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Abstract

Background Budigalimab is a humanized, recombinant immunoglobulin G1 monoclonal antibody targeting programmed
cell death protein 1 (PD-1). We present the safety, efficacy, pharmacokinetic (PK), and pharmacodynamic data from patients
enrolled in the head and neck squamous cell carcinoma (HNSCC) and non-small cell lung cancer (NSCLC) expansion
cohorts of the phase 1 first-in-human study of budigalimab monotherapy (NCT03000257; registered 15 December 2016).
Patients and methods Patients with recurrent/metastatic HNSCC or locally advanced/metastatic NSCLC naive to PD-1/
PD-1-ligand inhibitors were enrolled; patients were not selected on the basis of oncogene driver mutations or PD-L1 status.
Budigalimab was administered at 250 mg intravenously Q2W or 500 mg intravenously Q4 W until disease progression/unac-
ceptable toxicity. The primary endpoints were safety and PK; the secondary endpoint was efficacy. Exploratory endpoints
included biomarker assessments.

Results In total, 81 patients were enrolled (HNSCC: N=41 [PD-L1 positive: n=19]; NSCLC: N=40 [PD-L1 positive:
n=16]); median treatment duration was 72 days (range, 1-617) and 71 days (range, 1-490) for the HNSCC and NSCLC
cohorts, respectively. The most frequent grade >3 treatment-emergent adverse event was anemia (HNSCC: n=9, 22%;
NSCLC: n=5, 13%). Both dosing regimens had comparable drug exposure and increased interferon gamma-induced
chemokines, monokine induced by gamma interferon, and interferon-gamma-inducible protein 10. Objective response rates
were 13% (90% CI, 5.1-24.5) in the HNSCC cohort and 19% (90% CI, 9.2-32.6) in the NSCLC cohort. Median progression-
free survival was 3.6 months (95% CI, 1.7-4.7) and 1.9 months (95% CI, 1.7-3.7) in the HNSCC and NSCLC cohorts.
Conclusions The safety, efficacy and biomarker profiles of budigalimab are similar to other PD-1 inhibitors. Development
of budigalimab in combination with novel anticancer agents is ongoing.
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KM Kaplan—Meier

mADb Monoclonal antibody

MedDRA Medical dictionary for regulatory activities
MIG Monokine induced by gamma interferon

NE Not estimable

NSCLC Non-small cell lung cancer
ORR Objective response rate
PD Pharmacodynamic

PD-1 Programmed cell death protein 1

PD-L1 Programmed cell death protein 1 ligand 1
PD-L2 Programmed cell death protein 1 ligand 2
PFS Progression-free survival

PK Pharmacokinetic

PR Partial response

Q Every

RECIST  Response evaluation criteria in solid tumors

SD Stable disease

TEAE Treatment-emergent adverse event
TRAE Treatment-related adverse event

v Version

w Weeks

Introduction

Programmed cell death protein 1 (PD-1), a cell surface
protein predominantly expressed on activated T cells, is an
inhibitory immune checkpoint receptor and important target
for cancer therapy [1, 2]. Its ligands, PD-L1 and PD-L2, are
expressed on antigen-presenting cells of the immune system
and upregulated in various cancers [3, 4]. Dysregulation of
the PD-L1/PD-1 pathway is a mechanism by which malig-
nant cells within the tumor microenvironment subvert pro-
tective antitumor immune responses by the host [5, 6], and
PD-1/PD-L1 blockade is a promising anticancer strategy.
PD-1 inhibitors, such as nivolumab and pembrolizumab,
have been evaluated in a number of cancer types, and sev-
eral PD-1 inhibitors are now approved as monotherapy and
in combination with other anticancer agents in multiple
cancers, including head and neck squamous cell carcinoma
(HNSCC) and non-small cell lung cancer (NSCLC) [7-9].
Budigalimab, formerly called ABBV-181, is a PD-1
inhibitor currently under development. Unlike nivolumab
and pembrolizumab, which are both of the immunoglobulin
(Ig)G4 subclass, budigalimab is a humanized, recombinant
IgG1 anti-PD-1 monoclonal antibody. It has been modified
by point mutations (L234A, L235A) to reduce Fc receptor
interactions and limit effector function. Preclinical experi-
ments have demonstrated that budigalimab exhibits potent
PD-1-blocking activity with high specificity [10] and has
an affinity similar to that of nivolumab [11] and pembroli-
zumab [12]. Dose-finding and preliminary safety data from
this first-in-human phase 1 study of budigalimab in patients
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with solid tumors (NCT03000257) have been previously
presented [13]. The recommended phase 2 dose was deter-
mined to be 250 mg every 2 weeks (Q2W), 375 mg Q3W, or
500 mg Q4W, on the basis of pharmacokinetic (PK) mode-
ling and simulations and PK/pharmacodynamic (PD) assess-
ments that indicated these dosing regimens would lead to
comparable exposure ranges and produce similar PD activity
and a consistent toxicity profile [14, 15].

This report describes safety, efficacy, biomarker, and PK
data from the budigalimab monotherapy expansion HNSCC
and NSCLC cohorts of study NCT03000257.

Patients and methods
Patient and public involvement

There was no patient or public involvement in design,
planned recruitment, or planned dissemination of this study.

Patient eligibility

Eligible patients were at least 18 years old with advanced
HNSCC (arising from the oral cavity, oropharynx,
hypopharynx, or larynx) or squamous or nonsquamous
NSCLC, Eastern Cooperative Oncology Group (ECOG)
performance status of 2 or lower, and measurable dis-
ease by Response Evaluation Criteria In Solid Tumors
(RECIST; version [v]1.1 [16]. Patients were also required
to have adequate organ function (including absolute neu-
trophil count > 1,500/mm?>, platelets > 100,000/mm?, hemo-
globin >9.0 g/dL, and creatinine clearance > 50 mL/min as
assessed by the Cockcroft-Gault formula or 24-h creatinine
clearance). Eligible patients in the NSCLC expansion cohort
had locally advanced or metastatic NSCLC, had previously
experienced platinum-based therapy failure, and were naive
to PD-1/PD-L1-targeting agents; in the HNSCC expansion
cohort, patients had recurrent or metastatic disease that was
not amenable to curative treatment with local or systemic
therapy and were naive to PD-1/PD-L1-targeting agents.
For this first-in-human study, patients were not selected
on the basis of the presence or absence of any particular
driver oncogenic mutations nor on their PD-L1 status. Key
exclusion criteria included a history of inflammatory bowel
disease, immune-mediated pneumonitis, active autoimmune
disease (with exceptions of vitiligo, type I diabetes mellitus,
hypothyroidism, and psoriasis), primary immunodeficiency,
bone marrow or solid organ transplantation, HIV-positive
(+) status, chronic active hepatitis B or C infection, uncon-
trolled central nervous system metastasis, or evidence of
hemolysis on screening laboratory studies.

The study protocol and informed consent form were
approved by the institutional review board at each
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participating site prior to initiation of any screening or
study-specific procedures. Written informed consent was
obtained from each individual participating in the study. The
study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines, as defined
by the International Conference on Harmonization. This
study is registered at ClinicalTrials.gov (NCT03000257).

Study design and treatment

This was a multicenter, open-label, phase 1 study of budi-
galimab in adult patients with advanced solid tumors, con-
sisting of two parts: dose escalation and dose expansion.
The primary objectives were to examine the safety and PK
of budigalimab monotherapy. The secondary objective was
to evaluate preliminary activity of budigalimab, and explora-
tory objectives included (1) evaluation of PD and explora-
tory biomarkers for association with safety, PK, and clinical
responses; and (2) evaluation of baseline PD-L1 expression
and relationship with outcome.

The overall study schema is shown in supplementary
Fig. 1. The dose-escalation portion of the study followed
a standard 3 + 3 design to determine the safety, maximum
tolerated dose, and PK profile of budigalimab. On the basis
of previously reported safety, PK, and PD data from the
dose-escalation portion of the study [13, 14], patients were
then enrolled into two tumor-specific monotherapy dose-
expansion cohorts, HNSCC and NSCLC, which are reported
in this current analysis. Budigalimab was administered by
intravenous infusion at either 250 mg Q2W or 500 mg Q4W
until disease progression per RECIST v1.1 [16], confirmed
disease progression per immune (i)RECIST [17], unac-
ceptable toxicity, or other protocol-defined discontinuation
criteria (supplementary Table 1). Patients experiencing
radiographic progression per RECIST v1.1 could continue
budigalimab treatment if they had no symptoms or signs
of disease progression, no decline in ECOG performance
status, and no evidence of rapid disease progression or pro-
gressive tumor at critical anatomic sites.

Budigalimab was administered as follows: the first infu-
sion was delivered over 90 min; if the patient did not experi-
ence an infusion reaction, the second infusion was shortened
to 60 min. Subsequent infusions could be administered over
30 min in the absence of infusion reactions following the
first or second infusion. Dose reduction of budigalimab was
not permitted.

Assessments

Safety evaluations were performed throughout the study and
included assessment of treatment-emergent adverse events
(TEAEs) and monitoring of additional clinical data (includ-
ing vital signs, physical examination, electrocardiograms,

echocardiograms, and laboratory test assessments). AEs
were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events v4.03.
The criteria for permanent discontinuation of budigalimab
following a TEAE are described in supplementary Table 1.
Immune-related AEs were managed per published guidelines
[18-20].

Intensive serial blood samples for measurement of budi-
galimab concentrations (PK) in serum were collected in
cycles 1 and 3, and additional samples were collected dur-
ing cycle 2 and cycles > 4. PK parameters were estimated
using noncompartmental analysis in Phoenix® WinNonlin®
(Certara, Princeton, NJ) and included maximum observed
concentration (C,,,,), time to C,,, area under the concentra-
tion—time curve, and half-life.

Biologic samples were collected from each patient
to evaluate tumor-specific and systemic biomarkers. All
patients consented to provide either archived formalin-
fixed paraffin-embedded tumor tissue or a pretreatment,
fresh tumor biopsy. Tumor tissue was analyzed for PD-L1
expression using the Dako 28-8 pharmDX IHC [immuno-
histochemistry] assay (Agilent Technologies, Santa Clara,
CA); testing was performed at a single laboratory (Mosaic
Laboratories, Lake Forest, CA). Blood samples for explora-
tory biomarker assessment were collected prior to infusion
(0 h, predose), 2-h postinfusion, and on days 2, 3, 8, and 15
in cycles 1 and 3, and days 1 and 15 of cycle 2. Biomarkers
evaluated included immune cell counts and PD-1 saturation
on CD4 + central memory T cells by real-time flow cytom-
etry, as well as soluble cytokine quantification in cryopre-
served serum by Luminex® (Austin, TX).

Efficacy endpoints included objective response rate
(ORR; defined as confirmed complete response [CR] or
confirmed partial response [PR]), best overall response
(CR, PR, or stable disease [SD]), progression-free survival
(PES), and duration of objective response (DOR). Tumor
assessments by radiographic imaging (contrast-enhanced
computed tomography or magnetic resonance imaging)
were performed at baseline and repeated every two treatment
cycles for the first 12 months and every three cycles thereaf-
ter; these were investigator assessed according to RECIST
v1.1 and iRECIST.

Statistical analyses

Approximately 40 patients were enrolled in each of the
HNSCC and NSCLC expansion cohorts to evaluate safety
and tolerability of budigalimab. All patients who received
any amount of budigalimab were included in the demo-
graphic, baseline, and safety analyses. All patients who
received at least one dose of study drug and had at least
one postdose tumor assessment were included in the efficacy
analyses. The two-sided 90% CIs for ORR were provided on
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the basis of the Clopper—Pearson (exact) method. PFS was
defined as time from first dose of study drug to radiographic
progression or death, whichever occurred first. For each
responder, DOR was defined as time from initial response
to the study drug to radiographic progression or death. Both
PFS and DOR were summarized using the Kaplan—-Meier
method.

Results
Patient demographics and baseline characteristics

Between November 2017 and January 2019, 81 patients
were enrolled in the HNSCC (N=41) and NSCLC (N=40)
expansion cohorts (data cutoff: October 31, 2019). For the
HNSCC cohort, the first patient was screened on 4 Janu-
ary 2018, and the last patient on 22 January 2019; for the
NSCLC cohort, the first patient was screened on 8 November
2017, and the last patient on 20 December 2018. Baseline
demographics and clinical characteristics of both cohorts are
summarized in Table 1. Sufficient tumor samples for IHC
analysis were obtained from 38 patients with HNSCC and 33
patients with NSCLC; 19 patients in the HNSCC cohort and
16 in the NSCLC cohort were PD-L1 +. There was insuffi-
cient tumor tissue for analysis from three patients considered
responders per RECIST v1.1: 1 patient with HNSCC, and
two patients with NSCLC.

Patient disposition and safety

The median duration of exposure to budigalimab was
72 days (range, 1-617) for the HNSCC cohort and 71 days
(range, 1-490) for the NSCLC cohort (supplementary
Table 2). In total, 24% of patients (N=10) and 33% of
patients (N=13) in the HNSCC and NSCLC cohorts,
respectively, reported budigalimab dose interruption. As of
the data cutoff, two patients in the HNSCC cohort and four
patients in the NSCLC cohort continued to receive budigali-
mab; the reasons for budigalimab treatment discontinuation
were progressive disease (HNSCC: 88%; NSCLC: 70%),
AEs (HNSCC: 7%; NSCLC: 18%), and withdrawn consent
(NSCLC: 2.5%).

All patients (100%) in the HNSCC (N=41) and NSCLC
(N=40) expansion cohorts experienced > 1 TEAE. In total,
25 patients (61%) in the HNSCC cohort and 27 patients
(68%) in the NSCLC cohort reported grade >3 TEAEs; the
most frequently reported was anemia (HNSCC: n=9, 22%;
NSCLC: n=35, 13%). Patients were evaluated for the pres-
ence of hemolysis as a cause of anemia; no patients had this
condition. TEAEs occurring in>20% of patients and the
most common grade >3 TEAEs summarized by dose are
provided in Table 2.
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Table 1 Patient demographics and clinical characteristic

Characteristic, n (%) HNSCC(N=41) NSCLC(N=40)

Median age, years (range) 62 (51-84) 65 (39-79)
Age

<65 years 26 (63) 15 (37)

> 65 years 20 (50) 20 (50)
Gender

Male 35 (85) 23 (58)

Female 6 (15) 17 (43)
ECOG performance status

0 6 (15) 19 (48)

1 34 (83) 20 (50)

2 1(2.4) 1(2.5)
Prior systemic therapies

1 12 (29) 21(53)

2 14 (34) 10 (25)

>3 15 (37) 9 (23)*
Any prior therapies, n (%) 41 (100) 40(100)
Platinum-containing regimen

Cisplatin 32 (78) 18(456)

Carboplatin 23 (56) 17(43)

Cisplatin/Docetaxel/Fluoro- 2(5) 0

uracil

Carboplatin/Fluorouracil 2(5) 0
Targeted therapy

Cetuximab 26(63) 0

Erlotinib 0 3(8)

Gefitinib 0 2(5)

Sunitinib 0 1(3)

Afatinib 0 1(3)

EGF816 0 1(3)

Monalizumab 1(2) 0

Osimertinib 0 13)
Bevacizumab-containing regimen

Bevacizumab 0 6(15)
Pemetrexed-containing regimen

Pemetrexed 0 20(50)
Histologic type

Adenocarcinoma 0 30(75)

Neuroendocrine 0 13)

Sarcomatoid carcinoma 0 13)

Squamous cell carcinoma 41(100) 8(20)
PD-L1 status

Positive/total tested 19/38 (50) 16/33 (48)
Mutation status (reported or detected positive)®

EGFR* - 7

KRAS* - 7

ALK rearrangement® -
Budigalimab dosing frequency

Q2w 31 (76) 19 (48)

Q4w 10 (24) 21 (53)*
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Table 1 (continued)

Percentage > 100 due to rounding. "Mutation status was not collected
for HNSCC cohort; for NSCLC cohort, mutation testing was not
performed on all patients, but collected if status was known by the
investigator. Ten NSCLC patients had sufficient submitted tissue for
sponsor to test, resulting in the detection of 1 additional EGFR muta-
tion and 1 additional KRAS mutation. “One patient with EGFR muta-
tion was also PD-L1 +. “Four patients with KRAS mutation were also
PD-L1+. °One patient with ALK rearrangement was PD-L1+

+, positive; ALK anaplastic lymphoma kinase; CNS central nervous
system; ECOG Eastern Cooperative Oncology Group; EGFR epider-
mal growth factor receptor; HNSCC head and neck squamous cell
carcinoma; NSCLC non-small cell lung cancer; PD-L1 programmed
cell death protein 1 ligand 1; Q, every; W, weeks

A total of 26 patients (63%) in the HNSCC cohort and
23 patients (58%) in the NSCLC cohort experienced an AE
considered related to budigalimab by investigator assess-
ment; the most common were hypothyroidism (n=8;
20%), diarrhea (n=6; 15%), and pruritus (n=6; 15%)
in the HNSCC cohort, and hypothyroidism (n=6; 15%)
and fatigue (n=5; 13%) in the NSCLC cohort. Any-grade
treatment-related AEs (TRAES) that occurred in > 10% of
patients are summarized in supplementary Table 3. Four
patients (10%) in the HNSCC cohort and five patients
(13%) in the NSCLC cohort experienced a grade >3 AE
related to budigalimab, with acute kidney injury (n=2;
5%), anemia, diarrhea, and hypokalemia (n=1; 2%
each) in the HNSCC cohort, and reduced visual acuity,

Table2 Summary of any-grade

R By MedDRA preferred term, n (%) HNSCC N=41 NSCLC N=40

TEAEs occurring in >20% of

patients and the most frequent 250 mg 500 mg 250 mg 500 mg

(=10%) grade >3 TEAESs by Q2W(n=31) Q4W(n=10) Q2W(n=19) Q4W(n=21)

dose Any TEAE 31 (100) 10 (100) 19 (100) 21 (100)
Anemia 8 (26) 2 (20) 7(37) 4(19)
Asthenia 14 (45) 2 (20) 5(26) 0
Constipation 8 (26) 2 (20) 3(16) 3(14)
Decreased appetite 9 (29) 1(10) 2(11) 3(14)
Dyspnea 3 (10) 3 (30) 3(16) 4(19)
Fatigue 4 (13) 1(10) 4(21) 9 (43)
Hypothyroidism 6 (19) 3 (30) 1(5) 5(24)
Malignant neoplasm progression 3(10) 1(10) 5(26) 4(19)
Nausea 8 (26) 1 (10) 1(5) 2 (10)
Pneumonia 1(3) 2 (20) 1(5) 1(5)
Pruritus 7(23) 0 3 (16) 0
Grade >3 TEAE 19 (61) 6 (60) 12 (63) 15 (71)
Anemia 8 (26) 1(10) 421 1(5)
Decreased appetite 3 (10) 0 0 0
Fatigue 3(10) 0 0 0
Hypercalcemia 3(10) 0 1(5) 1(5)
Malignant neoplasm progression 3(10) 1(10) 5(26) 4(19)
Acute kidney injury 3 (10) 0 1(5 0
Cardiac arrest 0 1(10) 0 0
Dysphagia 1(3) 1(10) 0 0
Mouth hemorrhage 0 1 (10) 0 0
Neck abscess 0 1(10) 0 0
Cellulitis 0 1(10) 0 0
Lung infection 1(3) 1(10) 1(5) 0
Pneumonia 0 1(10) 1(5) 0
Upper respiratory tract infection 0 1 (10) 0 2 (10)
Tracheal obstruction 0 1(10) 0 0
Hyponatremia 1(3) 0 1(5) 3(14)
Tumor pain 0 1(10) 0 0
Dyspnea 0 1 (10) 1(5) 1(5)

HNSCC, head and neck squamous cell carcinoma; MedDRA, Medical Dictionary for Regulatory Activi-
ties; NSCLC, non-small cell lung cancer; TEAE, treatment-emergent adverse event; Q, every; W, weeks
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microscopic colitis, immune-mediated hepatitis, increased
transaminase, hyponatremia, and hypophosphatemia
(n=1; 2% each) in the NSCLC cohort. Four patients (10%)
in the HNSCC cohort and two patients (5%) in the NSCLC
cohort experienced a serious TRAE, with acute kidney
injury (n=2; 5%), diarrhea, general physical health dete-
rioration, and pyrexia (n=1; 5%) in the HNSCC cohort,
and immune-mediated hepatitis and acute kidney injury
(n=1; 3% each) in the NSCLC cohort.

The most common TEAESs considered immune-medi-
ated reactions by the investigator, shown in supplemen-
tary Table 4, were hypothyroidism (n="7; 17%), diarrhea
(n=5; 12%), and pruritus (n=3; 7%) in the HNSCC
cohort, and hypothyroidism (n=6; 15%) and maculo-
papular rash (n=3; 8%) in the NSCLC cohort. Overall,
17 (21%) patients experienced a TEAE that led to study
drug discontinuation: 7 (17%) in the HNSCC cohort,
and 10 (25%) in the NSCLC cohort (see supplementary
Table 5). A single patient in the NSCLC cohort experi-
enced grade >3 TRAESs leading to budigalimab discon-
tinuation (immune-mediated hepatitis, grade 4). TEAEs
leading to budigalimab dose interruption were reported by
14 patients (34%) in the HNSCC cohort and 15 patients
(38%) in the NSCLC cohort (supplementary Table 6).
The most common TEAEs leading to budigalimab dose
interruption were acute kidney injury and dyspnea (n=2;
5% each) in the HNSCC cohort, and upper respiratory
tract infection and hypercalcemia (n=2; 5% each) in the
NSCLC cohort. No patients experienced a TRAE leading
to death during the study; all TEAEs leading to death were
considered unrelated to budigalimab (see supplementary
Table 7). A single event of grade 5 cardiac arrest occurred.
The patient was an 85-year-old male with an extensive his-
tory of cigarette smoking and left ventricular hypertrophy.
The patient, who had no antecedent history of increasing
dyspnea, chest pain, or any immune-related reactions to
therapy, died in his sleep. The most likely causes for this
event were coronary thrombosis, cardiac arrhythmia, or
pulmonary embolism; myocarditis was not considered a
likely cause.

Pharmacokinetics

Budigalimab PK results from dose-escalation and dose-
expansion cohorts, across varying doses and regimens,
have been reported previously [14, 15]. Budigalimab PK
was approximately dose-proportional across the clinical
doses evaluated. The two dosing regimens of 250 mg Q2W
and 500 mg Q4W resulted in comparable dose-normalized
exposures (supplementary Table 8) and maintained receptor
saturation, as was previously predicted from population PK
modeling and simulations and PK/PD assessments [14, 15].
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Biomarkers

Budigalimab demonstrated complete sustained receptor
saturation on circulating CD4 + central memory T cells
and the expected PD effects at both the 250-mg Q2W and
500-mg Q4W doses (Fig. 1). Complete PD-1 saturation
was observed within 2 h of dosing, followed by a transient
drop in the number of circulating T cells at cycle (C)1 day
(D)2, and increased proliferation of CD8 + T cells in 23
of 49 tested patients (47%), as measured by a > twofold
change in Ki67 from baseline (Fig. 1a). Increases in inter-
feron gamma-induced chemokines, monokine induced by
gamma interferon (MIG), and interferon gamma-induced
protein 10 (IP-10) were observed within a day of dosing
and increased through C2D1, with similar kinetics and mag-
nitude of induction observed at 250-mg Q2W and 500-mg
Q4W doses (Fig. 1b).

Antitumor activity

A total of 77 patients were included in the efficacy-evaluable
population (HNSCC: n=40; NSCLC: n=37). One patient in
the HNSCC cohort discontinued budigalimab prior to week
8 secondary to grade 5 acute respiratory distress syndrome
(unrelated to budigalimab), and three patients in the NSCLC
cohort discontinued budigalimab (two secondary to clinical
progression and one secondary to grade 5 upper respiratory
infection, both unrelated to budigalimab).

The best percentage change from baseline in size of tar-
get lesions for HNSCC patients is shown in Fig. 2a and for
NSCLC patients in Fig. 2b. The percentage change over
time in the size of target lesions is shown in Fig. 3a and
Fig. 3b for HNSCC and NSCLC patients, respectively. A
best overall response (defined as unconfirmed responses as
per RECIST vl1.1. or iRECIST) of PR or CR was achieved
in 15% (90% CI, 6.7-27.5) of patients in the HNSCC and
19% (90% CI, 9.2-32.6) of patients in the NSCLC cohort.
The ORR (defined as confirmed responses per RECIST v1.1.
or iRECIST) for the HNSCC and NSCLC cohorts was 13%
(90% CI, 5.1-24.5) and 19% (90% CI, 9.2-32.6), respec-
tively (Table 3). The ORR for PD-L1+ (> 1%) patients in the
HNSCC and NSCLC cohorts was 16% (90% CI, 4.5-35.9;
3 confirmed PRs in 19 PD-L1+HNSCC patients) and 13%
(90% CI, 2.3-34.4; 2 confirmed PRs in 16 PD-L1+NSCLC
patients), respectively (Table 3). The ORR for patients with
NSCLC who had >50% PD-L1 expression was 29% (2 of 7
evaluable patients); when patients with epidermal growth
factor receptor (EGFR) mutation or anaplastic lymphoma
kinase (ALK) rearrangement are excluded from this group,
the ORR was 40% (2 of 5 evaluable patients). Median PFS
in HNSCC patients was 3.6 months (95% CI, 1.7-4.7 and
1.9 months (95% CI, 1.7-3.7) in NSCLC patients (Table 3;
supplementary Fig. 2); median DOR was 9.4 months (95%
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Fig.1 PD-1 receptor saturation and pharmacodynamic effects of
budigalimab administration by dose level. Data shown for each
patient with assay baseline and at least 1 postbaseline value. Indi-
vidual patient data shown for patients with >twofold change in CD8
Ki67 staining. Mean+/— 95% CI shown for PD-1 staining, T-cell
counts, and cytokines (number of patients for each mean shown in

CI, 1.9-not estimable) and 10.1 months (95% CI, 7.8-13.1)
in the HNSCC and NSCLC cohorts, respectively (Table 3).
The Kaplan—Meier estimate for the 6-month DOR rate
was 80% in HNSCC and 100% in NSCLC, with only one
responder exhibiting progressive disease within 6 months
of response. Overall, responses were observed in both
PD-L1 +and PD-L1-negative (PD-L1-) patients and were
durable. In the NSCLC cohort, no responses were observed
in patients with known EGFR mutation (n=7), KRAS muta-
tion (n=7), or with ALK rearrangement (n=1), regardless
of PD-L1 expression.

Discussion

This first-in-human phase 1 study demonstrated that budigal-
imab administration at doses of 250 mg IV Q2W or 500 mg
IV Q4W in patients with HNSCC and NSCLC was equally
safe and well tolerated. Budigalimab showed dose-propor-
tional PK and had comparable dose-normalized exposures at

500 mg budigalimab Q4W
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graph). C, cycle; D, day; HNSCC, head and neck squamous cell car-
cinoma; hr, hour; IP-10, interferon gamma-induced protein 10; mAb,
monoclonal antibody; MIG, monokine induced by gamma interferon;
NSCLC, non-small cell lung cancer; PD-1, programmed cell death
protein 1; Q, every; Ty, central memory T cells; W, weeks

the evaluated dosing regimens of 250 mg Q2W and 500 mg
Q4w.

The safety profile of budigalimab observed in the cur-
rent study was comparable to that observed with other
approved PD-1-targeted agents, including nivolumab
and pembrolizumab. The incidents of anemia that was
observed following budigalimab treatment was likely
due to the prior chemotherapy and radiation therapy that
the patients received. Careful monitoring for develop-
ment of hemolysis during the study found no such events.
In the CheckMate 017 study, the most common AEs in
patients with advanced-stage squamous NSCLC treated
with nivolumab were fatigue, decreased appetite, and
asthenia [21]. In CheckMate 057, a study of nivolumab
in nonsquamous NSCLC patients, the most common AEs
were fatigue, decreased appetite, cough, constipation, and
dyspnea [22]. In KEYNOTE-010, fatigue, pruritus, and
decreased appetite were the most common AEs reported in
NSCLC patients treated with pembrolizumab [23]. Accu-
mulating evidence suggests that only a fraction of cancer
patients benefit from immune checkpoint inhibitors, and
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Fig.2 Best percentage change in target lesions from baseline for a
HNSCC and b NSCLC cohorts receiving budigalimab monotherapy.
2PD-L1 +status; PPD-L1 status missing (i.e., unknown). ALK, ana-
plastic lymphoma kinase; EGFR, epidermal growth factor receptor;

severe immune-related AEs are associated with immune
checkpoint inhibitor therapy [24]. The most commonly
reported immune-related AEs reported in the HNSCC and
NSCLC cohorts of the present study were hypothyroidism,
diarrhea, hyperthyroidism, pruritus, and rash, which are
similar to those reported in previous studies of immune
checkpoint inhibitors [25].

@ Springer

Patient

Mutation status: ll No mutation M ALK rearrangement

EGFR mutation B KRAS mutation

HNSCC, head and neck squamous cell carcinoma; NSCLC, non-
small cell lung cancer; PD-L1+, programmed cell death protein 1
ligand 1 positive; Q, every; W, weeks

Antitumor activity was observed following budigalimab
treatment, with one patient in the NSCLC cohort achieving
CR and six patients achieving PR. In the HNSCC cohort, six
patients achieved PR, with one PR per iRECIST criteria after
initial progressive disease per RECIST v1.1. Additionally,
one patient in the HNSCC cohort and three in the NSCLC
cohort achieved immune SD following previous progression
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Table 3 Summary of best overall response in patients

HNSCC(N=40% NSCLC(N=37%

Best overall response [CR +PR], n (%) per RECIST v1.1 and iRECIST
[90% CI]

CR

PR

SD

Objective response rate [CR+PR], n (%) per RECIST vl1.1 and iRECIST
[90% CI]

Confirmed CR

Confirmed PR

PD-L1+[>1%], n (%)

Objective response rate [CR +PR], n (%) per RECIST v1.1 and iRECIST
[90% CI]

Confirmed CR

Confirmed PR

PD-L1+[>50%], n (%)

Objective response rate [CR+PR], n (%) per RECIST v1.1 and iRECIST
[90% CT]

Confirmed CR

Confirmed PR

Median DOR, months per RECIST v1.1

[95% CI]

6-mo KM estimate of DOR per RECIST v1.1

[95% CI]

Median PFS, months per RECIST vl1.1

[95% CI]

6-mo KM estimate of PFS per RECIST v1.1

[95% CI]

64 (15) 7(19)
[6.7-27.5] [9.2-32.6]
0 13)

6° (15) 6 (16)

17 (43) 13 (35)

5¢4(13) 7(19)
[5.1-24.5] [9.2-32.6]
0 13)

5¢(13) 6 (16)

19 (48) 16 (43)

3 (16) 2(13)
[4.5-35.9] [2.3-34.4]
0 0

3 (16) 2°(13)

7 (18) 7(19)

1(14) 2(29)
[0.7-52.1] [5.3-65.9]
0 0

1(14) 2(29)
9.4 10.1
[1.9-NE] [7.8-13.1]
0.8 1.0
[0.20-0.97] [NE-NE]
3.6 1.9
[1.7-4.7] [1.7-3.7]
0.27 0.27
[0.14-0.42] [0.14-0.42]

20ne patient discontinued budigalimab prior to week 8 secondary to grade 5 acute respiratory distress syndrome unrelated to budigalimab. *Two
patients discontinued budigalimab secondary to clinical progression; 1 patient discontinued budigalimab secondary to grade 5 upper respiratory
infection, unrelated to budigalimab. “Includes 1 patient meeting criteria for PR per iRECIST. YOne patient discontinued budigalimab for disease
progression on study day 166 following unconfirmed PR on study day 110. *Both patients with confirmed PR had PD-L1 expression> 50%

CR complete response; DOR duration of response; HNSCC head and neck squamous cell carcinoma; iRECIST immune Response Evaluation
Criteria In Solid Tumors; KM Kaplan—Meier; NE not estimable; NSCLC non-small cell lung cancer; PD-L1+, programmed cell death protein 1
ligand 1 positive; PFS progression-free survival; PR partial response; RECIST Response Evaluation Criteria In Solid Tumors; SD stable disease;

v version

per RECIST. The observation of pseudoprogression (disease
progression per RECIST followed by subsequent reduction
in tumor burden) [26] in several patients enrolled in this
study is characteristic of immune checkpoint inhibitors,
and similar observations have been reported in studies of
other immune checkpoint inhibitors, including ipilimumab,
nivolumab, and pembrolizumab [27-30]. Durable responses
were observed both in PD-L1+ and PD-L1- patients in the
current study, similar to responses observed in clinical stud-
ies of other PD-1-targeting agents [21, 22].

Efficacy data from the current study indicate that the clin-
ical activity of budigalimab is similar to that of approved
anti-PD-1 agents in patients with NSCLC. Nivolumab
exhibited ORRs of 20% [21] and 19% [22] in patients with

@ Springer

squamous and nonsquamous NSCLC, respectively, while
pembrolizumab exhibited an ORR of 18% in NSCLC
patients with tumor proportion score > 1% (KEYNOTE-010)
[23]. Of note, most patients treated in these studies had 1
prior line of therapy (99% for CheckMate 017, 88% for
CheckMate 057, and 68% for KEYNOTE-010) [21-23].
Such data may indicate that patients with >?2 prior lines of
therapy do not derive clinical benefit from these particular
checkpoint inhibitors. In the current study, 53% of NSCLC
patients treated with budigalimab had received 1 prior line
of therapy, while 47% had > 2 prior lines; among the seven
responders, six patients had received one prior line of sys-
temic therapy and one responder had received two prior lines
of systemic therapy.
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Although this study evaluated budigalimab in 40 patients
with NSCLC, similar to other anti-PD-1 therapies a lower
response rate was observed in NSCLC patients with tumors
that harbor EGFR-activating mutations and ALK rearrange-
ments [31]. The current study exhibited a higher proportion
of patients with these genomic alterations (20%), compared
with the proportion of patients with EGFR-activating muta-
tions and ALK rearrangements in the CheckMate 057 (18%)
and KEYNOTE-010 (9%) trials [22, 23]. Also, similar to
other anti-PD-1 therapies, NSCLC patients treated with
budigalimab with high (>50%) tumor PD-L1 expression
had higher ORR (29%) compared with the overall NSCLC
cohort or with NSCLC patients with confirmed > 1% tumor
PD-L1 expression (19% and 13% ORR, respectively) [23].
It is worthy of mentioning that this trial was designed, and
patients enrolled, at a time when the key oncogenic driv-
ers in NSCLC were considered to be EGFR mutations and
ALK rearrangements. In the intervening years since trial
initiation, a number of other potential driver mutations have
been identified in genes such as rearranged during transfec-
tion (RET), neurotrophic tyrosine receptor kinase (NTRK),
human epidermal growth factor receptor 2 (HER?2), and v-raf
murine sarcoma viral oncogene homolog B1 (BRAF). How-
ever, as the majority of patients with NSCLC in this study
had insufficient biopsy tissue, we were unable to perform an
extended mutational analysis and determine the frequency of
these mutations. Further studies may be warranted to evalu-
ate the efficacy of budigalimab in patients with driver muta-
tions other than EGFR and ALK.

Data from the HNSCC cohort are also consistent with
response rates observed for nivolumab and pembrolizumab.
In HNSCC, ORRs were 13% for nivolumab [22] and 15% for
pembrolizumab (KEYNOTE-010) [23]. Budigalimab dem-
onstrated a 13% ORR, with one responder meeting criteria
for immune PR (on study day 101 after meeting criteria for
immune unconfirmed progressive disease on study day 51).

PK assessments indicated that the 250-mg Q2W and
500-mg Q4W regimens resulted in similar dose-normalized
exposures and PD activity, suggesting that either schedule is
viable and thereby providing flexibility in potential combina-
tions with other anticancer agents.

Biomarker assessment of the effect of budigalimab
administration on PD-1 receptor occupancy showed com-
plete saturation of PD-1 at 250 mg Q2W and 500 mg Q4W.
PD-1 saturation resulted in expected biologic activities on
T-cell proliferation and chemokines. These results are con-
sistent with the activity of other anti-PD-1 agents, which
enhance antitumor immune activity as detected by increases
in peripheral CD8 T-cell proliferation [32, 33], interferon
gamma-induced serum chemokines [34, 35], and therapeutic
antitumor effects [36].

In conclusion, these data demonstrate that budigalimab
has a manageable safety profile with evidence of biologic

and clinical activity in patients with previously treated
HNSCC and NSCLC that seems to be similar to approved
PD-1 inhibitors. The data support the continued develop-
ment of budigalimab in multiple oncology indications.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00262-021-02973-w.
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