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Supplementary Methods 

Additional Eligibility Criteria 

Patients with hepatitis B virus infection (HBV; if active, on effective antiviral therapy with 
a viral load <500 IU/mL), hepatitis C virus infection (HCV), or non-viral hepatocellular 
carcinoma were eligible. Exclusion criteria included active coinfection with HBV and 
HCV, evidence of portal hypertension with bleeding esophageal or gastric varices, 
active bleeding or bleeding susceptibility or medically significant hemorrhage within 3 
months prior to enrollment. 

Dose Delay, Reduction, and Discontinuation Criteria 

Since immune checkpoint inhibitors (ICIs) are associated with adverse events that 
require management via specific algorithms, dose delay of nivolumab and/or ipilimumab 
was permitted, without delay of cabozantinib where such events were considered by the 
investigator to be related only to nivolumab and/or ipilimumab. Similarly, if an event was 
considered to only be related to cabozantinib, then nivolumab and/or ipilimumab 
treatment could continue while cabozantinib was delayed according to the management 
algorithm. Assessment for discontinuation of nivolumab was made separately from 
assessment for discontinuation of ipilimumab. If the investigator assessed an adverse 
event to be related to ipilimumab only and not related to nivolumab, then ipilimumab 
dosing alone could be discontinued while nivolumab dosing was delayed until the 
patient met criteria to resume nivolumab treatment. If a patient in the 
nivolumab/ipilimumab combination arm met criteria for discontinuation and the 
investigator was unable to determine whether the event was related to both or one 
study drug, the patient discontinued both nivolumab and ipilimumab. 

Treatment Beyond Progression 

Treatment beyond disease progression was permitted if patients had investigator-
assessed disease progression (Response Evaluation Criteria in Solid Tumors v1.1), but 
had tumor burden lower than baseline, were tolerating treatment, had stable 
performance status, had investigator-assessed clinical benefit, were not at risk of 
delaying an imminent intervention to prevent serious complications of disease 
progression (eg, central nervous system metastases), and provided additional informed 
consent to continue treatment. 

Outcomes: Definitions of Objectives 

• Objective response rate (ORR): best overall response of complete response (CR) or 
partial response (PR), divided by the number of treated patients  
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• Duration of response (DOR): time between date of first radiographic response and 
disease progression 

• Best overall response (BOR): the best response designation recorded between the 
dates of randomization and the first objectively documented progression or the date 
of subsequent anticancer therapy, whichever occurs first. For patients without 
documented progression or subsequent anticancer therapy, all available response 
designations will contribute to the BOR determination. For a BOR of CR or PR, the 
initial response assessment must be confirmed by a consecutive assessment no 
less than 4 weeks later. In the case of stable disease (SD), measurements must 
have met the SD criteria at least once after randomization at a minimum of 40 days 

• Responder: a patient whose BOR is either a CR or PR 
• Disease control rate (DCR): BOR of CR, PR, SD, non-CR/non–progressive disease 

divided by the number of treated patients 
• Progression-free survival (PFS): time between first dose of study medication and 

first documented tumor progression, or death due to any cause 
• Overall survival (OS): time between the first dose of study medication and death 

(from any cause) or last known date alive 
• Time to response (TTR): time from the first dose of study medication to the first 

confirmed CR or PR; TTR is derived only for responders 
• Adverse events (AEs): events occurring during the study and up to 100 days after 

last study treatment 
• Treatment-related adverse events (TRAEs): events with relationship to the study 

treatment as determined by the investigator and reported between the first dose and 
30 days after last dose of study treatment 

• TRAEs leading to discontinuation: TRAEs reported between the first dose and 30 
days after last dose of study treatment that led to study discontinuation 

• Select TRAEs (sTRAEs): TRAEs with potential immunologic etiology that required 
frequent monitoring or intervention 

PD-L1 Analysis 

Tumor biopsies (archival, if available, or fresh with consent) collected at baseline were 
retrospectively analyzed for programmed death ligand 1 (PD-L1) expression by 
immunohistochemistry using the PD-L1 IHC 28-8 pharmDx assay (Dako, an Agilent 
Technologies, Inc. company, Santa Clara, CA). Quantifiable PD-L1 expression was 
defined as the percentage of tumor cells with membrane staining in a minimum of 100 
evaluable tumor cells. 

Statistical Analyses 

Sample size of each treatment arm was determined based on safety and efficacy 
considerations. The inclusion of 30 patients in each arm would provide 80% probability 
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of observing at least seven patients reporting a grade ≥3 TRAE. The maximum width of 
the exact two-sided 95% CI was 36.7% when ORR was in the range 20% to 40%. 
Sufficient follow-up of 30 patients per arm would allow a stable estimate of ORR, 
adequate safety follow-up, and provide information on DOR. 
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TABLE A1. Extent of Exposure 

 Doublet Arm 
NIVO 240 Q2W  

+ CABO 40 
(n = 36) 

Triplet Arm 
NIVO3 Q2W + IPI1 Q6W 

+ CABO 40  
(n = 35) 

Number of doses received   

NIVO 13.5 (1–77) 15.0 (1–79) 

CABO 118.0 (10–1,094) 73.0 (14–964) 

IPI NA 5.0 (1–26) 

Cumulative dosea   

NIVO 3,240.0 (240.0–18,480.0) 2,731.0 (242.1–24,200.0) 

CABO 4,570.0 (400.0–43,760.0) 2,600.0 (540.0–38,560.0) 

IPI NA 5.0 (1.0–26) 

Relative dose intensity ≥ 90%, n (%)   

NIVO 27 (75) 20 (57) 

CABO 15 (42) 16 (46) 

IPI NA 25 (71) 

Duration of treatment, months   

NIVO 6.9 (0.0–36.0) 7.4 (0.0–36.6) 

CABO 4.5 (0.3–35.9) 2.9 (0.5–36.6) 

IPI NA 6.4 (0.0–33.8) 

Patients with ≥ 1 dose delay, n (%)   

NIVO 25 (69) 23 (66) 

CABO 24 (67) 24 (69) 

IPI NA 20 (57) 

Patients with ≥ 1 dose reduction, n (%)   

NIVO 0 1 (3) 

CABO 19 (53) 15 (43) 

IPI NA 0 

Abbreviations: CABO, cabozantinib; CABO 40, cabozantinib 40 mg; IPI, ipilimumab; IPI1, ipilimumab 1 
mg/kg; NA, not applicable; NIVO, nivolumab; NIVO3, nivolumab 3 mg/kg; NIVO 240, nivolumab 240 
mg/kg; Q2W, every 2 weeks; Q6W every 6 weeks. 
Data are median (range) unless otherwise noted. 
aCumulative dose units: NIVO (mg), CABO (mg), and IPI (mg/kg). 
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TABLE A2. Subsequent Anticancer Therapies 

 Doublet Arm 
NIVO 240 Q2W  

+ CABO 40 
(n = 36) 

Triplet Arm 
NIVO3 Q2W + IPI1 Q6W 

+ CABO 40  
(n = 35) 

Any subsequent therapy,a n (%) 13 (36) 13 (37) 

Radiotherapy, n (%) 1 (3) 1 (3) 

Systemic anticancer therapy, n (%) 12 (33) 13 (37) 

Capecitabine 4 (11) 4 (11) 

Lenvatinib 4 (11) 2 (6) 

Regorafenib 3 (8) 5 (14) 

Sorafenib 3 (8) 3 (9) 

Nivolumab 2 (6) 1 (3) 

Antineoplastic therapy 1 (3) 0 

Epirubicin 1 (3) 0 

Investigational antineoplastic therapy 1 (3) 0 

Ipilimumab 1 (3) 0 

Oxaliplatin 1 (3) 0 

Tyrosine kinase inhibitor 1 (3) 0 

Bevacizumab 0 1 (3) 

Fluorouracil/Leucovorin/Oxaliplatin 0 1 (3) 

Paclitaxel 0 1 (3) 

Pembrolizumab 0 1 (3) 

Ramucirumab 0 1 (3) 

Abbreviations: CABO 40, cabozantinib 40 mg; IPI1, ipilimumab 1 mg/kg; NIVO3, nivolumab 3 mg/kg; 
NIVO 240, nivolumab 240 mg/kg; Q2W, every 2 weeks; Q6W every 6 weeks. 
aPatient may have received more than one type of subsequent therapy. 
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TABLE A3. Objective Response Rate According to Baseline Characteristics by BICR 
per RECIST v1.1 

 Objective Response Rate, n/n (%) [95% CI] 

Baseline Characteristic 

Doublet Arm 
NIVO 240 Q2W + CABO 40 

(n = 36) 

Triplet Arm 
NIVO3 Q2W + IPI1 Q6W  

+ CABO 40  
(n = 35) 

Alfa fetoprotein status    

< 400 ng/mL 3/22 (14) [3 to 35] 5/18 (28) [10 to 53.5] 

≥ 400 ng/mL 2/14 (14) [2 to 43] 5/17 (29) [10 to 56] 

Tumor cell PD-L1 expression    

≥ 1% 1/9 (11) [< 1 to 48] 2/11 (18) [2 to 52] 

< 1% 3/23 (13) [3 to 34] 8/24 (33) [16 to 55] 

HCC etiology   

HBV 1/6 (17) [< 1 to 64] 3/10 (30) [7 to 65] 

HCV 2/9 (22) [3 to 60] 2/11 (18) [2 to 52] 

Uninfected 2/21 (10) [1 to 30] 5/14 (36) [13 to 65] 

Abbreviations: BICR, blinded independent central review; CABO 40, cabozantinib 40 mg/kg; CI, 
confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IPI1, 
ipilimumab 1 mg/kg; NIVO3, nivolumab 3 mg/kg; NIVO 240, nivolumab 240 mg/kg; PD-L1, programmed 
death ligand 1; Q2W, every 2 weeks; Q6W, every 6 weeks; RECIST, Response Evaluation Criteria In 
Solid Tumors. 
 



JCO.22.00972 

8 

TABLE A4. Treatment-Related Adverse Events of Potential Immunologic Etiology by Organ Class Categories and 
Immune-Modulating Medication 

 Doublet arm 
NIVO 240 Q2W + CABO 40 

(n = 36) 

Triplet arm 
NIVO3 Q2W + IPI1 Q6W + CABO 40  

(n = 35) 
n (%) Any Grade Grade 3–4 Any Grade Grade 3–4 
Endocrine 8 (22) 0 9 (26) 2 (6) 

Patients with event receiving IMM, n (%) 1 (13) 0 3 (33) 1 (50) 

Systemic corticosteroid 1(13) 0 3 (33) 1 (50) 

Median duration of IMM (range), weeks 107.1 (107.1–
107.1) 

NA 21.0 (4.1–79.1) 21.0 (21.0–21.0) 

Patients receiving corticosteroid dose ≥ 40 mg 
prednisone equivalent, n (%) 

0 0 1 (11) 0 

Gastrointestinal 16 (44) 4 (11) 12 (34) 1 (3) 

Patients with event receiving IMM, n (%) 1 (6) 1 (25) 1 (8) 1 (100) 

Systemic corticosteroid 1 (6) 1 (25) 1 (8) 1 (100) 

Median duration of IMM (range), weeks 7.1 (7.1–7.1) 7.1 (7.1–7.1) 2.1 (2.1–2.1) 2.1 (2.1–2.1) 

Patients receiving corticosteroid dose ≥ 40 mg 
prednisone equivalent, n (%) 

0 0 1 (8) 1 (100) 

Hepatic 6 (17) 4 (11) 13 (37) 9 (26) 

Patients with event receiving IMM, n (%) 1 (17) 1 (25) 7 (54) 7 (78) 

Systemic corticosteroid 1 (17) 1 (25) 7 (54) 7 (78) 

Immunosuppressive agent 0 0 1 (7.7) 1 (11) 

Median duration of IMM (range), weeks 3.7 (3.7–3.7) 3.7 (3.7–3.7) 6.0 (3.4–35.9) 6.0 (3.4–35.9) 

Patients receiving corticosteroid dose ≥ 40 mg 
prednisone equivalent, n (%) 

1 (17) 1 (25) 7 (54) 7 (78) 

Pulmonary 2 (6) 0 1 (3) 0 
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 Doublet arm 
NIVO 240 Q2W + CABO 40 

(n = 36) 

Triplet arm 
NIVO3 Q2W + IPI1 Q6W + CABO 40  

(n = 35) 
n (%) Any Grade Grade 3–4 Any Grade Grade 3–4 

Patients with event receiving IMM, n (%) 2 (100) 0 0 0 

Systemic corticosteroid 2 (100) 0 0 0 

Median duration of IMM (range), weeks 10.1 (4.0–16.1) NA NA NA 

Patients receiving corticosteroid dose ≥ 40 mg 
prednisone or equivalent, n (%) 

1 (50) 0 0 0 

Renal 0 0 2 (6) 1 (3) 

Patients with event receiving IMM, n (%) 0 0 0 0 

Median duration of IMM (range), weeks NA NA NA NA 

Patients receiving corticosteroid dose ≥ 40 mg 
prednisone or equivalent, n (%) 

0 0 0 0 

Skin 17 (47) 1 (3) 23 (66) 3 (9) 

Patients with event receiving IMM, n (%) 5 (29) 0 10 (43) 2 (67) 

Systemic corticosteroid 1 (6) 0 1 (4) 1 (33) 

Dermatological corticosteroid 5 29) 0 9 (39) 1 (33) 

Median duration of IMM (range), weeks 2.1 (1.1–137.0) NA 5.5 (2.1–45.9) 6.6 (4.0–9.1) 

Patients receiving corticosteroid dose ≥ 40 mg 
prednisone or equivalent, n (%) 

0 0 0 0 

Abbreviations: CABO 40, cabozantinib 40 mg; IMM, immune-modulating medication; IPI1, ipilimumab 1 mg/kg; NA, not applicable; NIVO3, 
nivolumab 3 mg/kg; NIVO 240, nivolumab 240 mg/kg; Q2W, every 2 weeks; Q6W every 6 weeks. 
Includes events reported between first dose and 30 days after last dose of study therapy. All adverse events were reported by worst grade 
according to National Cancer Institute Common Terminology Criteria for Adverse Events v4.0. 
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FIG A1. Landmark analysis of OS by BOR per BICR from (A) month 6 and (B) month 9. 
BICR, blinded independent central review; BOR, best overall response; CABO 40, cabozantinib 40 mg; 
CI, confidence interval; HR, hazard ratio; IPI1, ipilimumab 1 mg/kg; NE, not estimable; NIVO3, nivolumab 
3 mg/kg; NIVO 240, nivolumab 240 mg/kg; NR, not reached; OS, overall survival. 
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