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ABSTRACT

Introduction: JNJ-64041757 (JNJ-757) is a live, attenuated,
double-deleted Listeria monocytogenes–based immuno-
therapy expressing human mesothelin. JNJ-757 was evalu-
ated in patients with advanced NSCLC as monotherapy
(phase 1) and in combination with nivolumab (phase 1b/2).

Methods: Patientswith stage IIIB/IVNSCLCwho had received
previous therapy were treated with JNJ-757 (1 � 108 or 1 �
109 colony-forming units [CFUs]) alone (NCT02592967) or
JNJ-757 (1 � 109 CFU) plus intravenous nivolumab 240 mg
(NCT03371381). Study objectives included the assessment of
immunogenicity, safety, and efficacy.

Results: In the monotherapy study, 18 patients (median age
63.5 y; women 61%) were treated with JNJ-757 (1 � 108 or
1 � 109 CFU) with a median duration of 1.4 months (range:
0–29). The most common adverse events (AEs) were py-
rexia (72%) and chills (61%), which were usually mild and
resolved within 48 hours. Peripheral proinflammatory cy-
tokines and lymphocyte activation were induced post-
treatment with transient mesothelin-specific T-cell
responses in 10 of 13 biomarker-evaluable patients. With
monotherapy, four of 18 response-evaluable patients had
stable disease of 16 or more weeks, including one patient
with a reduction in target lesions. In the combination study,
12 patients were enrolled (median age 63.5 y; women
33%). The most common AEs with combination therapy
were pyrexia (67%) and chills (58%); six patients had
grade 3 AEs or greater, including two cases of treatment-
related fatal pneumonitis. The best overall response for
the combination was stable disease in four of nine
response-evaluable patients.

Conclusions: As monotherapy, JNJ-757 was immunogenic
and tolerable, with mild infusion-related fever and chills.
The limited efficacy of JNJ-757, alone or with nivolumab, did
not warrant further investigation of the combination.

� 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Non–small cell lung cancer; Mesothelin; LADD
Lm; JNJ-757; Vaccine
Introduction
Lung cancer is the leading cause of cancer mortality

worldwide, accounting for 18.4% of all cancer deaths in
2018, with most cases (85%) being NSCLCs.1-3 Despite
recent advances in molecular testing and the introduc-
tion of targeted agents, the prognosis for patients with
NSCLC remains poor, with a 5-year survival rate of 23%
for all stages of NSCLC and 6% for metastatic disease.4

Therapies with immune checkpoint inhibitors (ICIs)
have resulted in longer remissions and overall survival,
with 5-year survival rates now approaching 15% in pa-
tients with advanced NSCLC.5,6 However, because of
primary or acquired resistance, not all patients respond
to ICIs, and those who do respond typically relapse.
Improved biomarker-based selection of patients and
possible combinations of ICIs with other therapeutic
modalities may be needed to expand their clinical ben-
efits in terms of the proportion of responders and
duration of response.

Another immunotherapy approach for NSCLC is the
use of therapeutic vaccinations to induce or increase
innate and adaptive immune responses to target tumor
cells. Several types of cancer vaccines have been devel-
oped for the treatment of NSCLC, including allogenic
vaccines, peptide or protein vaccines, autologous den-
dritic cell vaccines, DNA vaccines, and vector-based
vaccines.7 Although these vaccines are reported to
stimulate cellular immunity and are well tolerated, most
have not exhibited a substantial survival advantage in
late-stage clinical trials,8-11 possibly owing to an inability
to overcome the immune evasion mechanisms used by
NSCLC cells.12-15

Live, attenuated, double-deleted (LADD) Listeria
monocytogenes–based immunotherapy offers a novel
approach to potentially tackle the issue of immune
evasion by tumor cells. The LADD L. monocytogenes–
based platform features a deletion of two virulence
genes from the L. monocytogenes chromosome—actin
assembly protein and internalin B—resulting in the
prevention of cell-to-cell spread and infection of non-
phagocytic cells, respectively, which leads to a 1000-fold
attenuation in virulence without loss of its ability to
induce innate and adaptive cellular immunity.16,17 On
infection, virulence factors such as listeriolysin-O (LLO)
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and phospholipase C are secreted and dissolve the
phagosome membrane, resulting in L. monocytogenes
entering the host cell and any L. monocytogenes–secreted
protein attaining direct access to the antigen processing
pathway.18,19 In addition, L. monocytogenes–based im-
munotherapies inhibit the immunosuppression mediated
by myeloid-derived suppressor cells and regulatory T-
cells.20,21 Thus, LADD L. monocytogenes–based immu-
notherapies have the potential to enhance antigen pro-
cessing and presentation, elicit strong antigen-specific
tumor responses, and suppress the immune resistance of
the tumor microenvironment.22

JNJ-64041757 (JNJ-757) is a LADD L. monocytogenes–
based immunotherapy that encodes and expresses hu-
man mesothelin. Mesothelin, a glycoprotein expressed
on the surface of cells lining the pleura, peritoneum, and
pericardium, is a tumor-associated antigen that is over-
expressed in 30% to 70% of NSCLCs.23-27 A study that
evaluated mesothelin expression in patients with
advanced lung adenocarcinoma (N ¼ 93) reported that
24% of patients expressed high levels (�25% of cells) of
mesothelin; of these, 68% also had a KRAS mutation. In
addition, high mesothelin expression was associated
with poor prognosis, with a median overall survival of
18.2 months compared with 32.9 months in non–high
expressers.28 In preclinical studies, JNJ-757 induced
immune responses to mesothelin, as measured by
intracellular cytokine staining of mouse splenocytes, and
dose-dependently increased survival in a pulmonary
metastatic mouse model (data on file). In murine models,
the combination of programmed cell death protein 1
(PD-1) inhibition and JNJ-757 resulted in synergistic ef-
fects on adaptive responses to mesothelin, reduction of
the mean tumor volume, and prolonged survival (data on
file). These data suggest that JNJ-757 may have the po-
tential to induce cellular immunity against mesothelin-
expressing tumors and act synergistically with ICIs to
improve efficacy compared with PD-1 inhibitor
monotherapy.

Here, we report the findings from two clinical studies
evaluating JNJ-757 in patients with advanced lung
adenocarcinoma in a phase 1 monotherapy study and in
a phase 1b/2 study in combination with the PD-1 in-
hibitor, nivolumab.
Materials and Methods
Study Conduct

All protocols were reviewed and approved by an
institutional review board. The studies were conducted
in accordance with the ethical principles that have their
origin in the Declaration of Helsinki and that are
consistent with Good Clinical Practices and applicable
regulatory requirements. Patients or their legally
acceptable representatives provided their written con-
sent to participate in the study after having been
informed about the nature and purpose of the study.
Study Design
Phase 1 Monotherapy Study. This was a phase 1, open-
label, multicenter, two-part study conducted at nine sites
in the United States from December 8, 2015 to October
22, 2018 (NCT02592967). The primary objective of part
1 (dose escalation) was to confirm the recommended
phase 2 dose (RP2D) of JNJ-757, and that of part 2 (dose
expansion) was to further characterize the safety and to
determine the preliminary immunologic activity at the
RP2D in two expansion cohorts: 2A (patients with
adenocarcinoma without selection on the basis of mes-
othelin expression) and 2B (patients with �50% meso-
thelin overexpression). The primary study end points
were the incidence of dose-limiting toxicity (DLT) and
adverse events (AEs) (part 1) and the incidence of AEs
and antigen-specific T-cell response (part 2). For both
parts, key secondary objectives included evaluating the
preliminary clinical activity and assessing the blood
culture and shedding profile of JNJ-757, and key
exploratory objectives included evaluating the immuno-
genic activity of JNJ-757. Two doses of intravenous JNJ-
757 were explored in up to 10 patients per cohort
(1 � 108 [cohort 1A] and 1 � 109 colony-forming unit
[CFU] [cohort 1B]). The doses were selected on the basis
of previous clinical experience with another
L. monocytogenes–based vaccine expressing human
mesothelin, CRS-207, in which the 100 million (1 � 108)
and 1 billion (1 � 109) CFU doses were tolerable, and 1
billion CFU was identified as the maximum tolerated
dose after a DLT was reported at the 10 billion (1 �
1010) CFU dose.29 JNJ-757 was administered by means of
a peripheral vein catheter over a 1-hour period. Treat-
ment was administered once every 21 days. Dose esca-
lation proceeded if none of the first three patients in
cohort 1A experienced a DLT. Pretreatment and post-
treatment biopsies of the metastatic lesion(s) for
assessing mesothelin expression by immunohistochem-
istry were optional for patients in cohort 1 and cohort
2A but mandatory for cohort 2B. On the basis of evolving
data, the decision was made to close the study early and
proceed with a phase 1b/2 combination study.

Phase 1b/2 Combination Study. This was a multi-
center, open-label, randomized phase 1b/2 study con-
ducted at 10 sites in Spain, the United States, and
Belgium from March 16, 2018 to October 9, 2018
(NCT03371381). The primary objective was to evaluate
whether the efficacy of JNJ-757 combined with nivolu-
mab was better than the efficacy of nivolumab
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monotherapy. The primary end point was the objective
response rate. The key secondary objectives included
evaluating the safety of JNJ-757 in combination with
nivolumab and assessing the blood culture and shedding
profile of JNJ-757. The key exploratory objectives
included monitoring the markers of innate and adaptive
immune responses. The phase 1b safety run-in phase
was conducted with at least six patients to evaluate the
incidence of DLTs and the tolerability of JNJ-757 in
combination with nivolumab. Patients received intrave-
nous nivolumab 240 mg over approximately 1 hour
every 2 weeks in 28-day cycles. After completion of
nivolumab infusion on day 1, JNJ-757, at a dose of 1
billion CFU, was administered intravenously over
approximately 1 hour.
Patients
Eligible patients for the phase 1 monotherapy study

were 18 years or older, had histologically or cytologically
documented lung adenocarcinoma, stage IIIB or IV dis-
ease, at least one measurable site of disease (part 2 of
the study only), and had Eastern Cooperative Oncology
Group performance status (ECOG PS) score of 0 or 1.
Patients had received at least two previous lines of
approved systemic therapies, of which one had to be
platinum-based chemotherapy; previous treatment with
ICIs was allowed but not required.

Eligible patients for the phase 1b/2 combination
study were aged 18 years or older, had histologically
documented NSCLC adenocarcinoma, stage IIIB or IV
disease, ECOG PS of 0 or 1, mesothelin-positive tumor
biopsy (>0% positive tumor cells by immunohisto-
chemistry performed at a central laboratory) at
screening (criterion added as a protocol amendment for
phase 1b portion of the study), and progressive disease
(PD) during or after platinum-based doublet
chemotherapy.
Study Assessments
Safety was assessed by physical examinations, ECOG

PS, laboratory tests, vital signs, electrocardiograms,
monitoring of AEs, and concomitant medication usage.
The DLT evaluation period was the first 21 or 28 days
after the first infusion for part 1 of the monotherapy
study and for the combination study, respectively. AEs
were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events,
version 4.03.

Disease response was assessed using computed to-
mography scans of the chest, abdomen, and pelvis with
intravenous contrast. Response to treatment was
assessed by the investigator according to the Response
Evaluation Criteria in Solid Tumors, version 1.1.
Blood cultures were performed during the treat-
ment period, at the end-of-treatment visit, and during
the follow-up phase. In the monotherapy study, sur-
veillance blood samples were collected to investigate
the clearance of JNJ-757 on C1D1 (before infusion and
at 2 ± 0.5, 4 ± 0.5, 24 ± 4, and 48 ± 4 h after end-of-
infusion); on C1D7 and C1D14; on C2D1 (before
infusion); day 1 of subsequent cycles with a disease
assessment (before infusion); and at the end-of-
treatment visit. In the combination study, surveil-
lance blood samples were collected on days 1, 2, and
15 of cycle 1; day 1 of cycles 2 and 3; day 1 of sub-
sequent cycles with a disease assessment; and at the
end-of-treatment visit. In both studies, patients were
required to receive prophylactic antibiotics (intrave-
nous amoxicillin 500 mg thrice daily [or oral
trimethoprim 160 mg and sulfamethoxazole 800 mg
twice daily for patients with penicillin allergy]) for 7
days after completion of treatment, starting on the day
of the end-of-treatment visit. Patients with indwelling
venous access devices had their first dose of antibiotics
administered intravenously through the device as a
prophylactic measure against device colonization.
Surveillance blood samples were also collected during
the follow-up phase after the required antibiotic
treatment.

The potential shedding of JNJ-757 was studied in
cultures of feces, urine, and saliva. Core-needle biopsies
and blood samples were collected for biomarker ana-
lyses by interferon gamma enzyme-linked immunospot
(ELISpot) assay, T-cell proliferation/intracellular cyto-
kine staining, absolute lymphocyte counts, and cytokine
release assays. ELISpot response was considered posi-
tive if the difference between background-subtracted
response at any point after dosing and that at the
screening was greater than or equal to 1.5 times the SD
of response at baseline or at least 10 spot forming units
greater.
Statistical Analyses
The all-treated population included patients who

received at least one dose of study agent and was
considered as primary for all efficacy and safety evalu-
ations. The biomarker-evaluable population included
patients who received at least one dose of study agent
and had at least one pretreatment and posttreatment
biomarker evaluation.

Data were summarized using descriptive statistics.
Continuous variables were summarized using the num-
ber of observations, mean, SD, coefficient of variation,
median, and range, as appropriate. Categorical values
were summarized using the number of observations and
percentages as appropriate.
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Results
Patients

A total of 18 patients were enrolled and treated in the
monotherapy study. The median age was 64 years (range:
47–79), and 61% of patients were women (Table 1).
During dose escalation, six patients were infused with JNJ-
757 at 100 million CFU and three patients at 1 billion CFU.
No DLTs were reported at either dose, and 1 billion CFU
was selected as the RP2D to further assess the safety and
explore antitumor activity in the dose-expansion phase. In
total, nine patients were treated at 1 billion CFU in dose
expansion: eight in cohort 2A and one in cohort 2B (pa-
tients with �50% mesothelin overexpression). All pa-
tients discontinued from study treatment owing to PD
(83%), AE (6%), death (6%), or physician decision (6%)
(Supplementary Fig. 1A and Supplementary Data 1). The
monotherapy study was stopped after the combination
study was initiated.
Table 1. Demographic and Baseline Disease Characteristics

Characteristic

Monotherapy

1 � 108 CFU
n ¼ 6

Age, y, median (range) 65 (56–73)
Sex, n (%)
Female 4 (67)
Male 2 (33)

Race, n (%)
White 2 (33)
Black or African American 3 (50)
Asian 0
Unknown 1 (17)

Cancer stage, n (%)
IIIA 0
IIIB 1 (17)
IV 5 (83)

ECOG PS, n (%)
0 2 (33)
1 4 (67)

Mutation status, n (%)
EGFR mutation 1 (17)
KRAS mutation 1 (17)
No mutationb 2 (33)
Unknown 2 (33)

Previous lines of therapy, n (%)
1 0
>1 6 (100)

Previous systemic therapy, n (%) 6 (100)
Chemotherapy 6 (100)
PD-1/PD-L1 inhibitors 3 (50)
Tyrosine kinase inhibitor 1 (17)
Other 4 (67)

aInitial diagnosis was stage IIIA but entered the study as stage IV.
bScreened for EGFR, KRAS, ROS1, and ALK.
CFU, colony-forming unit; ECOG PS, Eastern Cooperative Oncology Group perfo
death-ligand 1.
In the combination study, 12 patients were enrolled
and treated in phase 1b. The median age was 64 years
(range: 38–77), and 67% were men (Table 1). All pa-
tients received JNJ-757 1 billion CFU plus nivolumab 240
mg over approximately 1 hour every 2 weeks. The
combination treatment was well tolerated, with no DLTs
reported. All 12 patients discontinued study treatment
owing to PD (50%), study closure (25%), AE (17%), and
death (8%) (Supplementary Fig. 1B and Supplementary
Data 1). The combination study was stopped before
the initiation of the randomized phase 2 portion of the
study owing to the evolving risk-benefit profile.
Safety
In the monotherapy study, AEs were reported for all

patients who were administered JNJ-757 (Table 2). Py-
rexia (13 of 18; 72%) and chills (11 of 18; 61%) were
the most common AEs, which were usually mild and
Combination

1 � 109 CFU
n ¼ 12

Total
N ¼ 18

Total
N ¼ 12

64 (47–79) 64 (47–79) 64 (38–77)

7 (58) 11 (61) 4 (33)
5 (42) 7 (39) 8 (67)

9 (75) 11 (61) 12 (100)
2 (17) 5 (28) 0
1 (8) 1 (6) 0
0 1 (6) 0

0 0 1 (8)a

0 1 (6) 1 (8)
12 (100) 17 (94) 10 (83)

0 2 (11) 5 (42)
12 (100) 16 (89) 7 (58)

3 (25) 4 (22) 0
5 (42) 6 (33) 2 (17)
3 (25) 5 (28) 9 (75)
1 (8) 3 (17) 1 (8)

0 0 4 (33)
12 (100) 18 (100) 8 (67)
12 (100) 18 (100) 12 (100)
12 (100) 18 (100) 12 (100)
12 (100) 15 (83) 8 (67)
4 (33) 5 (28) 1 (8)
6 (50) 10 (56) 6 (50)

rmance status; PD-1, programmed cell death protein-1; PD-L1, programmed



Table 2. Safety Summary

AE, n (%)

Monotherapy Combination

1 � 108 CFU n ¼ 6 1 � 109 CFU n ¼ 12 Total N ¼18 Total N ¼ 12

Any AE 6 (100) 12 (100) 18 (100) 12 (100)
Related AEsa 6 (100) 11 (92) 17 (94) 12 (100)

Grade �3 AEs 4 (67) 8 (67) 12 (67) 6 (50)
Related grade �3 AEsa 1 (17) 3 (25) 4 (22) 3 (25)

Serious AEs 1 (17) 7 (58) 8 (44) 5 (42)
Related serious AEsa 0 1 (8) 1 (6) 3 (25)

Grade �3 serious AEs 1 (17) 7 (58) 8 (44) 5 (42)
AEs leading to treatment discontinuation 1 (17) 3 (25) 4 (22) 3 (25)
AEs leading to death 1 (17) 0 1 (6) 4 (33)
Most Common AEs,b n (%)

Pyrexia 4 (67) 9 (75) 13 (72) 8 (67)
Chills 3 (50) 8 (67) 11 (61) 7 (58)
Fatigue 3 (50) 5 (42) 8 (44) 2 (17)
Nausea 4 (67) 4 (33) 8 (44) 5 (42)
Hypotension 2 (33) 6 (50) 8 (44) 2 (17)
Decreased appetite 2 (33) 6 (50) 8 (44) 4 (33)
Influenza-like illness 3 (50) 4 (33) 7 (39) 0
Vomiting 4 (67) 3 (25) 7 (39) 3 (25)
Headache 3 (50) 3 (25) 6 (33) 1 (8)
Diarrhea 2 (33) 3 (25) 5 (28) 0
Tachycardia 2 (33) 3 (25) 5 (28) 1 (8)
Asthenia 0 0 0 6 (50)
Dyspnea 0 3 (25) 3 (17) 5 (42)
Anemia 1 (17) 0 1 (6) 5 (42)

Most common grade �3 AEs,c n (%)
Hypertension 1 (17)d 2 (17)d 3 (17)d 0
Treatment-related 1 (17)d 0 1 (6)d 0

Lymphopenia 0 2 (17)e 2 (11)e 0
Treatment-related 0 1 (8)d 1 (6)d 0

Pneumonitis 0 1 (8)d 1 (6)d 2 (17)f

Treatment-related 0 1 (8)d 1 (6)d 2 (17)f

Hyponatremia 0 0 0 2 (17)d

Treatment-related 0 0 0 0
aAssessed by the investigator as possibly, probably, or likely related to the study agent.
bAny grade AEs occurring in at least five patients in either study.
cGrade greater than or equal to 3 AEs occurring in at least two patients in either study.
dGrade 3.
eGrade 3 (n ¼ 1) and grade 4 (n ¼ 1).
fGrade 3 (n ¼ 1) and grade 5 (n ¼ 1).
AE, adverse event; CFU, colony-forming unit.
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resolved within 48 hours and were consistent with
transient activation of an innate immune response to
JNJ-757. The most common grade 3 AEs or greater were
hypertension (three of 18; 17%) and lymphopenia (two
of 18; 11%). Four patients (22%) had grade 3 AEs or
greater considered related to JNJ-757 by the investigator,
which were as follows: (1) grade 3 hypertension (1 �
108 CFU); (2) grade 3 decreased lymphocyte count (1 �
109 CFU); (3) grade 3 hypotension (1 � 109 CFU); and
(4) multiple grade 3 AEs (dyspnea, hypoxia, and pneu-
monitis) (1 � 109 CFU). Serious AEs were reported in
eight patients (44%), including one patient treated with
a dose of 1 billion CFU with treatment-related pyrexia
and pneumonia. Treatment discontinuation owing to AEs
was reported in four patients; none of these were
considered related to JNJ-757 by the investigator. One
death owing to an AE of malignant ascites was reported,
which was considered not related to JNJ-757 by the
investigator.

In the combination study, AEs were also reported in
all patients (Table 2). The most frequently reported all-
grade AEs were pyrexia (eight of 12; 67%), chills
(seven of 12; 58%), and asthenia (six of 12; 50%).
Hyponatremia (two of 12; 17%) and pneumonitis (two
of 12; 17%) were the most common grade greater than
or equal to 3 AEs, with both cases of pneumonitis
resulting in patient death. Of the two patients with
pneumonitis, one had concurrent sputum culture of
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Klebsiella pneumoniae, and the other had significant
emphysema on imaging. Five patients (42%) reported
serious AEs in the combination study (Table 2), of which
pneumonitis (two of 12; 17%) and erythema (one of 12;
8%) were considered related to study treatment. AEs
with the outcome of grade 5 were reported in four pa-
tients: two patients admitted to the hospital with
arthralgia and intestinal obstruction owing to PD
(neither AE was considered by the investigator to be
related to study treatment) and two patients with
pneumonitis (considered by the investigator to be
related to study treatment).
Blood Cultures and Bacterial Shedding
In the monotherapy study, blood cultures were pre-

dominantly negative, with three of 18 patients reporting
positive Listeria cultures at either 2 or 4 hours postdose
on cycle 1 day 1; all subsequent cultures for these pa-
tients were negative for Listeria. In the combination
study, one patient had a positive LADD L. monocytogenes
blood culture, but the sample was erroneously drawn
immediately after the infusion of JNJ-757, and the sub-
sequent scheduled culture was negative.

The shedding profile of JNJ-757 was assessed through
scheduled fecal, urine, and saliva cultures, with samples
collected at 4, 24, and 48 hours after infusion in the
monotherapy study and on days 1 (4 hours after JNJ-757
infusion), 2, and 15 of cycle 1 and on day 1 of cycles 2
and 3. All samples from both studies were negative for
Figure 1. Best overall response. The best overall response for p
in combination with nivolumab is presented. Purple bars repres
green bars represent patients treated with 1 billion (1 � 109) C
billion CFU JNJ-757 in combination with nivolumab 240 mg. The
diamond), progressive disease (red circle), not available (ope
forming unit; combo, combination study; mono, monotherapy
Listeria growth, with the exception of one patient in the
combination study who had a positive fecal sample,
which was later identified to be wild-type
L. monocytogenes (non–LADD L. monocytogenes) by
sequencing.
Clinical Activity
In the monotherapy study, the median total dose of

JNJ-757 was 2.0 billion (range: 0.1–10.0 billion) CFU, and
the median duration of exposure was 1.4 (range: 0–29)
months. The best overall response was stable disease in
eight of 18 patients, including one patient with stable
disease through 41 cycles (Fig. 1). Four patients main-
tained a clinically significant response of stable disease
for at least 16 weeks (4.6, 9.9, 10.2, and 29.7 mo),
including three who had received previous anti–
programmed death-ligand 1 (anti–PD-L1) therapy. A
reduction of target lesions was observed in one patient
(53% reduction at the third disease evaluation) who also
had a concurrent increase in nontarget lesions (Fig. 2).
Eight patients had PD as the best overall response, and
two patients did not have investigator-assessed best
responses available (Fig. 1). Although there were signals
of clinical activity in terms of disease stabilization, the
lack of objective responses led to a decision to close the
monotherapy study and proceed with the combination
study.

Because the combination study was also stopped
early, limited efficacy results were available. The median
atients treated with JNJ-757 monotherapy and with JNJ-757
ent patients treated with 100 million (1 � 108) CFU JNJ-757,
FU JNJ-757, and red bars represent patients treated with 1
best response is noted for each patient: stable disease (blue

n star), and not evaluable (open black circle). CFU, colony-
study.



Figure 2. Radiographic imaging of target and nontarget lesions in the monotherapy study. Yellow circles indicate reductions
in target lesions. Red arrows mark an increase in a nontarget lesion.
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total dose of JNJ-757 was 2.0 billion (range: 1–6 billion)
CFU, and the median duration of exposure was 1.3
(range: 0.5–5) months. Among 12 patients, eight had a
previous exposure to anti–PD-L1 agent, with three pa-
tients each exposed to pembrolizumab, atezolizumab,
and nivolumab. The best overall response was stable
disease in four patients and PD in five patients; two
patients were not evaluable, and one did not have a
response available (Fig. 1).
Biomarker Analysis in the Monotherapy Study
Activation of the innate immune response, as

measured by transient increases in serum cytokine
levels after JNJ-757 administration, was observed in all
patients enrolled in the monotherapy study (N ¼ 18). In
general, levels of serum proinflammatory cytokines
including, but not limited to, interferon gamma, tumor
necrosis factor-a, and interleukin-10 were highest at 24
hours and returned to baseline levels by 48 hours after
infusion (Fig. 3A). Consistently, transient activation of
CD4, CD8 T-cells, and natural killer cells were observed
in most patients at 24 hours after infusion (Fig. 3B).
Transient lymphopenia, observed at approximately 24 to
48 hours after infusion, coincided with peak lymphocyte
activation and cytokine elevation and was thought to
represent lymphocyte margination (Fig. 3C). Adaptive
immune responses were assessed by ELISpot analysis in
13 patients who had peripheral blood mononuclear cell
samples that met the predefined quality control criteria
on the basis of viability, recovery, and the number of
cells available for screening and at least one dosing cycle
sample. All biomarker-evaluable patients exhibited T-cell
responses to the cytomegalovirus, Epstein-Barr virus,
influenza, and tetanus toxoid control epitopes, and 12
patients exhibited reactivity to the Listeria antigen LLO
(representative sample illustrated in Fig. 4). Antigen-
specific T-cell responses to mesothelin were variable in
magnitude and persistence and were consistently lower
than the responses to Listeria antigen LLO or cytomeg-
alovirus, Epstein-Barr virus, influenza, and tetanus
(Fig. 4). Biomarker analysis was not performed in the
combination study because of the small number of pa-
tients available.
Discussion
In two phase 1 studies, the safety, and immunoge-

nicity of JNJ-757 were evaluated as monotherapy and in
combination with nivolumab in patients with advanced
NSCLC adenocarcinoma. In both studies, JNJ-757 was
well tolerated, mostly with mild AEs that were consis-
tent with an innate immune response to JNJ-757. No
DLTs were reported in either study; treatment-related
grade 3 AEs or greater were reported in 22% to 25%
of patients. None of the AEs resulting in treatment dis-
continuations in the monotherapy study were consid-
ered related to JNJ-757. On the basis of the overall safety
profile in the dose escalation part of the monotherapy
study, 1 billion CFU was selected as the RP2D, which
was consistent with the safety profile of another
L. monocytogenes–based vaccine expressing meso-
thelin.29 One patient died because of malignant ascites
(not considered related to JNJ-757) in the monotherapy
study (100 million CFU). In the combination study, two
treatment-related deaths occurred because of pneumonitis,
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Figure 3. Transient increase in (A) Serum proinflammatory cytokines, (B) lymphocyte activation, and (C) lymphocyte
margination after JNJ-757 infusion. Levels of the serum proinflammatory cytokines IL-10, interferon gamma, and TNF-a were
highest at 24 hours after treatment with JNJ-757. (A) By 48 hours after treatment, serum cytokine levels returned to basal
levels. (B) Transient lymphocyte margination was observed at both doses and coincided with peak cytokine elevation and
lymphocyte activation. Activation of CD4, CD8, and NK cells was observed in most patients 24 hours after treatment with JNJ-
757. (C) Lymphocyte activation status returned to baseline levels 48 to 72 hours after JNJ-757 administration. CFU, colony-
forming unit; D, day; ID, identification document; IFN, interferon; IL-10, interleukin-10; NK, natural killer; TNF-a, tumor
necrosis factor-a.
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suggesting that the combination could potentially increase
the risk of this toxicity known to be associated with anti–
PD-1 or anti–PD-L1 therapies.30

In the monotherapy study, the best overall disease
response was stable disease in eight of 18 patients,
including four patients with stable disease of more than
or equal to 16 weeks and one with stable disease of
more than 1 year (41 cycles). Administration of JNJ-757
monotherapy elicited an innate immune response, and
mesothelin-specific T-cell responses on the basis of
protocol-specified criteria were observed in 10 of 13
biomarker-evaluable patients. Among eight patients with
the best response of stable disease, four had mesothelin-
specific T-cell responses. However, the magnitude and
persistence of these T-cell responses were variable, and
the significance of the adaptive immune response is
unclear, given the lack of an antitumor response. On the
basis of the lack of objective responses, the monotherapy
study was stopped to focus on the potential safety and
efficacy of the combination with nivolumab, which rep-
resents the current standard of care and could act
synergistically with the observed activity of JNJ-757.
Because JNJ-757 monotherapy induced innate and
limited adaptive immune response, with some evidence
of clinical benefit in terms of disease stabilization, it was
expected that the combination with nivolumab might
induce some tumor response. However, the best overall
disease response with the combination was stable dis-
ease in four of 12 patients. Because of the lack of
objective disease response to the combination and po-
tential increased risk of pneumonitis, the decision was
made to not proceed to phase 2. As a result, a major
limitation of both studies was the low number of pa-
tients and limited data collected for analysis.

Blood culture assessments for both studies confirmed
the rapid clearance of JNJ-757 and a low risk for bacte-
rial colonization. The shedding profile of JNJ-757 in both
studies suggested a low potential for transmission of
LADD L. monocytogenes, as no fecal, saliva, or urine
samples were positive for LADD L. monocytogenes.

Many cancer vaccine approaches for NSCLC have
revealed promise in preclinical studies that have not
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Figure 3. (continued).
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translated into clinically meaningful responses in late-
stage clinical trials, especially in lung cancer. Several
factors could be contributing to the lack of clinical
response observed with the cancer vaccine studies. Pa-
tients enrolled in these trials had an advanced-stage
disease and may not represent the best candidates for
vaccine-based approaches, which may need to be intro-
duced at an earlier stage of the disease. In addition, the
time involved in initiating an adaptive response against
the tumor and the potential need for repeated challenges
to obtain clinically significant T- cell responses may be
prohibitive in patients with advanced and progressing
disease. As our study enrolled patients with stage III or
IV NSCLC, JNJ-757 treatment in less advanced disease
might possibly have resulted in a more robust clinical
response. Another challenge is that use of a single target
antigen may be suboptimal, and multiple antigens or
combination with other therapeutic agents may be
required to elicit an effective immunologic response and
to overcome the immune evasion mechanisms in the
tumor microenvironment. As with ICIs, the selection of
patients on the basis of predictive biomarkers may be
needed for a successful cancer vaccine in NSCLC. Eval-
uation of JNJ-757 in mesothelin-positive NSCLC was
planned for phase 2 of the combination study; however,
the study did not proceed to the randomized phase 2
portion because of the lack of observed responses with
either monotherapy or combination therapy, the lower
magnitude of adaptive responses suggested by the ELI-
Spot assays, and the potential increased risk of pneu-
monitis. To date, two cancer vaccines are approved for
advanced NSCLC: (1) the CIMAvax-EGF in Cuba, Peru,
and Venezuela for patients who progressed after first-
line chemotherapy,31-33 and (2) racotumomab in Cuba
and Argentina as maintenance therapy.34,35 Both vac-
cines have exhibited improved overall survival
compared with the placebo arm in the randomized phase
3 studies, and both are being further evaluated in other
patient populations and as combination therapy.

Despite evidence of activation of the innate and
adaptive responses elicited by JNJ-757 as monotherapy,
the evolving clinical profile of the combination therapy
did not warrant further evaluation in the planned phase
2 randomized study, as the combination seemed unlikely
to provide the additional clinical benefit (higher
response rates and/or longer response duration) needed
in patients with NSCLC.
Data Sharing Statement
The data sharing policy of Janssen Pharmaceutical
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Figure 4. Sample ELISpot analysis of a patient treated with JNJ-757 100 million CFU. Adaptive immune responses were
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illustrated here. Responses to the positive control HLA class II-restricted T-cell epitopes and to the Listeria antigen LLO were
observed. T-cell responses to mesothelin were also observed in this patient; * not analyzed. C, Cycle; CFU, colony-forming
unit; D, day; ELISpot, enzyme-linked immunospot; HLA, human leukocyte antigen; IFN, interferon; LLO, listeriolysin-O;
PBMC, peripheral blood mononuclear cell; SCR, screening; SFU, spot forming unit.
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https://www.janssen.com/clinical-trials/transparency.
As noted on this site, requests for access to the study
data can be submitted through the Yale Open Data Ac-
cess Project site at http://yoda.yale.edu.
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