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ABSTRACT

Background CV8102, a toll-like receptor 7/8 and RIG |
agonist, has demonstrated antitumor immune responses
in preclinical studies. We investigated intratumoral

(IT) administration of CV8102 in patients with anti-
programmed cell death protein-1 (PD-1) therapy-naive or
anti-PD-1 therapy-refractory cutaneous melanoma (cMEL)
and in patients with advanced cutaneous squamous cell
carcinoma, head and neck squamous cell carcinoma and
adenoid cystic carcinoma.

Methods This open-label, cohort-based, phase | dose
escalation study aimed to establish the maximum
tolerated dose (MTD), recommended dose (RD), safety
and preliminary efficacy of CV8102 as monotherapy or in
combination with a PD-1 inhibitor. The preliminary efficacy
of the RD was assessed in patients with cMEL in the
expansion cohorts.

Results Between September 2017 and October 2022, 98
patients were enrolled in monotherapy and combination
therapy dose escalation and dose expansion cohorts.

Two patients in the CV8102 monotherapy dose escalation
cohort experienced relevant toxicities at the 900 ug dose
level. One patient had Grade 3 aspartate transaminase/
alanine aminotransferase elevation which met dose-
limiting toxicity (DLT) criteria. Another patient experienced
Grade 3 immune-mediated pneumonitis. No DLTs occurred
in the combination therapy dose escalation cohort. The
MTD was not formally reached and the RD for expansion
was 600 pg. Common treatment-emergent adverse events
were fever (57%), chills (37%) and fatigue (25%). In the
dose escalation part, objective responses occurred in
3/33 patients treated with CV8102 as monotherapy and in

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Preclinical studies have demonstrated that intra-
tumoral injection of CV8102, a single-stranded,
non-coding, non-capped RNA with poly-U repeats,
complexed with a cationic peptide induces anti-
tumor immune responses with local and systemic
antitumor effects.

= (V8102 mediates its immunostimulatory properties
by simultaneously triggering toll-like receptor 7/8
and RIG-I signaling.

2/25 patients treated with CV8102 plus a PD-1 inhibitor.
In the expansion cohorts in patients with anti-PD-1
therapy-refractory melanoma, 0/10 patients treated with
(V8102 as monotherapy and 5/30 patients (17%) treated
in combination with a PD-1 inhibitor experienced objective
responses.

Conclusions IT CV8102 was generally well tolerated

with preliminary signs of efficacy as monotherapy and in
combination with a PD-1 inhibitor.

Trial registration number NCT03291002.

BACKGROUND

Skin cancers are one of the most common
groups of cancers worldwide, with an esti-
mated 1.5million new cases in 2020." About
20% are melanomas' and 20% are squamous
cell carcinomas.?> There were an estimated
324,635 new diagnoses of melanoma and
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WHAT THIS STUDY ADDS

= Repeated intratumoral administration of CV8102 appears safe and
feasible as monotherapy and in combination with programmed cell
death protein-1 (PD-1) antibodies.

= (V8102 demonstrated preliminary signs of efficacy as monotherapy
and in combination with a PD-1 inhibitor; in the expansion part of
the study, the objective response rate was 17% in patients with
anti-PD-1 therapy-refractory cutaneous melanoma treated at the
RP2D of 600 pg in combination with a PD-1 inhibitor; overall, 8/98
patients experienced shrinkage of non-injected lesions of more than
30%.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= This study demonstrates the safety and first evidence of biological
and clinical activity of intratumoral CV8102 including patients with
anti-PD-1 therapy-refractory melanoma treated in combination with
anti-PD-1 antibodies.

57,043 deaths globally in 2020, * and 2,402,221 new cases
of cutaneous squamous cell carcinoma (cSCC) and 56,100
deaths globally in 2019.* For head and neck cancer, there
were an estimated 931,931 new cases and 467,125 deaths
globally in 2020.° In contrast, adenoid cystic carcinoma
(ACC) is a rare cancer, representing 1% of all head and
neck cancers, with an estimated 200,000 cases having
ACC worldwide, annually.l 67

Programmed cell death protein-1 (PD-1) inhibitors
have become a main pillar of treatment for advanced
melanoma, and SCCs of the skin or head and neck.
However, not all patients respond with some having
primary resistance, while others develop secondary resis-
tance.®? Additionally, some patients experience serious
treatmentrelated toxicities, particularly after treatment
with systemic combinations.®” In addition, ACC is a non-
inflamed (cold) tumor of the head and neck that has
shown to be largely resistant to PD-1 inhibitors alone.'""
Hence, there is an unmet need for new well-tolerated
treatment modalities to enhance the clinical efficacy of
PD-1 inhibitors in these tumor types.

Since skin and head and neck cancers are generally
easily accessible, they are ideal targets for intratumoral
(IT) administration. IT administration of immunomod-
ulating therapies can induce local and systemic immuno-
logical responses with the aim of promoting tumor cell
death and, thus, the release of tumor-derived antigens
which activate tumor-specific effector T cells.'* IT admin-
istration offers the advantage of higher bioavailability in
the tumor microenvironment (TME) of injected lesions
and limited systemic exposure, reducing systemic toxicity
while maximizing the potential to activate IT immune
cells. IT treatment can thus enhance treatment response
when co-administered with systemic therapies.® Several I'T
treatments have demonstrated clinical benefit as mono-
therapy and in combination with systemic immune check-
point inhibitors (CPIs) therapies in patients with skin and
head and neck cancers.'”'°

The immuno-stimulatory agent, CV8102, is a toll-like
receptor (TLR) 7/8 and RIG I agonist'’ comprising a
synthetic RNA complexed with a polymeric carrier.,'” '®
The RNA component contains an uncapped U-rich RNA
sequence containing several poly-U-repeats (described
in patent WO2009/095226). The polymeric carrier
is formed by a disulfide crosslinked cationic peptide
(WO2009/095226)."" ¥ In preclinical models (BALBC/c
mice challenged with CT26 cells, or the A20 B-cell
lymphoma line), IT administration of CV8102 showed
dose-dependent antitumor effects. In the CT26 model,
activation of innate immune responses in the TME and
draining lymph nodes was also demonstrated.'® CV8102
in combination with a systemic PD-1 inhibitor further
enhanced antitumoral responses inducing tumor infil-
tration and activation of CD8" T cells. When mice that
had cleared the tumor were rechallenged 4months after
the primary challenge with the same tumor and left
untreated, no tumor growth was observed. This showed
that initial treatment had provided sufficient immuno-
logical memory to eradicate the tumor cells on rechal-
lenge. Clinical safety of intramuscular administration
of CV8102 alone and in combination with a licensed
rabies vaccine has been demonstrated in healthy volun-
teers.'” In addition, a phase I/1I trial of a multipeptide
antigen vaccine (IMA970A) with CV8102 administered
as an adjuvant demonstrated safety and immunogenicity
after intradermal administration in patients with early-to-
intermediate hepatocellular carcinoma.” In light of these
findings, we investigated IT CV8102 as a new local treat-
ment for patients with advanced cutaneous melanoma
(cMEL), ¢SCC, head and neck squamous cell carcinoma
(hnSCC) or ACC.

PATIENTS AND METHODS

Study design

This was a multinational, open-label, cohort-based,
phase I dose escalation and expansion study of CV8102
monotherapy or in combination with a PD-1 inhibitor in
patients with cMEL, ¢SCC, hnSCC or ACC (figure 1). The
primary objectives were to establish the maximum toler-
ated dose (MTD) and recommended dose (RD) for IT
CV8102 alone or in combination with a standard dose of a
PD-1 inhibitor (recommended combination dose; RCD).
Safety primary outcomes were to characterize the tolera-
bility and safety profile of IT CV8102 administered alone
and in combination with a PD-1 inhibitor. Secondary
outcomes were to evaluate the antitumor activity of IT
CV8102 by Response Evaluation Criteria in Solid Tumors
(RECIST V.1.1)?' and immune-related Response Eval-
uation Criteria in Solid Tumors (irRECIST),?* to eval-
uate median duration of response (DOR) and median
progression-free survival (PFS) per irRECIST and
RECIST V.1.1 criteria and to evaluate the extent of tumor
response at injected and non-injected lesions. Explor-
atory objectives were to evaluate the effects of CV8102
on systemic immune parameters and other peripheral
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Figure 1

(A) Treatment schedule. (B) Trial profile for the monotherapy and combination therapy dose escalation and

dose expansion parts. PD-1, programmed cell death protein-1. ®Patients in the monotherapy dose expansion and dose
escalation cohort and the combination dose escalation cohort, and anti-PD-1 refractory patients in the combination dose
escalation cohort. with evidence of clinical benefit received further injections until progression. ®Nivolumab (2-weekly CV8102
administration both for 2- and 4-weekly nivolumab schedule). °Pembrolizumab.“Only patients who did not show any signs of
tumor progression after completion of treatment when treated with single-agent CV8102 received subsequent intratumoral
CV8102 after the eight injection for the planned duration of the study at 4-weekly intervals. RCD, recommended combination

dose; RD, recommended dose.

biomarkers of interest in longitudinal blood samples and
immune cell infiltration and other biomarkers of interest
in tumor biopsies. Initially, the study protocol included
optional expansion cohorts in patients with ACC and
hnSCC. These cohorts were not opened per sponsor deci-
sion since most evidence of efficacy was seen in patients
with melanoma in the dose escalation part of the study.

Patients

To be eligible for any cohort, patients had to be aged >18
years, have adequate organ function, have an Eastern
Cooperative Oncology Group (ECOG) performance
status of 0-1 and have at least one injectable tumor lesion
large enough to hold the volume injected. They also had
to have recovered from all toxicities from prior thera-
pies to US National Cancer Institute-Common Termi-
nology Criteria for Adverse Events V.4.3 (NCI-CTCAE
V.4.3) Grade <I or Grade <2. In addition, any CPI-related
adverse events (AEs) had to be resolved for >2 weeks
before enrollment. Patients with rapidly progressing
multifocal metastatic or acutely life-threatening disease
or who had used topical TLR-7/8 agonists within the
previous 6months were excluded. The online supple-
mental material includes additional eligibility criteria for
all cohorts.

The combination dose expansion cohort included
patients with histologically confirmed, advanced (unre-
sectable, locally advanced or metastatic), stage IIIB-IV
cMEL refractory to PD-1 inhibitor therapy with progres-
sive disease, according to RECIST V.1.1, during or after
PD-1 inhibitor therapy (alone or in combination, per
the summary of product characteristics). The last PD-1
inhibitor treatment had to be within 12 weeks prior to
enrollment. Patients in this cohort must have received

one of the following minimum total doses of PD-1 inhib-
itor: 800 mg for pembrolizumab; 1,200 mg for nivolumab
as monotherapy; or at least two doses of nivolumab at a
minimum dose of 1 mg/kg administered with ipilimumab
every 3weeks. Patients had to have a measurable lesion,
according to RECIST V.1.1, notintended for injection, no
previous treatment with IT immunotherapy (eg, oncolytic
virus or other TLR agonist) in the advanced setting and
no history of uncontrolled CPI-related NCI-CTCAE Grade
3 or Grade 4 AEs. They also had to agree to undergo
baseline (day 1) and post-baseline biopsy of the injected
lesion. Inclusion criteria for each remaining cohort are
described in the online supplemental material.

All patients provided written informed consent and the
study was conducted in accordance with the Declaration
of Helsinki, the International Council for Harmonization
(ICH) of Technical Requirements for Pharmaceuticals
for Human Use Good Clinical Practice guidelines and the
appropriate local regulatory requirements.

Treatment

Patients initially received either eight injections over
12 weeks of CV8102 alone (patients with cMEL, ¢SCC,
hnSCC, or ACC) or in combination with a PD-1 inhib-
itor (patients with ¢cMEL, hnSCC). The first five admin-
istrations were performed in weekly intervals on days 1,
8, 15, 22, and 29. Subsequently, patients on nivolumab
received CV8102 every second week and patients on
pembrolizumab received CV8102 every third week
(figure 1, online supplemental material). The PD-1
inhibitor, either nivolumab or pembrolizumab, was
administered according to the manufacturers’ recom-
mendations. CV8102 could be administered until disease
progression requiring initiation of nextline therapy or
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unacceptable toxicity whichever occurred first. Patients
without signs of tumor progression after completion of
the eight initial doses of CV8102 could continue treat-
ment for the planned duration of the study (the initial
study duration was 9 months from initial treatment but
prolonged to 12 months in a protocol amendment). The
initial cohorts received 25 g of CV8102 (monotherapy or
combination therapy) with dose escalation in subsequent
cohorts following a predefined dose escalation scheme
(figure 2). The total injection volume at each treatment
visit depended on the planned dose and was administered
to a single lesion, if possible. The volume of CV8102 to be
injected into each lesion was dependent on the size of
the lesion (online supplemental table 1). If the lesion was
too small to receive the complete volume, the dose could
be split between lesions if they were sufficiently spaced
to minimize the risk of leakage. The same lesion was
injected at each treatment visit unless the original lesion
had regressed and was no longer accessible.

An Independent Data Monitoring Committee (IDMC)
reviewed the data from the dose escalation cohorts and
advised on the RD and RCD for the monotherapy dose
expansion cohort and the combination dose expansion
cohort, respectively.

Study assessments

Safety

All patients were monitored for at least 2 hours after each
IT injection. Safety was monitored with physical examina-
tions, vital signs, ECGs, blood sampling for hematology,
coagulation, and biochemistry and urinalysis, and all AEs
were recorded during the treatment phase of the study.
AEswere graded according to NCI-CTCAE, V.4.03. During
the follow-up phase of the study, information on AEs and
concomitant medications was recorded and any ongoing
AEs and concomitant medications were followed-up.
Patients who prematurely discontinued study treatment
underwent an end-of-treatment (EOT) visit 28 days after
the last CV8102 injection and then entered the follow-up
phase. Patients enrolled in the dose escalation parts of
the study were evaluated for the occurrence of any dose-
limiting toxicity (DLT) with a DLT evaluation period of
2weeks from the first administration of CV8102 or 7 days
after the second dose of CV8102, whichever was longer.
Justification of the 2-week observation period and DLT
criteria for each dose escalation cohort are described in
the online supplemental material.

Efficacy

Efficacy was assessed as the percentage change in tumor
burden from the start of study treatment with CV8102
until the EOT by the investigator using RECIST V.1.1
and irRECIST. Confirmation of responses was obtained
during the next routinely scheduled scan. The best overall
tumor response rate was defined as patients with either a
complete response (CR) or partial response (PR). Tumor
burden was assessed by contrast-enhanced CT or by
MRI imaging and clinical examination, documented by

photographs. Radiological assessments were performed
at baseline and every 12 weeks (+2 weeks) in patients
with ¢cMEL or ¢SCC, and every 8 weeks (+2 weeks) for
the first 6 months and then every 12 weeks (+2 weeks)
in patients with hnSCC or ACC, unless there was indica-
tion warranting earlier radiologic assessment. DOR was
measured from the first documentation of response to
the first documentation of progressive disease (PD) or
death. In case no event occurred, censoring was imposed
at the end-of-study visit or prior to the start of another
therapy, or at the last available tumor assessment. PFS was
defined as the time from first dose of CV8102 to the date
of the first documented progression, as determined by
the investigator or death due to any cause.

Biomarker analyzes
Details on biomarker analyzes can be found in the online
supplemental material.

Statistical analyzes

Data from the dose determination set that consisted of all
patients in each cohort who had received at least two I'T
doses of CV8102 were used to determine the MTD and
RD. Patients who experienced a DLT were included if
they had received a single IT dose of CV8102. The CV8102
dose escalation for the monotherapy and the combination
therapy cohorts was guided by a Bayesian 2/5-parameter
logistic regression model with overdose control (EWOC;
Escalation Without Overdose Control). The safety anal-
ysis set included all patients who had received at least one
IT dose of CV8102 and had at least one safety assessment
after dosing; the safety analysis set was used for all effi-
cacy evaluations. Data from the dose escalation cohorts
were combined for the analyzes presented. Where appro-
priate, data for patients who had received the RD or RCD
in the dose escalation cohorts were combined with data
for those receiving the same dose in the dose expansion
cohorts and analyzed together.

Categorical data were summarized using frequency
counts and percentages of patients and continuous vari-
ables were summarized using number of observation
(n), mean, SD, median, minimum and maximum, unless
otherwise specified. Time-to-event variables were summa-
rized using Kaplan-Meier analyzes. Corresponding 95%
Cls were calculated for efficacy endpoints. All assessed
immune and biomarker data were analyzed by descriptive
and multivariate analyzes.

RESULTS

Patient treatment exposure and characteristics

Between September 25, 2017, and October 11, 2022,
124 patients were screened and 98 were enrolled and
followed-up in the study (online supplemental table 2,
figure 2). Patient demographics and baseline charac-
teristics are summarized in table 1. The most frequent
type of cancer was cMEL (58%) and the most common
prior therapies were PD-1/programmed death-ligand-1
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Table 1

Demographics and baseline characteristics by cohort in the safety analysis set

Monotherapy

Combination therapy

Dose escalation

Dose

expansion+RD

Dose escalation

Dose

expansion+RCD

(non-RD levels) (600pug) (non-RCD levels) (600pug)
Characteristic N=27 (N=16) (N=21) (N=34)
Demographics
Mean age (SD) 65.7 (14.56) 64.4 (14.11) 69.1 (12.64) 60.7 (14.82)
Female, n (%) 16 (59.3) 5(31.3) 10 (47.6) 13 (38.2)

Mean height (SD)
Mean weight (SD)

167.33 (9.83)
69.28 (17.07)

170.04 (6.07)
74.88 (19.53)

170.60 (10.03)
77.01 (17.98)

175.21 (11.72)
85.98 (21.54)

Mean BMI (kg/m?) (SD) 24.79 (6.48) 25.80 (6.15) 26.37 (5.23) 27.80 (5.32)

ECOG performance status, n (%)*

Grade 0 16 (59.3) 8 (50.0) 16 (76.2) 21 (61.8)
Grade 1 11 (40.7) 8 (50.0) 5 (23.8) 13 (38.2)

Tumor type, n (%)
hnSCC 3(11.1) 2(12.5) 4 (19.0) 1(2.9)
cMEL 11 (40.7) 11 (68.8) 16 (76.2) 19 (565.9)
cMEL naive 13.7) 0 1(4.8) 4(11.8)
cMEL refractory 0 1(6.3) 0 10 (29.4)
cSCC 3(11.1) 2 (12.5) 0 0
ACC 9 (33.3) 0 0 0

Tumor stage, n (%)

Locally advanced 2 (7.4) 2(12.5) 2 (9.5) 3(8.8)
Metastatic 24 (88.9) 13 (81.3) 18 (85.7) 31(91.2)
Missing 1(8.7) 1(6.3) 1(4.8) 0

Diagnosis of most recent progression, n (%)

Radiologically 23 (85.2) 16 (100) 16 (76.2) 29 (85.3)
Clinically 3(11.1) 0 5 (23.8) 4(11.8)
Missing 13.7) 0 0 1(2.9)

Median time since most recent progression, 3(11.1) 0 5(23.8) 4(11.8)

months (range)

Prior anticancer therapy, n (%) 1(3.7) 0 0 1(2.9)
PD-1/PD-L1 inhibitor 14 (51.9) 16 (100) 17 (81.0) 34 (100)
Other monoclonal antibodies and ADCs 2(7.4) 8 (50) 8 (38.1) 9 (26.5)
EGFR inhibitors 4(14.8) 1(6.3) 4 (19.0) 0
Combination of antineoplastic agents 1(3.7) 0(0) 1(4.8) 8 (28.5)
Platinum-based agents 2 (7.4) 1(6.3) 4 (19.0) 1(2.9)
MEK inhibitors 4 (14.8) 5(31.3) 4 (19.0) 3(8.8)
BRAF inhibitors 4 (14.8) 5 (31.3) 4(19.0) 2 (5.9)
CTLA-4 inhibitors 2 (7.4) 6 (37.5) 8 (38.1) 16 (47.1)

*Grade 0=fully active, able to carry on all pre-disease performance without restriction; Grade 1=restricted in physically strenuous activity but

ambulatory and able to carry out work of a light or sedentary nature, that is, light housework, office work.

TPatients could have more than one prior treatment.

ACC, adenoid cystic carcinoma; ADC, antibody-drug conjugate; BMI, body mass index; BRAF, B-RAF serine-threonine kinase; cMEL,
cutaneous melanoma; cSCC, cutaneous squamous cell carcinoma; CTLA-4, cytotoxic T-lymphocyte associated protein 4; ECOG, Eastern
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Cooperative Oncology Group; EGFR, epidermal growth factor receptor; hnSCC, head and neck squamous cell carcinoma; Max, maximum;
MEK, mitogen-activated protein kinase; Min, minimum; N, number of patients; n, number of patients with data available; PD-1, programmed
cell death protein-1; PD-L1, programmed death-ligand-1; RCD, recommended combination dose; RD, recommended dose.
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inhibitors in 81 patients. 33% of patients had received
cytotoxic T-lymphocyte associated protein 4 (CTLA-4)
inhibitors as monotherapy or in combination with PD-1
inhibitors. Median age was 61 years in the combination
dose expansion cohort and 68-71 years in the other
cohorts. 61 (62%) and 37 (38%) patients, respectively,
had ECOG performance status scores of Grade 0-1.

The patients’ disposition, study treatment received,
discontinuation and completion are summarized in
online supplemental table 2. All patients received at least
one dose of study treatment and 59 (60%) received at
least eight doses. The median duration of CV8102 treat-
ment was 10.1 weeks (range, 1.1-51.4 weeks). Study
treatment was discontinued in 38 patients (39%), with
the most common reason being disease progression (17
patients), followed by withdrawal of consent (5 patients).
Death due to progression occurred in two patients. The
most common reason for study withdrawal was death in
25 patients (26%) with reported causes of disease progres-
sion (21 patients), atypical pneumonia (1 patient),
tumor bleeding (1 patient), non-Hodgkin’s lymphoma
(1 patient), and unknown in a patient who had stopped
treatment due to disease progression (1 patient).

Safety outcomes

Overall safety population

All 98 patients experienced at least one treatment-
emergent AE (TEAE) of any grade during the study,
with fever (57% of patients), chills (37%), and fatigue
(25%) being the most common (table 2). TEAEs consid-
ered CV8102-related by the investigators were reported
in 90 patients (92%) (online supplemental table 3). Two
events met the criteria for DLTs in the 900 pg cohort, one
of which was outside the DLT period, but there was no
apparent dose-dependency of TEAEs at the lower dose
levels (online supplemental table 4a,b). Overall, there
were no notable difference in the incidence of TEAEs
between monotherapy and combination therapy cohorts.
34 patients (35%) experienced Grade 3 or higher AEs
(table 2) with CV8102-related AEs per investigator judg-
ment reported in 10 patients (10%). The related AEs
included Grade 3 increases in alanine aminotransferases
(ALT), gamma-glutamyltransferase and lipase (in two
patients each) and amylase, aspartate aminotransferase
(AST) and transaminases (in one patient each). In addi-
tion, one patient experienced Grade 3 increase in blood
pressure together with Grade 1 tachycardia, fever and
chills.

31 patients (32%) experienced any SAE (Serious
Adverse Event) and 12 patients (12%) had SAEs that
were considered related to CV8102. SAEs that occurred
in more than one patient included cytokine release
syndrome (CRS) in six patients (four Grade 1, two Grade
2), fever in three patients (one Grade 1, two Grade 2),
chills in three patients (two Grade 1, one Grade 2) and
tumor pain in two patients (one Grade 2, one Grade 3).
Although most of these AEs were of mild-to-moderate
grade, they fulfilled SAE criteria since they resulted in

inpatient monitoring, as recommended in the protocol.
Four patients experienced serious TEAEs that the inves-
tigator considered to be related to the PD-1 inhibitor.
These included Grade 3 autoimmune nephritis, Grade 3
immune-mediated nephritis, Grade 2 CRS and Grade 3
hypertension with Grade 1 tachycardia, fever and chills
requiring inpatient observation on the day of anti-PD-1
infusion (one patient each). In the seven reported CRS
cases, symptoms started between 3 and 6hours after the
CV8102 injection. For more details on these cases see
online supplemental table 5.

Eight patients (8%) experienced treatmentrelated
AEs leading to study discontinuation, interruption or
discontinuation of study drug or dose modifications.
Those occurring in more than one patient included ALT
increases in four patients, AST increase in three patients,
gamma-glutamyl transferase increased in two patients
and blood alkaline phosphatase increased in two patients.

Dose-limiting toxicities

Two patients experienced DLIs in the 900pg mono-
therapy cohort. One patient with ACC experienced a
DLT of Grade 3 AST/ALT elevations in the context of a
Grade 2 CRS after the second injection of CV8102. After
the dose was reduced to 600pg, the patient completed
the full course of the study treatment without recurrence.
One patient with cMEL experienced Grade 3 immune-
mediated pneumonitis 1week after the second injection,
which resolved within 1week after oxygen and cortico-
steroid therapy. The patient stopped the study treatment
and was withdrawn from the study. Although this event
occurred outside of the predefined DLT period, it was
considered to be a relevant and potentially DLT by the
IDMC who therefore recommended not to assess the
1,200 g dose. Given the observed toxicity at the 900 pg
dose level, the IDMC recommended the 600pg dose for
the monotherapy and combination therapy expansion
cohorts. The MTD per-protocol was not formally reached.

Efficacy outcomes

Out of 43 evaluable patients in the CV8102 monotherapy
cohorts and according to RECIST V.1.1, one patient with
PD-1-naive cMEL achieved a CR at a dose of 150 pg (after
achieving a PR at 12 weeks) and two patients achieved
a PR (one patient with anti-PD-1-therapy-refractory mela-
noma at 450 pg and one patient with anti-PD-1 therapy-
refractory SCC of the skin at 600 pg) that were confirmed
within a consecutive routinely scheduled scan. Out of 55
evaluable patients in the CV8102 combination cohorts,
one patient with anti-PD-1 therapy-refractory melanoma
achieved a CR at a CV8102 dose of 600pg and six anti-
PD-1 therapy-refractory patients with melanoma achieved
a PR (five patients at 600 pg and one patient at 900 pg),
two of them were confirmed within consecutive routinely
scheduled scans (figure 3A, table 3 and online supple-
mental tables 6-9). There was no difference in the assess-
ment of the best overall tumor response by RECIST V.1.1
or irRECIST assessment. An example response is shown in
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I

Table 2 Treatment-emergent adverse events that occurred in 25% of patients overall, by preferred term, by cohort in the
safety analysis set

Monotherapy Combination therapy
Dose Dose expansion
escalation and RD (600 pg) Dose escalation Dose expansion and
at non-RD from dose at non-RCD RCD (600 pg) from
levels escalation levels dose escalation
Event, n (%) (N=27) (N=16) (N=21) (N=34)
Patients with >1 TEAE*t 27 (100) 16 (100) 21 (100) 34 (100)
AE 27 (100) 16 (100) 21 (100) 34 (100)
Serious TEAE 9 (33.3) 4 (25.0) 9 (42.9) 9 (26.5)
NCI-CTCAE Grade 3 or higher TEAE% 9 (33.3) 4 (25.0) 7 (33.3) 14 (41.2)
TEAE leading to study discontinuation, interruption or 7 (25.9) 2(12.5) 3(14.3) 8 (23.5)
discontinuation of study drug, or dose modification
CV8102-related TEAEt 27 (100) 14 (87.5) 18 (85.7) 31(91.2)
CV8102-related NCI-CTCAE Grade >3 TEAEtE 5(18.5) 1(6.3) 2(9.5) 2 (5.9
CV8102-related serious TEAEL 5(18.5) 1(6.3) 3(14.3) 3(8.8)
CV8102-related TEAE leading to study discontinuation, 6 (22.2) 0 0 2 (5.9)
interruption or discontinuation of study drug, or dose
modification
TEAEs by preferred term
Fever 13 (48.1) 11 (68.8) 9 (42.9) 23 (67.6)
Chills 6 (22.2) 6 (37.5) 8 (38.1) 16 (47.1)
Fatigue 12 (44.4) 0 7 (33.3) 5(14.7)
Nausea 8 (29.6) 1(6.3) 2(9.5) 8 (23.5)
Injection site pain 8 (29.6) 1(6.3) 4 (19.0) 5(14.7)
Headache 8 (29.6) 1(6.3) 3(14.3) 5(14.7)
Influenza-like illness 7 (25.9) 0 2 (9.5 6 (17.6)
Asthenia 3 (11.1) 1(6.3) 2(9.5) 9 (26.5)
Anemia 4(14.8) 2 (12.5) 2 (9.5) 5(14.7)
Urinary tract infection 3(11.1) 3(18.8) 4 (19.0) 2 (5.9)
Pain in extremity 4 (14.8) 0 3(14.3) 3 (8.8)
Tumor pain 2 (7.4) 5(31.3) 0 2 (5.9)
Injection site erythema 2 (7.4) 0 4 (19.0) 2 (5.9)
Arthralgia 4 (14.8) 1(6.3) 2(9.5) 1.9
C-reactive protein increased 4(14.8) 1(6.3) 2 (9.5) 1(2.9
Cytokine release syndrome 1(3.7) 1(6.3) 2 (9.5) 3 (8.8)
Dizziness 2(7.4) 1(6.3) 0 4(11.8)
Decreased appetite 3(11.1) 1(6.3) 3(14.3) 0
Injection site reaction 2 (7.4) 0 2 (9.5) 2 (5.9)
Alanine aminotransferase increased 3(11.1) 0 0 3 (8.8)
Gamma-glutamyl transferase increased 2 (7.4) 1(6.3) 0 3 (8.8)
Tachycardia 2(7.4) 0 1(4.8) 3(8.8)
Diarrhea 1@3.7) 1(6.3) 1(4.8 3(8.8)
Vomiting 1(3.7) 0 1 ( 4(11.8)
Hypotension 4 (14.8) 1(6.3) 0 0
Dyspnea 2(7.4) 0 1(4.8) 2 (5.9
Hypertension 2(7.4) 0 1(4.8) 2 (5.9

TEAEs were defined as adverse events that started at or after the first administration of CV8102 through to the end-of-treatment visit, scheduled 28
days after the last dose of study treatment.

*TEAEs were coded using Medical Dictionary for Regulatory Activities, V.25.1.

TPatients may have TEAEs in more than one category.

FSeverity according to National Cancer Institute-Common Terminology Criteria for adverse event (NCI-CTCAE) V.4.03s.

RCD, recommended combination dose; RD, recommended dose; TEAE, treatment-emergent adverse event.
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Figure 3 Melanoma lesions in an anti-programmed

cell death protein-1 therapy-naive patient with stage IlIC
melanoma with multifocal in-transit metastases in the 150 ug
monotherapy dose escalation group at: (A) Pretreatment,

(B) week 6 post-treatment (five injections of CV8102),

(C) week 12 post-treatment (eight injections of CV8102), and
(D) at end of study.

figure 3A-D, which shows complete regression of multi-
focal in-transit metastases and complete regression of all
skin metastases at week 12 in a female patient (Patient 23)
in her early 70s with stage IIIC melanoma in the 150 pg
monotherapy dose escalation group. After the first IT
injection, a marked transient rise in serum interleukin-6
(IL-6) and C-reactive protein was observed. After five
injections of CV8102, partial regression of the injected
tumor lesion was observed (figure 3B). Complete regres-
sion of in-transit metastases on MRI and complete regres-
sion of all skin metastases with minimal residual palpable
induration of the injected lesion was seen at week 12
(figure 3C). The patient continued to receive injections

of CV8102 at monthly intervals without locoregional
recurrence (figure 3D) until a new intra-abdominal soft
tissue lesion was observed after 9 months.

1 of the 10 patients with a CR/PR developed subsequent
PD, the remaining nine patients were alive without PD at
their last tumor assessment (four patients with last tumor
assessment at 3 months, one patient at 9 months, and four
patients at 12 months; figure 2A and online supplemental
figure 2A and C. The overall median DOR was 6.0 months
(range 0-9.2 months) including censored observations,
and 5.8-6.0 months excluding censored observations.
The median overall PFS based on both RECIST V.1.1
and irRECIST was 2.8 (95% CI: 2.8; 3.1) months (range,
0.5-12.8 months) including censored observations and
0.5-9.7 months excluding censored observations.

DORs for the combination therapy cohort dose expan-
sion are shown in figure 2B. The best overall responses
and DOR for the remaining cohorts are shown in online
supplemental figures 1,2.

Median PFS was 3.1 months (95%CI: 1.9; 8.5) in
the monotherapy dose escalation cohort, 2.8 months
(95% CI: 2.1; 2.9) in the combination dose escalation
cohort, 2.8 months (95% CI: 0.6; 2.8) in the monotherapy
dose expansion cohort and 3.2 months (95% CI: 2.8; 6.2)
in the combination dose expansion cohort.

Regression of lesions at non-injected sites

Some evidence of tumor regression of non-injected
lesions was observed in both monotherapy and combina-
tion cohorts at different dose levels (online supplemental
figure 3); corresponding figures for injected lesions are
shown in online supplemental figure 4. A >30% regression
of non-injected target lesions, determined by the sum of
the longest diameter per RECIST V.1.1, was observed in
eight patients (two patients in the monotherapy cohorts
treated at 100 pg and 450 pg and six patients in the combi-
nation cohorts treated at 600 pg and 900 pg).

Exploratory outcomes: biomarker analyzes
Tissue immunofluorescence (IF) analysis results were
available for paired biopsy samples from 10 patients

Table 3 Treatment response to CV8102 assessed by RECIST V.1.1 in the monotherapy and combination therapy dose
escalation and dose expansion cohorts by dose levels in the safety analysis set

Monotherapy

Combination therapy

Dose

Dose escalation RD
escalation non- and dose expansion

Dose escalation

Dose escalation RCD and dose

RD levels (600 g) non-RCD levels expansion (600ug) Total
Treatment response, n, (%) (N=27) (N=16) (N=21) (N=34) (N=98)
Complete response 13.7) 0 0 1(.9) 2 (2.0
Partial response 18.7) 1(6.3) 1(4.8) 5(14.7) 8(8.2)
Stable disease 11 (40.7) 3(18.8) 2(9.5) 9 (26.5) 25 (25.5)
Progressive disease 10 (37.0) 11 (68.8) 11 (52.4) 16 (47.1) 48 (49.0)
Non-evaluable 4 (14.8) 1(6.3) 7 (33.3) 3(8.8) 15 (15.3)

RCD, recommended combination dose; RD, recommended dose.
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treated with CV8102 monotherapy (9 with cMEL, 1 with (see online supplemental table 7) for indication, dose
hnSCC; 3 with best response of SD [stable disease], 7 received and biopsy details for each).

with PD) and from 20 patients treated with combination Results from three objective responders in the combi-
therapy (19 patients with cMEL, 1 with hnSCC; with 1 nation cohorts from whom paired biopsies were available
CR, 2 PRs, 7 SDs, 9 PDs and 1 non-evaluable for efficacy) are shown in figure 4. Immune cell infiltration analysis by
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Figure 4 Analysis of the tumor microenvironment in paired biopsies from responders before and after CV8102 treatment.
(A) Quantification of tumor and immune cell populations at baseline, Day 36 and EOT (all paired samples obtained from
responders are shown, n=3). (B) Clinical evolution and treatments received by a patient with partial response melanoma in the
dose escalation (combination cohort) and representative ROls from biopsies collected at baseline and Day 36, from a non-
injected subcutaneous lesion of the right upper limb. The patient was anti-PD-1 therapy-refractory prior to entering the trial and
received 900 pg of CV8102 in combination with nivolumab for the complete treatment period of 8 injections. (C) Targeted gene
expression profiling in paired samples of the same patient as in B, wheel plots showing the 10360 signatures at baseline and
after treatment. (D) Results for all signature scores calculated for the sample in C. (E) Clinical evolution and treatments received
by a patient with complete response melanoma in the dose expansion (combination cohort) and representative ROls from
biopsies collected at baseline and Day 36, from an injected lesion on the medial surface of the right lower leg (skin). The anti-
refractory patient received 600 ug of CV8102 in combination with pembrolizumab and remained on treatment for a total of 19
injections. The zoom-in image in the post-treatment sample shows activated T cells with Granzyme B (GZMB) granules oriented
towards tumor cells. DAPI, 4',6-diamidino-2-phenylindole; EOT, end of treatment; PD, progressive disease; PD-L1, programmed
death-ligand-1; PR, partial response; TIS, tumor inflammation signature.
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multiplex IF showed increased T-cell infiltration mostly in
the CD4" and CD8" compartment of the total CD3" popu-
lation after treatment with at least five IT injections of
CV8102. Tumor cell density was also reduced (figure 4A).
Representative images from the non-injected lesion (PR;
figure 4B) and injected lesion (CR, figure 4E) are shown.
A trend for increased T-cell infiltration was also observed
in nearly half of the patients with SD and nearly one-third
of patients with PD; overall, 16 patients showed increased
T-cell infiltration, 8 showed decreased T cells and 6
showed no change (online supplemental figure 5).

Due to sample quantity requirements for nCounter
measurements, NanoString analysis from paired biopsies
was only possible for 25 patients, 15 of them PD, 8 SD, 1
PR and 1 non-evaluable (9 patients treated with mono-
therapy, 16 patients treated with combination therapy).
Four of the patients with PD showed an increase in the
tumor inflammation signature (TIS) score, three a
decrease, and eight had no change when comparing
the biopsy sample after five IT injections with the base-
line biopsy. Of the patients with SD, four showed an
increase in the TIS score, while one showed a decrease
and three showed no change. The NanoString analysis
of the samples from the one available PR patient showed
increase in TIS score and other inflammatory signatures
(figure 4C,D).

Cytokine and chemokine profiling showed transient
changes in the peripheral blood shortly after CV8102
administration (3—24hours). Systemic levels of interferon
(IFN)-a, IFN-g, IL-10, IL-6 and IFN-g-induced protein 10
were significantly increased shortly after the first CV8102
IT administration compared with baseline, while macro-
phage inflammatory protein-1 beta decreased in the
combination dose expansion cohort (online supple-
mental figure 6C). These differences were not significant
in the monotherapy expansion cohort, although there
was a similar trend for some patients, online supple-
mental figure 5B. No cytokine changes correlated with
dose in the dose escalation cohorts (online supplemental
figure 6A) or with response in the dose expansion cohorts
(online supplemental figure 6B,C). There were no statis-
tically significant differences between the monotherapy
and the combination cohorts at any given time point.

DISCUSSION

In this phase I study, CV1802 was well tolerated as mono-
therapy and in combination with PD-1 inhibitors up to
the RD of 600 pg in patients with advanced cMEL, ¢SCC,
hnSCC and ACC. The most common any-grade TEAEs
were fever, chills, and fatigue. Up to the RD of 600pg
there were no notable differences in incidence or severity
of TEAEs between individual dose levels or between
the monotherapy and combination cohorts. Thus, indi-
cating that concomitant treatment with a PD-1 inhibitor
does not impair the tolerability of IT CV8102 or require
dose adjustments. At the 900 pg dose level in the mono-
therapy dose escalation cohort, one patient experienced

a dose-limiting ALT/AST increase in the context of a
moderate CRS which was successfully treated with steroids
and did notreoccur after dose reduction. A second patient
experienced Grade 3 pneumonitis after the DLT evalua-
tion period which recovered after treatment discontinua-
tion and steroid treatment. No DLTs were observed in the
combination therapy dose escalation cohort. Despite the
fact that the MTD was not formally reached per-protocol,
since one of the Grade 3 events occurred after the DLT
evaluation period, the IDMC recommended to proceed
with a dose of 600 pg of CV8102 for the dose expansion
cohorts. Notably, there was overall a low rate of Grade
3 TEAEs observed beyond 2weeks and only a limited
number of patients discontinued due to AEs (see online
supplemental table 2). Therefore, the selection of the
RD seems well justified despite the short DLT evaluation
period of 2 weeks.

Overall, the safety profile of CV8102 appears compa-
rable with those seen with other IT TLR agonists, which
include transient mild-to-moderate influenza-like symp-
toms and injection-site reactions including cases of
mainly mild-to-moderate CRS."* ****° High-grade CRS was
rarely described after IT treatments but was found to be
dose-limiting in a phase I trial of the TLR 7/8 agonist
MEDI9197.*" In a phase I trial of the TLR7/8 agonist,
EIK1001, tested in combination with pembrolizumab,
manageable CRS was reported in 10% of patients.*®

The overall population in the current study had
advanced-staged disease and the majority had experi-
enced progressive disease on PD-1 inhibitors. Despite
this, CV8102 showed preliminary signs of efficacy as
monotherapy and in combination with PD-1 inhibitors.
Notably, in an expansion cohort of patients with anti-
PD-1 therapy-refractory melanoma treated at the RD,
an overall response rate (ORR) of 17% was observed
after treatment with CV8102 in combination with PD-1
inhibitors. This ORR is comparable to the ORR of 22%
reported in a phase I/II study of the IT TLR agonist
tilsotolimod in combination with anti-CTLA-4 therapy in
patients with melanoma refractory to prior PD-1 inhibitor
therapy.*” Tumor shrinkage was observed in injected and
non-injected lesions suggesting that IT CV8102 induces a
systemic T-cell response against tumor antigens that can
also infiltrate and control distant non-injected lesions.

Given the heterogeneity of the patient population and
the small number of patients in each dose cohorts, the
study was not designed to assess dose dependency in
terms of efficacy. While responses were mainly seen at
dose levels 2450 pg, one patient with anti-PD-1-naive mela-
noma experienced a CR at the 150 pg dose level indicating
responses can occur after low doses of CV8102. Explor-
atory analysis of systemic cytokine/chemokine levels
3—24hours after IT injection of CV8102 showed transient
and variable changes without apparent dose dependency.
This indicates that individual factors such as tumor vascu-
larization or immunosuppressive factors in the TME may
impact the level of innate immune activation and systemic
cytokine release after IT injection of CV8102. Of note, we
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used a fixed concentration of CV8102 in our study and
increased the dose by increasing the volume of the injec-
tion. Also, investigators were allowed to split the admin-
istration between lesions if needed. A possible limitation
of our study might be that we did not systematically assess
whether the impact of the ratio of the locally injected
CV8102 volume to the volume of the injected lesion plays
a role in the biological or clinical response. This should
be considered for further studies to better understand
the dose dependency of clinical efficacy.

Analysis of the TME in the available paired biopsies
showed increased T-cell infiltration and reduced tumor
cell content in the three responders. This trend was also
observed in nearly half of SD patients and one-third of
PD patients, suggesting that the increase in T-cell infiltra-
tion is necessary, but not sufficient, to induce a clinical
response and that additional factors are determinants of
clinical efficacy, such as immunosuppressive factors inhib-
iting T-cell function in the tumor environment or resis-
tance of cancer cells to T cell-mediated killing.

There were several limitations of this study, including
that the patient population in the dose escalation part
was heterogeneous comprising four different tumor enti-
ties. Furthermore, patients in the monotherapy dose esca-
lation cohort were less frequently pretreated with CPIs,
which may have impacted the biological and clinical
response. Also, there was only one investigator assessment
of response and no central tumor response readout and
not all responses were confirmed. In addition, because
baseline and on-treatment biopsies were only available
from a subgroup of 30 patients and the ORR was low, it
was not possible to draw robust final conclusions about
molecular or immunological patterns in the TME that
may be associated with responses.

Although IT administration of TLR agonists have
shown clear evidence of efficacy in certain patients,” >’
it is not known which patients are most likely to benefit
from such treatment. This has been demonstrated with
the investigational IT TLR-9 agonist, tilsotolimod and the
oncolytic herpes virus talimogene laherparepvec which
have shown promising clinical efficacy in PD-1 inhibitor-
refractory patients in combination with ipilimumab or
pembrolizumab, respectively,” however the primary
endpoints in the phase III trials were not met.”® Investiga-
tion of the TME at baseline, and collection of serial biop-
sies from patients in future phase I/II studies of IT agents
may improve our understanding of the factors predicting
clinical benefit from IT immunomodulators and help
to enrich patient populations most likely to benefit in
upcoming trials.

CONCLUSIONS

The RD of CV8102 of 600 g was generally well tolerated
across all tumor types, with no notable differences in inci-
dence or maximum severity of the TEAEs between the
cohorts. CV8102 combination therapy with a PD-1 inhib-
itor showed preliminary signs of efficacy in patients with

anti-PD-1 therapy-refractory cMEL. Preliminary signs of
efficacy of monotherapy were also observed with objec-
tive responses in two patients with melanoma and one
patient with SCC of the skin. In addition, CV8102 showed
modulation of systemic immune-mediators and local acti-
vation and enrichment of T cells in tumor in both treated
and untreated lesions, suggesting an immunomodula-
tory effect on the TME in the injected lesion as well as in
distant untreated lesions.
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