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ABSTRACT

Background ANV419 is a stable antibody—cytokine fusion
protein consisting of interleukin-2 (IL-2) fused to an anti-
IL-2 monoclonal antibody that sterically hinders binding

of IL-2 to the o subunit of its receptor but has selective
affinity for the receptor By subunits. Thus, ANV419
preferentially stimulates CD8* effector T cells and natural
killer cells which are associated with tumor Killing, while
minimizing the activation of immunosuppressive regulatory
T cells.

Methods ANV419-001 is an open-label, multicenter,
phase 1 study to evaluate the safety, tolerability, maximum
tolerated dose (MTD) and recommended phase 2

dose (RP2D) of ANV419. Secondary objectives were to
characterize the pharmacokinetics, pharmacodynamics
and tumor response. Adult patients with advanced solid
tumors and disease progression after >1 previous line of
systemic therapy were enrolled. ANV419 was administered
by intravenous infusion once every 2 weeks, with a
planned treatment duration of 12 months. The dose
escalation part of the study explored doses 3, 6 and 12 ug/
kg as single patient cohorts followed by 24-364 pg/kg in a
3+3 design. Interim results are reported here (data cut-off:
March 22, 2023).

Results Forty patients were enrolled and received at
least one dose of ANV419. The MTD and RP2D were
determined to be 243 pug/kg. The most common ANV419-
related treatment-emergent adverse events were Grade

1 and 2 fever (31 (77.5%)), chills (23 (57.5%), vomiting
(14 (35.0%)), cytokine release syndrome and nausea (12
(30.0%) each). Transient and self-limiting lymphopenia
due to lymphocyte redistribution was observed in all
patients. In the RP2D cohort, Grade >3 thrombocytopenia
and fever were reported by one patient (12.5%) each. All
events were manageable with standard supportive care.
At doses of 243 ug/kg (RP2D/MTD), the estimated T, , was
approximately 12 hours. At ANV419 doses >108 pg/kg,
64% of patients had a best response of at least SD (15 SD
and 1 confirmed PR).

Conclusions ANV419 at doses up to 243 pg/kg (the RP2D)
was well tolerated and showed signs of antitumor activity
in a heavily pretreated patient population with advanced
solid tumors.

Trial registration number NCT04855929.

;2 Juanita Lopez,*
3

% Elena Garralda®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Recombinant interleukin-2 (IL-2, aldesleukin) is an
approved cancer immunotherapy which acts by
promoting the antitumor function of immune cells
(effector T cells and natural killer cells) that express
the By subunits of its receptor. However, IL-2 also
potently activates immunosuppressive regulatory
T cells that harbor the o subunit of its receptor.
Another drawback of aldesleukin is the short half-
life which necessitates frequent dosing, resulting in
toxicities.

WHAT THIS STUDY ADDS

= ANV419 is a novel fusion protein which selectively
signals through IL-2RBy, thus limiting the side ef-
fects of activating IL-2Rofy. This is a first-in-human
study testing the safety, tolerability, pharmacokinet-
ics and antitumor activity of ANV419 in heavily pre-
treated patients with advanced solid tumors.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Developing a safe and effective IL-2 agonist that
circumvents binding to the o subunit of the IL-2
receptor to selectively stimulate immune effector
cells remains an important therapeutic goal for the
treatment of patients with cancer.

INTRODUCTION

The cytokine interleukin (IL)-2 plays an
essential role in the regulation of immunity,
modulating both immunostimulatory and
immunosuppressive functions via multiple
pathways." It is indispensable for the growth
and differentiation of many immune cells,
including T cells, B cells and natural killer
(NK) cells.? Its potent effects on T cells
resulting not only in their expansion but also
enhancement of their cytotoxic actions is the
cornerstone for the application of IL-2 in
cancer immunotherapy. High-dose recombi-
nant IL-2 (aldesleukin) was the first approved
cytokine-based immunotherapy for metastatic
melanoma and renal cell carcinoma (RCC).*
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IL-2 induces tumor killing by stimulating the prolifer-
ation and activity of CD4" T cells, CD8" effector T cells
(T,) and NK cells.? Therapy with IL-2 (aldesleukin)
has yielded long-lasting responses in patients with meta-
static melanoma and RCC, with up to 20% of patients
with metastatic melanoma achieving survival of 10 years
or longer. However, IL-2 simultaneously induces the
maintenance of CD4" Foxp3” regulatory T cells (T, )
that dampen the immune response. These pleiotropic
and opposing effects of IL-2 pose a major challenge in
the application and development of IL-2-directed thera-
pies in oncology. For cancer immunotherapy, a desired
outcome is to enhance the immunostimulatory effects of
IL-2 (via T and NK cells that promote tumor killing)
while minimizing its immunosuppressive effects (via T,
that are associated with a poor outcome for patients with
cancer). High-dose IL-2 therapy is also limited by multiple
adverse effects including capillary leak syndrome, cardio-
pulmonary, liver and renal toxicities, necessitating careful
patient selection. Furthermore, the short halflife of IL-2
necessitates a burdensome drug administration schedule
with significant toxicity.”

The pleiotropic effects of IL-2 are mediated through
the modular structure of its receptor, components of
which are expressed differentially in immune cells.” The
IL-2 receptor (IL-2R) consists of o, B and 7y subunits:
IL-2Ro. (CD25), IL-2RB (CD122), and the common
IL2Ry (CD182).>° IL-2Rb and IL-2Rg are the signaling
subunits and IL-2Ro. increases affinity to IL-2.” ¥ The
heterodimeric IL-2RBy has low to intermediate affinity for
IL-2 and is expressed by naive and memory CD4', CD8"
T cells and NK cells.”® The high-affinity heterotrimeric
IL-2RoPy is constitutively expressed by T, o a0d vascular
endothelial cells.®? '’ Therefore, I1-2 potently stimulates
Tr%\ compared with the T and NK cells that mediate
antitumor actions.

For cancer immunotherapy, engineering IL-2 with the
aim of enhancing its binding to T_;, and NK cells while
simultaneously bypassing its effects on T, and other cell
types is a key goal. Several targeted IL-2 molecules have
been developed, with increased affinity for IL-2RBy.° Thus
far however, these approaches have been limited by insuf-
ficient potency," ¥ incomplete By selectivity,”® or undesir-
able adverse effects.'* "> ANV419 is an antibody—cytokine
fusion protein consisting of IL-2 fused to an anti-IL-2
monoclonal antibody that sterically hinders binding of
IL-2 to the o subunit of the receptor (IL-2Ra). Due to its
selective high affinity for IL-2RBy, ANV419 preferentially
stimulates CD8" T cells (T ) and NK cells over T, s . In
addition to its selectivity for T , it has a good therapeutic
window and an extended half—life. In vitro and in vivo,
ANV419 preferentially enhanced signaling and expan-
sion of T ; and NK cells over T, and enhanced NK cell
killing of human tumor cell lines (Murer et al, manuscript
under submission). ANV419 is currently in development
for the treatment of patients with advanced solid tumors
and hematological malignancies, as a single agent and in
combination with other agents.

This manuscript describes the interim results from the
phase 1 dose-escalation study investigating ANV419 in
patients with relapsed/refractory advanced solid tumors.

METHODS

Study design and objectives

ANV419-001 is an open-label, multicenter, phase 1 study
with the primary objective of evaluating the safety and
tolerability of ANV419, and to determine the maximum
tolerated dose (MTD) and recommended phase 2 dose
(RP2D). Secondary objectives are to characterize the
pharmacokinetics (PK), pharmacodynamics (PD), immu-
nogenicity, and tumor response. Exploratory analysis
of circulating and intratumor biomarkers will also be
performed, to assess potential correlation with safety and
clinical activity.

The study consists of two parts (Part A and Part B).
Part A is the single patient dose escalation portion. After
the first dose in the first patient, the dose increase for
each subsequent patient was based on data from the
14-day safety observation period, T-cell proliferation
(Ki67-positivity), and the Day 4 lymphocyte count of the
preceding patient. Dose increase was 50-100% of the
prior dose. Part A dose escalation continued until the
occurrence of a treatment-related adverse event (AE) of
Grade 2 or higher, or a target of 50% Ki67" CD8" T cells
was reached. If any new Grade >2AE (or worsening of
one Common Terminology Criteria for Adverse Events
(CTCAE) Grade in a patient with pre-existing toxicities)
occurred in the single patient cohort, that cohort and
all subsequent cohorts were expanded to a standard 3+3
study design (ie, study Part B).

Part B consists of standard 3+3 dose escalation cohorts.
After dosing, the first patient of each cohort was observed
for at least 3days, and subsequent patients dosed in the
absence of any reported toxicities. The dose increase
(ranging from 50-100% of the current dose) for the next
cohort was approved by the Cohort Review Committee
(which consisted of the coordinating investigator, prin-
cipal investigator or representative, and the sponsor’s
medical monitor) on review of the 14-day safety and clin-
ical data from all patients in the cohort. The doses were
increased according to 3+3 decision rules until sufficient
data for predicting the tentative RP2D dose was available
or the MTD was reached.

A starting dose of 3pg/kg ANV419 once every 2 weeks
(Q2W) was selected based on data from non-clinical
studies (Murer et al, manuscript under submission), in
vitro cytokine release data from human whole blood
assays and benchmarking against therapeutic doses for
aldesleukin.

Results of the dose-finding parts of the ANV419-001
study (data cut-off date of March 22, 2023) are reported
here. Further details on the study procedures are given in
the protocol (available as online supplemental material).
All participants provided written informed consent prior
to enrolling in the study.
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Study population

The study population consisted of adult patients (=18
years) with advanced solid tumors, with Eastern Coop-
erative Oncology Group (ECOG) performance status
0-1. The study also planned to include patients with
multiple myeloma. Patients with solid tumors had to have
evidence of progressive disease after at least one line of
treatment (as per Response Evaluation Criteria in Solid
Tumors (RECIST) V.1.1) <3 months prior to signing the
informed consent form for the study. All patients had to
have adequate pulmonary, cardiovascular, hematological,
liver and renal function, and any adverse effects from
prior anticancer therapies had to have resolved to CTCAE
Grade 1 or below. The main exclusion criteria were symp-
tomatic central nervous system (CNS) metastases, active
second malignancy, the presence of significant uncon-
trolled concomitant conditions that could affect protocol
compliance or interpretation of study results (ie, diabetes
mellitus, relevant pulmonary disorders, hyperthyroidism)
and chronic treatment with systemic immunosuppres-
sive medications above 10mg/day prednisolone equiva-
lent for any reason. All male and female patients had to
comply with protocol-specified contraception guidelines.

Study treatment

ANV419 was administered by intravenous infusion over
155 min Q2W, with a treatment duration of 12 months,
or until disease progression or intolerable toxicity if
occurring earlier. The starting dose was 3pg/kg with
subsequent dose levels of 6, 12, 24, 48, 72, 108, 162, 243
and 364pg/kg in a 3+3 cohort design. An additional
cohort was enrolled to assess the 243png/kg dose in a
Q3W dosing regimen.

Study assessments and endpoints

The primary endpoints were the number of patients
experiencing dose-limiting toxicities (DLIs) during the
14-day DLT observation period (one cycle), as well as the
incidence and severity of AEs and serious AEs (SAEs),
their causal relationship to ANV419, changes from base-
line in laboratory, vital signs, ECG, and physical exam-
ination parameters. Key secondary endpoints were the
objective response rate using RECIST V.1.1. Baseline
disease assessments were performed at screening or
baseline, at Cycle 3, and every 8 weeks thereafter, using
CT. Imaging results were evaluated by the investigator
to assess disease response (according to RECIST V.1.1'°
and iRECIST'). PK parameters were determined using
a non-compartmental approach, and included systemic
clearance, volume of distribution at steady-state (V),
area under the concentration-time curve (AUC), and
maximum observed serum concentration (C_ ). Key
PD endpoints included the number of CD8" T cells, NK
cells,and T, as a measure of target engagement. Periph-
eral blood samples were also collected for assessment
of biomarkers (further details are given in the online
supplemental material: Biomarkers section).

Safety and tolerability assessments included the
recording of AEs, SAEs, physical examinations, vital
signs, 12-lead ECG assessments including heart rate and
PR, QRS, and QT intervals, clinical laboratory parame-
ters, pregnancy testing, and ECOG performance status.
Concomitant medications were monitored throughout.
All AEs were graded using National Cancer Institute
CTCAE V.5.0 and were reported from screening/baseline
to 30 days after the last dose, with an additional 90-day
follow-up phone call.

Statistical analysis
Statistical analyses were conducted using SAS V.9.4 (or
later). Continuous variables were expressed descriptively;
categorical variables were summarized using frequency
counts and percentages. No formal sample size calcu-
lation was performed. The Safety Population consisted
of all patients who received at least one dose (or partial
dose) of study treatment, and this population was used
for analysis of safety (including DLT determination), PK,
and PD. The DLT Population consisted of all patients who
completed at least one cycle of treatment or discontinued
from the study treatment due to DLT. The Response Eval-
uable Population (for efficacy analysis) consisted of all
patients who had one post-baseline assessment of tumor
response or who were withdrawn due to progressive
disease/death prior to the first response assessment. For
the calculation of PK parameters, serum concentration-
time data were analyzed by non-compartmental methods,
using commercial software such as Phoenix WinNonlin.
The protocol for this study and CONSORT (Consoli-
dated Standards of Reporting Trials) checklist are avail-
able as online supplemental material.

RESULTS

Study population

A total of 40 patients were enrolled at five study sites in
Spain, UK and Switzerland, from June 2021.The cut-off
date for this analysis was March 22, 2023. The number
of patients assigned to each dose cohort is depicted in
figure 1, and baseline characteristics are summarized in
table 1. Median age was 59.5 years and 27 (67.5%) patients
were men. Median number of prior lines of systemic
therapy was 3 (range: 1-8 lines). The study population
encompassed a diverse range of primary tumor types
(table 1). Although the study planned to include patients
with multiple myeloma, none were actually enrolled.

As of the cutoff date, 38 of 40 (95%) patients had
discontinued treatment; 2 (5.0%) were still undergoing
treatment in the study. The main reason for treatment
discontinuation was disease progression (33 of 40 (82.5%)
patients). Five (12.5%) patients withdrew consent.

Exposure

Median duration of ANV419 treatment was 8.8 weeks
(range: 1-44.3), and the median number of treatment
cycles was 4.9 (range 1-17). The exposure, on-study

Joerger M, et al. J Immunother Cancer 2023;11:¢007784. doi:10.1136/jitc-2023-007784

3

"1ybuAdos Ag paroarold
"UOIQBH,P [[eA Heusianiun [endsoH 1e +z0z ‘ST Arenuer uo /wod:wganly/:dny woly pepeojumod "€Z0Z J8QWBAON TZ U0 8/.00-€20Z-0U/9ETT 0T Se paysignd 1s1y 1isoue) Jsyjounww)


https://dx.doi.org/10.1136/jitc-2023-007784
https://dx.doi.org/10.1136/jitc-2023-007784
https://dx.doi.org/10.1136/jitc-2023-007784
http://jitc.bmj.com/

Open access

\4

3 pg/kg Q2W (n=1)

> 6 ug/kg Q2w (n=1)

A\ 4

/Patients (n=40)\ \

12 pg/kg Q2W (n=1)

> 18 years old

> 24 ug/kg Q2W (n=5)

Advanced solid

> 48 ng/kg Q2W (n=3)

72 ug/kg Q2W (n=3)

tumors with L
disease >
progression within (

last 3 months |

> 108 pg/kg Q2W (n=6)

162 pg/kg Q2W (n=3)

KECOG PS 0-1 / >

> 243 pg/kg Q2W (n=6)

\4

243 ug/kg Q3W (n=6)

\_

> 364 ug/kg Q2W (n=5)

Figure 1

duration and response to treatment for each individual
patient are depicted in online supplemental figure 1.

Dose-limiting toxicities

No DLIs were observed at doses up to and including
243ng/kg. Of the five patients treated at 364 pg/kg Q2W,
two experienced DLI5, and four required hospitalization
within the first treatment cycle. DLTs were Grade 3 CRS in
one patient and Grade 3 pemphigoid in another patient.
Both patients recovered after supportive treatment. Thus,
ANV419 at 243 pg/kg was considered the MTD.

Recommended phase 2 dose

Based on the overall DLT findings from the dose-
escalation portion of the study, as well as the safety, PK
and PD results (discussed below), the RP2D was deter-
mined to be 243 pg/kg.

Safety

All patients reported at least one treatment-emergent
adverse event (TEAE). Regardless of attribution to the
drug, 24 (60.0%) patients experienced Grade 3 events,
and 3 (7.5%) patients reported Grade 4 events. Thirty-
nine (97.5%) patients had TEAEs that were considered
related to the study drug. All drug-related events were
reversible and responded to standard supportive therapy.
There were no TEAESs that led to permanent discontinua-
tion of ANV419. TEAESs requiring dose interruption were
reported in 2 (5.0%) patients, and those requiring dose

Patient disposition. Q2W, once every 2 weeks; RP2D, recommended phase 2 dose.

reduction were reported in 6 (15.0%) patients from the
overall Safety Population. A summary of the safety find-
ings across each dose cohort is provided in table 2.

The most common drug related TEAEs were fever (31
(77.5%)), chills (23 (57.5%), vomiting (14 (35.0%)),
cytokine release syndrome (CRS) and nausea (12 (30.0%)
each). Transient and self-limiting lymphopenia with no
clinical sequelae was observed in all patients, and was
usually considered non-clinically significant by the inves-
tigator. Among the patients treated at the RP2D (243 pg/
kg Q2W), the most common drug-related TEAEs were
fever (7 (87.5%)), chills (5 (62.5%)), vomiting, nausea
and decreased appetite (3 (37.5%) each). Among the 14
(35.0%) patients who reported at least one drug related
TEAE of Grade>3 severity, the most common events were
alanine aminotransferase (ALT) increased and aspartate
aminotransferase (AST) increased (4 (10.0%) each).
Lymphopenia was reported in 7.5% of patients. In the
243 pg/kg (RP2D) cohort, Grade >3 thrombocytopenia
and fever were reported by one patient (12.5%) each.
Most TEAEs occurred in the first cycle. The only Grade
4 TEAE was lymphopenia. All events were self-limiting
or manageable with standard supportive care. Table 3
summarizes the most frequently reported drug-related
TEAFE:s for all dose cohorts.

Treatmentrelated SAEs were reported by 10 (25.0%)
of patients in the Safety Population. Six patients (15.0%)
reported CRS. Increased blood bilirubin and creatinine
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Table 1 Patient demographics and baseline characteristics
Overall
patients
(N=40)

Age, years

Mean (SD) 58.5 (11.75)
Median 59.5
Min, max 30, 79

Sex, n (%)

Male 27 (67.5)

Female 13 (32.5)
Childbearing potential

Yes 5(12.5%)

No 8 (20.0%)
Ethnicity, n (%)

Hispanic or Latino 0

Not Hispanic or Latino 39 (97.5)

Not reported 1(2.5)
Race, n (%)

American Indian or Alaska native 0

Asian 1(2.5)

Black or African American 0

Native Hawaiian or other Pacific Islander 0

White 39 (97.5)

Other 0

Not reported 0

Eastern Cooperative Oncology Group

performance status, n (%)

0 21 (52.5)
1 19 (47.5)

Primary cancer diagnosis, n (%)

Cancer of unknown primary 1(2.5)
Cervical cancer 1(2.5)
Colorectal cancer 7(17.5)
Head and neck cancer 4 (10.0)
Hepatocellular carcinoma 1(2.5)
Melanoma 13 (32.5)
Non-small cell lung cancer 3(7.5)
Esophagus carcinoma 2 (5.0)
Pancreatic carcinoma 3(7.5)
Renal cell carcinoma 5(12.5)

Number of prior systemic therapy regimens,

n (%)

1 7(17.5)

2 10 (25.0)

3 10 (25.0)

4 4 (10.0)

5) 1(2.5)
Continued

Table 1 Continued

Overall
patients
(N=40)
6 3(7.5)
7 3(7.5)
8 2 (5.0)
Number of prior systemic therapy regimens,
n (%)
n 40
Mean (SD) 3.3 (2.07)
Median 3.0
Min, max 1,8

levels, and fever were reported by two patients (5.0%)
each. There were no fatal TEAEs, and no TEAEs leading
to withdrawal from the study.

CRS was reported by 12 (30.0%) of the Safety Popula-
tion (including the 6 (15.0%) patients in whom CRS was
reported as an SAE). The onset of CRS mainly consisted of
Grade 1-3 fever and chills that occurred within 4-6 hours
after ANV419 dosing, with nausea or hypotension. There
was a trend towards increasing severity and frequency of
CRS with increasing doses of ANV419. CRS symptoms
resolved with anti-fever treatment, oxygen and/or steroid
treatment. One patient in the 364pg/kg cohort (above
the RP2D) received tocilizumab treatment. No patient at
ANV419 doses <243pg/kg (RP2D/MTD) required dose
reduction for CRS. Evaluation of serum cytokine concen-
trations (including tumor necrosis factor (TNF), IL-1p,
IL-6, IL-10, and interferon (IFN)-y) at various time points
indicated low levels of cytokine production at all doses
(results not shown).

Infusion-related reactions (IRRs), defined as any signs
or symptoms experienced by patients during the infusion
or any event occurring on the first day of drug adminis-
tration, were reported by 18 (45.0%) of the Safety Popu-
lation. The IRRs were distributed across various System
Organ Classes, with the most frequently reported patients
being chills (14 (35.0%)) and fever (11 (27.5%)) (online
supplemental table 1). There was no clear association
between IRRs and dose. No hypersensitivity reactions
were reported.

Transient and selflimiting lymphopenia (often
<0.1x10°/L) was consistently observed at all doses >6 pg/
kg, with a nadir occurring at Cycle 1 Day 2 (C1D2) and
resolution of lymphocyte count to baseline, or above,
between C1D4 and C1D8. No increase in infections
was observed. Lymphopenia was reported as a Grade
4 TEAE in 3 (7.5%) patients. Over multiple cycles, a
dose-dependent increase of lymphocyte expansion was
observed (results not shown). The transient lymphopenia
may be attributed to the redistribution and sequestration
of lymphocytes from peripheral blood and is an expected
pharmacodynamic effect of ANV419.
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Table 4 Summary of ANV419 pharmacokinetics

Auclast AUCoo ,obs max T1/2

Dose (h*pg/L) (h*ug/L) (wg/L) (h)
3pg/kg N 1 1 1 1

Geo mean 240.2 306.2 52.5 3.635

68% range ND ND ND ND
6ug/kg N 1 1 1 1

Geo mean 808.6 1,572 152 7.178

68% range ND ND ND ND
12 pg/kg N 1 1 1 1

Geo mean 2,993 3,134 250 5.456

68% range ND ND ND ND
24 pg/kg N 4 4 4 4

Geo mean 6,422 8,611 542.1 10.22

68% range (4,021-10,260) (4,851-15,290) (874.8-784.1) (6.015-17.38)
48pg/kg N 2 2 2 2

Geo mean 16,860 39,570 1,155 24.8

68% range (15,790-18,000) (20,240-77,380) (956.5-1,394) (13.71-44.86)
72 pg/kg N 3 3 3 3

Geo mean 29,420 36,130 1,626 11.64

68% range (17,560-49,300) (25,480-51,250) (1,410-1,875) (10.27-13.18)
108 pg/kg N 4 4 4 4

Geo mean 58,620 66,860 2,517 11.63

68% range (34,350-100,100) (48,960-91,290) (2,074-3,054) (9.761-13.85)
162 pg/kg N 3 3 3 3

Geo mean 86,180 110,500 3,651 15.71

68% range (48,870-152,000) (88,240-138,400) (3,360-3,967) (11.3-21.83)
243 ug/kg N 12 11 12 11

Geo mean 173,100 179,100 5,729 12.23

68% range (149,900-199,800) (153,700-208,700) (4,902-6,696) (8.399-17.82)
364 pg/kg N B 5 5 5

Geo mean
68% range

200,900
(151,100-267,200)

262,600
(194,300-355,000)

7,319
(6,208-8,629)

18.44
(10.42-32.62)

AUC, area under the concentration-time curve; Cmax, maximum observed serum concentration; Geo mean, geometric mean; ND, not

determined; T, ,, half-life.

/2

Pharmacokinetics

Maximal concentrations of ANV419 (C ) increased with
increasing doses, ranging from 52.5pg/L to a maximum
of 7319pg/L after dosing with 3 to 364pg/kg, respec-
tively. Likewise, mean exposure (AUC_ | ) also increased
with increasing doses with values from 306 2 h¥*pg/L to
262,600 h*pg/L (for the 364png/kg dose). At low doses,
ANV419 PK was affected by target-dependent disposition,
which was overcome with higher doses. The geometric
mean half-life (T, ,) varied from 3.6 hours (for the 3pg/
kg dose) to approximately 12-24hours for higher doses.
Due to the apparent non-linear elimination of ANV419,
this parameter is strongly dependent on the sampling

scheme used and does not reflect a terminal T, ,. The PK
characteristics of ANV419 are summarized in table 4.
Atdoses of 243 pg/kg (RP2D/MTD), the estimated T,
was approximately 12 hours. The geometric mean volume
of distribution at steady state (V_ , ) ranged from 1.1 L to

4.2 L across the investigated doses.

Pharmacodynamics

Proliferation of target cells was investigated at each tested

dose of ANV419 (up to 364pg/kg), via assessment of

Ki67-positivity in CD8" T cells, NK cells, and T . In blood.
Three days after dosing (with >108pg/ kg QQW) the

majority of CD8" T cells (up to 92.1%) and NK cells
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Figure 2 Cell proliferation over time following ANV419 dosing (Safety Population). The figure depicts mean (+SE), as well as
individual results for the proliferation of CD8* T cells, NK cells and Treg cells on Cycle 1 Day 4. Q3W, once every 3 weeks. *Q3W
dosing. CD, cluster of differentiation; NK, natural killer; T-reg, regulatory T cells.

(up to 99.2%) were observed to be Ki67". At the RP2D
of 243 pg/kg Q2W, the mean proliferation rate at C1D4
was 75.4% in CD8" T cells, 89.2% in NK cells and 48.6%
in T‘_Cgs. The cell proliferation in blood reached a plateau
starting from doses of 48pg/kg for CD8" T cells and
24pg/kg for NK cells. At the same time, a lower and dose-
dependent proliferation of ngs was observed. The data
show an increase of %Ki67" T, .. above baseline with a
plateau at approximately 40% on treatment with ANV419,
with a corresponding approximately twofold to fourfold
increase in absolute ng counts in the blood. This is much
lower than what is observed for treatment with high-dose
aldesleukin where the rate of Ki67* TngS reaches 80-100%
with a corresponding increase of greater than 30-fold in
the absolute ng counts.'®

A similar proliferation rate for CDS8" T cells and NK
cells were observed at Cycle 2 with doses >108pg/kg
(figure 2). In general, the cell proliferation levels at C2D4
were comparable to those from C1D4 at doses >108pg/
kg. Taken together, these findings indicate that dosing
with ANV419 results in a selective and dose-dependent
proliferation of CDS8" T cells and NK cells, accompanied
by a lower increase in proliferating ngs.

Neither an obvious association between the percentage
of Ki67" NK with tumor shrinkage nor between the
percentage of Ki67" CD8 T cells with efficacy was observed
(data not shown).

Antitumor activity
Among the 40 patients enrolled, 39 were evaluable for
tumor response using RECIST V.1.1 criteria. All patients

had received between 1 and 8 prior lines of systemic
therapy including immunotherapy (75%), targeted
therapy (57.5%), and chemotherapy (65%) and the
primary tumor type was heterogeneous across the popula-
tion. Best response was SD in 20 patients and a confirmed
PR in 1 patient (figure 3). At ANV419 doses 2108 pg/kg,
15 patients had SD and 1 patient a confirmed PR. One
patient with metastatic non-small cell lung cancer, post-
chemoimmunotherapy, experienced a durable partial
response of almost 7 months.

A total of 5 patients with RCC (2 patients with clear cell
RCC, 2 patients with non-clear cell RCC; 1 patient was
unclassified) and 13 patients with advanced melanoma (6
patients with cutaneous, 5 with uveal and 2 with mucosal
melanoma) were enrolled in the study. Patients received
doses ranging from 3 to 364 pg/kg. One-third (33%) of
the RCC and melanoma patients were exposed at the
RP2D dose of 243 png/kg.

Overall, 2/18 patients with RCC or melanoma had
SD lasting =24 weeks as best response: 1 patient with
cutaneous melanoma treated with increasing doses of
ANV419 (6pg/kg, escalated to 12 and 24 pg/kg) had SD
for 24 weeks, and 1 RCC patient treated with ANV419 at
162pg/kg had SD for 28.6 weeks.

DISCUSSION

The use of high-dose IL-2 as cancer immunotherapy was
first established in the treatment of metastatic melanoma
and renal carcinoma, but is currently expanding to the
treatment of other malignancies.'’ Despite long-standing

Joerger M, et al. J Immunother Cancer 2023;11:¢007784. doi:10.1136/jitc-2023-007784
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Figure 3 Waterfall plot depicting the best tumor change from baseline (Response Evaluable population). Q2W, once every
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dose of ANV419 is considered NE (due to the minimum criteria for SD not being met). Two response evaluable patients who
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response; RCC, renal cell carcinoma; SD, stable disease.

clinical experience with IL-2 in this context, several key
hurdles remain to be overcome, namely, the ability of IL-2
to activate immunosuppressive T, = and its suboptimal
PK characteristics.'® Together with the need for optimal
patient selection, these lower treatment efficacy and
potentiate toxicity. Currently, different approaches that
leverage the potential of high-dose IL-2 immunotherapy
for the treatment of metastatic cancer are in develop-
ment.” Despite the numerous candidates undergoing
clinical testing, none have yet demonstrated efficacy in
Phase 3 trials.” ANV419, a selective and potent stable
antibody-cytokine fusion protein, has been designed to
overcome the limitations of recombinant IL-2. This first-
in-human, phase 1 study demonstrated that ANV419,
was well-tolerated and showed encouraging signals of
clinical activity. In ANV419, the IL-2 component is fused
to an anti-IL-2 monoclonal antibody resulting in steric
hindrance of IL-2 binding to the o subunit of its receptor.
Due to its high selectivity for IL-2RBy, ANV419 preferen-
tially stimulates CD8" T cells (T,) and NK cells over ngs.
This was reflected in the high level of proliferation (Ki67
index) seen in CD8" T cells and NK cells, compared with

Based on the overall safety and tolerability findings
from the dose-escalation portion of the study, as well as
PK and PD results and encouraging signals of efficacy, the
RP2D for ANV419 administered Q2W was determined to
be 243pg/kg. Among the patients treated at the RP2D

(243 pg/kg Q2W), the most common related TEAEs were
fever (7 (87.5%)), chills (5 (62.5%)), vomiting, nausea
and decreased appetite (3 (37.5%) each). In the 243 pg/
kg (RP2D) cohort, Grade 23 thrombocytopenia and fever
were reported by one patient (12.5%) each. Two patients
treated with ANV419 doses <243pg/kg (RP2D/MTD)
required dose reduction for drug-related TEAEs.

In this study, ANV419 exhibited favorable PK proper-
ties, including a long half-life (approximately 12 hours at
the RP2D), good tissue distribution (V__  at steady-state
ranging from 1.1 L.to 4.2 L), and sustained plasma concen-
trations as reflected in the serum concentration-time
profiles. Based on the DLT findings in the dose escala-
tion portion of the study, 243 pg/kg was the MTD. Histor-
ical data using IL-2 in cancer immunotherapy highlights
the importance of maximizing dose intensity to obtain
the desired outcome (tumor cell destruction by T and
NK cells). In patients with cancer, previous attempts at
lowering the dose of IL-2 in the hopes of ameliorating its
side effects resulted in lowered efficacy.” High-dose alde-
sleukin shows a rapid distribution and tissue penetration,
but its fast clearance and short half-life (85 mins) entail
frequent dosing.”” *' The high doses needed in order
to achieve clinical efficacy are accompanied by broad
organ toxicity, which appear to be exposure-related.”
The molar equivalents of IL-2 delivered by ANV419 are
similar to those delivered at the recommended dose and
administration schedule of aldesleukin, but exposure is
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significantly higher for ANV419 due to its comparatively
longer halfife (online supplemental table 2). Further-
more, the PK properties of ANV419 enable the use of a
Q2W dosing regimen.

Conventional IL-2-based therapies are associated with
capillary leak syndrome and CNS toxicities.” These side
effects were not among the TEAEs related to ANV419.
The most common TEAEs related to ANV419 were fever
(77.5%), chills (57.5%), and vomiting (35.0%). Among
the related TEAEs of Grade >3 severity, the most common
events were increases in ALT and AST. All events were
self-limiting and manageable with standard supportive
care. Lymphopenia was observed in patients treated with
ANV419. Lymphocyte counts reached a nadir between 2
and 4days after the first dose of ANV419, and gradually
increased by Day 8. Lymphopenia is well-established as
a side effect of IL-2 treatment.** * This is assumed to be
secondary to IL-2 induced sequestration and redistribu-
tion of lymphocytes from peripheral blood,* ** and is an
expected pharmacodynamic effect of ANV419. Impor-
tantly, all the cases of lymphopenia that occurred in this
study were transient and self-limiting, with no clinical
sequelae such as increased infections or sepsis. CRS is
an acute systemic inflammatory response, characterized
by high fever and a variety of other symptoms associ-
ated with multiple organ dysfunction (ie, nausea, head-
ache, dyspnea, tachycardia, hypotension, and myalgia/
arthralgia).”® The advent of IL-2-based cancer immuno-
therapy predated our understanding of CRS as the clinical
entity recognized today.**” The etiology of CRS is bound
to the increased levels of serum cytokines, including IL-6,
IFN-y and TNF-0, that arise as a consequence of therapy
with immunostimulatory agents including I1-2.** There
are no standard diagnostic criteria for IL-2-induced CRS.
Low-grade CRS is managed by supportive care, whereas
moderate-to-severe CRS is treated with the IL-6R-blocking
antibody tocilizumab with or without immunosuppres-
sion with corticosteroids.”® Low levels of cytokine produc-
tion were observed in patients and all of the cases of CRS
reported in this study resolved with standard supportive
therapy. None of the patients who received ANV419 at
or below the RP2D required treatment with tocilizumab.
Additional characterization of CRS reported with ANV419
is ongoing, to help differentiate between an uncontrolled
cytokine cascade and cytokine infusion syndrome.

ANV419 showed preliminary signals of clinical efficacy.
At ANV419 doses 2108 pg/kg, 64% of patients achieved
at least SD (15 SD and 1 PR). Due to its suboptimal PK
characteristics (necessitating frequent dosing) and signif-
icant adverse effects, aldesleukin treatment is limited to
patients with good performance status and organ func-
tion.* * The protocol of the present study has been
amended to explore dose intensification of ANV419 and
the combination with ipilimumab. Studies are ongoing to
evaluate ANV419 as single agent Q2W and as combination
therapy with standard of care in melanoma (OMNIA-I;
NCT05578872) and multiple myeloma (OMNIA-2,
NCT05641324).

CONCLUSIONS

This firstin-human, phase 1 study demonstrated that
ANV419, a selective and potent antibody—cytokine fusion
protein, was well-tolerated and showed evidence of clin-
ical activity at the RP2D of 243 pg/kg administered Q2W.
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SUPPLEMENTAL MATERIAL: BIOMARKERS

Evaluation of blood biomarkers

Peripheral blood was collected in sodium heparin tubes and flow cytometric analysis was
performed within 48 hours from specimen collection. Antibodies for surface staining were
mixed in Brilliant Stain Buffer (BD Biosciences) and directly added to 100uL. whole blood.
The following antibodies were used: CD45 PerCP-CyS5.5 (clone 2D1, Abcam), CD19 PE-Cy7
(clone HIB19, BioLegend), CD3 BV510 (clone SK7, BioLegend), CD8 FITC (clone SK1,
BD Biosciences), CD4 BUV395 (clone SK3, BD Biosciences), CD25 BV711 (clone M-
A251, BioLegend) CD127 BV605 (clone A019DS5, BioLegend), CD279 (PD-1) BV785
(clone EH12.2H7, BioLegend), CD366 (TIM-3) PE (clone F38-2E2, BiolLegend), CD56
APC-Fire750 (clone 5.1H11, BioLegend). After 20 minutes’ incubation at room temperature,
4 mL of ammonium chloride lysing solution were added to each tube and red blood cells
were lysed for 10 minutes at room temperature. After two washes with BD Stain Buffer (BD
Biosciences), samples were fixed and permeabilized using the True-Nuclear Transcription
Buffer Set (BioLegend), according to the manufacturer’s instructions. Intracellular staining
was performed in 100 uL True-Nuclear 1x Perm Buffer for 30 minutes at room temperature.
The following antibodies were used: FoxP3 BV421 (clone 206D, BioLegend) and Ki-67
AlexaFluor647 (clone B56, BD Biosciences). Subsequently, samples were washed twice and
acquired, using a LSR Fortessa X-20 (BD Biosciences) flow cytometer. CD8 T cells, NK
cells, and T were defined as: CD3'CD8", CD3CDI19CD56%, and
CD4"CD25'FoxP3"CD127.

Serum cytokines were measured pre-dose, C1D1 at 2h and 4h and C1D4. For this, blood was
collected in a 3.5 mL SST tube and inverted 5-10 times. The blood was allowed to clot in a
vertical position at room temperature (18-25°C) for 30-60 minutes and centrifuged at 4°C at
1500 g for 10 min. The serum above the polymer barrier was aliquoted into 2.0 mL cryovials
and stored at -80°C. GM-CSF, IFN-y, IL-1b, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p40 and
TNF-o levels were measured using the Luminex Performance High Sensitivity Cytokine
Magnetic Panel A kit according to the manufacturer’s instructions.
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SUPPLEMENTAL MATERIAL: FIGURES AND TABLES

Supplemental Figure 1. Time on study and best overall response (Response Evaluable

Population)
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CR, complete response; CRC, colorectal cancer; CRVA, cervical cancer; CUP, cancer of unknown primary; Cut
Mel, cutaneous melanoma; HCC, hepatocellular carcinoma; HNC, head and neck cancer; NE, not evaluable;
Non Cut Mel, non-cutaneous melanoma; NSCLC, non-small cell lung cancer; OesCA, esophagus carcinoma;
PanCA, pancreatic carcinoma; PD, progressive disease; PR, partial response; RCC, renal cell carcinoma; SD,
stable disease

Best overall response (including duration of response or stable disease in weeks where applicable) is displayed
at the end of the bars.

If the end-of-study visit was not conducted, time on study was calculated as the time until the last dose of
ANV419 + 30 days.

A single overall response of SD which was done <2 weeks after the first dose is considered as NE (due to the
minimum criteria for SD not being met).
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Supplemental Table 1. Infusion-related reactions by System Organ Class and Preferred Term

Part B (N=37)
Part A 24 pg/kg 48 ug/kg | 72 ng/kg | 108 pug/kg | 162 ng/kg | 243 pg/kg | 364 ug/kg | 162 pg/kg| 243 ng/kg
System organ class Overall total Q2w Q2w Q2w Q2w Q2w Q2w Q2w Q3w Q3w
Preferred term N=40 N=3 N=5 N=3 N=5 N=7 N=6 N=8 N=5 N=1 N=6
n (%)
Patients reporting at least one IRR 18 (45.0) 3 (100.0) 3 (60.0) 3 (100.0) 0 3(42.9) 2 (33.3) 2 (25.0) 1 (20.0) 0 1(16.7)
General disorders and administration site
conditions 15 (37.5) 3 (100.0) 3 (60.0) 3 (100.0) 0 1(14.3) 1(16.7) 2 (25.0) 1(20.0) 0 1(16.7)
Chills 14 (35.0) 3 (100.0) 3 (60.0) 2 (66.7) 0 1(14.3) 1(16.7) 2 (25.0) 1(20.0) 0 1(16.7)
Pyrexia 11 (27.5) 2 (66.7) 3 (60.0) 1(33.3) 0 0 1(16.7) 2 (25.0) 1(20.0) 0 1(16.7)
Temperature regulation disorder 1(2.5) 0 0 1(33.3) 0 0 0 0 0 0 0
Gastrointestinal disorders 4(10.0) 0 0 1(33.3) 0 1(14.3) 1(16.7) 1(12.5) 0 0 0
Nausea 3(7.5) 0 0 1(33.3) 0 0 1(16.7) 1(12.5) 0 0 0
Vomiting 3(7.5) 0 0 1(33.3) 0 0 1(16.7) 1(12.5) 0 0 0
Dysphagia 1(2.5) 0 0 0 0 1(14.3) 0 0 0 0 0
Immune system disorders 3(7.5) 0 0 0 0 2 (28.6) 1(16.7) 0 0 0 0
Cytokine release syndrome 3(7.5) 0 0 0 0 2 (28.6) 1(16.7) 0 0 0 0
Musculoskeletal and connective tissue
disorders 2 (5.0) 0 0 0 0 1(14.3) 1(16.7) 0 0 0 0
Back pain 1(2.5) 0 1(14.3) 0 0 0 0
Myalgia 1(2.5) 0 0 0 0 0 1(16.7) 0 0 0 0
Skin and subcutaneous tissue disorders 2 (5.0) 0 0 0 0 0 1(16.7) 0 1(20.0) 0 0
Rash 1(2.5) 0 0 0 0 0 0 0 1(20.0) 0 0
Rash maculo-papular 1(2.5) 0 0 0 0 0 1(16.7) 0 0 0 0

IRR; infusion-related reaction. Patients reporting more than one IRR are counted only once (at the level of event, System Organ Class and Preferred Term).
Patients in Part B who received more than one dose level are summarized under the last dose received prior to the onset of the event.
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Supplemental Table 2. Comparison of molar IL-2 equivalents per cycle delivered by
ANV419 vs Proleukin at the recommended doses

Proleukin recommended dose of 600,000 IU/kg corresponds to 2.5 nM IL-2 per kg per

injection.
ANV419 recommended Phase 2 dose of 0.243 mg/kg corresponds to 2.75 nM IL-2 per kg per
injection.
rhIL-2 (Proleukin) ANV419

Dose | 14 x 600°000 IU/kg, 15 min

infusion 108 ng/kg 243 ng/kg

Dosing interval: 8 h, 70 kg (iv, single dose) (iv, single dose)

subject
Conax 28.1 x 10° nmol/mL? 14.2 x 10° nmol/mL" 32.3 x 10° nmol/mL"
AUC 294 x 10° nmol*h/mL* 377 x 10° nmol*h/mL* | 1010 x 10° nmol*h/mL*
Cavge 2.6 nmol/mL 5.2 nmol/mL 14.0 nmol/mL
Tt 1.95 h® 11.63 h 1223 h

* MW (Proleukin): 15.3*10° g/mol (15.3 kDa)

® MW (ANV419): 177.2*%10° g/mol (177.2 kDa)

¢ Cumulative AUCy.1, from simulation based on PK parameters (from Konrad et al., 1990)
for a 70 kg subject

4 AUCjnsfrom NCA

¢ Cavg (average concentration) calculated by AUC,/t with t = last time point of AUC
calculation (t = 112 for aldesleukin, t = 72 for ANV419)

! Elimination half-life

£ From Konrad MW, Hemstreet G, Hersh EM, et al. Pharmacokinetics of recombinant
interleukin 2 in humans. Cancer Res 1990;50(7):2009-17

Published population PK model parameters (from Konrad et al., 1990) were reparametrized
into CL, Q, Vc and Vp. Based on these parameters, a 2-cmp iv model was coded in
NONMEM, which was used to simulate the clinical dosing regimen (600’000 IU/kg, every
8 h, 15 min infusion, 14 doses) for a 70 kg subject. The resulting time-concentration profile
was used to calculate the cumulative AUC over all 14 doses (from time 0-112 h) and to
extract the Cpax. These exposure parameters were compared with the results from the NCA
analysis for ANV419 at 108 pg/kg and 243 pg/kg.

Joerger M, et al. J Immunother Cancer 2023; 11:e007784. doi: 10.1136/jitc-2023-007784



	Phase 1 first-­in-­human dose-­escalation study of ANV419 in patients with relapsed/refractory advanced solid tumors
	Abstract
	Introduction﻿﻿
	Methods
	Study design and objectives
	Study population
	Study treatment
	Study assessments and endpoints
	Statistical analysis

	Results
	Study population
	Exposure
	Dose-limiting toxicities
	R﻿ecommended phase 2 dose﻿
	Safety
	Pharmacokinetics
	Pharmacodynamics
	Antitumor activity

	Discussion
	Conclusions
	References


