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ABSTRACT

Background Novel combination therapies to overcome
anti-PD-1 resistance are required. Enadenotucirev, a
tumor-selective blood stable adenoviral vector, has
demonstrated a manageable safety profile and ability to
increase tumor immune-cell infiltration in phase | studies
in solid tumors.

Methods We conducted a phase | multicenter study of
intravenous enadenotucirev plus nivolumab in patients
with advanced/metastatic epithelial cancer not responding
to standard therapy. Co-primary objectives were safety/
tolerability and maximum tolerated dose and/or maximum
feasible dose (MTD/MFD) of enadenotucirev plus
nivolumab. Additional endpoints included response rate,
cytokine responses, and anti-tumor immune responses.
Results Overall, 51 heavily pre-treated patients

were treated, 45/51 (88%) of whom had colorectal
cancer (35/35 patients with information available were
microsatellite instability-low/microsatellite stable) and
6/51 (12%) had squamous cell carcinoma of the head and
neck. The MTD/MFD of enadenotucirev plus nivolumab
was not reached, with the highest dose level tested
(1x10"2vp day 1; 6x10'2vp days 3 and 5) shown to be
tolerable. Overall, 31/51 (61%) patients experienced a
grade 34 treatment-emergent adverse event (TEAE),
most frequently anemia (12%), infusion-related reaction
(8%), hyponatremia (6%), and large intestinal obstruction
(6%). Seven (14%) patients experienced serious TEAES
related to enadenotucirev; the only serious TEAE related
to enadenotucirev occurring in >1 patient was infusion-
related reaction (n=2). Among the 47 patients included in
efficacy analyses, median progression-free survival was
1.6 months, objective response rate was 2% (one partial
response for 10 months), and 45% of patients achieved
stable disease. Median overall survival was 16.0 months;
69% of patients were alive at 12 months. Persistent
increases in Th1 and related cytokines (IFNy, IL-12p70,
IL-17A) were seen from ~day 15 in two patients, one of
whom had a partial response. Among the 14 patients with
matching pre-tumor and post-tumor biopsies, 12 had an

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The efficacy of single-agent immunotherapy has
been suboptimal in numerous cancer types, par-
ticularly those typically characterized as having
tumor microenvironments lacking T-cell infiltration.
Therefore, a critical need remains to identify new
therapeutic combinations that can modify the tumor
microenvironment and promote favorable immune
responses.

WHAT THIS STUDY ADDS

= Encouragingly, data from this study have shown that
enadenotucirev in combination with nivolumab can
induce immune cell infiltration and activation, with
increases in measures such as intratumoral CD8*
T cells and cytolytic activity seen in the majority of
evaluable patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY

= The results of this study suggest that enadenotu-
cirev is a promising tumor-selective viral platform
that can be used to create vectors that encode im-
munostimulatory payloads to increase tumor micro-
environment re-programming and clinical efficacy.
Studies of next-generation variants of enadenotuci-
rev (T-SIGn vectors) designed to further re-program
the tumor microenvironment by expressing

immune-enhancer transgenes are ongoing.

increase in intra-tumoral CD8" T-cell infiltration and 7 had
increased markers of CD8 T-cell cytolytic activity.
Conclusions Intravenously dosed enadenotucirev plus
nivolumab demonstrated manageable tolerability, an
encouraging overall survival and induced immune cell
infiltration and activation in patients with advanced/
metastatic epithelial cancer. Studies of next-generation
variants of enadenotucirev (T-SIGn vectors) designed to
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further re-program the tumor microenvironment by expressing immune-
enhancer transgenes are ongoing.
Trial registration number NCT02636036.

BACKGROUND

PD-1 checkpoint inhibitors are considered a key facet of
treatment algorithms in a range of cancer indications.
However, despite driving meaningful improvements in
outcomes since their introduction, more than half of
patients with solid tumors do not experience an objec-
tive response following treatment with PD-1 inhibitors.'™
Response rates are particularly low among patients with
cancers typically characterized by immunosuppressive
tumor microenvironments that lack T-cell infiltration,
for example, microsatellite stable metastatic colorectal
cancer (CRC), even when combined with other investiga-
tional therapies.” Even for those patients who do respond,
secondary resistance and disease progression typically
occur eventually.

Enadenotucirev is a group B Adllp/Ad3 chimeric
adenoviral vector that was generated by directed evolu-
tion to have potent tumor-selective replication and cyto-
toxicity.6 Enadenotucirev has a high level of stability in
human blood’ and selectively replicates in cells derived
from epithelial tumors, leading to local amplification and
specific killing of malignant cells by a rapid non-apoptotic
immunogenic mechanism.® ® While enadenotucirev has
no inserted transgenes, clinical studies of modified vari-
ants known as “Tumor-Specific Immuno Gene Therapy”
(T-SIGn) vectors are ongoing. Results from previous
phase I studies of enadenotucirev in epithelial malignan-
cies have demonstrated that intravenous dosing of enad-
enotucirev leads to selective and sustained delivery, with
evidence of viral persistence ~7 weeks after dosing,9 and
a manageable tolerability proﬁle.g_11 In addition, enade-
notucirev appears to stimulate tumor immune-cell infil-
tration.” !

In murine models, tumor-selective viruses have been
shown to reverse tumor insensitivity to checkpoint inhibi-
tors (CTLA-4 blockade)'? and have been shown to reverse
resistance to PD-1 inhibitors by eliciting a broader spec-
trum of cytotoxic T-cell responses to tumor-associated
amtigens.13 Combining a checkpoint inhibitor with a
tumor-selective virus such as enadenotucirev may provide
a unique ability to increase the efficacy of the check-
point inhibitor. Therefore, we conducted a phase I dose-
escalation study of enadenotucirev, in combination with
nivolumab, in patients with advanced/metastatic epithe-
lial cancer.

METHODS

Study design

This multicenter, open-label, non-randomized study
(NCT02636036) included phase Ia and 1b dose escala-
tion and dose expansion stages. However, the study was
terminated early prior to opening of the dose expansion
stage. Dose escalation in phase Ia was conducted using a

standard “3+3” design, with patients receiving increasing
dose levels and/or cycles of enadenotucirev in combi-
nation with a PD-1 inhibitor. A total of seven cohorts
of patients were enrolled. Patients in cohort 1 were to
receive up to 6 cycles of enadenotucirev in combination
with pembrolizumab (1mg/kg every 3weeks). A study
amendment replaced pembrolizumab with nivolumab,
for non-safety related reasons, from cohort 2 onward.
Patients in cohorts 2-7A were to receive up to 8 cycles of
treatment involving 1-2 cycles of enadenotucirev and up
to 8 cycles of nivolumab (360 mg every 3weeks). Patients
could receive additional cycles of nivolumab beyond
cycle 8, with the Sponsor’s agreement and provided
that the Investigator believed that the potential benefits
outweighed the potential risks. Dose levels are shown in
online supplemental figure 1 and figure 1.

Participants

Eligible participants had one of the following meta-
static or advanced cancers not responding to therapy or
for which there were no standard of care options: CRC,
urothelial cell cancer, squamous cell cancer of the head
and neck (SCCHN), salivary gland cancer, or non-small
cell lung cancer. Patients who had received prior treat-
ment with a PD-1 or PD-L1 inhibitor were not eligible
for inclusion in cohorts 1-6. Patients who had received
prior PD-1 or PD-L1 therapy were eligible for inclusion
in cohort 7A if it was their most recent/current line of
therapy and treatment was for >6 weeks and <4 months,
with best response of stable disease or progressive disease.
Additional eligibility criteria included age >18 vyears;
Eastern Cooperative Oncology Group performance
status of 0-1; and adequate renal, hepatic, bone marrow,
and coagulation function. Key exclusion criteria included
history or evidence of significant immunodeficiency due
to underlying disease or medication (eg, systemic cortico-
steroids in the 4 weeks prior to day 1), renal or autoim-
mune disease, or recent use of antiviral agents (ribavirin,
adefovir, lamivudine, or cidofovir within 7days prior to
day 1; pegylated IFN within 4weeks of day 1).

Procedures

Safety and tolerability

The reporting period for all adverse events (AEs) began
on the date informed consent was provided and continued
until at least 100 days after the last administration of any
study treatment. The incidence, type, and severity of
AEs were characterized using the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events
(CTCAE) Version 4.03. A Safety Review Committee
composed of an independent oncologist, all Principal
Investigators or their delegates, and medically qualified
representatives of the Sponsors reviewed all safety data
(including any dose-limiting toxicities (DLTs)) and deter-
mined whether additional patients were enrolled at the
current dose level or whether a higher dose level cohort
was opened. During the 42-day DLT period, any of the
following toxicities were defined as DLTs if they were
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Figure 1

Patient disposition. Patients in cohort 1 received enadenotucirev in combination with pembrolizumab. Patients in

cohort 2 to cohort 7A received enadenotucirev in combination with nivolumab. Per protocol, the end of study was defined

as when all patients had completed all study visits, had otherwise discontinued from the study, or the last patients treated

in the study all had at least 9 months of follow-up after their first dose of study treatment. Since there was no set definition

of the timing of study completion rates across all patients, study completion rates would not be a meaningful measure, nor
appropriate to compare across cohorts, and therefore have not been provided. Instead, number of patients completing
treatment is summarized in the figure. 1-3-3, 1x10"?vp on day 1 followed by 3x10"vp on days 3 and 5; 1-6-6, 1x10'2vp on day

1 followed by 6x10"vp on days 3 and 5.

considered at least possibly attributed to enadenotucirey,
whether given as monotherapy or in combination with
a PD-1 inhibitor: grade >3non-hematological toxicity
except for activated partial thromboplastin time (aPTT)
prolongation, nausea, fatigue, headache, and chills
(grade =3 nausea, headache, and chills lasting >3 days and
grade >3 fatigue lasting >7days were considered DLTs);
grade >3 infusion reaction that did not resolve within
72 hours with appropriate treatment; grade 3 hemato-
logical toxicities lasting >3 days and grade 4 hematolog-
ical adverse event or laboratory abnormality (with the
exception of grade 4 lymphocytopenia, amylase or lipase
abnormalities not associated with symptoms or clinical
manifestations); clotting event (ie, deep vein thrombosis,
pulmonary embolism) occurring concurrently with grade
2 or 3 aPTT prolongation; clinically significant bleeding
event (requiring blood transfusion or hospitalization)
occurring concurrently with grade 2 or 3 aPTT prolonga-
tion (unless there was a clear explanation for the event,
such as tumor-related bleeding); any toxicity managed by
discontinuation of nivolumab.

Efficacy assessments

Tumor imaging (CT) with oral and intravenous contrast
or MRI was performed prior to treatment, as clinically
indicated, and at 6-week intervals (7weeks in cohort
4 only) during the study. A second scan after >4 weeks
was required to confirm responses or disease progres-
sion. All response-based endpoints (and the derived
progression-free survival (PFS) endpoint) were based

on an independent reviewer’s assessments per Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1 and
immune-related (ir) RECIST v1.'*15

Pharmacokinetics

Whole blood samples for measurement of enadenotu-
cirev pharmacokinetics were taken on each enadenotu-
cirev dosing day (pre-dose and post-dose (up to 10min
after the end of the infusion)), each nivolumab dosing
day (pre-dose) of each cycle, and at the end of study treat-
ment visit. The concentration of enadenotucirev in the
blood was measured using qPCR to detect viral genomic
DNA as previously described.” !

Pharmacodynamics

Anti-enadenotucirev antibodies

Serum samples for anti-enadenotucirev antibody status
were taken pre-dose on the first enadenotucirev dosing
day in combination treatment cycles, pre-dose on each
nivolumab dosing day in all cycles, at the end of study
treatment visit, and at the first follow-up visit. Serum
anti-enadenotucirev antibody response was assessed
using an electrochemiluminescence ligand binding assay
on a Meso Scale Discovery platform by BioOutsource
(Glasgow, UK).2 1

Detection of enadenotucirev in tumor samples by qPCR
Detection of enadenotucirev in frozen tumor tissue from
pre-treatment and post-treatment biopsies was performed
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by qPCR of the E3 gene (enadenotucirev has a nearly
complete E3 region deletion),’ as previously described."

Cytokine responses

Blood samples for serum cytokine analysis were drawn on
each enadenotucirev dosing day (pre-dose and ~8 hours
post-dose) and each nivolumab dosing day (cycle 1 and
cycle 2 only). Serum cytokine levels were determined
using a 17-analyte multiplex Luminex assay for the
following analytes: IL-2, IL-5, IL-6, IL-10, IL-17A, MCP-1,
TNF-o, IFNy, IL-13, IL-15, CXCL9 (MIG), CXCL10 (IP-
10), CXCL11 (I-TAC), IFNo2, MIP1o, IL-8, and IL-12p70.

Histopathology and immunohistochemistry

Tumor biopsies were collected at screening and between
days 8 and 15 of cycle 2. Sections were stained for viral
hexon, pan-cytokeratin (PanCK)/CD8, CD8/Granzyme
B, Foxp3, PD-L1, PD-1, and CD8/Ki67 (duplex immuno-
fluorescence), as previously described.'’ A combination
of automated image analysis and qualitative evaluation
by a pathologist was used to generate immunohistochem-
istry data outputs. Tumor immune phenotype (desert,
excluded, excluded at invasive margin, or inflamed)
was assessed by a pathologist-led scoring system (online
supplemental appendix).

Immunophenotyping of immune cells subsets

Blood samples for peripheral blood mononuclear cell
(PBMC) immunophenotyping were drawn pre-dose on
cycle lday 1, cycle 3day 15, and at end of treatment.
PBMCs were analyzed using 17-color or 18-color multi-
parameter flow cytometry. The panels of antibodies
included the following markers: CD3, CD4, CD8, CD25,
CD20, CD56, CD11c, HLA-DR, CD38, PD-1, CD86, CD40,
CD14, CD16, CD123, CD127, viability dye, and CD45 (18-
color only).

Objectives and endpoints

The co-primary objectives were safety/tolerability and
maximum tolerated dose (MTD) and/or maximum
feasible dose (MFD) of enadenotucirev plus nivolumab.
Secondary endpoints included PFS, overall survival (OS),
objective response rate (ORR), best overall response
(BoR), duration of response (DoR), and pharmacoki-
netics. Key exploratory endpoints included cytokine
responses, immunogenicity, and anti-tumor immune
responses.

Statistical analyses

No formal sample size calculations were performed for
this study. Sample size was determined by clinical rather
than statistical considerations with a minimum of three
patients per cohort. No formal statistical hypothesis
testing was performed.

The safety analysis set included all patients who received
>1 dose of study treatment (enadenotucirev, nivolumab,
or pembrolizumab). This population was used for all
safety, OS, and pharmacodynamic and pharmacokinetic
analyses. All efficacy analyses, except for OS, were assessed

using the full analysis set, which included all patients with
>l dose of study treatment, as well as a baseline and at
least one post-baseline efficacy assessment.

Descriptive statistics were used to summarize ORR and
clinical benefit rate (CBR). BoR, CBR, and ORR were
calculated from date of first dose to date of first objectively
documented progression or date of subsequent therapy,
whichever occurred first. CBR was calculated as the
proportion of patients who achieved a BoR of complete
response or partial response (PR) at any time, or stable
disease (SD) =12 weeks. The Kaplan-Meier method was
used to analyze DoR, PFS, and OS. PFS was defined as
the time from the start date of treatment to the date of
documented clinical/radiological progression or date
of death. Patients were censored at the date of the last
adequate tumor assessment (or at the time of first dose if
no post-baseline assessments were performed) if no docu-
mented disease progression was reported or at the date of
subsequent anti-cancer therapy (where initiated prior to
any recorded disease progression).

RESULTS

Patient characteristics, disposition, and study drug exposure
A total of 51 patients were enrolled and treated across six
sites in the USA. All patients were included in the safety
analysis set and 47 patients were included in the full anal-
ysis set.

No clinically important differences were identified
between dose cohorts in terms of demographics or base-
line disease characteristics (table 1). In total, 45/51 (88%)
patients had CRC (including 3 patients with appendiceal
tumors) and 6/51 (12%) patients had SCCHN. Of the
35/45 patients with CRC and information on MSI status
available, all were microsatellite instability-low or micro-
satellite stable (MSI-L/MSS; MSI-L. and MSS statuses were
grouped as one in electronic case report forms). While
data on presence of liver metastases were not specifi-
cally collected at baseline, 55% (26/47) of patients had
either target or non-target liver lesions documented.
All patients had received prior systemic therapy, 65%
(33/51) of whom had =3 prior systemic regimens and
20% (10/51) had received >5 regimens. In addition, 92%
(47/51) of patients had a prior cancerrelated surgery
and 47% (24/51) of patients had received radiotherapy.
No patients received prior treatment with a PD-1/PD-L1
inhibitor.

Patient disposition is summarized in figure 1. Overall,
34/51 (67%) of patients received all planned doses of
enadenotucirev. Most patients received at least one cycle/
dose of pembrolizumab or nivolumab (48/51 [94%]),
with nine patients receiving =8 cycles. Median number of
cycles of pembrolizumab or nivolumab was 3 (range: 0 to

23).

Dose escalation and DLTs
Three patients were enrolled to receive enadenotucirev
1x10"vp (days 1, 3, and 5; up to 6 cycles) in combination
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with pembrolizumab (cohort 1). DLTs were reported in
2/3 patients treated in cohort 1. Following review of the
cohort 1 data by the Safety Review Committee, the study
design was modified to reduce the number of cycles of
enadenotucirev from six to a maximum of two. In addi-
tion, pembrolizumab was switched for nivolumab from
cohort 2 onwards (non-safety-related decision); patients
in cohorts 2-7A all received enadenotucirev in combina-
tion with nivolumab. Cohort 2 (1><1012Vp ondays 1, 3, and
5 (1 cycle); n=3) and cohort 3 (3X1012Vp on days 1, 3,
and 5 (1 cycle); n=3) completed with no DLTs. A total 9
patients were enrolled in cohort 4 (1x10"vp on days 1, 3,
and 5 (2 cycles)); enrollment into cohort 3 and cohort 4
was in parallel. Following a DLT of hypoxia in cohort 4, a
dosing schedule modification was introduced for cohort
6 to administer all six doses of virus in cycle 1. In addition,
prophylactic treatment with steroids and diphenhydr-
amine was implemented in the study on enadenotucirev
dosing days to help minimize acute reactions to viral
particle infusion. Cohorts 5 and 6 enrolled patients at the
same 3x10'*vp dose but with differing schedules (cohort
5: dosing on days 1, 3, and 5 (2 cycles); cohort 6: dosing
on days 1, 3, 5, 8, 10, and 12 (1 cycle)). DLTs occurred in
2/10 and 1/9 patients, respectively. A dose of 3x10'*vp
was considered tolerable, but the implementation of addi-
tional renal monitoring was recommended, with guidance
to hold administration of enadenotucirev should protein-
uria be detected, and the use of a “low-high-high” dosing
regimen (where a lower dose is given on day 1, followed
by higher doses on days 3 and 5). Subsequently, a total of
14 patients were enrolled in cohort 7A (1x10"vp (day 1)
followed by 8x10'or 6x10"vp ((days 3 and 5); n=7 per
dose level). One DLT was reported in cohort 7A. Both
dose schedules were deemed tolerable; thus, a MTD of
enadenotucirev in combination with nivolumab was not
determined. A decision was made to halt further enroll-
ment due to limited clinical activity noted on study and
the low likelihood of observing additional clinical signals
from further escalation.

Opverall, treatment-emergent adverse events (TEAEs)
classified as DLTs were reported in 7/51 (14%) patients.
A total of four DLTs (acute cardiac failure, infusion-
related reaction, acute kidney injury, and hypoxia) were
also considered serious adverse events (SAEs). Further
DLTs that were not considered SAEs included grade 3
fatigue (n=1; event occurred in the same patient with
acute cardiac failure), grade 3 hypoxia (n=1), and grade
1 proteinuria (n=2).

Safety and tolerability

A summary of safety is presented in table 2. All patients
experienced atleast one TEAE, and 31/51 (61%) patients
experienced at least one grade 3—-4 TEAE. The grade >3
TEAEs reported in the highest proportion of patients
were anemia (6/51; 12%), infusion-related reaction
(4/51; 8%), hyponatremia (3/51; 6%) and large intes-
tinal obstruction (3/51; 6%).

Thirteen patients (25%) experienced a total of 23
serious TEAEs. The serious TEAEs reported in the highest
proportion of patients were sepsis, infusion-related reac-
tion, acute kidney injury, and small intestinal obstruction
(2 patients (4%) each); all other serious TEAEs were
reported for a single patient only. The only serious TEAE
related to enadenotucirev reported in more than one
patient was infusion-related reaction (n=2).

Overall, 12/51 patients (24%) had TEAEs leading to
discontinuation of enadenotucirev. The only TEAEs
leading to discontinuation of enadenotucirev that were
reported in more than one patient were hypoxia, protein-
uria, and infusion-related reaction (all n=2).

In response to a DLT of acute kidney injury early in
the enrollment to cohort 5, acute kidney injury was
considered to be a key safety signal and additional renal
monitoring was implemented to help manage and miti-
gate against the risk. Throughout the course of the study,
34/51 (67%) patients had a urine protein dipstick result
of 1+ or greater (CTCAE grade 1); of these 34 patients, 4
had a maximum result of 3+ and 1 had a maximum result
of 4+. By end of study, proteinuria had resolved to <1+ in
18/34 (53%) patients. Serious TEAEs related to the risk of
acute kidney injury were reported in 3/51 (6%) patients;
one case was deemed to be secondary to obstruction from
a tumor and therefore unrelated to study treatment.

Overall, 23/51 patients experienced >grade 2 aPTT
prolongation at any time point during the study. By day
57, aPTT was normal or grade 1 in 33/38 patients with
data available. Of the patients with prolongation, a posi-
tive result on antiphospholipid antibody (APLA) tests was
seen in all three patients tested. Two of the three patients
tested for APLAs were also tested for anti-cardiolipin and
anti-beta 2 glycoprotein; both were negative on these
tests. No apparent relationship between prolonged aPTT
and clinical sequelae was seen.

Efficacy

Progression-free survival

Among the 47 patients included in the full analysis
set, 31% were progression-free at 6months and 10% at
12months, per RECIST vl.1 (figure 2A). Overall, median
(95% CI) PFS was 1.6 (1.6, 2.9) months. Per irRECIST,
median (95% CI) PFS was 1.6 (1.6, 6.1) months and the
percentage of patients who were progression free at 6 and
12 months was 36% and 12%, respectively.

Overall survival
Median (95% CI) OS was 16.0 (12.6, 28.8) months
(figure 2B). OS was 79% and 69% at 6 and 12 months,
respectively.

Response rate

Overall, the ORR was 2% (table 3), with a single patient
achieving a partial response (PR; duration of response:
9.8 months). In total, 45% (21/47) of patients had a
BoR of SD, including three patients with SD for >24
weeks (figure 3). CBR (complete response or PR at any
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Table 2 Overall safety summary and TEAEs occurring in >15% of patients (safety analysis set)

Overall Cohort1 Cohort2 Cohort3 Cohort4 Cohort5 Cohort6é Cohort7A

Patients with at least one: (N=51) (n=3) (n=3) (n=3) (n=9) (n=10) (n=9) (n=14)
Serious TEAE 13 (25.5) 2(66.7) 1833 O 1(11.1) 2 (20.0) 1(11.1) 6 (42.9)
Serious TEAE related to 7 (18.7) 2 (66.7) 13833 O 0 1(10.0) 1(11.1) 2(14.3)
enadenotucirev
TEAE with toxicity grade 3-4 31(61.0) 2 (66.7) 266.7 O 4(44.4 6 (60.0) 7(77.8 10 (71.4)
TEAE classified as a dose 7 (13.7) 2 (66.7) 0 10111 2 (20.0) 10111 1(11.1)
limiting toxicity
TEAE leading to discontinuation 12 (23.5) (66.7) 0 0 3 (33.3) 4 (40.0) 1(11.1) 2(14.3)
of enadenotucirev
General disorders and 46 (90.2) 3 (100) 3 (100) (66.7) 8(88.9) 10 (100) 8 (88.9) 2 (85.7)
administration site conditions

Fever 25(49.0) 1(33.3) 1333 0 4 (44.4) 6 (60.0) 5(55.6) 8(57.1)

Chills 22(43.1) 0 0 0 5 (55.6) 5 (50.0) 4 (44.4) 8(57.1)

Fatigue 1(41.2) 2(66.7) 3 (100) 1@33.3) 1(11.1) 6 (60.0) 5(55.6) 3(21.4)

Influenza like illness 1(@21.6) 3(100) 2 (66.7) 1@38.3) 2(22.2) 1(10.0) 0 2(14.3)

Edema peripheral 0(19.6) O 0 1@38.3) 2(22.2 2 (20.0) 1(11.1) 4 (28.6)
Gastrointestinal disorders 40 (78.4) 3 (100) 3 (100) 1(33.3) 8(88.9) 10 (100) 5 (55.6) 10 (71.4)

Nausea 8(35.3) 1(33.3) 3 (100) 0 4 (44.4) 4 (40.0) 1(11.1) 5(35.7)

Diarrhea 6(31.4) 2(66.7) 1833 0 5 (55.6) 3 (30.0) 1(11.1) 4 (28.6)

Vomiting 3(25.5) 1(33.3) 0 0 2 (22.2) 3 (30.0) 1(11.1) 6 (42.9)

Abdominal pain 9(17.6) 1(33.3) 1333 0 3(33.3) 1(10.0) 1(11.1) 2(14.3)

Constipation 9(17.6) 0 1 (33.3) 133.3) 1(11.1) 3 (30.0) 2 (22.2) 1(7.1)

Abdominal pain upper 8 (15.7) 1 (33.3) 0 0 1(11.1) 2 (20.0) 1(11.1) 3(21.4)
Respiratory, thoracic, and 31(60.8) 2(66.7) 0 2 (66.7) 5 (55.6) 7 (70.0) 6 (66.7) 9 (64.3)
mediastinal disorders

Dyspnea 13 (25.5) 1(33.3) 0 133.3) 2(22.2) 2 (20.0) 4(44.4) 3(21.4)

Cough 12 (23.5) 1(33.3) 0 1333 0 2 (20.0) 3(33.3) 5(35.7)
Metabolism and nutrition 30 (58.8) 2 (66.7) 2 (66.7) (83.3) 4 (44.4) 7 (70.0) 4 (44.4) 10 (71.4)
disorders

Decreased appetite 17(33.3) O 266.77 O 2 (22.2) 4 (40.0) 3(33.3) 6(42.9)

Hypokalemia 8 (15.7) 0 133.3) 1(11.1) 2 (20.0) 1(11.1) 3(21.4)
Musculoskeletal and connective 24 (47.1) 2 (66.7) 2 (66.7) 1(33.3) 6(66.7) 6 (60.0) 3 (33.3) 4 (28.6)
tissue disorders

Myalgia 13 (25.5) 1(33.3) 1333 O 3(33.3) 4 (40.0) 1(11.1) 3(21.4)

Back pain 8 (15.7) 1 (33.3) 2©66.7) O 2 (22.2) 1(10.0) 0 2(14.3)
Nervous system disorders 21(41.2) 3(100) 1(33.3) 1(33.3) 5(55.6) 5(50.0) 3 (33.3) 3(21.4)

Headache 13 (25.5) 1(33.3) 13833 O 3(33.3) 4 (40.0) 2((222) 2(14.3)
Blood and lymphatic system 15(29.4) 2(66.7) 0 1(33.3) 3(33.3 3 (30.0) 2(22.2) 4 (28.6)
disorders

Anemia 10(19.6) 2 (66.7) 0 1(33.3) 1(11.1) 1(10.0) 2(222) 3(1.4)

TEAE, treatment-emergent adverse event.

time, or SD >12 weeks) was assessed as 6% (3/47), as
one of the patients with prolonged SD had an assess-
ment of progressive disease (PD) before going on to
achieve SD. As such, they were classed as having a BoR
of PD. Response data per irRECIST were largely consis-
tent with the responses per RECIST. Best change in

target lesion burden is shown in online supplemental
figure 2.

Pharmacokinetics
Blood viral kinetics for patients receiving a single cycle (3
doses) of enadenotucirev were consistent with a previous
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Figure 2

study of enadenotucirev as a monotherapy.'’ Multicycle
dosing and 6-dose regimens did not appear to alter the
overall pattern of viral kinetic responses compared with
single-cycle 3-dose regimens, with viral concentration
decreasing toward or below the lower limit of quantifi-
cation within 48 hours after dosing across all regimens.
Viral kinetics of patients in cohorts 3 (3x10'vp on days
1, 3, and 5; 1 cycle), b (3x1012vp on days 1, 3, and 5; 2
cycles), 6 (83x10™vp on days 1, 3, 5, 8, 10, and 12; 1 cycle),
and 7A (1x10"vp on day 1 and 3x10"vp or 6x10'*vp on
days 3 and 5; 1 cycle) are shown in online supplemental

(A) Progression-free survival (full analysis set) and (B) overall survival (safety analysis set). CRC, colorectal cancer.

figure 3. There were no apparent effects of nivolumab on
enadenotucirev pharmacokinetics or vice versa (data not
shown).

Pharmacodynamics

Anti-enadenotucirev antibodies

Response in peripheral blood was similar to that previ-
ously described for enadenotucirev at the intrave-
nous dose of 1x10"vp.'” " Notably, the assay used only
measures binding and not neutralization. All patients
had no or low levels of antibodies to enadenotucirev

8

Fakih M, et al. J Immunother Cancer 2023;11:006561. doi:10.1136/jitc-2022-006561


https://dx.doi.org/10.1136/jitc-2022-006561
https://dx.doi.org/10.1136/jitc-2022-006561

Table 3 Response rate per RECIST v1.1 (full analysis set)

Tumor type
SCCHN
Total (n=47) CRC (n=41) (n=6)

Best overall
response

CR 0 0 0

PR 1@2.1) 1(2.4) 0

SD 21 (44.7) 18 (43.9) 3 (50.0)

PD 23 (48.9) 21 (51.2) 2 (33.3)

No data 2 (4.3) 1(2.4) 1(16.7)
Objective response 1 (2.1) 1(2.4) 0
rate

95% Cl 0.05,11.29 0.06,12.86 NE, NE
Clinical benefit rate 3 (6.4) 3(7.3) 0

95% Cl 1.34,17.54 1.54,19.92 NE, NE

Data are n (%) unless specified otherwise.

The BoR on-study was defined as the best response designation
recorded between the date of first dose and the date of first
objectively documented progression based on RECIST v1.1
criteria, or the date of subsequent therapy, whichever occurred
first. CR or PR determinations must have been confirmed by a
second scan no less than 4 weeks after the criteria for response
are first met.

CBR was calculated as the proportion of patients who achieved a
BoR of CR or PR at any time, or SD lasting >12 weeks.

BoR, best overall response; CBR, clinical benefit rate; CR,
complete response; CRC, colorectal cancer; NE, Not evaluable;
PD, progressive disease; PR, partial response; SCCHN, squamous
cell cancer of the head and neck; SD, stable disease.
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at baseline. Following treatment, enadenotucirev anti-
body titers increased relative to baseline in all evaluable
patients. There was little apparent relationship between
antibody titer, dose, and number of cycles, and a wide
inter-patient range was seen. Overall, there was a trend for
the median titer to increase over time, before plateauing
and decreasing. Across all cohorts with data available,
median titer had decreased from peak value by end of
treatment (data not shown).

Detection of enadenotucirev DNA in tumors

Enadenotucirev genomic DNA was detected in 5/26
(19%) patients with post-dose biopsies available (cycle
2days 8-15 (29-36 days after first dose); data not shown).
Of the biopsies with genomic DNA detected, three were
from patients in cohort 7A, one was from a patient in
cohort 6, and 1 was from a patient in cohort 2. Given the
small number of samples available, no clear relationship
between dose and positivity was seen.

Serum cytokines

Detection of serum cytokines provides information on
acute post-dose response to virus infusion to support
safety monitoring and dose selection strategies. In addi-
tion, in an exploratory setting, measurement of changes
in immune analytes may serve to provide insights into
treatment mechanisms and prognostic markers.

Overall, the pattern of acute (days 1-5) cytokine
responses to flat doses (ie, the same dose at all time
points) of enadenotucirev in peripheral blood were as
previously described (online supplemental figure 4)."
Low-high-high dosing in cohort 7A appeared to allow
higher doses of enadenotucirev (3x10"and 6x10"vp)

B cre

SCCHN

Percentage change from baseline

0 6 12 18 24 30 36

42 48 54 60 66 72 78 84

Weeks
Figure 3 Change in target lesion burden over time per RECIST v1.1 (full analysis set). CRC, colorectal cancer; SCCHN,

squamous cell cancer of the head and neck.
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to be administered on days 3 and 5 without the associ-
ated acute cytokine reactions to viral infusions seen with
flat dosing at these levels. Cytokine responses with 1-3-3
dosing (1x10"vp on day 1; 8x10"*vp on days 3 and 5),
including after the first 3x10"vp dose on day 3, were
negligible. Cytokine responses after the first dose of
6x10"*vp in the 1-6-6 regimen were similar to those seen
with the first dose of the flat 3x10"vp regimen.
Persistent increases in Thl and related cytokines
(IFNy, IL-12p70, IL-17A) were seen from ~day 15 in two
patients from cohort 7A (one at 1-3-3 and one at 1-6-6),
one of whom was classed as having a BoR of PR (online
supplemental figure 5). Increases were sustained out to
day 91 and day 544 (patient with PR), respectively. The
small sample numbers limit further interpretation of
these data but provides evidence of potential sustained
enadenotucirev-mediated immune responses.

Anti-tumor immunity

Overall, 14patients (13 CRC (n=12 MSI-L/MSS; n=1
unknown); 1 SCCHN) had matching pre-treatment and
post-treatment tumor biopsy samples with sufficient
tumor tissue for immunohistochemistry staining. Twelve
of 14 patients had increased post-dose intra-tumoral CD8"
T-cellinfiltration (median (Q1-Q3) fold change 5.4x (1.7-
22.8); figure 4A) Similarly, 12/14 patients had increased
stromal CD8" T-cell infiltration in post-treatment biopsies.
Furthermore, the CD8"/FoxP3" cell ratio increased in
12/14 patients and markers of CD8 T-cell cytolytic activity
(Granzyme B) increased in 7/14patients (figure 4B),
with a trend of greater increases in the higher dose
cohorts. Increases in tumor CD4 levels (11/14 patients),
PD-L1" immune cells (8/14 patients), and CD8'Ki67" cells
(8/10 patients) were observed. In addition, 4/14 patients
showed conversion from a “desert” to “inflamed” pheno-
type post-dose (pathologist scored assessment of intra-
epithelial and intra-tumoral stroma CD8-positive cell
density; figure 4C); all four patients had MSI-L/MSS
CRC. Among the four patients with conversion, two had
a BoR of SD (DoR <12weeks for both patients) and two
had a BoR of PD. With limited patient numbers, no clear
relationship between immune cell infiltration or activity
and OS or response was seen.

Immune cell subsets in peripheral blood

PBMC samples from 10 patients (9 CRC, 1 SCCHN) were
analyzed. T-Cell activation, as measured by increases
in CD38 and HLA-DR expression on CDS8" Tecells, was
observed in 9/10 patients, including one patient who had
only received enadenotucirev prior to sampling.

DISCUSSION

This phase I study was conducted to assess the safety, toler-
ability, and MTD of enadenotucirev in combination with
nivolumab in patients with advanced/metastatic epithe-
lial cancer. In total, 88% of patients enrolled in this study
had a primary diagnosis of CRC. Notably, the CRC tumor

microenvironment is typically characterized as having a
wound healing immune phenotype, defined as infiltrated
with anti-inflammatory macrophages and Th2 cells.'’
CRC is thus regarded as resistant to immunotherapy, as
evidenced by lack of responsiveness to checkpoint inhib-
itors.'” 8

This study demonstrated that intravenous enade-
notucirev has a manageable tolerability profile when
administered in combination with nivolumab. The
frequency and type of AEs seen were largely consistent
with previous enadenotucirev monotherapy studies
suggesting no additive toxicity with nivolumab.”"" In
addition, the safety profile with one versus two cycles
of enadenotucirev was similar. The maximum dose of
enadenotucirev administered in this study (6x10'*vp as
part of a 1-6-6 regimen) in combination with nivolumab
was deemed tolerable. Thus, a MTD of enadenotucirev
in combination with nivolumab was not determined.
Administration of enadenotucirev using a “low-high-
high” dosing schedule allowed higher doses of enade-
notucirev (3x10'2and 6><1012vp) to be administered on
days 3 and 5 without the cytokine response associated
with flat dosing at these levels. A dosing regimen of
1x10"vp on day 1 followed by 6x10"*vp on days 3 and 5
is greater than the previously determined MTD of enad-
enotucirev—3x10""vp when administered in a “flat”
dosing regimen."’

In response to a DLT of acute kidney injury early in the
enrollment to cohort 5, additional renal monitoring was
implemented to help manage and mitigate against the
risk of acute kidney injury. Notably, while proteinuria was
recorded in a large proportion of patients in this study
(67%), this was generally grade 1 or 2, transient, and
not associated with clinical sequelae. A platform analysis
of cases of acute kidney injury with enadenotucirev and
related vectors has since revealed a pattern consistent with
a diagnosis of post-infectious glomerulonephritis. Moni-
toring and risk mitigations have been successfully imple-
mented in ongoing studies of T-SIGn vectors. Mitigation
measures include frequent monitoring for proteinuria,
blood pressure, and complement C3/C4, with prompt
use of systemic corticosteroid therapy and nephrology
referral if post-infectious glomerulonephritis is suspected.
In addition, patients with prior grade 3—-4 acute kidney
injury or other clinically significant renal impairment are
not considered eligible for T-SIGn studies.

During this study, a signal for frequently prolonged
aPTT without discernible clinical sequelae was identi-
fied. Further analysis of this signal identified a pattern
consistent with the presence of transient APLAs,"” which
is a phenomenon known to occur following wild-type
virus infection® 2! or treatment/vaccination with viral
vectors.”*** Infection-induced APLAs are generally tran-
sient and not associated with thrombotic risk* and there-
fore do not meet the criteria established for diagnosing
antiphospholipid syndrome.” Based on the literature,
the general level of risk of bleeding and clotting from
infection-related APLAs is low, and therefore the risk to
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patients in clinical studies of enadenotucirev or other
related vectors is believed to be small."?

Median PFS and ORR among patients with CRC in this
study were similar to those seen in previous studies with
regorafenib and immune checkpoint inhibitors in similar
patient populations.]7 1820 A single patient achieved PR
(duration of response: 9.8 months); this patient also
demonstrated persistent increases in inflammatory cyto-
kines (IFNy, IL-12p70, IL-17A) from ~day 15, sustained
out to day 544 (last measurement). Core needle biopsies
were not available for the patient who achieved PR.

Median OS was longer in the SPICE study (16 months)
than in the CORRECT study (median OS 6.4months
with regorafenib; 12-month OS rate 24%),26 and
studies of immune checkpoint inhibitors in patients
with metastatic CRC (range across studies: median OS
6.2-8.9 months) 1718 However, these data should be inter-
preted with caution for a number of reasons including
differing patient populations and the potential impact of
post-progression therapy, which was not available in detail
following study treatment progression.
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Enadenotucirev genomic DNA was detected in 19%
patients with post-dose biopsies available (cycle 2days
8-15); these data, together with those from previous
studies,9 demonstrate that enadenotucirev can be effec-
tively delivered intravenously with localization to tumors.
The small size of core needle biopsies in this study and
heterogenous nature of viral infection likely explain
why the presence of virus or evidence of viral replication
were not detected in small core needle biopsies from all
patients.

Encouragingly, data from this study have shown that
enadenotucirev in combination with nivolumab can
induce immune cell infiltration and activation in some
patients, with a high proportion of evaluable patients
showingincreased CD8" T-cellinfiltration (12/14 patients)
and markers of T-cell cytolytic activity (7/14 patients) in
post-treatment biopsies. Pro-inflammatory tumor pheno-
types have been shown to have a prognostic impact in
cancer.'® In addition, infiltration of immune cells into the
tumor, immune cell activation, and immune cell prolif-
eration have been identified as predictors of response to
immunotherapy.”’” Despite this, no relationship between
CD8 T-cell infiltration and response or OS was seen in
this small immature data set. These data highlight that
in advanced cancer population, immune activation
alone may not be sufficient to induce a response and
that further targeting of resistance pathways and tumor
intrinsic factors may be required.

CONCLUSIONS

This study demonstrated that intravenous enadenotu-
cirev has a manageable tolerability profile when adminis-
tered in combination with nivolumab. Enadenotucirev in
combination with nivolumab demonstrated encouraging
OS and induced immune cell infiltration and activation in
this patient population, the majority of whom had MSS/
MSI-L CRC. Together, these results suggest that enadeno-
tucirev is a promising tumor-selective platform that can
be further adapted to create viral vectors which encode
immunostimulatory payloads to increase tumor microen-
vironment re-programming and clinical efficacy. Studies
of next-generation variants of enadenotucirev (T-SIGn
vectors) designed to further re-program the tumor micro-
environment by expressing immune-enhancer transgenes
are ongoing.
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