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ABSTRACT

Objective To evaluate the safety, tolerability,
pharmacokinetics (PK) and preliminary antitumour activity
of AMG 404, a fully human IgG1 monoclonal antibody
targeting programmed cell death-1, in patients with
advanced solid tumours.

Design First-in-human phase | study comprising

eight dose expansion cohorts, including cohorts with
microsatellite instability-high (MSI-H) tumours and non-
small cell lung cancer with high programmed death-ligand
1 expression (NSCLC/PDL1-H, tumour proportion score
>50%).

Setting Conducted across 28 global sites.

Participants This study enrolled adult patients with
histologically or cytologically confirmed metastatic or
locally advanced solid tumours not amenable to curative
treatment with surgery or radiation. The inclusion criteria
included a life expectancy of >3 months, >1 measurable or
evaluable lesion per modified Response Evaluation Criteria
in Solid Tumours (RECIST) V.1.1, an Eastern Cooperative
Oncology Group performance status of <2 and adequate
haematological, renal and hepatic function. Patients with
prior treatment with checkpoint inhibitors, primary brain
tumour or untreated or symptomatic brain metastases and
leptomeningeal disease and history of other malignancy
within the past 2 years were excluded.

Interventions The planned doses were 240 mg, 480 mg
and 1050 mg of AMG 404 administered every 4 weeks
(Q4w).

Primary and secondary outcome measures Primary
endpoints were dose-limiting toxicities (DLTs), treatment-
emergent adverse events, treatment-related adverse
events, changes in vital signs and clinical laboratory tests.
Secondary endpoints included PK parameters, incidence
of antidrug (AMG 404) antibodies and antitumour activity
assessed per modified RECIST V.1.1 (objective response,
duration of response, progression-free survival (PFS),
disease control and duration of stable disease).

Results A total of 171 patients were enrolled; 168

were treated. Median (range) follow-up was 36.3 weeks

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used a first-in-human dose-selection
strategy using existing clinical experience of other
programmed cell death-1 inhibitors to rapidly eval-
uate AMG 404 with a minimal study design of only
three dose-escalation cohorts.

= The trial prospectively enrolled patients, including
those with prespecified histology and/or biomark-
ers (eg, dMMR/MSI-H tumours) that are particular-
ly important to consider with immune checkpoint
inhibitors.

= This study had a relatively large enrolment for
a phase | trial; however, individual cohorts were
small to moderate in size, which may limit data
interpretation.

= This single-arm, open-label study was not powered
to compare tumour types.

= Fresh and archival biopsies were accepted, so bio-
marker profiles from some biopsies were not time-
matched to the start of the trial.

(1.6—137.1). No DLTs were observed. Grade 3 and serious
treatment-related adverse events occurred in 16 (9.5%)
and 12 (7.1%) patients, respectively. The 480 mg Q4W
dose was selected as the recommended phase Il dose.
AMG 404 serum exposure increased approximately dose
proportionally. The objective response rate (80% CI) was
19.6% (15.7-24.1) for the overall population and 36.6%
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(26.4-47.8) and 30.8% (14.2-52.3) for cohorts with MSI-H

tumours (n=41) and NSCLC/PDL1-H (n=13), respectively.
The overall disease control rate (80% Cl) was 54.8%
(49.5-59.9). The median (80% CI) PFS was 3.7 (3.5-4.5)
months for the overall population and 14.8 (9.0-not
estimable) and 4.4 (2.2-9.7) months for cohorts with
MSI-H tumours and NSCLC/PDL1-H, respectively.
Conclusions AMG 404 monotherapy was tolerable at
the tested doses, with encouraging antitumour activity
observed across tumour types.
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Trial registration number NCT03853109.

BACKGROUND
The programmed cell death-1 (PD-1) receptorligand
interaction is a major pathway used by tumours
to suppress immune control." PD-1 and cytotoxic
T-lymphocyte-associated protein-4 (CTLA-4) are co-inhib-
itory receptors expressed on T cells to negatively regulate
antigen receptor signalling on engagement of its ligands
(programmed death-ligand 1 (PD-L1) or 2)."7* Overex-
pression of PD-L1 by cancer cells and PD-1 and CTLA-4
by T cells can be seen in the tumour microenvironment
(TME).® ® Tumour cells (TCs) exploit these immune
checkpoint molecules to induce tumour tolerance and
T-cell exhaustion.” Immune checkpoint inhibitors (ICIs)
can therefore restore effector T-cell function leading to
antitumour activity.®

ICIs such as anti-PD-1 agents (eg, nivolumab, pembroli-
zumab, cemiplimab, sintilimab, toripalimab and tisleli-
zumab), anti-PD-L1 agents (eg, atezolizumab, avelumab
and durvalumab) and CTLA-4 inhibitors (eg, ipilimumab
and tremelimumab) have demonstrated clinical efficacy
in several advanced cancers.” 2 Furthermore, the efficacy
of PD-1 blockade was demonstrated in cancers with DNA
mismatch repair-deficient (dMMR) and microsatellite
instability-high (MSI-H) status, a distinct subset with vari-
able outcomes on standard therapies.'”'” Despite these
promising outcomes, low and variable response rates
with ICIs remain a clinical challenge, with 20%-40% of
patients overall deriving clinical benefit.'®

AMG 404 is a human IgG1 monoclonal antibody (mAb)
with high affinity, potency and binding ability for PD-1,
inhibiting receptor-ligand interaction. The fragment crys-
tallisable (Fc) region was modified to eliminate undesired
interactions with Fcy receptors and complement. In cell-
based assays, AMG 404 did not show residual antibody-
dependent cellular cytotoxicity.17

We sought to design a study that would rapidly evaluate
the clinical dosing for AMG 404 by leveraging clinical
results for other anti-PD-1 mAbs at their approved doses
from the literature and preclinical AMG 404 data to guide
first-in-human (FIH) dose selection. This phase I trial
(NCT03853109) evaluated the safety, pharmacokinetics
(PK) and antitumour activity of AMG 404 in patients with
advanced solid tumours. Herein, we report the primary
analysis of the study.

METHODS

Design and setting

This was an FIH, open-label, nonrandomised, multicentre,
dose exploration and expansion, phase I study of AMG
404 in patients with advanced solid tumours conducted
across 28 global sites (online supplemental figure 1 and
online supplemental table 1). The study comprised nine
dose exploration and expansion cohorts. As per the study
protocol, Cohort 5, which included recommended phase

II dose (RP2D) expansion in China/Taiwan/Hong Kong,
was excluded from this analysis. The remaining cohorts
were renumbered for clarity herein (online supplemental
figure 1); Cohorts 5-8 detailed in the manuscript refer to
Cohorts 6-9 in the protocol and ClinicalTrials.gov (online
supplemental table 2). Further details are provided in the
protocol (online only) and online supplemental file 1.

The study was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice guidelines.
Institutional review boards or independent ethics commit-
tees at each participating site approved the protocol and
its amendments (online supplemental table 1).

Patients

All enrolled patients provided written informed consent.
This study enrolled patients (aged >18 years) with histo-
logically or cytologically confirmed metastatic or locally
advanced solid tumours not amenable to curative treat-
ment with surgery or radiation. The inclusion criteria
were as follows: a life expectancy of >3 months in the
opinion of the investigator; >1 measurable or evaluable
lesion per modified Response Evaluation Criteria in Solid
Tumours (RECIST) V.1.1,'" which had not undergone
biopsy within 3 months of the screening scan; an Eastern
Cooperative Oncology Group performance status of <2;
adequate haematological, renal and hepatic function; a
negative pregnancy test for females of childbearing poten-
tial. Additional cohort-specific inclusion criteria included
having one of the tumour types as specified in the study
schema (Cohort 6), having MSI-H or dMMR tumours
(Cohort 7) and having PD-L1-positive non-small cell lung
cancer (NSCLC) (tumour proportion score (TPS) >50%)
without EGFR or ALK or ROSI genomic tumour aberra-
tions and without receipt of prior systemic treatment for
advanced disease (prior neoadjuvant, adjuvant or concur-
rent chemoradiation was permitted; Cohort 8). The
specific tumour types in Cohort 6 included melanoma;
small cell lung cancer; NSCLC; head and neck squamous
cell carcinoma; urothelial, gastric or gastro-oesophageal
junction adenocarcinoma; oesophageal, cervical or
hepatocellular carcinoma; Merkel cell carcinoma; squa-
mous cell carcinoma of the skin; renal cell carcinoma;
sarcoma; thymic carcinoma; nasopharyngeal carcinoma;
mesothelioma.

Key exclusion criteria included prior treatment with
ICIs; having a primary brain tumour or untreated or symp-
tomatic brain metastases and leptomeningeal disease;
history of other malignancy within the past 2 years, with
prespecified exceptions; history of solid organ transplan-
tation; major surgery within 28 days of study day 1; anti-
tumour therapy within 21 days before study day 1. Full
details on eligibility criteria are provided in the supple-
ment (online supplemental methods and study oversight,
section on “Patients”).

Treatment and dosage
AMG 404 was administered via intravenous infusion
every 4 weeks (Q4W). The following doses were planned:
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Cohort 1, 240 mg; Cohort 2, 480 mg; Cohort 3, expan-
sion at 480 mg; Cohort 4, exploratory dose of 1050 mg;
Cohort 5, expansion at the RP2D; Cohorts 6-8, expan-
sion at RP2D in patients with prespecified histology and/
or biomarkers as described above (online supplemental
figure 1).

Treatment was continued until disease progression
(PD), treatment intolerance, consent withdrawal or up to
2 years. In the final protocol, and prior to the sponsor’s
decision to close the trial early, patients with a complete
response (CR), partial response (PR), stable disease or
continued clinical benefit at 2 years of treatment had the
option to continue treatment for up to 4 years. Treatment
could be temporarily withheld or discontinued as neces-
sary, but a partial dose reduction was not permitted.

FIH dose selection

Starting dose and predicted efficacious dose were deter-
mined based on exposures predicted to provide similar
PD-1 inhibition pharmacological activity to other anti-
PD-1 mAbs at their approved doses that are efficacious
and generally well tolerated in patients. AMG 404 effica-
cious exposure targets were predicted using exposures of
pembrolizumab and nivolumab at their approved doses
and adjusting for potency using in vitro PD-1/PD-L1
blockade activity of these mAbs. An AMG 404 dose of 480
mg Q4W was predicted to achieve the efficacious expo-
sure targets using human PK predictions based on allo-
metric scaling of AMG 404 PK in cynomolgus monkeys.
The prediction was supported by the evaluation of in vitro
pharmacological activities of AMG 404 and nivolumab,
which is approved for dosing at 480 mg Q4W. A starting
dose of 240 mg Q4W was selected using the efficacious
dose estimate of 480 mg Q4W and addition of a twofold
safety factor given the lack of correlation between nonclin-
ical findings and clinical toxicity with PD-1 inhibitors.

Dose-limiting toxicity evaluation and dose escalation

The dose-limiting toxicity (DLT) evaluation period was
the first 28 days of AMG 404 treatment. Dose escalation
decisions were guided primarily by observed safety and
tolerability of AMG 404. Dose level decisions followed the
modified toxicity probability interval (TPI) model with a
target TPI of 0.20-0.33, with TPI >0.33 defined as exces-
sive toxicity."

Endpoints

Primary endpoints were the patient incidence of DLITs,
treatment-emergent adverse events (AEs), treatment-
related adverse events (TRAESs), changes in vital signs and
clinical laboratory tests. Secondary endpoints included
PK parameters of AMG 404 including, but not limited to,
maximum observed serum concentration (C ), time to
achieve me (me), area under the serum concentration-
time curve; patient incidence of antidrug (AMG 404)
antibodies (ADAs); objective response (assessed every 8
weeks); duration of response (DOR); progression-free
survival (PFS); disease control rate; duration of stable

disease measured by CT/MRI and assessed per modified
RECIST V.1.1.

Exploratory endpoints included the assessment of
PD-LL1, MSI status, tumour mutational burden (TMB)
and gene expression signatures of tumour inflammation
score (TIS) and interferon gamma score (IFNY) score.

Assessments
Safety assessments included patient incidence of AEs
using the Common Terminology Criteria for Adverse
Events V.5.0.

For PK assessments, blood samples were collected
before the first dose and at multiple time points there-
after across the first two dosing intervals. PK parame-
ters were estimated using noncompartmental methods.
Serum AMG 404 concentrations were measured using
a validated electrochemiluminescence (ECL) immuno-
assay (lower limit of quantification, 10 ng/mL).

For ADA assessments, blood samples were collected
before the first dose and at multiple time points there-
after, at the end of the study and at safety follow-up. A
validated ECL bridging immunoassay was used to detect
and quantify the serum levels of ADAs.

Best overall responses (BORs) were assessed using
modified RECIST V.1.1 and did not require confirma-
tion of PD; confirmation of CR and PR was required. The
study used a modification to RECIST V.1.1 criteria which
allowed up to five target lesions per organ and 10 total to
increase lesion sampling and reduce assessment error.'®

For biomarker assessments, PD-L1 TC expression was
determined using the Ventana SP263 immunohistochem-
istry assay. Both TIS and IFNYy signatures were generated
using whole transcriptome sequencing through the
Tempus next-generation sequencing (NGS) platform.
MSI status was determined via central polymerase chain
reaction (Promega) or NGS (Tempus xT panel) testing.
The TMB score was also determined via NGS (Tempus xT
panel) testing.

Statistical analysis

This study had a planned enrolment of up to 275 evalu-
able patients, ranging from approximately 2—40 patients
in each cohort, to provide a prespecified probability of
observing 21 DLT (if the true DLT rate is 20%-33%)
or 21 AE with 5%-10% incidence rate, depending
on the cohort. All endpoints, unless noted otherwise,
were assessed using the safety analysis set, defined as all
enrolled patients who received =1 dose of AMG 404.

Descriptive statistics were provided for demographics,
safety, PK parameters and biomarkers by dose and time,
as appropriate.

Data summaries and efficacy and safety analyses were
planned separately for prespecified cohorts versus other
cohorts, with futility analysis planned for predetermined
cohorts. The Clopper-Pearson Cls for proportions were
estimated. For time-to-event endpoints, Kaplan-Meier
estimates of the median and percentiles were assessed,
with Cls calculated using the Brookmeyer and Crowley
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Table 1 Baseline demographics and characteristics

AMG 404 240 mg AMG 404 480 mg AMG 404 1050 mg All dose cohorts
(n=3) (n=144) (n=21) (n=168)

Sex

Male 2 (66.7) 77 (53.5) 10 (47.6) 89 (53.0)
Ethnicity

Hispanic/Latino 2 (66.7) 9 (6.3) 14.8) 12 (7.1)

Not Hispanic/Latino 1(33.3) 130 (90.3) 19 (90.5) 150 (89.3)

Unknown 0 5 (3.5) 1(4.8) 6 (3.6)
Race

Asian 0 36 (25.0) 4 (19.0) 40 (23.8)

Black or African American 1(33.3) 5(3.5) 1(4.8) 7(4.2)

Multiple* 0 1(4.8) 1(0.6)

White 2 (66.7) 96 (66.7) 14 (66.7) 112 (66.7)

Other 7 (4.9 1(4.8) 8 (4.8)
Age, median (range), years 65 (47-66) 62 (26-84) 59 (38-79) 62 (26-84)
Age group

18-65 years 2 (66.7) 90 (62.5) 15 (71.4) 107 (63.7)

>66 years 1(33.3) 54 (37.5) 6 (28.6) 61 (36.3)
Primary tumour type

Gastrointestinal 1(33.3) 52 (36.1) 6 (28.6) 59 (85.1)

Thoracic and head and neck 0 35 (24.3) 2 (9.5) 37 (22.0)

Gynaecological 1(33.3) 20 (13.9) 4 (19.0) 25 (14.9)

Sarcoma 0 23 (16.0) 0 23 (13.7)

Other 1(33.3) 8 (5.6) 9 (42.9) 18 (10.7)

Renal 0 6 (4.2) 0 6 (3.6)
ECOG performance status

0 0 (0.0) 43 (29.9) 4 (19.0) 47 (28.0)

1 3(100.0) 98 (68.1) 17 (81.0) 118 (70.2)

2 0 3(2.1) 0 3(1.8)
Prior anticancer therapy 3 (100.0) 121 (84.0) 18 (85.7) 142 (84.5)
Lines of prior anticancer therapy

1 1(33.3) 48 (33.3) 4 (19.0) 53 (31.5)

2 0 30 (20.8) 4 (19.0) 34 (20.2)

3 0 20 (13.9) 5(23.8) 25 (14.9)

>3 2 (66.7) 23 (16.0) 5(23.8) 30 (17.9)
Number of lines of prior anticancer 4 (1-7) 2 (1-7) 3 (1-5) 2 (1-7)
therapy, median (range)
Prior surgery 2 (66.7) 105 (72.9) 18 (85.7) 125 (74.4)

Data are presented as number (%) of patients, unless indicated otherwise.
The safety analysis set comprised all patients who received >1 dose of AMG 404.
One patient in the AMG 404 240 mg cohort had intrapatient dose escalation to 480 mg after cycle 4.

*Included patients of more than one race.

ECOG, Eastern Cooperative Oncology Group.

method. The biomarker analysis set included patients
with biomarker data and an evaluable BOR (eg, PD, SD,
PR and CR) evaluated using modified RECIST V.1.1.
The Wilcoxon rank sum test was used for continuous

biomarker data, and the Fisher exact test was used for
binary biomarker data (eg, MSI and PD-L1) comparison
between the responder and non-responder groups.
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Table 2 Summary of TRAEs

AMG 404 240 mg AMG 404 480 mg

AMG 404 1050 mg All dose cohorts

(n=3) (n=144) (n=21) (n=168)
All TRAEs 1(33.3) 93 (64.6) 15 (71.4) 109 (64.9)
Grade 1 1(33.3) 36 (25.0) 4 (19.0) 41 (24.4)
Grade 2 0 40 (27.8) 11 (52.4) 51 (30.4)
Grade 3 0 16 (11.1) 0 16 (9.5)
Grade 4 0 0 0 0
Fatal 0 1(0.7) 0 1(0.6)
Serious 0 12 (8.3) 0 12 (7.1)
Leading to discontinuation of AMG 404 0 5(3.5) 0 5(3.0)
TRAEs in >5% of patients in any cohort

Fatigue 0 21 (14.6) 6 (28.6) 27 (16.1)
Pruritus 1(33.3) 14 (9.7) 3(14.3) 18 (10.7)
Hypothyroidism 0 13 (9.0) 3(14.3) 16 (9.5)
Nausea 0 13 (9.0) 2(9.5) 15(8.9)
Decreased appetite 0 12 (8.3) 14.8) 13 (7.7)
Pyrexia 0 11 (7.6) 14.8) 12 (7.1)
Diarrhoea 0 9 (6.3) 1(4.8) 10 (6.0)
Rash 0 9(6.3) 1(4.8) 10 (6.0)
Arthralgia 0 7 (4.9 2 (9.5) 9 (5.4)
AST increased 0 8 (5.6) 0 8 (4.8)
Hyperthyroidism 0 8 (5.6) 0 8 (4.8)

Data are presented as number (%) of patients.

The safety analysis set comprised all patients who received >1 dose of AMG 404.

The highest (or worst) grade is summarised.

One patient in the AMG 404 240 mg cohort had intrapatient dose escalation to 480 mg after cycle 4.
An AE was defined as starting on or after the first administration of AMG 404 and up to and including 140 days after the last dose for AMG

404, or end of the study, whichever occurred earlier.

For patients with multiple events under the same category, only the worst grade is reported.

One AE with unknown/missing relatedness to AMG 404 was assumed as an event related to AMG 404.

AEs were coded using MedDRA V.25.0. AEs were graded using CTCAE V.5.0.

AE, adverse event; AST, aspartate aminotransferase; CTCAE, Common Terminology Criteria for Adverse Events; MedDRA, Medical Dictionary

for Regulatory Activities; TRAE, treatment-related AE.

Patient and public involvement statement

Patients and/or the public were not involved in the
design, conduct, reporting or dissemination plans of this
research.

RESULTS

Patients

Between March 2019 and January 2022, a total of 225
patients were screened and 171 were enrolled, of whom
168 were treated. Study enrolment was stopped early due
to sponsor decision and not related to safety or lack of
clinical efficacy. As of 19 July 2022 data cut-off, all patients
who had received =1 dose of AMG 404 were included in
the safety analysis set. About half (53.0%) of the overall
patient population (all dose cohorts, n=168) were
male, and the median (range) age was 62 years (26-84)
(table 1). The solid tumour types included gastroin-
testinal tumours in 59 (35.1%) patients, thoracic and

head and neck tumours in 37 (22.0%), gynaecological
tumours in 25 (14.9%), sarcomas in 23 (13.7%), other
types of solid tumours in 18 (10.7%) and tumours with
renal histology in 6 (3.6%). Overall, 142 (84.5%) patients
had received prior anticancer therapy (53 (31.5%), 34
(20.2%), 25 (14.9%) and 30 (17.9%) patients received
1, 2, 3 and >3 lines of therapy, respectively; table 1). The
median (range) number of lines of prior therapy in any
setting was 2 (1-7). At the data cut-off, 5 (2.9%) patients
completed the study treatment, and 132 (77.2%) discon-
tinued treatment. PD (97/171 (56.7%)) was the most
common reason for treatment discontinuation. The
median (range) follow-up was 36.3 weeks (1.6-137.1).

DLTs and safety

At the data cut-off, patients had received a median (range)
cumulative dose of 2400 mg (480-23,100) AMG 404, with
amedian (range) treatment duration of 15.6 weeks (0.1-
133.4). A median (range) of 4.5 cycles (1-31) of AMG
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AMG 404 concentration in serum (ug/mL)
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Figure 1 Mean (+SD) serum concentration-time profiles

of AMG 404 following once every 4 week intravenous
administration of AMG 404 for the first two dosing intervals.
IV, intravenous; Q4W, every 4 weeks.

404 were initiated. DLTs were evaluated in Cohorts 1-4
to determine the RP2D. In these cohorts, no DLTs were
reported during the DLT evaluation period.

AFEs, regardless of attribution, occurred in all patients
who received AMG 404 except one patient (online supple-
mental table 3). (7.1%) patients discontinued treatment
due to treatment-emergent AEs, of whom 10 (6.9%) were
in the 480 mg cohortand 2 (9.5%) in the 1050 mg cohort.
Overall, 109 (64.9%) patients experienced =1 TRAE of
any grade; the most common ones were fatigue (16.1%)
and pruritus (10.7%; table 2). Grade 3 and serious TRAEs
occurred in 16 (9.5%) and 12 (7.1%) patients, respec-
tively; 5 (3.0%) patients discontinued treatment due to
TRAES, all of whom were in the 480 mg cohort. No Grade
4 TRAEs were reported. A fatal TRAE due to metastasis
to the spine was reported in 1 (0.7%) patient in the 480
mg cohort.

PK

Samples for PK analysis were collected from a total of 168
patients at the planned time points. An approximately
dose-proportional increase in exposure was observed in
the dose range of 240-1050 mg Q4W (figure 1). Minimal
serum accumulation of AMG 404 was observed with
repeat Q4W dosing.

Immunogenicity

A total of 158 patients had postbaseline samples and
were therefore evaluable for ADA assessments. Of these
patients, 27 (17.1%) were positive for treatment-emergent
AMG 404 ADAs. Of the 27 ADA-positive patients, one
was in the 1050 mg dose cohort, while the rest were in
the 480 mg dose cohort; 19 (70.4%) patients had an
ADA response that was transient. A total of 166 patients
had ADA results at baseline, of whom 3 (1.8%) had pre-
existing AMG 404 ADAs, none of which were boosted on
AMG 404 treatment.

Clinical activity

In the overall population, the ORR (80% CI) was 19.6%
(15.7-24.1), with 2.4% and 17.3% of patients achieving
CR and PR, respectively. ORRs (80% CI) in the 240 mg,
480 mg and 1050 mg cohorts (n=3/144/21) were 0%,
22.2% (17.8-27.3) and 4.8% (0.5-17.3), respectively,
with a CR in 4 (2.8%) patients in the 480 mg cohort only
(table 3). When assessed by tumour type, the ORR (80%
CI) was 9.6% (5.4-15.6), 17.1% (9.8-27.0), 36.6% (26.4—
47.8) and 30.8% (14.2-52.3) for Cohorts 1-5 (any tumour
type; n=73; 2 CR, 5 PR), Cohort 6 (selected tumour types;
n=41; 7 PR), Cohort 7 (MSI-H tumours; n=41; 2 CR, 13
PR) and Cohort 8 (NSCLC/PDLI1-H; n=13; 4 PR), respec-
tively (online supplemental table 4).

The DCR (80% CI) was 54.8% (49.5-59.9) for all cohorts
combined and 66.7% (19.6-96.6), 56.3% (50.6-61.8) and
42.9% (27.8-59.1) for patients in the 240 mg, 480 mg and
1050 mg cohorts, respectively (table 3). The DCR (80%
CI) was 45.2% (37.2-53.4), 48.8% (37.8-59.9), 70.7%
(59.8-80.1) and 76.9% (55.6-91.2) for Cohorts 1-5 (any
tumour type), Cohort 6 (selected tumour types), Cohort
7 (MSI-H tumours) and Cohort 8 (NSCLC/PDLI1-H),
respectively (online supplemental table 4). The median
(80% CI) DOR in responders was 16.9 months (not esti-
mable (NE)) in the 1050 mg cohort and was not reached
in the 480 mg cohort (data not shown). Patients in the
240 mg cohort did not achieve an objective response and
were therefore not considered for DOR assessment.

The median (80% CI) PFS per modified RECIST v1.1
was 3.7 months (3.5-4.5), with an estimated 12-month
PFS rate of 26.7% (80% CI: 22.2-31.5) for all cohorts
combined. The median (80% CI) PFS was 2.9 (1.5-NE),
3.7 (3.5-5.5) and 1.8 (1.7-4.5) months in the 240 mg,
480 mg and 1050 mg cohorts, respectively (table 3). The
median (80% CI) PFS was 2.8 (1.9-3.7), 3.0 (1.9-4.3),
14.8 (9.0-NE) and 4.4 (2.2-9.7) months for Cohorts 1-5
(any tumour type), Cohort 6 (selected immunosensitive
tumour types), Cohort 7 (MSI-H tumours) and Cohort
8 (NSCLC/PDLI-H), respectively (online supplemental
table 4).

Biomarker and clinical outcome

Atleast one central biomarker result was obtained from 144
patients; biomarker ascertainment by cohort is described in
online supplemental table 5. Patients with tumour tissue
expression of PD-L1 TC 21% had greater ORR and a
superior median (80% CI) PES of 7.2 (4.9-12.9) months
compared with that of 1.9 (1.9-3.5) months in patients
with TC <1% (figure 2). Patients with MSI-H tumours had
greater ORR and a longer median (80% CI) PFS of 14.8
(9.3-20.5) months compared with that of 2.4 (1.9-3.7)
months in patients with microsatellite stable tumours
(figure 2). Higher TIS and IFNYyscores, indicative of a more
inflamed TME, were associated with improved tumour
response (online supplemental figure 2). Additionally,
higher median TMB levels were associated with clinical
response (online supplemental figure 2).
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Table 3 Tumour response to AMG 404 per modified RECIST V.1.1 in solid tumours by dose levels

AMG 404 240 mg AMG 404 480 mg AMG 404 1050 mg All dose cohorts
(n=3) (n=144) (n=21) (n=168)
Complete response (CR) 0 4 (2.8) 0 4 (2.4)
Partial response (PR) 0 28 (19.4) 1(4.8) 29 (17.3)
Stable disease (SD) 2 (66.7) 49 (34.0) 8 (38.1) 59 (35.1)
Progressive disease (PD) 1(33.3) 50 (34.7) 10 (47.6) 61 (36.3)
Not evaluable (NE) 0 ( 4) 1(4.8) 3(1.8)
Not done 0 1(7.6) 14.8) 12 (7.1)*
Complete response (CR) rate 0 4 (2.8) 0 4 (2.4)
80% Clt (0, 53.6) (1.2, 5.5) (0, 10.4) (1.0, 4.7)
ORR (CR/PR) 0 32 (22.2) 1(4.8) 33 (19.6)
80% Clt (0, 53.6) (17.8, 27.3) (0.5,17.3) (15.7,24.1)
DCR (CR/PR/SD) 2 (66.7) 81 (56.3) 9 (42.9) 92 (54.8)
80% Clt (19.6, 96.6) (50.6, 61.8) (27.8, 59.1) (49.5, 59.9)
PFS, median, months 2.9 & 1.8 &t/
80% Cl (1.5, NE) (8.5, 5.5) (1.7, 4.5) (8.5, 4.5)

Data are presented as number (%) of patients, unless indicated otherwise.

One patient in the AMG 404 240 mg cohort had intrapatient dose escalation to 480 mg after cycle 4.

DCR was defined as the proportion of patients in whom objective response (CR or PR) or SD was determined as per modified RECIST V.1.1.
ORR was defined as a tumour response assessment of either CR or PR measured by PET/CT, CT or MRI and assessed per modified RECIST

V..

PFS was defined as the time from the first dose until first documentation of radiological disease progression or death due to any cause,
whichever occurred first in the absence of subsequent anticancer therapy. PFS was censored at the last evaluable postbaseline tumour
assessment date before subsequent anticancer therapy or, otherwise, at the first dose of AMG 404.

The safety analysis set comprised all patients who received >1 dose of AMG 404.

*Twelve patients were considered NE in the BOR assessment as they had discontinued the study due to death (n=9) or consent withdrawal

(n=3) prior to the first planned assessment.
TtBinomial proportion with exact 80% Cl.
FCalculated using the Brookmeyer and Crowley method.

BOR, best overall response; DCR, disease control rate; ORR, objective response rate; PET, positron emission tomography; PFS, progression

free survival; RECIST, Response Evaluation Criteria in Solid Tumours.

DISCUSSION

In this FIH phase I study of the PD-1 inhibitor AMG 404 in
patients with advanced solid tumours, AMG 404 was well
tolerated at the doses tested; the 480 mg Q4W dose was
determined to be the RP2D. No DLTs were reported. The
majority of AMG 404-related AEs observed were Grade
1-2. Clinical responses were observed across multiple
cancer types, including dMMR tumours and NSCLC/
PDLI-H. The PK results were consistent with those of
prior studies of therapeutic anti-PD-1 mAbs.” ® 11 2022 A
positive association of several tumour biomarkers with
clinical response was observed.

The safety profile was consistent with that observed
for other PD-1 inhibitors, with commonly reported AEs
of fatigue, nausea, decreased appetite and constipa-
tion.” ® ' 2! TRAEs occurred in 64.9% of patients, which
is generally comparable to the incidence rates with
pembrolizumab (70.0%-80.0%), sintilimab (54.3%), tori-
palimab (88.0%) and tislelizumab (57.4%) in advanced
solid tumours.” ' 2 # 2! Differences in incidences or
severities of AEs were observed among the three dose
groups, although the more limited sample sizes of the 240

mg and 1050 mg cohorts limit data interpretation. The
overall treatment discontinuation rate due to TRAEs was
low (3.0%), indicating a manageable safety profile in this
population.

A dose of 480 mg Q4W was selected as the RP2D based
on the safety, PK and efficacy profiles between dose levels
ranging from 240 mg to a maximum of 1050 mg Q4W.
This approach enabled us to confirm the safety of a higher
dose of AMG 404 and demonstrate that the efficacy of
AMG 404 is unlikely to increase with the maximum dose.
Indeed, no CRs were observed in the 1050 mg cohort,
and the ORR and DCR were numerically higher in the
480 mg cohort than in the 1050 mg cohort. These find-
ings are consistent with the flat exposure-efficacy relation-
ships observed for pembrolizumab and nivolumab over
a range of exposures resulting from doses at and above
their approved doses.” *® Further, population PK analyses
indicate that body weight was identified as a covariate
of AMG 404 PK (data not shown), consistent with other
PD-1 inhibitors.”” However, the covariate effect for AMG
404 was within range for other mAbs where both fixed
and body weight-based dosing approaches were shown
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Figure 2 Association between biomarkers PD-L1 and MSI with clinical response (CR), complete response, microsatellite
instability (MSI), MSI-high (MSI-H), microsatellite stability (MSS), nonresponders (NR), progressive disease (PD), programmed
death-ligand 1 (PD-L1), progression-free survival (PFS), partial response (PR), stable disease (SD) and tumour cell (TC).

to perform similarly, supporting no clinically significant
effect of body weight on PK and the use of fixed dosing
for AMG 404.%°

The 17.1% incidence of ADAs with AMG 404 is numer-
ically higher than that reported with nivolumab (12.7%),
pembrolizumab (0.7%—2.5%) and cemiplimab (1.3%-
2.0%).* * However, the ADA responses were transient in
the majority of patients, suggesting that they did not likely
affect AMG 404 treatment outcomes. The overall ORR
of 19.6% is generally similar (or higher) to that shown
with other PD-1 inhibitors (cemiplimab, 10.0%—-22.2%;
sintilimab, 12.6%; toripalimab, 7.1%-12.5%; tislelizumab,
13.3%).78 11230 The ORR observed in the 480 mg cohort
was numerically higher than that observed in the 1050
mg cohort, consistent with no increase in clinical activity
with increase from the 480 mg dose to the 1050 mg dose,
although the 1050 mg cohort size was relatively limited
(n=21). It is inconclusive whether the lack of objec-
tive responses in the 240 mg cohort was related to the
dose level or was a result of the small cohort size and/or

interpatient variability. In addition, cohorts with NSCLC/
PDLI1-H and MSI-H tumours (including mCRC, n=~20)
appeared to derive particular benefit. The NSCLC/
PDLI-H cohort demonstrated an ORR and DCR of 30.8%
and 76.9%, respectively. This is generally comparable with
the ORR reported with cemiplimab (25.0%) in patients
with pretreated advanced NSCLC, although the Moreno
et al study assessed ORR by independent central review
and had a majority of patients with a PD-L1 TPS of <1%
with only 16.7% having a 250% TPS.”' The IMMR/MSI-H
tumour cohort showed an ORR and DCR of 36.6% and
70.7%, respectively, which are comparable to the treat-
ment outcomes with nivolumab and pembrolizumab in
dMMR mCRC and dMMR non-colorectal cancer patient
subsets.' 17

The overall DCR of 54.8% with AMG 404 is generally
comparable with those from other PD-1 reports (cemi-
plimab, 50.0%; sintilimab, 44.2%; toripalimab, 20.8%—
39.3%; tislelizumab, 4:4:.6%).7 10-1231 The gverall median
PFS with AMG 404 was 3.7 months, which is numerically
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longer than that reported with other PD-1 inhibitors
(toripalimab, 2.8 months; sintilimab, 1.6 months; tisleli-
zumab, 2.1 months), with all studies having used RECIST
V.1.1 for response evaluation similar to the current
study.” "' Furthermore, the 12-month PFS rate of 26.7%
in this study is higher than that observed with sintilimab
(10.4%) and tislelizumab (15.6%).7 12

Associations of AMG 404 clinical response with relevant
biomarkers were also assessed. Tumours with high PD-L1
expression and TIS are indicative of a T cell-inflamed
TME, while high TMB and MSI-H status reflect a hyper-
mutated tumour phenotype that may lead to increased
neoantigen presentation and immune response.” ** The
expression levels of these biomarkers have been described
to predict ICI efficacy.”® *** PD-L1 is currently the most
widely validated and adopted biomarker for immu-
notherapy outcomes.” IFNy signalling is a predictive
correlate of response to anti-PD-1/PD-L1 therapy.”™
A significant correlation between TMB and ORRs with
anti-PD-1/PD-L1 monotherapy was shown across tumour
types.*” The 18-gene TIS retrospectively predicted clinical
benefit in pembrolizumab clinical trials.”” TMB and TIS
were independently predictive of response to pembroli-
zumab using KEYNOTE trial datasets.*' In the current
study, these biomarkers showed a differential expres-
sion in responders to AMG 404 compared with nonre-
sponders. Responders were enriched with patients whose
tumours had higher TMB score, TIS score, IFNYy-related
gene signature, PD-L1 protein expression (TPS, > 1 vs
<1) or MSI-H status than nonresponders, consistent with
previous ICI studies.” *'=*

Limitations of this study include the single-arm, open-
label study design, which was not powered to compare
tumour types. Given the relatively small cohort sizes and
tumour-agnostic nature of the protocol, all biomarker-
evaluable patients were grouped and analysed together
without accounting for tumour type. Fresh and archival
biopsies were accepted, so biomarker profiles from some
biopsies were not time-matched to the start of the trial.
Furthermore, the relatively small sample sizes of the 480
mg and 1050 mg cohorts limit the interpretation of data.
Despite these limitations, this study has several strengths.
First, the study design allowed for tumour-specific cohorts
and biomarker-enriched cohorts. Second, preclinical PK
modelling and comparison with other PD-1 inhibitors
were used as a basis to begin the trial at one dose level
below the predicted efficacious dose, limiting exposure of
patients to doses that are not expected to be efficacious.
Further, though PD-1 drugs are well-characterised, trans-
lation of in vitro PD-1/PD-L1 blockade activity of new and
existing PD-1 inhibitors to predict the efficacious dose of
the new PD-1 inhibitor in patients was unknown. The
observed clinical efficacy with AMG 404 confirming the
predicted dose of 480 mg Q4W as efficacious in patients
supports this approach. Third, this study had a relatively
large enrolment for a phase I trial, which further helped
support that starting at a near-efficacious dose was accu-
rate. Fourth, the trial prospectively enrolled patients

with dMMR/MSI-H tumours. Finally, these efficacy and
safety data for AMG 404 support the successful FIH dose
selection strategy using existing clinical experience of
other PD-1 inhibitors to rapidly evaluate AMG 404 with
an efficient and minimal study design of only three dose
escalation cohorts. The design included cohorts for (1) a
starting dose one level below the RP2D for safety purposes
given the lack of correlation between nonclinical and clin-
ical toxicity for PD-1 inhibitors, (2) the RP2D and (3) one
dose level above the RP2D to establish a safety margin.
This strategy can be applied to new investigational drugs
for other drug classes where existing clinical data in the
same drug class are available.

CONCLUSIONS

AMG 404 monotherapy at doses of 240 mg, 480 mg
and 1050 mg Q4W showed no DLTs and was generally
well tolerated in patients with advanced solid tumours.
Encouraging antitumour activity was observed. The
observed AEs, PK profiles and biomarker trends of AMG
404 were consistent with prior studies of ICIs. These
data support that patients with advanced solid tumours,
including unique, biomarker-defined, clinically rele-
vant subsets such as MSI-H status and NSCLC/PDL1-H,
may benefit from PD-1 blockade immunotherapy with
AMG 404.
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