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ABSTRACT

Introduction: Fucosyl-GM1 is a monosialoganglioside
with limited expression in healthy tissues and high
expression on SCLC cells. BMS-986012 is a non-
fucosylated, first-in-class, fully human immunoglobulin
G1 monoclonal antibody that binds to fucosyl-GM1.

Methods: CA001-030 is a phase 1/2, first-in-human study of
BMS-986012 as monotherapy or in combination with nivo-
lumab for adults with relapsed or refractory SCLC. Safety is
the primary end point. Additional end points include objec-
tive response rate, duration of response, progression-free
survival, pharmacokinetics, and overall survival.

Results: Patients (BMS-986012 monotherapy, n ¼ 77; BMS-
986012 þ nivolumab, n ¼ 29) were predominantly of male
sex (58%), 63 years old (mean), current or past tobacco
users (97%), and treated previously with first-line systemic
therapy (99%). The most common treatment-related
adverse event was pruritus (n ¼ 95 [90%]). Grade 4
treatment-related adverse events were reported in 2% (n ¼
2) of patients. The objective response rate (95% confidence
interval [CI]) was higher with BMS-986012 plus nivolumab
(38% [20.7%–57.7%]) than with monotherapy (4% [0.8%–
11.0%]). Median (95% CI) duration of response with BMS-
986012 plus nivolumab was 26.4 (4.4–not reached)
months. Progression-free survival (95% CI) at 24 weeks
with monotherapy and BMS-986012 plus nivolumab was
12.2% (6.0%–20.7%) and 39.3% (21.7%–56.5%), respec-
tively. The pharmacokinetics profile of monotherapy and
BMS-986012 plus nivolumab suggested dose proportional-
ity across the tested dose range. Median overall survival
(95% CI) with monotherapy and BMS-986012 plus nivolu-
mab was 5.4 (4.0–7.3) and 18.7 (8.2–37.3) months,
respectively.

Conclusions: BMS-986012 in combination with nivolumab
represents a well-tolerated, potential new therapy for
relapsed or refractory SCLC. BMS-986012 is currently being
explored in combination with carboplatin, etoposide, and
nivolumab as a first-line therapy in extensive-stage SCLC
(NCT04702880).

Copyright � 2022 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Keywords: BMS-986012; Nivolumab; Combination therapy;
SCLC; Fucosyl-GM1
Introduction
Lung cancer is the most common cause of death from

cancer.1 SCLC is an aggressive disease with limited
treatment options, accounting for 15% of all lung cancer
cases worldwide.2,3 Approximately 60% of patients with
SCLC present with extensive-stage (ES) disease,4 and the
5-year survival rate is less than 7% for patients with
SCLC.5 Although SCLC is a chemotherapy-sensitive dis-
ease, historically, patients with ES-SCLC have a poor
prognosis with standard-of-care platinum and etoposide
chemotherapy.3,6 Most patients experience disease
relapse within the first year of treatment,3 and median
overall survival (OS) ranges from 9.4 to 9.6 months.7

Addition of an anti–programmed death-(ligand) 1 (PD-
[L]1) therapy, such as durvalumab or atezolizumab, to
first-line (1L) chemotherapy was found to have a clini-
cally modest OS benefit (2.0–2.7 mo longer median OS
compared with chemotherapy alone).8,9 Therefore, SCLC
remains a difficult-to-treat disease, and most phase 3
trials have failed in this setting.10–14 Few drugs are
approved for second-line (2L) treatment of SCLC. Top-
otecan is a standard 2L choice; however, owing to its

http://creativecommons.org/licenses/by-nc-nd/4.0/
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modest efficacy and relevant toxicity profile, topotecan
is not an option for all patients, including those with
disease that was refractory to 1L platinum-based
regimens.2 In patients with relapsed SCLC, the me-
dian survival was approximately 26 weeks with top-
otecan plus chemotherapy and approximately 14
weeks with chemotherapy alone.15 Combination regi-
mens including novel therapies with improved activity
and less toxicity are urgently needed to improve pa-
tient outcomes.

Carbohydrate antigens are highly expressed on the
surface of cancer cells.16 Gangliosides, which contain a
carbohydrate chain, are complex glycosphingolipids that
have been implicated in promoting cell proliferation,
angiogenesis, and immune cell evasion in tumors.17

Notably, antibodies to gangliosides have inhibited tumor
growth and induced apoptosis in antigen-positive
cells.18,19 Fucosyl-GM1 (FucGM1) is a monosialoganglio-
side highly expressed on the surface of SCLC cells,20–22

but it has limited expression in normal tissues,
including a subset of peripheral sensory neurons and
dorsal root ganglia.17

BMS-986012 is a nonfucosylated, first-in-class,
fully human immunoglobulin G1 monoclonal anti-
body that binds to FucGM1 with high affinity and
specificity (Supplementary Fig. 1).23 BMS-986012
was designed to have enhanced effector functions,
notably antibody-dependent cellular cytotoxicity
(ADCC), by elimination of the fucosylation on the
fragment crystallizable domain. The absence of this
fucosyl group in BMS-986012 confers higher affinity
for fragment crystallizable receptors, resulting in
enhanced ADCC.23

Clinical experience with targeting FucGM1 comes
from early studies in patients with SCLC who were
vaccinated with keyhole limpet hemocyanin-conjugated
FucGM1 and developed antibody titers to this anti-
gen.24,25 A preclinical study revealed binding of BMS-
986012, which resulted in tumor cell death by means
of ADCC, antibody-dependent cellular phagocytosis, and
complement-dependent cytotoxicity (Supplementary
Fig. 1).23 Modification of BMS-986012 leading to a lack
of fucosylation on the antibody was associated with
greater binding on natural killer cells and increased
ADCC.23 BMS-986012 was found to have significant ef-
ficacy in SCLC mouse xenograft and syngeneic models. In
addition, BMS-986012 has antitumor activity as mono-
therapy with synergistic effects in combination with
chemotherapy, anti-CD137 agonist antibodies, or
immunomodulating agents, including anti–programmed
cell death protein-1 (anti–PD-1) antibodies.23 The addi-
tion of nivolumab, an anti–PD-1 antibody and immune
checkpoint inhibitor that was found to have activity in
ES-SCLC,26 to BMS-986012 may function synergistically
to induce antigen-presenting cells to activate T cells and
reduce tumor cell-derived immune inhibition.

In this phase 1/2 first-in-human (FIH) study
(NCT02247349), we evaluated the safety and pre-
liminary efficacy of BMS-986012 as monotherapy and in
combination with nivolumab in patients with relapsed or
refractory (R/R) SCLC.
Materials and Methods
Study Design

CA001-030 is an ongoing, open-label, phase 1/2,
multicenter, FIH dose-escalation and -expansion trial of
BMS-986012 administered as a monotherapy or in
combination with nivolumab to patients with R/R SCLC
(Supplementary Fig. 2A and B). The study was conducted
in four parts, as follows: (1) BMS-986012 monotherapy
dose escalation to identify the maximum tolerated dose
(MTD) or maximum administered dose (MAD) if no MTD
is determined; (2) BMS-986012 monotherapy dose
expansion (two dose levels of BMS-986012 at or below
the MTD or MAD) to confirm safety and evaluate anti-
tumor activity; (3) BMS-986012 plus nivolumab combi-
nation therapy dose escalation; and (4) BMS-98012 plus
nivolumab dose expansion (treated at or below MTD
identified in part 3) to confirm safety and evaluate
antitumor activity. Hereafter, results will be described as
BMS-986012 monotherapy (parts 1 and 2) and BMS-
986012 plus nivolumab (parts 3 and 4) unless other-
wise noted.
Patient Population
All patients in this study were adults with histologi-

cally or cytologically confirmed SCLC. Among these pa-
tients, those enrolled in parts 1 and 3 must have
received more than or equal to one previous line of
therapy. Patients in parts 2 and 4 were R/R to 1L ther-
apy and could have only received one previous line of
therapy. Patients were required to have an Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 0 or 1. Other inclusion criteria were as follows:
more than or equal to 4 weeks must have elapsed from
the last exposure of anticancer therapy and patients
must have had more than or equal to 1 measurable
lesion per Response Evaluation Criteria in Solid Tumors
version 1.1 that is not amenable to resection. Key
exclusion criteria included known or suspected brain
metastasis or nonpulmonary small cell cancer. If enrolled
in the BMS-986012 plus nivolumab cohort, additional
exclusion criteria included any previous treatment with
anti–PD-1, anti–PD-L1, anti–programmed death ligand-2,
anti-CD137, anti–cytotoxic T lymphocyte-associated
protein 4 antibodies, or any other antibody therapy
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specifically targeting T-cell costimulation or checkpoint
pathways.

This study was conducted in accordance with Good
Clinical Practice, as defined by the International Con-
ference on Harmonisation, and the ethical principles
underlying European Union Directive 2001/20/EC and
the U.S. Code of Federal Regulations, Title 21, Part 50
(21CFR50). Each study site’s independent ethics com-
mittee or institutional review board approved the pro-
tocol before study initiation. Informed consent was
obtained before any study-related procedure in adher-
ence to the ethical principles described in the Declara-
tion of Helsinki.
Treatments and Dosing
Parts 1 to 4 all included the following four periods in

the study: screening (within 28 d before administration
of study medication), treatment (until meeting protocol-
specified discontinuation criteria), clinical follow-up
(z100 d), and survival follow-up (up to z3 y after
the end of treatment).

In part 1 (monotherapy dose escalation), patients
received intravenous (IV) BMS-986012 every 3 weeks
(Q3W) at one of the following four dose levels: 70, 160,
400, and 1000 mg. BMS-986012 70 mg was chosen
based on results from preclinical toxicologic and phar-
macologic studies. This dose was predicted to result in
human exposure that is 12 times lower than the no-
observed-adverse-effect level in cynomolgus monkeys.
Subsequent doses (160, 400, and 1000 mg) were esca-
lated in approximate half-log units (2.5-fold increases).
BMS-986012 monotherapy dose levels selected for part
2 (monotherapy dose expansion) were 400 and 1000
mg. SCLC tumors are considered to have high expression
levels of FucGM1, with little or no expression in normal
tissues. Higher BMS-986012 doses were hypothesized to
achieve potentially higher intratumoral receptor occu-
pancy and therefore could achieve greater efficacy in
SCLC. BMS-986012 doses of 400 mg and 1000 mg Q3W
were predicted to provide consistently high levels of
target engagement. Given the lack of receptor occupancy
assays and other pharmacodynamic data available dur-
ing the conduct of CA001030, doses were selected on the
basis of clinical safety and activity alone. In addition, part
2 evaluated BMS-986012 as 2L treatment in patients
with disease who had relapsed after 1L chemotherapy as
follows: cohort A, less than or equal to 90-day response
duration (refractory) at or below the MTD or MAD (400
mg BMS-986012); cohort B, less than or equal to 90-day
response duration (refractory) at a dose level below the
MTD or MAD (1000 mg BMS-986012); cohort C, more
than 90-day response duration (sensitive) at or below
the MTD/MAD (400 mg BMS-986012); and cohort D,
more than 90-day response duration (sensitive) at a
dose level below the MTD/MAD (1000 mg BMS-
986012). Disease was considered “refractory” or “sen-
sitive” if the response duration after 1L chemotherapy
was less than or equal to 90 days or more than 90 days,
respectively.

In part 3 (dose escalation; BMS-986012 þ nivolu-
mab), patients received BMS-986012 (400 mg IV esca-
lated to 1000 mg Q3W) and nivolumab (360 mg IV
Q3W). Part 4 (dose expansion; BMS-986012 þ nivolu-
mab) evaluated BMS-986012 (400 mg IV Q3W) and
nivolumab (360 mg Q3W) as 2L treatment in patients
with disease who relapsed after 1L chemotherapy.
Study End Points
The primary end point of this phase 1/2 study was

safety as measured by the incidence of adverse events
(AEs), serious AEs (SAEs), AEs leading to discontinua-
tions, and AEs related to study treatment. AEs were
coded using the Medical Dictionary for Regulatory Ac-
tivities (MedDRA version 24.1) and were graded by the
National Cancer Institute Common Terminology Criteria
for Adverse Events (version 4.03). AEs were documented
as early as time of enrollment until 100 days after
discontinuation of the study treatment. Patients dis-
continued treatment if there was evidence of disease
progression, clinical deterioration as assessed by the
investigator, grade 3 infusion reaction, toxicity that met
dose-limiting criteria, or any dose interruption lasting
more than 6 weeks. Secondary end points included ef-
ficacy on the basis of Response Evaluation Criteria
in Solid Tumors version 1.1 (objective response rate
[ORR] by investigator, duration of response [DOR],
progression-free survival [PFS], and PFS rate), pharma-
cokinetics (PK), and immunogenicity. Exploratory end
points included OS and OS rate.

The following PK parameters were evaluated for
BMS-986012 as monotherapy or in combination with
nivolumab: maximum observed serum concentration
(Cmax), time to achieve Cmax (Tmax), observed serum
concentration at the end of a dosing interval (Cs), area
under the serum concentration-time curve from time
zero to time t (AUC(0-t)), and area under the serum
concentration-time curve in one dosing interval
(AUC(s)).

Immunogenicity of BMS-986012 was measured by
assessment of the presence of specific antidrug anti-
bodies (ADAs) to BMS-986012. ADA assessments were
defined as follows: baseline ADA-positive patients
(baseline ADA-positive sample), ADA-positive patients
postbaseline (�1 ADA-positive samples relative to
baseline; ADA negative at baseline, or ADA titer to be
more than or equal to fourfold higher than baseline
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positive titer at any time after initiation of treatment
during the defined observation period), and ADA-
negative patients (no ADA-positive samples after the
initiation of treatment). Postbaseline assessments are
reported between first dose and 100 days after last dose
of BMS-986012.
Statistical Analyses
CA001-030 is an ongoing clinical trial; however,

enrollment has been completed and the primary ana-
lyses have been conducted. All recorded AEs were listed
and tabulated by system organ class, MedDRA preferred
term, and treatment. The ORR confidence intervals (CIs)
were based on the Clopper-Pearson method. The DOR
and PFS were estimated by Kaplan-Meier methodology,
with the Greenwood formula for PFS rates. Individual
changes in tumor burden over time are presented
graphically by dose level within each cohort. Geometric
means and coefficients of variation, CV (%), are pre-
sented for Cmax, AUC, and Cs. Medians and ranges are
presented for Tmax. All available immunogenicity data for
BMS-986012 as monotherapy or in combination with
nivolumab are listed. OS was assessed as part of
exploratory efficacy analysis by Kaplan-Meier plots
including median OS and OS rates at specified times (e.g.,
at 6, 12, and 24 mo).
Results
Baseline Characteristics and Patient Disposition

Across treatment groups, the median age was 63
years (BMS-986012 monotherapy, 63 y [range: 26–81 y];
BMS-986012 þ nivolumab, 65 y [range: 46–79 y];
Table 1). Most patients in the BMS-986012 monotherapy
group were white (91%) and were either current (33%)
or former (64%) smokers. In the monotherapy group,
78% of patients had an ECOG PS of 1. All patients who
received BMS-986012 monotherapy had previous sys-
temic therapy; 81% and 16% of patients had received 1L
or 2L systemic therapy previously, respectively. In
addition, 42 patients (55%) were sensitive to previous
Table 1. Baseline Characteristics of Each Patient Cohort

Baseline Characteristics and Patient Disposition
BM
(n

Age, median (range), y 63
Male, n (%) 46
White, n (%) 70
Tobacco use, current/former, n (%) 25
ECOG PS, 0/1, n (%) 17
1L platinum response, sensitive/refractory, n (%) 42
Previous lines of therapy, 1/2/3, n (%) 62

1L, first line; ECOG PS, Eastern Cooperative Oncology Group performance statu
1L therapy and 35 patients (45%) were refractory to
previous 1L therapy.

Similarly, all patients who received BMS-986012
plus nivolumab were either current (24%) or former
(76%) smokers, and almost all were white (93.4%). In
the combination group, 62% of patients had an ECOG PS
of 1. Most patients (86%) had one previous line of
therapy, two patients (7%) had two lines of previous
therapy, and two other patients had three lines of
previous therapy (7%). More patients were platinum
sensitive (69% [n ¼ 20]) than platinum refractory
(31% [n ¼ 9]).
Safety Profile of BMS-986012 Monotherapy or
Combination Treatment With Nivolumab

Treatment-related AEs (TRAEs) were reported in 73
participants (94.8%) treated with BMS-986012 mono-
therapy (by BMS-986012 dose group: 70 mg, n ¼ 7
[100%]; 160 mg, n ¼ 5 [83.3%]; 400 mg, n ¼ 28
[96.6%]; and 1000 mg, n ¼ 33 [94.3%]). TRAEs reported
in more than or equal to 10% of patients were pruritus
(n ¼ 68 [88.3%]), eye pruritus (n ¼ 10 [13%]), fatigue
(n ¼ 10 [13.0%]), nausea (n ¼ 9, [11.7%]), decreased
appetite (n ¼ 9 [11.7%]), and vulvovaginal pruritus (8
[10.4%]) (Fig. 1A). Most TRAEs were grade 1 or 2. Grade
3 TRAEs included pruritus (n ¼ 4 [5.2%]), fatigue, hy-
pokalemia, lower respiratory tract infection, and myalgia
(n ¼ 1 [1.3%] each). There were no grade 4 or 5 TRAEs
in patients treated with BMS-986012 monotherapy.

Six treatment-related SAEs were reported in the
BMS-986012 monotherapy group. Grade 3 fatigue lasting
8 days was reported in one participant who had received
BMS-986012 70 mg. Three SAEs were reported in the
400 mg dose cohort (grade 1 pyrexia [n ¼ 1], grade 3
pruritus [n ¼ 1], and grade 2 infusion-related reaction
[n ¼ 1]; all events lasted �2 d). The grade 1 pyrexia
occurred 8 hours after drug administration and was
considered an SAE because the patient was hospitalized;
however, the patient was observed (no additional
treatment) and discharged in the next morning. Two
SAEs in the 1000 mg BMS-986012 treatment group were
S-986012 Monotherapy
¼ 77)

BMS-986012 þ Nivolumab
(n ¼ 29)

(26–81) 65 (46–79)
(60) 15 (52)
(91) 29 (100)
(33)/49 (64) 7 (24)/22 (76)
(22)/60 (78) 11 (38)/18 (62)
(55)/35 (45) 20 (69)/9 (31)
(81)/12 (16)/1 (1) 25 (86)/2 (7)/2 (7)

s.
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TR
AE

BMS 70 mg, Grade ≥3 (n = 7)

BMS 160 mg, Grade ≥3  (n = 6)

BMS 400 mg, Grade ≥3 (n = 29)

BMS 1000 mg, Grade ≥3 (n = 35)
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Figure 1. Incidence of most common TRAEs experienced in patients in any cohort (per dose) treated with (A) BMS-986012
monotherapy or (B) in combination with nivolumab. Stacked bars (grade 1/2 and 3/4 TRAEs) represent total percentages
of TRAEs reported. Lack of stacked bar indicates that no grade 3/4 TRAEs occurred. Numbers within bars represent the
incidence of TRAEs experienced. aTotal represents total number of patients with an event. BMS, BMS-986012; nivo, nivolu-
mab; TRAE, treatment-related adverse event.
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reported in one patient (grade 3 pruritus and grade 3
lower respiratory tract infection), both of which lasted 3
to 4 days.

There were 63 deaths reported in the BMS-986012
monotherapy cohort unrelated to BMS-986012 treat-
ment. Of these, 61 were considered related to malignant
neoplasm progression, one was owing to pneumonia,
and one was due to respiratory failure (chronic
obstructive pulmonary disease).
All patients treated with BMS-986012 plus nivo-
lumab experienced a TRAE (pruritus, n ¼ 27
[93.1%]; fatigue and dry skin, n ¼ 8 [27.6%] each;
hypothyroidism, n ¼ 5 [17.2%]; infusion-related re-
action and nausea, n ¼ 4 [13.8%] each; and increased
amylase, increased lipase, arthralgia, dry eye, hy-
perthyroidism, dry mouth, vomiting, and vulvovagi-
nal pruritus, n ¼ 3 [10.3%] each; Fig. 1B). Three
grade 4 TRAEs were reported (increased amylase,
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n ¼ 1 [3%]; increased lipase, n ¼ 1 [3%]; and
hyponatremia, n ¼ 1 [3%]).

Three patients reported treatment-related SAEs in
the BMS-986012 plus nivolumab group. One patient
receiving 1000 mg BMS-986012 plus nivolumab had
grade 3 hepatic failure. As a result, therapy was dis-
continued, and the patient ultimately died of an unre-
lated event; the hepatic failure was attributed to
nivolumab by the investigator. Two SAEs were reported
during follow-up: grade 3 pancreatitis and grade 3
diarrhea (both events lasted 4 d).

There were 16 deaths in the combination therapy
group unrelated to BMS-986012 plus nivolumab treat-
ment (disease progression, n ¼ 15; respiratory failure
[owing to pain medication administered as part of
palliative care], n ¼ 1).
Efficacy of BMS-986012 Monotherapy or
Combination Treatment With Nivolumab

The ORR was 4% (95% CI: 0.8–11.0) in the BMS-
986012 monotherapy group; 18 patients (23%) ach-
ieved stable disease (BMS-986012 160 mg [n ¼ 2], 400
mg [n ¼ 8], 1000 mg [n ¼ 8]; Table 2). Median OS in the
BMS-986012 monotherapy group was 5.4 (95% CI:
4.01–7.33) months (Fig. 2A), with a 12-month OS rate of
21.2% (95% CI: 12.0%–32.0%). Median PFS was 1.3
(95% CI: 1.3–1.4) months (Fig. 2B) with a PFS rate of
12.2% (95% CI: 6.0%–20.7%) at 24 weeks. Two patients
achieved a partial response (PR), and one patient ach-
ieved complete response (CR; Fig. 3A). At the end of the
study, one patient with SCLC refractory to 1L carboplatin
plus etoposide was treated with BMS-986012 70 mg and
had a CR lasting approximately 47 weeks. One patient
with SCLC sensitive to 1L carboplatin plus etoposide was
treated with BMS-986012 400 mg and had a PR lasting
approximately 12 weeks. Another patient with SCLC
sensitive to 1L carboplatin plus etoposide had a PR of
243 weeks at the time of final analysis and was still
receiving treatment (BMS-986012 1000 mg).
Table 2. Overall Response Summary of Patients Treated With B
Nivolumab

Therapies, by Dose n

BMS-986012 monotherapy, all patients 77
70 mg 7
160 mg 6
400 mg 29
1000 mg 35

BMS-986012 þ nivolumab, all patients 29
400 mg þ 360 mg 21
1000 mg þ 360 mg 8

ORR, objective response rate.
An ORR of 38% (95% CI: 20.7–57.7) was achieved in
the BMS-986012 plus nivolumab group (Table 2) with
10 patients achieving PR and one patient achieving CR.
The ORR was higher (43%) in BMS-986012 400 mg plus
nivolumab compared with BMS-986012 1000 mg plus
nivolumab (25%). Of patients treated with BMS-986012
plus nivolumab, 10% (n ¼ 3) achieved stable disease. At
the time of data cutoff, the median DOR was 26.4 months
(95% CI: 4.4 mo–not reached) and four patients were
still receiving treatment in the BMS-986012 plus nivo-
lumab group. Those who received combination treat-
ment had a median OS of 18.7 months (95% CI: 8.2–37.3
mo; Fig. 2C), with OS rates of 64.5% (95% CI: 44.0%–
79.1%) at 12 months and 39.4% (95% CI: 21.7%–
56.6%) at 24 months. Median PFS was 2.1 months (95%
CI: 1.4–9.9 mo; Fig. 2D), with a PFS rate of 39.3% (95%
CI: 21.7%–56.5%) at 24 weeks. Seven patients (24%)
received combination treatment for more than 12
months (Fig. 3B).
PK Profile and ADA Interaction Summary in BMS-
986012 Monotherapy or Combination Treatment
With Nivolumab

Median Tmax was approximately 1 to 2 hours for all
doses in the BMS-986012 monotherapy cohort and 4
hours with BMS-986012 plus nivolumab combination
therapy cohort (Table 3). The mean area under the
concentration-time curve (AUCs and AUC(0-t)) of BMS-
986012 increased with increasing dose in mono-
therapy or in combination with nivolumab (Table 3). In
addition, the mean plasma concentration (Cmax and Cs) of
BMS-986012 alone or in combination with nivolumab
increased with increasing dose.

Of the assessable population in the BMS-986012
monotherapy treatment group (n ¼ 64), one patient
(1.6%) was baseline ADA positive to BMS-986012 and
all patients (n ¼ 64 [100%]) were ADA negative at time
of postbaseline assessment. Similarly, all assessable pa-
tients in the BMS-986012 plus nivolumab treatment
MS-986012 Monotherapy or BMS-986012 in Combination With

ORR, n (%) Stable Disease, n (%)

3 (4) 18 (23)
1 (14) 0
0 2 (33)
1 (3) 8 (28)
1 (3) 8 (23)
11 (38) 3 (10)
9 (43) 2 (10)
2 (25) 1 (13)
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Figure 2. Efficacy of BMS-986012 monotherapy or in combination with nivolumab after first dose of treatment. Proportion of
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group (n ¼ 21 [100%]) were ADA negative at time of
postbaseline assessment.
Discussion
The objective of this study was to evaluate the safety,

efficacy, PK, and immunogenicity of BMS-986012 as
monotherapy and in combination with nivolumab in
patients with R/R SCLC. We concluded that the safety
profile of BMS-986012 monotherapy or combination
therapy with nivolumab was manageable with no dose-
limiting toxicities (DLTs) reported in the monotherapy
group and one DLT reported in the BMS-986012 plus
nivolumab group, which was considered related to
nivolumab. Pruritus was the most common TRAE in
these patients. The cause of pruritus was likely neuro-
genic given that FucGM1 is expressed on peripheral
nerves. Some patients reported recurrent episodes for
several weeks, although for most patients, pruritus
resolved after the second cycle of therapy. In general,
pruritus was treated with antihistamines and low-dose
corticosteroids, which did not seem to help manage
symptoms, and in most patients, the pruritus seemed to
be self-limited and did not recur after the second cycle of
treatment. Importantly, potential autoimmune toxicity of
BMS-986012 did not seem to be increased in the pres-
ence of nivolumab except for pruritus. The safety pro-
files of BMS-986012 monotherapy and or combination
therapy with nivolumab are favorable compared with
those of approved therapies for previously treated SCLC.
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Table 3. Summary of PK Parameters After First Dose of BMS-986012 Monotherapy or in Combination With Nivolumab

Dose, mg
Cmax (mg/mL),
GM (%CV) [n]

Tmax (h), median
(min, max) [n]

AUC(0-t) (mg�h/mL),
GM (%CV) [n]

AUC(s) (mg�h/mL),
GM (%CV) [n]

C(s) (mg/mL),
GM (%CV) [n]

BMS-986012 monotherapy
70 27.5 (31) [7] 2 (1, 8) [7] 3978 (31) [7] 4286 (29) [7] 4.19 (27) [4]
160 74.4 (142) [6] 1.5 (1, 4) [6] 5937 (52) [6] 8480 (29) [5] 7.22 (15) [5]
400 121 (26) [28] 2 (1, 4) [28] 18,295 (30) [28] 19,253 (27) [27] 18.8 (29) [22]
1000 277 (37) [33] 1 (1, 4) [33] 35,984 (38) [33] 40,221 (33) [30] 37.9 (52) [19]

BMS-986012 in combination with nivolumab
400 103 (17) [15] 4 (1, 4) [15] 16,757 (26) [15] 17,978 (24) [12] 16.2 (45) [10]
1000 295 (21) [5] 4 (1, 4) [5] 41,247 (16) [5] 45,377 (24) [5] 28.7 (40) [3]

% CV, coefficients of variation; AUC(0-t), area under the serum concentration-time curve from time zero to time t; AUC(s), area under the serum concentration-
time curve in one dosing interval; Cmax, maximum observed serum concentration; Cs, observed serum concentration at the end of a dosing interval; GM,
geometric mean; min, minimum; max, maximum; PK, pharmacokinetics; Tmax, time to maximum observed serum concentration.
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After pruritus, nausea and fatigue were the most com-
mon TRAEs. Nevertheless, topotecan, which is poorly
tolerated, and lurbinectedin both frequently cause
nausea, fatigue, and clinically significant cytopenias.27,28

Seven patients received combination therapy for longer
than 1 year, indicating BMS-986012 plus nivolumab has
the potential for long-term safety and efficacy.

Despite OS improvement as found in the
IMpower1339 and CASPIAN8 trials, a high unmet need
still exists to provide a clinically meaningful benefit in
survival in patients with ES-SCLC. BMS-986012 mono-
therapy had evidence of single-agent activity, and several
patients experienced stable disease. BMS-986012 plus
nivolumab had higher clinical activity in patients with R/
R SCLC, including an ORR of 38% and a median OS of
18.7 months.

The PK profile of BMS-986012 was consistent with
that expected for a monoclonal antibody and suggested
that single doses quickly reached Cmax (median Tmax 1–2
h for BMS-986012 monotherapy and 4 h for BMS-
986012 þ nivolumab), and plasma concentrations
were dose proportional after single doses. Notably, no
patient across both treatment groups developed ADAs to
BMS-986012.

Because this was a FIH study, which are typically
nonrandomized, an assessment of potential effects of
demographic or clinical characteristics (e.g., number of
previous therapies, active or past tobacco use, race) on
safety and efficacy was not possible. Nevertheless, the
patient demographics were equally distributed between
the BMS-986012 monotherapy and BMS-986012 plus
nivolumab combination therapy arms. These results
reveal that BMS-986012 plus nivolumab represents a
safe combination therapy for patients with R/R SCLC not
previously treated with checkpoint inhibitors. Future
studies with BMS-986012 will require further explora-
tion to determine whether a correlation exists between
the degree of FucGM1 expression in SCLC and respon-
siveness to BMS-986012. Obtaining sufficient tumor
biopsy samples is challenging in this patient population,
but other blood-based biomarkers (e.g., circulating tu-
mor cells) could be explored. Supported by the results
presented here, a phase 2 study is currently evaluating
the safety and therapeutic benefit of BMS-986012 when
combined with carboplatin, etoposide, and nivolumab
in patients with newly diagnosed ES-SCLC
(NCT04702880).29
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