
Background
• Natural killer (NK) cells play a vital role in the innate immune system’s ability to combat viral 

infections and cancers1

 – Activation of NK cells, which is regulated by the balance of positive and negative receptor 
signaling, results in release of granules containing perforin and granzymes into target cells to 
induce apoptosis, as well as release of cytokines and chemokines into the micro-environment to 
recruit other immune cells1,2

• The killer cell immunoglobulin-like receptors (KIRs) are a family of inhibitory and activating 
receptors that are predominantly expressed on NK cells as well as some CD8+ T cells1-4 

• The binding of inhibitory KIRs to their human leukocyte antigen (HLA) ligands maintains the 
NK cells in a quiescent state1-4

• Therefore, suppression of inhibitory KIR signaling could promote NK-cell activation and 
antitumor activity2,5

• Lirilumab, a fully human IgG4 monoclonal antibody, targets inhibitory KIRs (KIR2DL-1, -2, and 
-3) to block their interaction with HLA-C and promote antitumor activity of NK cells (Figure 1)2

Figure 1. Mechanism of Action of Lirilumab

HLA-C, human leukocyte antigen-C; KIR, killer cell immunoglobulin-like receptor; MHC, major histocompatibility complex; NK, natural killer.

• The tolerability of lirilumab monotherapy was previously demonstrated in a phase 1 dose- 
escalation study in patients with solid or hematologic malignancies6

• We hypothesized that blocking inhibitory KIR function may potentiate an anti–tumor immune 
response and complement other immuno-oncology therapies that enhance T-cell activity

• Nivolumab (fully human IgG4 monoclonal antibody inhibitor of programmed death-1  
[PD-1] receptor) and ipilimumab (fully human IgG1 monoclonal antibody inhibitor of cytotoxic 
T-lymphocyte antigen-4 [CTLA-4]) promote antitumor activity of the adaptive immune system 
through inhibition of immune checkpoint pathways7-9

• Two phase 1 studies were initiated to assess the safety, tolerability, and preliminary antitumor 
activity of lirilumab in combination with nivolumab (CA223-001; NCT01714739) or ipilimumab 
(CA223-002; NCT01750580) in patients with advanced solid tumors

• Reported here are safety data from the dose-escalation and cohort-expansion phases of 
CA223-001 (data analysis, August 30, 2016) and the dose-escalation phase of CA223-002 
(data analysis, April 20, 2015)

Methods
Study Designs
• CA223-001 is a phase 1 dose-escalation and cohort-expansion study of lirilumab + nivolumab 

in patients with advanced solid tumors (Figure 2)
 – Patients received study therapy in 8-week treatment cycles for a maximum of 12 cycles
 – The dose-escalation phase used a 3 + 3 + 3 design to enroll patients into each dose group to 

determine the dose-limiting toxicities (DLTs) and maximum tolerated dose (MTD)/maximum 
administered dose (MAD)
• Patients received lirilumab 0.1, 0.3, 1.0, or 3.0 mg/kg every 4 weeks + nivolumab 3 mg/kg  

every 2 weeks
• After determining the MTD/MAD, an additional 3–12 patients could be enrolled into each dose 

group to a maximum of 15 patients
 – Cohort expansion was initiated in patients with a range of solid tumors at the MTD (if reached)  

or MAD

Figure 2. Study Design for CA223-001
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• CA223-002 was a phase 1 dose-escalation and cohort-expansion study of lirilumab + 
ipilimumab in patients with advanced solid tumors (Figure 3)

 – A 3 + 3 + 3 design was used to enroll patients into the dose-escalation phase to determine the  
MTD/MAD
• Patients were to receive lirilumab 0.1, 0.3, 1.0, or 3.0 mg/kg + ipilimumab 3 mg/kg or  

lirilumab 3.0 mg + ipilimumab 10 mg/kg every 3 weeks for four doses (induction phase)  
and then every 12 weeks for four doses (maintenance phase)

• After determining the MTD/MAD, an additional 3–9 patients could be enrolled into each dose  
group to a maximum of 12 patients

 – The cohort-expansion phase was not initiated for reasons other than safety and tolerability

Figure 3. Study Design for CA223-002

IpilimumabLirilumab

Screening Period Clinical
Follow-Up

Survival
Follow-Up

Day −28 

Week 
Study day

Induction Phase

1 22 43 64 84
41 7 10 12

162 246 330 414
24 36 48 60

Maintenance Phase

Induction
Ends

• Patients with select 
  confirmed advanced 
  solid tumors

• ≥ 1 and ≤ 5 prior
  treatment regimens

• ECOG PS ≤ 1

Safety follow-up
visits 6 and
12 weeks after
treatment
discontinuation

Follow-up every
3 months for up
to 3 years after
first dose of 
study treatment

ECOG PS, Eastern Cooperative Oncology Group performance status.

• In CA223-001 and CA223-002, the decision to treat a patient with additional cycles of therapy 
was made based on tumor assessments performed at the end of each cycle and before the 
first dose of the next cycle according to immune-related Response Evaluation Criteria In Solid 
Tumors10

 – Patients were treated until the first occurrence of immune-related complete response or 
progressive disease, completion of the maximum number of cycles, clinical deterioration 
suggesting that no further benefit was likely, intolerability of treatment, or discontinuation due to  
other reason

Primary Endpoints (CA223-001 and CA223-002)
• To assess the safety and tolerability and to identify the DLTs and MTD of study therapy
• To assess the preliminary antitumor activity of lirilumab + nivolumab (CA223-001 only)

Secondary Endpoints (CA223-001 and CA223-002)
• To evaluate the antitumor activity (CA223-002 only), pharmacokinetics, pharmacodynamics,  

and immunogenicity of lirilumab when administered with either nivolumab or ipilimumab

Key Inclusion Criteria 
• Eligible patients were ≥ 18 years old with confirmed advanced solid tumors who had 

progressed on or were intolerant of ≥ 1 (both studies) and ≤ 5 (CA223-001 cohort expansion; 
CA223-002) prior treatment regimens

 – In CA223-001, patients with all solid tumors (except central nervous system tumors) were eligible 
for dose escalation, and those with select advanced solid tumors were eligible for the cohort- 
expansion phase

 – In CA223-002, eligible patients had select advanced solid tumors 

• Patients were required to have an Eastern Cooperative Oncology Group performance  
status ≤ 1 (both studies)11 

Key Exclusion Criteria
• Patients with active or prior history of autoimmune disease or who received prior treatment 

with any of the following were not eligible:
 – Anti–KIR antibody (both studies)
 – Anti–PD-1 or anti–programmed death-1 ligand 1 (anti–PD-L1) antibody (CA223-001 only)
 – Anti–CTLA-4 antibody; however, in CA223-001, prior anti–CTLA-4 treatment that occurred > 100 

days before the start of study treatment was permitted
 – Other immune-modulating antibody (both studies)

• Patients were not permitted to have received prior therapy within 28 days of starting study 
treatment (both studies)

Safety Assessments
• Adverse events (AEs) were assessed continually during treatment and for 150 days  

(CA223-001) and 90 days (CA223-002) following the last dose per Common Terminology 
Criteria for Adverse Events v4.012

• DLTs were assessed during the first 8 (CA223-001) and 9 (CA223-002) weeks of treatment

Results from CA223-001
Patients
• As of August 30, 2016, 159 patients were treated in the escalation and expansion phases

 – Patients received nivolumab 3.0 mg/kg and lirilumab 0.1 (n = 4), 0.3 (n = 16), 1.0 (n = 15), or  
3.0 (n = 124) mg/kg

• Baseline patient characteristics are described in Table 1
• Approximately 75% of patients had discontinued treatment at the time of data analysis  

(Table 2)

Table 1. Baseline Patient Characteristics in CA223-001
CA223-001

All Patients
(N = 159)

Mean age (range), years 58.5 (21–85)

Median age, years 60.0

Age < 65 years, n (%) 99 (62.3)

Male, n (%) 98 (61.6)

Race, n (%)
White
Black
Native American/Alaska native
Asian
Other

139 (87.4)
7 (4.4)
1 (0.6)
8 (5.0)
4 (2.5)

Table 2. Patient Disposition in CA223-001
CA223-001

All Patients
(N = 159)

Continuing treatment, n (%) 43 (27.0)

Not continuing treatment, n (%) 116 (73.0)

Reasons for not continuing treatment, n (%)
Disease progression
Study drug toxicity
Patient decision
AE unrelated to study drug
Patient withdrew consent
Maximum clinical benefit
Patient no longer met study criteria
Lost to follow-up
Noncompliance
Other

84 (52.8)
8 (5.0)
6 (3.8)
4 (2.5)
4 (2.5)
3 (1.9)
2 (1.3)
1 (0.6)
1 (0.6)
3 (1.9)

AE, adverse event.

Safety and Tolerability
• No DLTs were reported with lirilumab + nivolumab treatment

 – The MTD was not determined; therefore, cohort expansion was initiated at the MAD  
(lirilumab 3.0 mg/kg + nivolumab 3.0 mg/kg)

• Across treatment groups, the median duration of treatment with lirilumab and nivolumab 
ranged from ≈ 14–58 weeks

• Most patients (71.7%) experienced at least one treatment-related AE (TRAE; Table 3)
 – TRAEs were generally grade 1 or 2, and the most common TRAEs (≥ 10%) among all treated 

patients were fatigue (20.8%), pruritus (18.9%), infusion-related reaction (17.6%), and rash (16.4%)

• Infusion-related reactions (often associated with lirilumab monotherapy) occurred in  
28 patients

 – These TRAEs were grade 1 or 2 and primarily occurred after the first infusion; pretreatment was  
not needed

Table 3. All TRAEs and TRAEs Reported in ≥ 5% of All Patients in CA223-001

Patients With  
a TRAE, n (%)

Lirilumab 0.1 mg/kg + 
Nivolumab 3.0 mg/kg

n = 4

Lirilumab 0.3 mg/kg + 
Nivolumab 3.0 mg/kg

n = 16

Lirilumab 1.0 mg/kg + 
Nivolumab 3.0 mg/kg

n = 15

Lirilumab 3.0 mg/kg + 
Nivolumab 3.0 mg/kg

n = 124
All Patients

N = 159

Any 
Grade

Grade 
3/4a

Any 
Grade

Grade 
3/4b

Any 
Grade

Grade 
3/4c

Any 
Grade

Grade 
3/4d

Any 
Grade

Grade 
3/4a-d

Any TRAE 4 (100) 2 (50.0) 15 (93.8) 2 (12.5) 14 (93.3) 3 (20.0) 81 (65.3) 17 (13.7) 114 (71.7) 24 (15.1)

TRAEs in ≥ 5% of all patients

Fatigue 2 (50.0) 0 5 (31.3) 0 4 (26.7) 0 22 (17.7) 0 33 (20.8) 0

Pruritus 2 (50.0) 0 3 (18.8) 0 6 (40.0) 0 19 (15.3) 0 30 (18.9) 0

Infusion-related reaction 1 (25.0) 0 1 (6.3) 0 7 (46.7) 0 19 (15.3) 0 28 (17.6) 0

Rash 1 (25.0) 0 5 (31.3) 0 4 (26.7) 0 16 (12.9) 0 26 (16.4) 0

Diarrhea 0 0 0 0 3 (20.0) 1 (6.7) 10 (8.1) 0 13 (8.2) 1 (0.6)

Arthralgia 0 0 3 (18.8) 0 4 (26.7) 0 6 (4.8) 0 13 (8.2) 0

Amylase increased 0 0 2 (12.5) 0 1 (6.7) 0 9 (7.3) 4 (3.2) 12 (7.5) 4 (2.5)

Maculopapular rash 0 0 2 (12.5) 0 1 (6.7) 1 (6.7) 9 (7.3) 1 (0.8) 12 (7.5) 2 (1.3)

Nausea 1 (25.0) 0 2 (12.5) 0 2 (13.3) 0 7 (5.6) 0 12 (7.5) 0

Appetite decreased 2 (50.0) 0 0 0 1 (6.7) 0 6 (4.8) 0 9 (5.7) 0

Pyrexia 0 0 0 0 0 0 8 (6.5) 0 8 (5.0) 0

AST, aspartate aminotransferase; TRAE, treatment-related adverse event.
aGrade 3/4 TRAEs included hypophosphatemia and QT interval prolonged (n = 1 for each); bGrade 3/4 TRAEs included leukopenia, neutropenia, 
and pulmonary embolism (n = 1 for each); cGrade 3/4 TRAEs not shown in the table included blood pressure increased (n = 1); dGrade 3/4 TRAEs 
not shown in the table included lipase increased (n = 4) and AST increased, autoimmune pancreatitis, bacteremia, drug hypersensitivity, dyspnea, 
hyperglycemia, hypertension, hypophosphatemia, hypopituitarism, portal vein thrombosis, radiation skin injury, stridor, and thrombocytopenia  
(n = 1 for each).

• TRAEs leading to discontinuation were reported in 12 patients (7.5%), with only treatment-
related pneumonitis (n = 3; all grade 2) and diarrhea (n = 2; all grade 2) occurring in > 1 patient

• Treatment-related serious AEs (TRSAEs) occurred in 10 patients (6.3%); diarrhea (n = 2; all 
grade 2) and pneumonitis (n = 2; all grade 2) were the only events experienced by > 1 patient

 – Grade 3 or 4 TRSAEs were experienced by four patients and included autoimmune pancreatitis 
(asymptomatic), dyspnea, thrombocytopenia, and radiation skin injury

• No treatment-related deaths were reported

Summary of Results from CA223-002
• On April 20, 2015, CA223-002 was terminated for reasons other than safety and tolerability

 – At that time, 22 patients enrolled in the escalation phase had received ipilimumab 3.0 mg/kg and 
lirilumab 0.1 (n = 3), 0.3 (n = 8), 1.0 (n = 6) or 3.0 (n = 5) mg/kg

• Baseline patient characteristics are described in Table 4

Table 4. Baseline Patient Characteristics in CA223-002
CA223-002

All Patients
(N = 22)

Mean age (range), years 58.0 (30–85)

Age < 65 years, n (%) 14 (63.6)

Male, n (%) 12 (54.5)

Race, n (%)
White 22 (100)

• Median duration of treatment across dose groups ranged from 9–12 (induction phase) and 
0–48 (maintenance phase) weeks

• DLTs included grade 2 iridocyclitis (n = 1; lirilumab 0.3 mg/kg + ipilimumab 3.0 mg/kg) and 
grade 3 rash (n = 1; lirilumab 1.0 mg/kg + ipilimumab 3.0 mg/kg)

 – Grade 2 iridocyclitis was reported as a DLT because it did not resolve to grade 1 within 2 weeks 
despite treatment; this event was also considered to be related to nivolumab, which the patient 
received 32 days before starting study therapy
• This was the only patient to discontinue due to a TRAE

• TRAEs were mostly grade 1 or 2, with fatigue (27.3%) and diarrhea (22.7%) being the most 
common (Table 5)

• TRSAEs occurred in two patients (9.1%; grade 3 hypopituitarism and grade 2 iridocyclitis)
• No treatment-related deaths were reported

Table 5. All TRAEs and TRAEs Reported in ≥ 5% of All Patients in CA223-002

Patients With  
a TRAE, n (%)

Lirilumab 0.1 mg/kg + 
Ipilimumab 3.0 mg/kg

n = 3

Lirilumab 0.3 mg/kg + 
Ipilimumab 3.0 mg/kg

n = 8

Lirilumab 1.0 mg/kg + 
Ipilimumab 3.0 mg/kg

n = 6

Lirilumab 3.0 mg/kg + 
Ipilimumab 3.0 mg/kg

n = 5
All Patients

N = 22

Any 
Grade

Grade 
3/4

Any 
Grade

Grade 
3/4a

Any 
Grade

Grade 
3/4b

Any 
Grade

Grade 
3/4

Any 
Grade

Grade 
3/4a,b

Any TRAE 3 (100) 0 6 (75.0) 1 (12.5) 3 (50.0) 1 (16.7) 3 (60.0) 0 15 (68.2) 2 (9.1)

TRAEs in ≥ 5% of all patients

Fatigue 2 (66.7) 0 1 (12.5) 0 2 (33.3) 0 1 (20.0) 0  6 (27.3) 0

Diarrhea 0 0 2 (25.0) 0 2 (33.3) 0 1 (20.0) 0 5 (22.7) 0

Nausea 1 (33.3) 0 3 (37.5) 0 0 0 0 0 4 (18.2) 0

Appetite decreased 1 (33.3) 0 2 (25.0) 0 1 (16.7) 0 0 0 4 (18.2) 0

Vomiting 0 0 3 (37.5) 0 0 0 1 (20.0) 0 4 (18.2) 0

Chills 2 (66.7) 0 1 (12.5) 0 0 0 1 (20.0) 0 4 (18.2) 0

Rash 0 0 1 (12.5) 0 2 (33.3) 0 0 0 3 (13.6) 0

Pruritic rash 1 (33.3) 0 2 (25.0) 0 0 0 0 0 3 (13.6) 0

Pyrexia 2 (66.7) 0 0 0 0 0 1 (20.0) 0 3 (13.6) 0

Hyperhidrosis 2 (66.7) 0 0 0 0 0 0 0 2 (9.1) 0

Maculopapular rash 0 0 2 (25.0) 0 0 0 0 0 2 (9.1) 0

Headache 1 (33.3) 0 0 0 0 0 1 (20.0) 0 2 (9.1) 0

Pruritus 0 0 0 0 1 (16.7) 1 (16.7) 1 (20.0) 0 2 (9.1) 1 (4.5)

Hypertension 0 0 1 (12.5) 0 1 (16.7) 0 0 0 2 (9.1) 0

TRAE, treatment-related adverse event.
aGrade 3/4 TRAEs not shown in the table included hypopituitarism (n = 1); bGrade 3/4 TRAEs not shown in the table included erythematous rash (n = 1).

Conclusions
• There does not appear to be additional safety concerns with the lirilumab + ipilimumab 

combination compared to ipilimumab monotherapy in the limited population studied
• No additional safety concerns were observed with the lirilumab + nivolumab combination 

therapy compared to nivolumab monotherapy, with the exception of an increase in  
low-grade infusion-related reactions that were clinically manageable

 – Low-grade infusion-related reactions more commonly associated with lirilumab 
monotherapy occurred mostly after the first administration of therapy and did not  
require pretreatment

• Based on these data, further evaluation of lirilumab in combination with nivolumab  
is warranted

• Efficacy data from the lirilumab + nivolumab combination study will be reported  
separately and are forthcoming
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