan-Meier method. AEs were graded in severity ac-
cording to the guidelines outlined in the National Cancer 
Institute (NCI) Common Terminology Criteria for Adverse 
Events (CTCAE) Version (v) 4.03. AEs were coded using the 
Medical Dictionary for Regulatory Activities (version 20.1).

Results
Patient Baseline Characteristics and Treatment
A total of 13 patients received ADXS31-142 monotherapy 
in Part A at doses of 1  ×  109 CFU (n = 10), 5  ×  109 CFU 
(n = 1), and 1  ×  1010 CFU (n = 2). Reversible dose-limiting 
toxicities were documented in the first cycle of ADXS31-142 
at 1 × 1010 CFU in 2 patients from Part A: one patient with 
grade 4 cytokine-release syndrome and grade 4 transaminases 
increased and one with grade 3 hypertension. The RP2D was 
defined in Part A and established for Part B as 1 × 109 CFU 
ADXS31-142 + 200 mg pembrolizumab. A total of 37 patients 
received combination therapy with ADXS31-142 (1  ×  109 
CFU) and pembrolizumab (200 mg) in Part B. Patients in the 
monotherapy and combination therapy arms had comparable 
demographic characteristics (Table 1). Patients in the combin-
ation therapy arm had higher median baseline PSA compared 
with patients in the monotherapy arm (42  ng/mL vs 19  ng/
mL, respectively). Of the 13 patients in the monotherapy arm, 
4 (31%) had received prior chemotherapy, 6 (46%) had re-
ceived prior immunotherapy, and 11 (85%) had received hor-
monal therapy as their primary treatment. Of the 37 patients 
in the combination therapy arm, 21 (57%) had received prior 
chemotherapy, 7 (19%) had received immunotherapy, and 34 
(92%) had received first-generation hormonal therapy. Patients 
in the combination therapy arm reported higher use of prior 
enzalutamide than those in the monotherapy arm (32% vs 
15%, respectively). The primary reason for premature dis-
continuation was disease progression in both treatment arms 
(31% with monotherapy and 68% with combination therapy).

Safety
All 50 patients who received at least one dose of the study 
drug experienced at least one treatment-related AE (Table 
2). Chills and pyrexia were the most commonly reported 
AEs in both treatment arms (Table 3). The severity of AEs 
was similar between the 2 treatment arms with grade ≥3 
AEs reported in 8 patients (61.5%) in the monotherapy arm 
and in 24 patients (65%) in the combination therapy arm. 
Treatment-related grade ≥3 AEs were reported in 5 patients 
(38%) in the monotherapy arm and 11 patients (30%) in the 
combination therapy arm.

Serious AEs were reported in 3 patients (23%) in the 
monotherapy arm and 20 patients (54%) in the combination 
therapy arm. 2 patients (15%) in the monotherapy arm had 
3 SAEs that were considered treatment-related, including 
cytokine-release syndrome in one patient and septic shock 
and acute kidney injury in one patient. Eight patients (22%) 
in the combination therapy arm had 10 SAEs that were 
treatment-related, including hypertension and hypotension 
in one patient, hypotension in, hypertension in one patient, 
thrombocytopenia in one patient, fatigue and dehydration in, 
pyrexia in one patient, infusion-related reaction in one pa-
tient, and pneumonitis in one patient.
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Two deaths were reported within 30 days of the last dose 
of study medication: one was due to progressive disease un-
related to treatment and the other was due to septic shock 
which was considered possibly related; both deaths were re-
ported in the monotherapy arm.

Efficacy
Thirty-seven patients had the measurable disease by RECIST 
1.1, comprising 8 patients who received ADXS31-142 mono-
therapy and 29 patients who received combination treatment 
with ADXS31-142 and pembrolizumab. There were no ob-
jective responses in the 37 RECIST-evaluable patients. Four 
patients (31%) in the monotherapy arm and 21 (57%) pa-
tients in the combination therapy arm had SD as the best 

response. Thus, the DCR was 31% with monotherapy and 
56.8% with the combination.

Of the 37 evaluable patients, 2 (25%) of the 8 evaluable 
patients in the monotherapy arm (Fig. 1A) and 11 (38%) of 
the 29 evaluable patients in the combination therapy arm 
had decreased PSA levels versus baseline at any time during 
treatment (Fig. 1B). Of these, one patient (13%) in the mono-
therapy arm and 5 patients (17%) in the combination therapy 
arm achieved a PSA reduction ≥50% from baseline.

Median PFS was 2.2 months (95% CI: 0.8-7.4) in the 
monotherapy arm and 5.4 months (95% CI: 2.3-7.9) in the 
combination therapy arm (Fig. 2A). Median OS was 7.5 
months (95% CI: 4.4-18.5) in the monotherapy arm and 33.7 
months (95% CI: 15.4-not evaluable [NE]) in the combin-
ation therapy arm (Fig. 2B). Prolonged survival was observed 
in patients in the combination therapy arm regardless of prior 
therapy with docetaxel or presence of visceral metastasis (Fig. 
3). In patients who had not received prior docetaxel (n = 17), 
median OS was not reached (95% CI: 15.1-NE) and in pa-
tients who had received prior docetaxel (n = 20), median OS 
was 16.0 months (95% CI: 6.4-34.6). Seventeen of 20 pa-
tients (85%) who had received prior docetaxel had also re-
ceived one or 2 prior NGHA therapies. Similarly, in patients 
who had prior visceral metastasis (n=11), median OS was 
16.4 months (95% CI: 4.0-NE) and in patients with no vis-
ceral metastasis (n = 26), median OS was 33.7 months (95% 
CI: 15.1-NE). Ten of the 11 patients with prior visceral me-
tastasis (91%) had received prior docetaxel and 9 (82%) had 
received one or 2 prior NGHA therapy.

One patient with SD continued to receive the combination 
of pembrolizumab and ADXS31-142 for 21 months beyond 
the 2-year limit of this protocol on a separate Investigational 
New Drug Application.

Table 1. Summary of patient demographics and baseline characteristics.

Category ADXS31-142 monotherapy
(n = 13) 

ADXS31-142 + pembrolizumab
(n = 37) 

Age, median (range), years 69.0 (57-80) 68.0 (45-92)

Weight, mean ± SD (range), kg 87.7 ± 16.98 (56-117) 93.7 ± 21.91 (55-157)

BMI, mean ± SD (range), kg/m2 28.5 ± 5.24 (19-37) 29.8 ± 6.03 (21-50)

ECOG PS 0/1, % 53.8/46.2 48.6/51.4

PSA level, median (range), ng/mL 19.0 (4.2-2456.0) 41.5 (0.1-426.3)

Time from initial diagnosis to first dose of ADXS31-142,  
mean ± SD (range), months

90.2 ± 70.30 (17-247) 72.3 ± 55.57 (11-215)

Prior therapy, n (%)

  Chemotherapy 4 (30.8) 21 (56.8)

  Docetaxel 4 (30.8) 20 (54.1)

  Immunotherapy 6 (46.2) 7 (18.9)

  Hormonal 11 (84.6) 34 (91.9)

Next-generation hormonal agents, n (%)

  Abiraterone only 3 (23.1) 6 (16.2)

  Enzalutamide only 2 (15.4) 12 (32.4)

  Abiraterone and enzalutamide 1 (7.7) 12 (32.4)

Presence of visceral metastases, n (%)

  Yes 2 (15.4) 11 (29.7)

  No 11 (84.6) 26 (70.3)

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PS, performance status; PSA, prostate-specific antigen; SD, standard 
deviation.

Table 2. Summary of AEs.

AE No. of patients (%)

ADXS31-142 
monotherapy
(n = 13) 

ADXS31-142 + 
pembrolizumab
(n = 37) 

Any AE 13 (100.0) 37 (100.0)

Treatment-related AE 13 (100.0) 37 (100.0)

Grade ≥3 AE 8 (61.5) 24 (64.9)

Treatment-related grade ≥3 AE 5 (38.5) 11 (29.7)

SAE 3 (23.1) 20 (54.1)

Treatment-related SAE 2 (15.4) 8 (21.6)

Deatha 2 (15.4) 0

aAfter the first dose and within 30 days of the last dose.
Abbreviations: AE, adverse event; SAE, serious adverse event.
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Immunogenicity
Immunogenicity data were available for 9 patients who re-
ceived ADXS31-142 monotherapy and 17 patients who 
received combination treatment with ADXS31-142 and 
pembrolizumab. It is known that after activation by an 
antigen, T cells undergo a clonal expansion and differenti-
ation followed by a contraction phase once the antigen/carrier 
has been cleared. As shown in Fig. 4A, combination treatment 

with ADXS31-142 plus pembrolizumab extended T-cell ex-
pansion at Week 9 compared with ADXS31-142 mono-
therapy, suggesting broader immune stimulation. Increased 
contraction of T-cell clones was observed in the combin-
ation group, which suggests that lower-avidity T-cell clones 
to PSA (or other prostate-related antigens) were reduced in 
favor of high-avidity T cells under PD-1 blockade (Fig. 4B). 
The frequency of functional PSA-specific T cells in the per-
ipheral blood increased from baseline in 5 patients (56%) 
in the monotherapy arm and 11 patients (65%) in the com-
bination therapy arm. Antigen spreading, or the expansion 
of T-cell responses to prostate cancer antigens that are not 
expressed by ADXS31-142, was seen in all 9 patients tested 
(100%) in the monotherapy arm and in 14 patients (82%) in 
the combination arm (plot not shown). Antigen-specific T-cell 
responses were documented against PAP, PSMA, PSCA, and 
prostein.10,11

Thirty-six of 37 patients in the combination therapy arm 
were tested for the MSI status of their disease and all had 
negative results, including the patient going beyond the 2 
years of study treatment.10

Discussion
Data from the open-label, phase I/II KEYNOTE-046 study 
suggest that combination treatment with ADXS31-142 plus 
pembrolizumab may improve OS across different mCRPC 
populations, particularly in the presence of visceral metas-
tases or prior therapy with docetaxel. In Part A of this study, 
ADXS31-142 monotherapy was evaluated in patients with 
mCRPC to characterize the safety, tolerability, RP2D, and im-
munogenicity of the drug. Part B evaluated the safety and effi-
cacy of the combination of ADXS31-142 with pembrolizumab 
in a more refractory mCRPC population where the majority 
of the patients had bone-predominant disease (70%), had re-
ceived prior docetaxel (54%) and/or one or 2 NGHA (82%) 
therapies, regardless of PD-L1 expression status.

ADXS31-142 was generally well tolerated as monotherapy 
and in combination with pembrolizumab. The most common 
treatment-related AEs in both treatment arms were chills and 
pyrexia, which were transient and manageable. These were 

Table 3. ADXS31-142 treatment-related AEs reported in >2 patients in 
any treatment arm.

Preferred term No. of patients (%)

ADXS31-142 
monotherapy
(n = 13) 

ADXS31-142 + 
pembrolizumab
(n = 37) 

Patients with at least 1 AE 13 (100.0) 37 (100.0)

Chills 10 (76.9) 33 (89.2)

Pyrexia 8 (61.5) 20 (54.1)

Hypotension 6 (46.2) 8 (21.6)

Nausea 5 (38.5) 17 (45.9)

Fatigue 5 (38.5) 13 (35.1)

Hypertension 2 (15.4) 9 (24.3)

Vomiting 2 (15.4) 5 (13.5)

Tachycardia 2 (15.4) 4 (10.8)

Decreased appetite 1 (7.7) 6 (16.2)

Anemia 1 (7.7) 5 (13.5)

Headache 1 (7.7) 5 (13.5)

Diarrhea 1 (7.7) 4 (10.8)

Pain 1 (7.7) 4 (10.8)

Hypothyroidism 0 7 (18.9)

Thrombocytopenia 0 3 (8.1)

Back pain 0 3 (8.1)

Hypoxia 0 3 (8.1)

Rash 0 3 (8.1)

Abbreviation: AE, adverse event.
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Figure 1. Maximal change in PSA at any time since treatment initiation. (A) ADXS31-142 monotherapy and (B) ADXS31-142 plus pembrolizumab 
combination therapy. PSA changes of >200% are truncated at 200% for clarity. Abbreviations: MK, pembrolizumab; ADXS, ADXS31-142.
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usually grade 1-2 “flu-like” symptoms that lasted 2-4 h after 
treatment infusion and were consistent with immune cell ac-
tivation, induced by ADXS31-142 and other vectors based 
on Lm technology. These symptoms usually resolved without 
specific intervention or responded rapidly to limited symp-
tomatic treatment. No additive toxicity was observed with 
combination treatment compared with monotherapy.

There were no objective responses in RECIST-evaluable pa-
tients in Part B, but SD was shown in 72.4% of patients. PFS 
was 5.4 months with combination therapy, as expected for 
this population. However, median OS was promising in the 
overall population (33.7 months) as well as in patients who 
had received prior therapy with docetaxel (16.0 months) and 
even in those who had visceral metastasis (16.4 months). The 

latter 2 groups of patients are of particular interest because 
their therapeutic options are currently limited to chemo-
therapy such as cabazitaxel, pembrolizumab if disease is 
MSI-H or dMMR, radium-223 dichloride, lutetium 177, best 
supportive care, or receiving investigational treatment as part 
of a clinical trial.

Comparing the results of this study with those of other 
studies is challenging as the baseline characteristics and 
prior therapies of patients widely vary at this late stage of 
the disease. Also, the potential survival benefit of adding on 
ADXS31-142 to pembrolizumab for the entire group (mainly 
for patients with bone-predominant disease), as well as for 
those with prior docetaxel therapy and/or visceral metas-
tasis remains to be further explored. Visceral metastases are 
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found in approximately 22%-30% of patients with mCRPC 
and are associated with unfavorable outcomes.15 The median 
OS in patients with mCRPC with bone-predominant disease 
(ie, ≤ 25% patients with visceral metastasis) who have also 
progressed on docetaxel and NGHAs has been reported as 
8.2-13.6 months with cabazitaxel14,16,17 and 14.1 months with 
pembrolizumab.5 In the current study, median OS for patients 
with bone-predominant disease was 33.7 months, with 38% 
of patients with prior docetaxel and 80% with one or 2 prior 
NGHAs. Data are sparse on median OS in patients with vis-
ceral/measurable disease who have already received prior 
docetaxel and NGHA. For example, median OS in patients 
with predominant visceral metastasis with prior docetaxel 
and no prior NGHA was 9.5 months with best supportive 
care and 13 months with enzalutamide.18 In contrast, almost 
all patients with visceral metastasis in this study had received 

prior docetaxel and NGHA therapies and their median OS 
was 16.4 months.

Within the limitations of the sample size of this study and 
bearing in mind the caveats of cross-study comparisons, it is 
possible that there may be a signal of OS benefit (ie, median 
16.4 months) with pembrolizumab plus ADXS31-142 in pa-
tients with measurable disease. Our results compare favorably 
with those from patients with similar characteristics treated 
with pembrolizumab alone in the KN-199 study (Cohort 3), 
which reported a median OS of 9.5 months (95% CI: 6.4-
11.9) and 7.9 months (95% CI: 5.9-10.2) in patients with 
PD-L1-positive and PD-L1-negative disease, respectively.5

There was a broader immune stimulation in the combin-
ation arm (which included B-cell activation) compared with 
the ADXS13-142 monotherapy arm. Correlative immune 
analyses showed T-cell responses against PSA (65%) and 
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antigen spreading (85%) in patients in the combination arm. 
These results could potentially explain the mechanism of ac-
tion by which ADXS31-142 could potentiate pembrolizumab 
activity in mCRPC. The contribution of the potential re-
duction of Tregs and MDSCs by ADXS31-142 in the tumor 
microenvironment remains to be defined in future studies.

Conclusion
The combination of ADXS31-142 with pembrolizumab in 
patients with mCRPC was safe and deserves a further evalu-
ation of the improvement in OS, particularly in patients with 
visceral metastasis.
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