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Background: In this first-in-human phase 1 study (NCT02964013; MK-7684-001), we investigated the safety and efficacy
of the anti-TIGIT (T cell immunoglobulin and ITIM domain) antibody vibostolimab as monotherapy or in combination
with pembrolizumab.
Patients and methods: Part A enrolled patients with advanced solid tumors, and part B enrolled patients with non-
small-cell lung cancer (NSCLC). Patients received vibostolimab 2.1-700 mg alone or with pembrolizumab 200 mg in
part A and vibostolimab 200 mg alone or with pembrolizumab 200 mg in part B. Primary endpoints were safety and
tolerability. Secondary endpoints included pharmacokinetics and objective response rate (ORR) per RECIST v1.1.
Results: Part A enrolled 76 patients (monotherapy, 34; combination therapy, 42). No dose-limiting toxicities were
reported. Across doses, 56% of patients receiving monotherapy and 62% receiving combination therapy had treatment-
related adverse events (TRAEs); grade 3-4 TRAEs occurred in 9% and 17% of patients, respectively. The most common
TRAEs were fatigue (15%) and pruritus (15%) with monotherapy and pruritus (17%) and rash (14%) with combination
therapy. Confirmed ORR was 0% with monotherapy and 7% with combination therapy. In part B, 39 patients had anti-
PD-1 (programmed cell death protein 1)/PD-L1 (programmed death-ligand 1)-naive NSCLC (all received combination
therapy), and 67 had anti-PD-1/PD-L1-refractory NSCLC (monotherapy, 34; combination therapy, 33). In patients with
anti-PD-1/PD-L1-naive NSCLC: 85% had TRAEsethe most common were pruritus (38%) and hypoalbuminemia (31%);
confirmed ORR was 26%, with responses occurring in both PD-L1-positive and PD-L1-negative tumors. In
patients with anti-PD-1/PD-L1-refractory NSCLC: 56% receiving monotherapy and 70% receiving combination therapy
had TRAEsethe most common were rash and fatigue (21% each) with monotherapy and pruritus (36%) and fatigue
(24%) with combination therapy; confirmed ORR was 3% with monotherapy and 3% with combination therapy.
Conclusions: Vibostolimab plus pembrolizumab was well tolerated and demonstrated antitumor activity in patients
with advanced solid tumors, including patients with advanced NSCLC.
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INTRODUCTION

Despite great advancement in past decades, lung cancer
remains the leading cause of cancer deaths worldwide.1 In
patients with advanced non-small-cell lung cancer (NSCLC)
eligible for targeted therapies, 5-year survival rates vary
widely from 15% to 50%.2 Immunotherapy has revolution-
ized lung cancer treatment, and checkpoint inhibition with
programmed cell death protein 1 (PD-1)/programmed
death-ligand 1 (PD-L1) blockade has been widely used as
monotherapy or in combination with chemotherapy in the
first-line setting in patients with advanced NSCLC.3-8 An
overall survival (OS) benefit has been demonstrated with
first-line pembrolizumab, an anti-PD-1 antibody, with me-
dian OS up to 30 months in the KEYNOTE-024 study and 22
months in the KEYNOTE-189 study.3,9 Unfortunately, long-
term follow-up data from KEYNOTE-024 and KEYNOTE-189
showed that most patients did not respond initially or ac-
quired resistance to immunotherapy over time, with merely
22.8% and 11.8%, respectively, of patients remaining pro-
gression free at 3 years.10,11

T-cell immunoglobulin and ITIM domain (TIGIT) is an
immunomodulatory receptor that functions as an inhibitory
immune checkpoint in innate and adaptive immunity. TIGIT
forms part of a complex regulatory network that consists of
positive (CD226) and negative (TIGIT) immunomodulatory
receptors on T cells and their ligands, CD155 and CD112,
expressed on tumor cells and antigen-presenting cells.12

CD226 is widely expressed on most immune cells,
whereas TIGIT is highly expressed on memory T cells, T-
regulatory (Treg) cells, natural killer (NK) cells, and NK T
cells.13,14 In cancer, TIGIT is co-expressed with PD-1 on tu-
mor antigen-specific CD8þ T cells and CD8þ tumor-
infiltrating lymphocytes (TILs) in mice and humans.15 On
ligand binding, TIGIT exerts direct inhibition of NK-cell
cytotoxicity and T-cell activity and competitive attenuation
of the CD155þ-mediated CD226 activation.13,16 In preclini-
cal models, TIGIT blockade has demonstrated modest anti-
tumor activity as monotherapy and enhanced effects when
combined with a PD-1/PD-L1 inhibitor.17 Combining anti-
TIGIT with anti-PD-1 immunotherapy can increase prolifer-
ation, cytokine production, and degranulation of tumor
antigen-specific CD8þ T cells and CD8þ TILs in patients with
advanced solid tumors.15 The phase 2 CITYSCAPE study
demonstrated improved antitumor activity in the first-line
setting with anti-PD-1/PD-L1 and anti-TIGIT combination
therapy, compared with anti-PD-1/PD-L1 monotherapy, and
exhibited a tolerable safety profile.18 These data support
the hypothesis that combination therapy with anti-PD-1/
PD-L1 and anti-TIGIT blockade may improve efficacy
compared with anti-PD-1/PD-L1 monotherapy and that
within-class combination strategies have the potential to
address an unmet clinical need in patients with NSCLC.

Vibostolimab (MK-7684) is a humanized immunoglobulin
G1 monoclonal antibody that binds to TIGIT and blocks its
interaction with its ligands, CD112 and CD155. In this first-
in-human phase 1 study of patients with advanced solid
tumors (NCT02964013), we evaluated the safety and
170 https://doi.org/10.1016/j.annonc.2021.11.002
tolerability, efficacy, and pharmacokinetic (PK) profiles of
escalating doses of vibostolimab monotherapy or of vibos-
tolimab plus the PD-1 inhibitor pembrolizumab. We also
report outcomes in patients with NSCLC who were naive to,
or whose disease progressed on, previous anti-PD-1/PD-L1
therapy.

METHODS

Study design

This first-in-human, multicenter, open-label, phase 1 study
evaluated vibostolimab as monotherapy or combined with
pembrolizumab. The study comprised two parts: part A was
a dose-escalation and dose-confirmation phase, and part B
was an expansion phase in specific tumor types or pop-
ulations. In part A, eligible patients had histologically or
cytologically confirmed metastatic solid tumors for which
there were no available therapies expected to convey clin-
ical benefit. In part B, eligible patients had advanced or
metastatic NSCLC classified as PD-1/PD-L1-inhibitor treat-
ment refractory [patients received �2 doses of anti-PD-1/
PD-L1 therapy as per local guidelines and had docu-
mented progressive disease (PD) as per RECIST v1.1 <24
weeks after the last dose of anti-PD-1/PD-L1 therapy] or as
PD-1/PD-L1-inhibitor treatment naive (patients had been
previously untreated or had PD despite having previously
received platinum-containing chemotherapy but not anti-
PD-1/PD-L1 therapy). All patients with EGFR (epidermal
growth factor receptor) or ALK (anaplastic large-cell lym-
phoma kinase) mutant tumors should have received an
approved targeted therapy before this study to be consid-
ered eligible. All patients had measurable disease as per
RECIST v1.1, Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) �1, and archival tumor tissue
sample or newly obtained core or excisional biopsy of a
tumor lesion not previously irradiated. Patients were
enrolled regardless of PD-L1 status.

Patients enrolled in part A received escalating doses of
vibostolimab monotherapy (arm 1) or vibostolimab with
pembrolizumab 200mg every 3weeks (Q3W; arm2); patients
who discontinued vibostolimab monotherapy because of PD
were eligible to cross over to receive combination therapy.
Using a modified toxicity probability interval design, six pre-
determined vibostolimab dose levels were exploredd2.1
mg, 7 mg, 21 mg, 70 mg, 210 mg, and 700 mgdadministered
every 3 weeks (Q3W). During dose-escalation, �3 patients
were required to receive each dose, and�6 were enrolled in
the same cycle at each new dose. Dose-escalation and dose-
confirmation ended after 14 patients were treated at any of
the selected doses. Patients enrolled in part B received
vibostolimab 200 mg Q3W as monotherapy or with pem-
brolizumab 200 mg Q3W. All patients were allocated by
nonrandom assignment and received all study treatment
intravenously for �35 cycles or until PD, unacceptable
toxicity, or patient or investigator decision.

The study was conducted in accordance with Interna-
tional Conference on Harmonization guidelines for Good
Clinical Practice and with the principles of the Declaration
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of Helsinki. The protocol was approved by the institutional
review boards/independent ethics committees of all
participating institutions. All patients provided written
informed consent before participating.
Outcomes and assessments

The primary endpoints were safety and tolerability. PK
profiles for monotherapy and combination therapy with
pembrolizumab and objective response rate (ORR) based on
investigator review per RECIST v1.1 were secondary end-
points; duration of response (DOR), progression-free sur-
vival (PFS) based on investigator review as per RECIST v1.1,
and OS were exploratory endpoints. Additional details are
provided in the Supplemental Methods, available at https://
doi.org/10.1016/j.annonc.2021.11.002.

Safety and tolerability were assessed by review of adverse
events (AEs), serious AEs (SAEs), laboratory tests, vital signs,
electrocardiogram measurements, and physical examina-
tions. AEs and SAEs were monitored throughout treatment
and for 30 and 90 days, respectively, after the last dose of
study treatment; severity was graded according to the
CommonTerminology Criteria for Adverse Events version 4.0.

Tumor imaging [e.g. computed tomography (CT), magnetic
resonance imaging, positron emission tomography] was car-
ried out at baseline and Q9W after the first dose until
confirmedPD, initiationof newanticancer therapy,withdrawal
of consent, loss to follow-up, death, or end of study. PD-L1
expression by immunohistochemistry (IHC) was assessed on
archival (<5 years old) or fresh tumor tissue using PD-L1 IHC
22C3 pharmDx (Agilent Technologies, Carpinteria, CA).

Vibostolimab serum concentrations were measured
across the 3-week dosing interval over multiple dosing cy-
cles for all dose levels evaluated to provide a robust char-
acterization of the PK profiles for both monotherapy and
combination therapy with pembrolizumab. Specifically,
intensive PK samples were drawn at predose, at the end of
infusion, and postdose at 2 hours and on days 2, 3, 5, 8, 15,
and 21 (predose of the next dosing cycle) in dosing cycles 1
to 4 to capture the PK profile after the first dose, as well as
accumulation after multiple dosing to steady state. Predose
PK samples were also drawn at cycles 6 and 9, and every 4
cycles thereafter for assessment of longer-term PK.
Statistical analysis

Safety was assessed in the all-patients-as-treated (APaT)
population of patients who received �1 dose of study
treatment. The dose-limiting toxicity (DLT) population
included patients in the APaT population who were
observed for safety for 21 days after the first dose of
assigned treatment or experienced a DLT <21 days after
the first dose of assigned treatment; data for patients who
experienced PD with monotherapy and crossed over to
receive combination therapy were not included.

The PK analysis was assessed in the per-protocol popu-
lation, which comprised patients who sufficiently complied
with the protocol to ensure that the data they generated
Volume 33 - Issue 2 - 2022
would be likely to exhibit the effects of treatment according
to the underlying scientific model.

Efficacy was assessed in the full analysis population,
which comprised all patients with measurable disease at
baseline who received �1 dose of study treatment. For
ORR, point estimates and 95% confidence intervals (CIs)
were analyzed separately for patients in the monotherapy
and combination therapy groups. Response in the anti-PD-
1/PD-L1-naive population was evaluated by PD-L1 expres-
sion and stratified by tumor proportion score (TPS; <1% or
�1%). DOR, PFS, and OS were estimated using the Kaplan-
Meier method. The clinical data cut-off was 4 August 2020.
The PK data cut-off was 12 October 2020.

RESULTS

Part A

Seventy-six patients with advanced solid tumors enrolled in
part A (vibostolimab monotherapy, 34; vibostolimab plus
pembrolizumab, 42) (Supplementary Figure S1A, available at
https://doi.org/10.1016/j.annonc.2021.11.002; Supplemental
Results, available at https://doi.org/10.1016/j.annonc.
2021.11.002). Median age was 64 years (range, 24-82), 57%
of patients were men, 53% had ECOG PS 1, and 88% had
previously received �1 line of treatment in the advanced
setting (Supplementary Table S1, available at https://doi.
org/10.1016/j.annonc.2021.11.002). Median duration of
follow-up (time from first dose to death or data cut-off) was
34 months [interquartile range (IQR), 6-43]. Most patients
discontinued study treatment because of PD, regardless of
treatment group (Supplementary Figure S1A, available at
https://doi.org/10.1016/j.annonc.2021.11.002). After experi-
encing PD, 15 patients crossed over from the monotherapy
group to the combination group.

In the monotherapy group, median days on therapy was
43 (range, 1-312) and median number of vibostolimab
doses was 3 (range, 1-15). In the combination group, me-
dian days on therapy was 48 (range, 1-486) and median
number of doses was 3 (range, 1-21). In the crossover
group, median days on therapy was 43 (range, 1-400) and
median number of doses was 3 (range, 1-15). No DLTs were
observed.

In the monotherapy group, 33 patients (97%) experi-
enced AEs; the most common were anemia (35%) and fa-
tigue (32%) (Supplementary Table S2, available at https://
doi.org/10.1016/j.annonc.2021.11.002). Treatment-related
adverse events (TRAEs) were reported in 19 patients (56%);
the most common were fatigue (15%) and pruritus (15%)
(Supplementary Table S2, available at https://doi.org/10.1
016/j.annonc.2021.11.002). Grade 3-4 TRAEs were re-
ported in three patients (9%); the most common were
maculopapular rash, anemia, and diarrhea (one patient
each). Immune-mediated AEs (imAEs) and infusion re-
actions were reported in five patients (15%): infusion re-
actions (n ¼ 3); adrenal insufficiency (n ¼ 1); and severe
skin reactions (n ¼ 1).

In the combination group, 40 patients (95%) experienced
AEs; the most common were nausea (21%) and rash (21%).
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TRAEs were reported in 26 patients (62%); the most com-
mon were pruritus (17%) and rash (14%). Grade 3-4 TRAEs
occurred in seven patients (17%); the most common were
maculopapular rash, adrenal insufficiency, and increased
alanine aminotransferase (n ¼ 1 each). imAEs and infusion
reactions were reported in nine patients (21%); the most
common were adrenal insufficiency, colitis, hyperthyroid-
ism, and infusion reaction (n ¼ 2 each).

SAEs for both treatment groups are reported in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2021.11.002.

In the monotherapy group, no patients achieved
confirmed objective response for an ORR of 0%; one addi-
tional patient with PD-1-refractory NSCLC achieved uncon-
firmed partial response (PR) (Supplementary Table S4,
available at https://doi.org/10.1016/j.annonc.2021.11.002).
Confirmed disease control rate (DCR), defined as the sum of
confirmed response, PR, and stable disease (SD), was ach-
ieved in 11 of 34 patients (32%) (Supplementary Table S4,
available at https://doi.org/10.1016/j.annonc.2021.11.002).
In the combination group, three patients achieved
confirmed objective response for an ORR of 7% (all PRs;
tumor types: PD-1-refractory NSCLC, gastric cancer, or
adenocarcinoma of unknown origin); seven additional pa-
tients achieved unconfirmed PRs for unconfirmed ORR of
20% (tumor types: PD-1-naive bladder cancer, PD-1-naive
Table 1. Baseline characteristics in part B

Characteristic Anti-PD-1/PD-L1-naive NSCLC

vibostolimab þ pembrolizumab
n ¼ 39

Age, median, years (range) 62 (47-80)
Male 27 (69)
ECOG PS
0 7 (18)
1 32 (82)

Previous therapy
Maintenance 1 (3)
Adjuvant 3 (8)
1 11 (28)
2 8 (21)
3 3 (8)
4 3 (8)
�5 4 (10)
Missing 6 (15)

Previous anti-PD-1/PD-L1 therapya

Atezolizumab e
Atezolizumab, durvalumab e
Atezolizumab, nivolumab e
Durvalumab e
Nivolumab e
Nivolumab, pembrolizumab e
Pembrolizumab e
Unknown e

PD-L1 status
TPS <1% 12 (31)
TPS �1% 11 (28)
Unknown 16 (41)

Data are presented as n (%) unless indicated otherwise. Percentages may not total 100 be
ECOG PS, Eastern Cooperative Oncology Group performance status; NSCLC, non-small-cell lu
1; TPS, tumor proportion score.
a Previous immunotherapy includes patients who received monotherapy or combination th
have been captured in >1 category.

172 https://doi.org/10.1016/j.annonc.2021.11.002
NSCLC, pancreatic cancer, gastric cancer, urothelial cancer,
or adenocarcinoma of unknown origin) (Supplementary
Table S4, available at https://doi.org/10.1016/j.annonc.
2021.11.002). Confirmed DCR was achieved in 17 of 42
patients (40%) (Supplementary Table S4, available at
https://doi.org/10.1016/j.annonc.2021.11.002). Median
DOR was 8 months (range, 6-13) for the responders in the
combination therapy group. One patient who crossed over
achieved a confirmed PR. Among assessable patients, five
patients in the monotherapy group, 13 patients in the
combination group, and three patients in the crossover
group experienced reduced target lesion size
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.annonc.2021.11.002). Most new lesions were
generally identified within the first 10 weeks after treat-
ment initiation (Supplementary Figure S3, available at
https://doi.org/10.1016/j.annonc.2021.11.002). All PRs
were evident at the first tumor assessment at week 9
(Supplementary Figure S4, available at https://doi.org/10.
1016/j.annonc.2021.11.002).
Part B

A total of 106 patients with NSCLC were enrolled in part B:
39 patients were classified as anti-PD-1/PD-L1 naive and
received combination therapy; 34 patients were classified
Anti-PD-1/PD-L1-refractory NSCLC

vibostolimab monotherapy
n ¼ 34

vibostolimab þ pembrolizumab
n ¼ 33

64 (36-78) 66 (42-84)
18 (53) 19 (58)

13 (38) 12 (36)
21 (62) 21 (64)

0 0
0 2 (6)
8 (24) 5 (15)

11 (32) 14 (42)
8 (24) 7 (21)
3 (9) 0
4 (12) 5 (15)
0 0

5 (15) 4 (12)
1 (3) 0
0 2 (6)
3 (9) 3 (9)

11 (32) 15 (45)
1 (3) 2 (6)

12 (35) 7 (21)
1 (3) 0

8 (24) 17 (52)
12 (35) 6 (18)
14 (41) 10 (30)

cause of rounding.
ng cancer; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand

erapy; patients might have received >1 line of anti-PD-1/PD-L1 therapy and might
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Table 2. Adverse event summary in part B

n (%) Anti-PD-1/PD-L1-naive NSCLC Anti-PD-1/PD-L1-refractory NSCLC

vibostolimab þ pembrolizumab
n ¼ 39

vibostolimab monotherapy
n ¼ 34

vibostolimab þ pembrolizumab
n ¼ 33

AE 38 (97) 34 (100) 32 (97)
Grade 3-5 19 (49) 17 (50) 17 (52)
Serious 13 (33) 12 (35) 11 (33)
Led to discontinuation 3 (8) 2 (6) 3 (9)
Led to death 3 (8)a 1 (3)b 3 (9)c

Most common any-grade AEs (�10% in either group)
Pyrexia 14 (36) 3 (9) 3 (9)
Hypoalbuminemia 13 (33) 2 (6) 0
Fatigue 8 (21) 10 (29) 12 (36)
Headache 8 (21) 4 (12) 3 (9)
Rash 8 (21) 8 (24) 7 (21)
Constipation 6 (15) 6 (18) 4 (12)
Decreased appetite 6 (15) 12 (35) 7 (21)
Pneumonia 6 (15) 6 (18) 2 (6)
Dyspnea 5 (13) 6 (18) 4 (12)
Myalgia 5 (13) 2 (6) 1 (3)
Arthralgia 4 (10) 6 (18) 4 (12)
Chills 4 (10) 3 (9) 2 (6)
Hypokalemia 4 (10) 2 (6) 0
Nausea 4 (10) 5 (15) 9 (27)
Cough 3 (8) 5 (15) 3 (9)
Dizziness 3 (8) 4 (12) 4 (12)
Abdominal pain 2 (5) 3 (9) 4 (12)
Musculoskeletal chest pain 0 1 (3) 4 (12)
Musculoskeletal pain 0 0 4 (12)

Most common grade 3-5 AEs (�5% in either group)
Pneumonia 4 (10) 4 (12) 2 (6)
Decreased lymphocyte count 3 (8) 0 1 (3)
Hypotension 2 (5) 0 0
Anemia 1 (3) 2 (6) 2 (6)
Hypertension 1 (3) 0 2 (6)
Hyponatremia 1 (3) 0 2 (6)
Back pain 0 0 2 (6)
Cancer pain 0 0 2 (6)
Constipation 0 2 (6) 0

Treatment-related AEd 33 (85) 19 (56) 23 (70)
Grade 3-5 6 (15) 5 (15) 5 (15)
Serious 4 (10) 2 (6) 1 (3)
Led to discontinuation 1 (3) 1 (3) 1 (3)
Led to death 0 0 1 (3)e

Most common any-grade treatment-related AEs (�10% in either group)
Pruritus 15 (38) 3 (9) 12 (36)
Hypoalbuminemia 12 (31) 1 (3) 0
Pyrexia 8 (21) 2 (6) 1 (3)
Decreased lymphocyte count 7 (18) 0 0
Rash 6 (15) 7 (21) 7 (21)
Fatigue 5 (13) 7 (21) 8 (24)
Arthralgia 2 (5) 4 (12) 0
Decreased appetite 2 (5) 3 (9) 4 (12)
Nausea 1 (3) 4 (12) 2 (6)

Most common grade 3-5 treatment-related AEs (�0% in either group)
Decreased lymphocyte count 3 (8) 0 0
Hypotension 1 (3) 0 0
Rash 1 (3) 1 (3) 0
Increased lipase 0 1 (3) 1 (3)
Dyspnea 0 0 1 (3)
Erosive duodenitis 1 (3) 0 0
Gastroesophageal reflux disease 1 (3) 0 0
Hyponatremia 1 (3) 0 0
Back pain 0 0 1 (3)
Colitis 0 1 (3) 0
Depression 0 0 1 (3)
Fatigue 0 0 1 (3)
Hyperlipasemia 0 1 (3) 0
Hypertension 0 0 2 (6)
Macular rash 0 1 (3) 0

Continued
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Table 2. Continued

n (%) Anti-PD-1/PD-L1-naive NSCLC Anti-PD-1/PD-L1-refractory NSCLC

vibostolimab þ pembrolizumab
n ¼ 39

vibostolimab monotherapy
n ¼ 34

vibostolimab þ pembrolizumab
n ¼ 33

Musculoskeletal pain 0 0 1 (3)
Pneumonitis 0 0 1 (3)

AE, adverse event; NSCLC, non-small-cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1.
a One patient experienced grade 5 congestive cardiac failure during follow-up, one patient experienced grade 5 pneumonia during follow-up, and one patient experienced grade 5
pneumonia aspiration during follow-up.
b Patient experienced grade 5 general physical health deterioration during follow-up.
c One patient experienced grade 5 pneumonia during follow-up, one patient experienced (treatment-related) grade 5 pneumonia during treatment cycle 1, and one patient
experienced grade 5 pneumocystis jirovecii pneumonia during follow-up.
d Determined by the investigator to be related to the study drug.
e One patient experienced treatment-related grade 5 pneumonia during treatment cycle 1.
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as anti-PD-1/PD-L1 refractory and received monotherapy;
and 33 were classified as anti-PD-1/PD-L1 refractory and
received combination therapy (Supplementary Figure S1B,
available at https://doi.org/10.1016/j.annonc.2021.11.002).
In the anti-PD-1/PD-L1-naive population, median age was
62 years (range, 47-80), 69% of patients were men, 82%
had ECOG PS 1, and 74% had previously received �1
therapy in the advanced setting (Table 1). In the anti-PD-1/
PD-L1-refractory population, median age was 65 years
(range, 36-84), 55% of patients were men, 63% had ECOG
PS 1, and 97% had previously received �1 therapy in the
advanced setting; the most common previous anti-PD-1/
PD-L1 therapies were nivolumab (39%) and pem-
brolizumab (28%) (Table 1). Median duration of follow-up
(time from first dose to death or data cut-off) was 24
months (IQR, 21-28). Most patients discontinued study
treatment because of PD, regardless of population or
treatment group (Supplementary Figure S1B, available at
https://doi.org/10.1016/j.annonc.2021.11.002).
Table 3. Response summary based on investigator assessment per RECIST v1.1

n (%) Anti-PD-1/PD-L1-naive NSCLC

vibostolimab
þ pembrolizumab
n ¼ 39

Patients with avai

TPS �1%
n ¼ 12

With confirmation
ORR (CR þ PR) 10 (26) 4 (33)
CR 1 (3) 1 (8)
PR 9 (23) 3 (25)

SD 10 (26) 6 (50)
DCR (CR þ PR þ SD) 20 (51) 10 (83)
PD 14 (36) 1 (8)
Not availablea 5 (13) 1 (8)
Median DOR, months (range)b NR (4.1 to 21.1þ) 12.4 (4.1 to 16.4)

Without confirmation
ORR (CR þ PR) 11 (28) 5 (42)
CR 1 (3) 1 (8)
PR 10 (26) 4 (33)

SD 10 (26) 6 (50)
DCR (CR þ PR þ SD) 21 (54) 11 (92)
PD 14 (36) 1 (8)
Not availablea 4 (10) 0

CR, complete response; DCR, disease control rate; DOR, duration of response; NR, not reach
disease; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PR, p
a Includes patients with insufficient data for assessment of response per RECIST v1.1 or th
b ‘þ’ indicates that no progressive disease was present at the time of the last disease ass
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In the anti-PD-1/PD-L1-naive population, median days on
therapy was 84 (range, 1-729); median number of doses
was five (range, 1-35) for vibostolimab and for pem-
brolizumab. In the anti-PD-1/PD-L1-refractory population,
median days on therapy was 50 (range, 1-707); median
number of doses was three (range, 1-35) for vibostolimab
and for pembrolizumab.

In the anti-PD-1/PD-L1-naive population, 38 patients
(97%) experienced AEs; the most common were pyrexia
(36%) and hypoalbuminemia (33%) (Table 2). TRAEs were
reported in 33 patients (85%); the most common were
pruritus (38%) and hypoalbuminemia (31%) (Table 2). No
patients who received monotherapy and six patients (15%)
who received combination therapy experienced grade 3-4
TRAEs; the most common with combination therapy were
decreased lymphocyte count (n ¼ 3), hypotension (n ¼ 1),
and rash (n ¼ 1). imAEs and infusion reactions were re-
ported in 10 patients (26%); the most common were infu-
sion reactions (n ¼ 4), hypophysitis (n ¼ 2), hypothyroidism
in part B

Anti-PD-1/PD-L1-refractory NSCLC

lable PD-L1 data vibostolimab
monotherapy
n ¼ 34

vibostolimab þ
pembrolizumab
n ¼ 33TPS <1%

n ¼ 11

3 (27) 1 (3) 1 (3)
0 0 0
3 (27) 1 (3) 1 (3)
2 (18) 10 (29) 14 (42)
5 (45) 11 (32) 15 (45)
5 (45) 18 (53) 15 (45)
1 (9) 5 (15) 3 (9)

NR (18.6þ to 21.1þ) 8.5 (8.5 to 8.5) NR (10.2þ to 10.2þ)

3 (27) 2 (6) 1 (3)
0 0 0
3 (27) 2 (6) 1 (3)
2 (18) 9 (26) 14 (42)
5 (45) 11 (32) 15 (45)
5 (45) 18 (53) 15 (45)
1 (9) 5 (15) 3 (9)

ed; NSCLC, non-small-cell lung cancer; ORR, objective response rate; PD, progressive
artial response; SD, stable disease; TPS, tumor proportion score.
ose without postbaseline assessment as of the data cut-off date.
essment.
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(n ¼ 2), and pneumonitis (n ¼ 2). The safety profile for the
anti-PD-1/PD-L1-refractory population was generally similar
(Table 2; Supplementary Table S5, available at https://doi.
org/10.1016/j.annonc.2021.11.002).

In the anti-PD-1/PD-L1-naive population, 10 patients
achieved confirmed objective responses [ORR, 26%; com-
plete response (CR), 1; PR, 9]; another patient achieved an
unconfirmed PR (Table 3). Confirmed DCR was achieved in
20 of 39 patients (51%) (Table 3). Median DOR was not
reached (NR; range, 4.1-21.1þ months). When evaluating
response by PD-L1 status, 4 of 12 patients with PD-L1 TPS
�1% achieved confirmed objective responses (ORR, 33%;
CR, 1; PR, 3), and 3 of 11 patients with PD-L1 TPS <1%
achieved confirmed objective responses (ORR, 27%; all PRs);
DCR was 83% and 45%, respectively, and median DOR was
12.4 months (range, 4.1-16.4 months) and NR (range, 18.6þ
to 21.1þ months), respectively. Among assessable patients,
19 experienced reduced target lesion size (Figure 1A). New
lesions were identified within the first 40 weeks after
treatment initiation (Figure 2A). All responses were evident
at the first tumor assessment at week 9 (Figure 3A).
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Figure 1. Best percentage change from baseline in target lesion size based on inv
(A) Vibostolimab plus pembrolizumab in anti-PD-1/PD-L1-naive NSCLC. (B) Vibostol
pembrolizumab in anti-PD-1/PD-L1-refractory NSCLC. Includes all patients with �1 m
NSCLC, non-small-cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, p
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In the anti-PD-1/PD-L1-refractory population, two pa-
tients achieved confirmed PRs (monotherapy ORR, 3%;
combination therapy ORR, 3%); another patient receiving
monotherapy achieved an unconfirmed PR (Table 3).
Confirmed DCR was achieved in 11 patients (32%) and 17
patients (40%) in the monotherapy group and combination
therapy group, respectively. DOR was 8.5 months in the
responder receiving monotherapy and is still ongoing past
10 months in the responder receiving combination therapy.
Among assessable patients, six receiving monotherapy and
eight receiving combination therapy experienced reduced
target lesion size (Figure 1B and C). New lesions were
identified by week 25 after treatment initiation (Figure 2B
and C). All responses were evident by week 12 (Figure 3B
and C).

Given the small sample size of overall patients with PD-L1
TPS >50% (n ¼ 3), formal analysis of efficacy in this patient
subset was not conducted. One of those three patients,
however, experienced an objective response.

In the anti-PD-1/PD-L1-naive population, median PFS was
5 months (95% CI 2-8 months); the 6-month PFS rate was
20% tumor
growth

30% tumor
reduction

PD-L1-positive
PD-L1-negative
Not assessable

20% tumor
growth

30% tumor
reduction

PD-L1-positive
PD-L1-negative
Not assessable

20% tumor
growth

30% tumor
reduction

PD-L1-positive
PD-L1-negative
Not assessable

estigator assessment as per RECIST v1.1 in part B.
imab monotherapy in anti-PD-1/PD-L1-refractory NSCLC. (C) Vibostolimab plus
easurable postbaseline target lesion measurement.
rogrammed death-ligand 1.
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Figure 2. Longitudinal percentage change in target lesion from baseline based on investigator assessment as per RECIST v1.1 in part B.
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47%. Based on evaluation by PD-L1 status (TPS �1% versus
<1%), median PFS was 9 months (95% CI 3-13 months)
versus 3 months (95% CI 2-NR months); 6-month PFS rates
were 83% and 36%, respectively. In the anti-PD-1/PD-L1-
refractory population (monotherapy and combination
therapy), median PFS was 2 months (95% CI 2-3 months)
and 2 months (95% CI 2-4 months); 6-month PFS rates were
10% and 25%, respectively.

In the anti-PD-1/PD-L1-naive population, median OS was
11 months (95% CI 8-22 months); the 6-month OS rate was
76%. When evaluating by PD-L1 status (TPS �1% versus
<1%), median OS was 14 months (95% CI 6-NR months)
versus NR (95% CI 6-NR months); 6-month OS rates were
92% and 82%, respectively. In the anti-PD-1/PD-L1-
refractory population (monotherapy and combination
therapy), median OS was 11 months (95% CI 8-19 months)
and 13 months (95% CI 8-18 months); 6-month OS rates
were 69% and 75%, respectively.

PK and dose selection

Available PK data from patients with advanced solid tumors
from part A and part B of the study treated with escalating
doses of vibostolimab from 2.1 mg to 700 mg Q3W, when
given as monotherapy or in combination with 200 mg Q3W
pembrolizumab, showed that serum vibostolimab expo-
sures increased in a dose-dependent manner (Supplemental
Results, available at https://doi.org/10.1016/j.annonc.
2021.11.002).

DISCUSSION

In this first-in-human phase 1 study, vibostolimab as mon-
otherapy or in combination with pembrolizumab was well
tolerated and had a manageable safety profile across all
doses tested and all patient populations evaluated. In part
A, dose-escalation and dose-confirmation proceeded to
completion without any DLTs, and no treatment-related
deaths were reported. Promising antitumor activity in
both the monotherapy and the combination therapy groups
was observed among this heavily pretreated patient popu-
lation. In part B, which enrolled patients with NSCLC, effi-
cacy evaluations demonstrated promising antitumor activity
with vibostolimab plus pembrolizumab in the anti-PD-1/PD-
L1-naive population and in patient subpopulations with
either PD-L1 TPS �1% or PD-L1 TPS <1%. Antitumor activity
with vibostolimab monotherapy or vibostolimab plus pem-
brolizumab was modest in the anti-PD-1/PD-L1-refractory
population.

TIGIT and PD-1 are often co-expressed on tumor antigen-
specific CD8þ T cells and CD8þ TILs, and combination
blockade with anti-PD-1/PD-L1 and anti-TIGIT antibodies has
demonstrated enhanced proliferation and function of such
cytotoxic T cells when compared with monotherapy with
(A) Vibostolimab plus pembrolizumab in anti-PD-1/PD-L1-naive NSCLC. (B) Vibostol
pembrolizumab in anti-PD-1/PD-L1-refractory NSCLC. Includes all patients with �1 p
NSCLC, non-small-cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, p
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each agent.15,19 Although cross-trial comparisons should be
interpreted with caution, despite up to 50% of the cohort
having previously received >2 lines of chemotherapy, results
in the current study in the anti-PD-1/PD-L1-naive population
with PD-L1 TPS �1% NSCLC demonstrated improved anti-
tumor activity with an ORR of 33% compared with that
previously reported in the phase 2 KEYNOTE-010 study in
patients with advanced PD-L1-positive (TPS�1%) NSCLC who
received second-line pembrolizumab monotherapy (2 mg/kg)
as follows: ORR, 18%; median PFS, 4 months; and median OS,
10 months.20

Studies investigating the safe and effective use of anti-
PD-1/PD-L1 and anti-TIGIT combination therapy in pa-
tients with solid tumors are limited. One such study is the
phase 2 CITYSCAPE study (N ¼ 135) comparing the first-
line anti-TIGIT antibody tiragolumab combined with the
anti-PD-L1 antibody atezolizumab versus atezolizumab
monotherapy in patients who did not previously receive
systemic treatment for locally advanced unresectable or
metastatic PD-L1-positive (TPS �1%) NSCLC.18 In the
CITYSCAPE study, combination therapy improved ORR
(37.3% versus 20.6%) and median PFS (5.6 versus 3.9
months) compared with atezolizumab monotherapy. The
safety profile was tolerable, with 80.6% of patients
reporting a TRAE with tiragolumab plus atezolizumab
versus 72.0% with atezolizumab.18 In an exploratory
analysis from the CITYSCAPE study, improved clinical
benefits with combination therapy were seen in the sub-
set of patients with PD-L1 expression �50%: ORR was
66%, there was a 70% reduction in the risk for PD (95% CI
0.15-0.61) versus placebo, and median PFS was unas-
sessable with tiragolumab plus atezolizumab versus 4
months with atezolizumab monotherapy. Data from the
current study and from CITYSCAPE provide further evi-
dence of the enhanced antitumor effects of anti-TIGIT and
anti-PD-1/PD-L1 antibody blockade that may be acting
through the synergistic mechanisms of action of
augmented NK-cell activation of CD8þ TILs, although data
from randomized phase 3 studies are still needed. Unfor-
tunately, the current understanding of disease mecha-
nisms has not yet yielded definitive biomarkers. Enhanced
clinical benefits seen in the current study, however, and in
the KEYNOTE-010 as well as CITYSCAPE in patient sub-
groups with PD-L1 expression status �1% provide support
for the possible use of PD-L1 as a surrogate biomarker for
patients with anti-PD-1/PD-L1-naive NSCLC as we continue
to search for a mechanistic biomarker for anti-TIGIT
therapy.

The findings presented from this phase 1 study are
limited by the modest sample sizes and limited PD-L1
sample availability. Thus, the analyses in this study are un-
derpowered for statistical validation, and results should be
interpreted with caution. Furthermore, the evaluation of a
imab monotherapy in anti-PD-1/PD-L1-refractory NSCLC. (C) Vibostolimab plus
ostbaseline target lesion measurement.
rogrammed death-ligand 1.
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Figure 3. Treatment exposure and response duration based on investigator assessment as per RECIST v1.1 in part B.
(A) Vibostolimab plus pembrolizumab in anti-PD-1/PD-L1-naive NSCLC. (B) Vibostolimab monotherapy in anti-PD-1/PD-L1-refractory NSCLC. (C) Vibostolimab plus
pembrolizumab in anti-PD-1/PD-L1-refractory NSCLC. Line length represents the time to the last dose of study treatment.
CR, complete response; NSCLC, non-small-cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PR, partial response.
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small population of patients with PD-1/PD-L1-inhibitor-re-
fractory disease was exploratory and did not provide insight
into whether resistance was primary or acquired.

Taken together, our data provide promising antitumor ac-
tivity in patients with advanced solid tumors and in PD-1/PD-
L1-inhibitor-naive patients with advanced solid tumors
treated with vibostolimab plus pembrolizumab, and they
support further investigation of the treatment combination.
Further evaluation of the efficacy of vibostolimab mono-
therapy and vibostolimab combination therapy at 200 mg
Q3Wdthe recommended phase 2 dose are ongoing
(NCT04738487, NCT04165070, NCT04725188) in patients
with select advanced solid tumors and NSCLC.
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