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Summary
Background For patients with advanced hepatocellular carcinoma, sorafenib is the only approved drug worldwide, and 
outcomes remain poor. We aimed to assess the safety and efficacy of nivolumab, a programmed cell death protein-1 
(PD-1) immune checkpoint inhibitor, in patients with advanced hepatocellular carcinoma with or without chronic 
viral hepatitis.

Methods We did a phase 1/2, open-label, non-comparative, dose escalation and expansion trial (CheckMate 040) of 
nivolumab in adults (≥18 years) with histologically confirmed advanced hepatocellular carcinoma with or without 
hepatitis C or B (HCV or HBV) infection. Previous sorafenib treatment was allowed. A dose-escalation phase was 
conducted at seven hospitals or academic centres in four countries or territories (USA, Spain, Hong Kong, and 
Singapore) and a dose-expansion phase was conducted at an additional 39 sites in 11 countries (Canada, UK, Germany, 
Italy, Japan, South Korea, Taiwan). At screening, eligible patients had Child-Pugh scores of 7 or less (Child-Pugh A or 
B7) for the dose-escalation phase and 6 or less (Child-Pugh A) for the dose-expansion phase, and an Eastern Cooperative 
Oncology Group performance status of 1 or less. Patients with HBV infection had to be receiving effective antiviral 
therapy (viral load <100 IU/mL); antiviral therapy was not required for patients with HCV infection. We excluded 
patients previously treated with an agent targeting T-cell costimulation or checkpoint pathways. Patients received 
intravenous nivolumab 0·1–10 mg/kg every 2 weeks in the dose-escalation phase (3+3 design). Nivolumab 3 mg/kg was 
given every 2 weeks in the dose-expansion phase to patients in four cohorts: sorafenib untreated or intolerant without 
viral hepatitis, sorafenib progressor without viral hepatitis, HCV infected, and HBV infected. Primary endpoints were 
safety and tolerability for the escalation phase and objective response rate (Response Evaluation Criteria In Solid Tumors 
version 1.1) for the expansion phase. This study is registered with ClinicalTrials.gov, number NCT01658878.

Findings Between Nov 26, 2012, and Aug 8, 2016, 262 eligible patients were treated (48 patients in the dose-escalation 
phase and 214 in the dose-expansion phase). 202 (77%) of 262 patients have completed treatment and follow-up is 
ongoing. During dose escalation, nivolumab showed a manageable safety profile, including acceptable tolerability. In 
this phase, 46 (96%) of 48 patients discontinued treatment, 42 (88%) due to disease progression. Incidence of 
treatment-related adverse events did not seem to be associated with dose and no maximum tolerated dose was 
reached. 12 (25%) of 48 patients had grade 3/4 treatment-related adverse events. Three (6%) patients had 
treatment-related serious adverse events (pemphigoid, adrenal insufficiency, liver disorder). 30 (63%) of 48 patients in 
the dose-escalation phase died (not determined to be related to nivolumab therapy). Nivolumab 3 mg/kg was chosen 
for dose expansion. The objective response rate was 20% (95% CI 15–26) in patients treated with nivolumab 3 mg/kg 
in the dose-expansion phase and 15% (95% CI 6–28) in the dose-escalation phase.

Interpretation Nivolumab had a manageable safety profile and no new signals were observed in patients with advanced 
hepatocellular carcinoma. Durable objective responses show the potential of nivolumab for treatment of advanced 
hepatocellular carcinoma.

Funding Bristol-Myers Squibb.

Introduction
Worldwide, liver cancer accounts for more than 
850 000 new cancer cases annually, and approximately 
90% of these are hepatocellular carcinoma.1,2 Chronic 
infection with hepatitis C virus (HCV) or hepatitis B virus 
(HBV) is the leading cause of hepatocellular carcinoma.3 
Hepatocellular carcinoma is often diagnosed at advanced 
stages of disease for which highly effective therapies are 

insufficient. At present, sorafenib, a small-molecule 
multikinase inhibitor, is the only evidence-based systemic 
treatment option for patients with advanced hepatocellular 
carcinoma.2,4,5 In previously untreated patients with 
advanced disease, the median overall survival was 
10·7 months in those treated with sorafenib and 
7·9 months in those who received placebo (hazard ratio 
[HR] 0·69, 95% CI 0·55–0·87; p<0·001).6 In selected 
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patients who tolerated sorafenib but progressed while on 
therapy, another multikinase inhibitor, regorafenib, has 
been reported to provide an overall survival benefit 
compared with placebo (10·6 months vs 7·8 months; 
HR 0·62, 95% CI 0·50–0·78; p<0·001).7

Immunotherapies that inhibit the immune checkpoint 
interaction between programmed cell death protein-1 
(PD-1) and programmed death-ligand 1 (PD-L1) have 
shown substantial survival benefit in some patients with 
metastatic carcinomas of multiple tissue origins.8–11 The 
presence of tumour-infiltrating lymphocytes expressing 
PD-1 in hepatocellular carcinoma lesions and their 
correlation with outcome suggest that immuno-
therapeutic approaches might be useful in this 
setting.12–15

Nivolumab is a fully human immunoglobulin G4 
monoclonal antibody that disrupts PD-1 immune 
checkpoint signalling and thereby restores the 
antitumour activity of otherwise suppressed effector 

T cells. CheckMate 040 is an ongoing, global, phase 1/2 
study of nivolumab in patients with advanced 
hepatocellular carcinoma with or without chronic viral 
hepatitis who were previously treated or untreated with 
sorafenib. In this first report of a PD-1 checkpoint 
inhibitor for the treatment of advanced hepatocellular 
carcinoma, we detail nivolumab safety and efficacy 
results from the dose-escalation and dose-expansion 
phases of CheckMate 040.

Methods
Study design and participants
We did a multicentre, non-comparative, open-label, 
phase 1/2 study in patients with advanced hepatocellular 
carcinoma with or without chronic viral hepatitis (HCV 
or HBV) to evaluate the safety and efficacy of nivolumab 
as a monotherapy (CheckMate 040). The dose-escalation 
phase was conducted at seven hospitals or academic 
centres in four countries or territories (USA, Spain, 

Research in context

Evidence before this study
Patients with advanced hepatocellular carcinoma who have 
tumours that are not amenable to surgical resection or local 
treatment have few effective treatment options. Although 
treatment with multikinase inhibitors provides some overall 
survival benefit—for example, sorafenib in previously untreated 
patients and regorafenib in sorafenib progressors—an unmet 
need remains in many patients. Chronic inflammatory 
conditions in the liver, such as cirrhosis and viral hepatitis, result 
in some degree of immunosuppression within the hepatocellular 
carcinoma tumour microenvironment, making immune 
checkpoints attractive therapeutic targets. We searched PubMed 
from Sept 1, 2010, to Sept 1, 2016, for articles using search terms 
“advanced HCC” and “immunotherapy OR immune checkpoint 
AND HCC”. Non-English articles, review articles, and meta-
analysis references were excluded. We identified one relevant 
phase 1 clinical trial from 2013 evaluating the cytotoxic 
T-lymphocyte antigen (CTLA-4) checkpoint inhibitor 
tremelimumab in a small cohort of patients with advanced 
hepatocellular carcinoma who were infected with hepatitis C 
virus (HCV), which reported a manageable safety profile as well 
as preliminary evidence of antitumour and antiviral activity. 
Several preclinical studies have provided evidence in support of 
immunotherapeutic approaches for hepatocellular carcinoma, 
including the immunogenicity of transformed hepatocytes and 
immunosuppressive tumour microenvironments containing 
infiltrating lymphocytes. However, evidence showing the 
usefulness of immune checkpoint inhibitors in the treatment of 
patients with advanced hepatocellular carcinoma has been very 
limited. As early as 2010, reports have shown that programmed 
cell death protein-1 (PD-1) inhibitors can be potent 
immuno-oncology agents in patients with metastatic 
melanoma, providing rationale for immune checkpoint therapies 
in multiple other malignancies. When the CheckMate 040 trial 

began in 2012, several trials of nivolumab in metastatic tumour 
settings were ongoing. Whether liver-related toxicities from 
immune checkpoint inhibitors would be affected by concomitant 
HCV or hepatitis B virus (HBV) infection in patients with 
hepatocellular carcinoma was not known.

Added value of this study
To our knowledge, this is the first report of a PD-1 checkpoint 
inhibitor in patients with advanced hepatocellular carcinoma. 
The CheckMate 040 trial is a prospective, non-comparative, 
phase 1/2 dose study of nivolumab that assessed safety and 
clinical benefit across multiple hepatocellular carcinoma 
aetiologies, including patients with HCV or HBV infection. 
The efficacy of nivolumab monotherapy was evaluated as a 
first-line treatment in patients who had not previously received 
sorafenib or were intolerant and as a second-line treatment in 
those with previous disease progression on sorafenib.

Implications of all the available evidence
Since the CheckMate 040 trial began, nivolumab has been 
approved in the USA and European Union for the treatment of
melanoma, refractory non-small cell lung cancer, advanced
renal cell carcinoma, and Hodgkin lymphoma; and squamous
cell carcinoma of the head and neck and urothelial carcinoma 
(only in the USA). Studies have shown that nivolumab 
monotherapy provides improved overall survival or clinical 
benefit in these approved indications. In this study in patients 
with advanced hepatocellular carcinoma, nivolumab showed 
encouraging objective response rates and overall survival. The 
safety profile of nivolumab was manageable and no new safety 
signals were observed. These findings support further 
investigation of nivolumab as a treatment option for patients 
with advanced hepatocellular carcinoma; a phase 3 
randomised study of nivolumab monotherapy compared with 
sorafenib is underway.
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Hong Kong, and Singapore) and the dose-expansion 
phase was conducted at 39 sites in 11 countries (Canada, 
UK, Germany, Italy, Japan, South Korea, Taiwan, and the 
countries or territories involved in dose escalation).

Eligible patients were at least 18 years old with 
histologically confirmed advanced hepatocellular 
carcinoma (not amenable to curative surgery or local 
treatment); use of archival tissue samples was allowed. 
Fresh tumour biopsy was required at baseline if no 
other record of histological diagnosis was available. 
Patients in the dose-escalation phase and patients in the 
HCV-infected and HBV-infected cohorts of the expansion 
phase included those whose disease progressed while 
receiving at least one previous line of systemic therapy, 
including sorafenib, or who were intolerant of or refused 
sorafenib treatment. Patients were also required to have 
Child-Pugh scores of 7 or less (Child-Pugh A or B7) for 
the dose-escalation phase and 6 or less (Child-Pugh A) 
for the dose-expansion phase at screening, and an 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 1 or less. Patients with HBV 
infection were required to be receiving effective antiviral 
therapy and have a viral load less than 100 IU/mL at 
screening; antiviral therapy was not required for patients 
with HCV infection. Patients who had previously been 
treated with an agent targeting T-cell costimulation or 
checkpoint pathways (including those targeting PD-1, 
PD-L1 or PD-L2, CD137, or cytotoxic T-lymphocyte 
antigen [CTLA-4]) were excluded. Additional eligibility 
criteria are in the appendix. All patients provided written 
informed consent, and the study protocol and 
amendments were approved by each site’s institutional 
review board or independent ethics committee.

Procedures
Patients received intravenous nivolumab every 2 weeks. 
In the dose-escalation phase, patients were enrolled into 
three cohorts on the basis of hepatocellular carcinoma 
aetiology (without viral hepatitis, HCV-infected, and 
HBV-infected). Across these cohorts, sequential patient 
groups (of up to six patients per dose level for doses 
0·1–3·0 mg/kg and up to 13 patients for 10 mg/kg) 
received the following doses of nivolumab: 0·1 mg/kg 
(patients with HBV infection only), 0·3 mg/kg, 
1·0 mg/kg, 3·0 mg/kg, or 10 mg/kg (patients without 
viral hepatitis [ie, uninfected] only) in a 3+3 design with 
the intention of determining the maximum-tolerated 
dose. Dose-limiting toxicities were determined on the 
basis of the incidence and intensity of adverse events 
occurring up to 2 weeks after the third nivolumab dose. 
Patients were treated until a confirmed complete response 
was achieved (dose-escalation phase only) or until disease 
progression or unacceptable toxicity occurred.

Safety assessments were done continuously during 
treatment and up to 100 days after the last dose or until 
all treatment-related adverse events were resolved to 
baseline or deemed irreversible by the investigator; 

adverse events were assessed using the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events (NCI CTCAE; version 4.03). Patients were 
followed up for survival every 3 months.

We analysed investigator-assessed tumour response 
using the Response Evaluation Criteria In Solid Tumors 
(RECIST; version 1.1) for key study endpoints.16 Exploratory 
endpoints included tumour assessments by modified 
RECIST (mRECIST; assessed by blinded independent 
central review). RECIST version 1.1 was used for 
assessment of the primary endpoint because it is well 
established and provides a more conservative estimation of 
response than mRECIST. Assessment by RECIST 
version 1.1 also allows for comparisons of response data 
with pivotal studies in patients with hepatocellular 
carcinoma (eg, sorafenib/SHARP trial).6 mRECIST has 
not been prospectively validated and has not been evaluated 
for immuno-oncology therapies. Tumour biopsies 
collected at baseline were retrospectively used for analysis 
of PD-L1 expression by immunohistochemistry. Details on 
tumour assessments and measurement of tumour PD-L1 
expression are in the appendix. In patients infected with 
HCV or HBV, HCV RNA and HBV surface antigen 
(HBsAg), respectively, were measured from patient sera at 
baseline and on treatment. Serum anti-HBs levels were 
also measured.

We assessed patient-reported health status in the dose-
expansion phase using the three-level version of the 
European Quality of Life-5 Dimensions utility index 
(EQ-5D-3L) and visual analogue scale (EQ-5D-VAS).17 
Patients completed the EQ-5D-3L at baseline and every 
6 weeks through week 25 while on treatment. The 
analysis population included those who had a baseline 
EQ-5D-3L assessment and at least one post-baseline 
assessment. Additional details on the methodology for 
assessing patient-reported outcomes are in the appendix.

Outcomes
The primary endpoint of the dose-escalation phase was 
safety and tolerability, based on incidence of adverse 
events, serious adverse events, adverse events leading to 
discontinuation, and deaths. The primary endpoint of the 
dose-expansion phase was objective response rate. Key 
secondary endpoints included objective response rate 
(dose-escalation phase only), complete response rate, 
disease control rate, duration of response, time to response, 
time to progression, progression-free survival, overall 
survival, and response stratified by PD-L1 expression. 
Additionally, patient-reported quality of life measures and 
tumour response evaluation using mRECIST were 
exploratory endpoints. Secondary and exploratory 
endpoints not reported here are provided in the appendix.

Statistical analyses
We used descriptive statistics to characterise safety 
analyses for all treated patients and to characterise patient-
reported quality of life outcomes in patients treated in the 

See Online for appendix
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dose-expansion phase. We estimated 95% CIs using the 
Clopper-Pearson method for objective response rate and 
the conventional Wald method for patient-reported 
outcomes. We used Kaplan-Meier methodology to 
determine medians and 95% CIs for duration of response 

and overall survival. We determined sample sizes for each 
dose in the dose-escalation phase (3–13 patients) on the 
basis of observed toxicities, not statistical considerations. 
For the dose-expansion phase, we chose sample sizes of 
approximately 50 treated patients per cohort to improve 
estimations of efficacy. With a minimum of 50 patients, 
the lower bound of the 95% CI for a hypothetical response 
rate of 20% would be 10%.

This study is registered with ClinicalTrials.gov, number 
NCT01658878.

Role of the funding source
The study was designed by the authors in collaboration 
with the funder (Bristol-Myers Squibb). The authors and 
funder were responsible for data collection, and the 
sponsor was responsible for data analysis. The authors 
and funder were involved in data interpretation, 
development of the report, and the decision to submit. 
The corresponding author had full access to all of the 
data and the final responsibility to submit for publication.Figure 1: Trial design

HCV=hepatitis C virus. HBV=hepatitis B virus.

Escalation phase Expansion phase

Uninfected 
(n=23)

HCV infected 
(n=10)

HBV infected 
(n=15)

All patients 
(n=48)

Uninfected 
untreated/
intolerant (n=56)

Uninfected 
progressor (n=57)

HCV infected 
(n=50)

HBV infected 
(n=51)

All patients 
(n=214)

Median age (years) 61 (54–72) 67 (60–74) 62 (46–66) 62 (55–69) 66 (59–71) 65 (60–71) 65 (61–73) 55 (42–66) 64 (56–70)

≥65 years 8 (35%) 6 (60%) 6 (40%) 20 (42%) 33 (59%) 29 (51%) 25 (50%) 13 (25%) 100 (47%)

Sex

Female 6 (26%) 4 (40%) 2 (13%) 12 (25%) 8 (14%) 15 (26%) 8 (16%) 12 (24%) 43 (20%)

Male 17 (74%) 6 (60%) 13 (87%) 36 (75%) 48 (86%) 42 (74%) 42 (84%) 39 (76%) 171 (80%)

Race

White 19 (83%) 8 (80%) 1 (7%) 28 (58%) 38 (68%) 34 (60%) 29 (58%) 4 (8%) 105 (49%)

Asian 2 (9%) 2 (20%) 14 (93%) 18 (38%) 16 (29%) 22 (39%) 18 (36%) 45 (88%) 101 (47%)

Black 2 (9%) 0 0 2 (4%) 1 (2%) 1 (2%) 2 (4%) 2 (4%) 6 (3%)

Other 0 0 0 0 1 (2%) 0 1 (2%) 0 2 (1%)

ECOG performance status 1* 9 (39%) 4 (40%) 6 (40%) 19 (40%) 16 (29%) 22 (39%) 15 (30%) 24 (47%) 77 (36%)

Extrahepatic metastases 16 (70%) 6 (60%) 12 (80%) 34 (71%) 36 (64%) 41 (72%) 25 (50%) 42 (82%) 144 (67%)

Vascular invasion 8 (35%) 5 (50%) 6 (40%) 19 (40%) 13 (23%) 18 (32%) 17 (34%) 15 (29%) 63 (29%)

Child-Pugh score

5 19 (83%) 8 (80%) 14 (93%) 41 (85%) 43 (77%) 37 (65%) 27 (54%) 42 (82%) 149 (70%)

6 4 (17%) 2 (20%) 1 (7%) 7 (15%) 12 (21%) 20 (35%) 20 (40%) 9 (18%) 61 (29%)

7–9 0 0 0 0 1 (2%) 0 3 (6%) 0 4 (2%)

α-fetoprotein ≥400 µg/L† 6 (26%) 3 (30%) 6 (40%) 15 (31%) 15 (27%) 22 (39%) 17 (34%) 25 (49%) 79 (37%)

Previous treatment

Surgical resection 15 (65%) 8 (80%) 13 (87%) 36 (75%) 34 (61%) 36 (63%) 18 (36%) 40 (78%) 128 (60%)

Radiotherapy‡ 6 (26%) 2 (20%) 2 (13%) 10 (21%) 9 (16%) 17 (30%) 4 (8%) 11 (22%) 41 (19%)

Local treatment for HCC§ 8 (35%) 6 (60%) 10 (67%) 24 (50%) 24 (43%) 28 (49%) 25 (50%) 40 (78%) 117 (55%)

Systemic therapy 19 (83%) 6 (60%) 15 (100%) 40 (83%) 23 (41%) 57 (100%) 32 (64%) 47 (92%) 159 (74%)

  Sorafenib¶ 17 (74%) 5 (50%) 15 (100%) 37 (77%) 15 (27%) 57 (100%) 30 (60%) 43 (84%) 145 (68%)

Data are median (IQR) or n (%). HCV=hepatitis C virus. HBV=hepatitis B virus. HCC=hepatocellular carcinoma. ECOG=Eastern Cooperative Oncology Group. *All patients had a baseline ECOG performance status 
of 0 or 1. †Baseline α-fetoprotein levels were not available for ten patients; dose escalation (n=1), dose expansion (n=9). ‡Internal or external, and could include radioembolisation. §Includes transcatheter arterial 
chemoembolisation and transcatheter embolisation. ¶Reasons for previous treatment failure with sorafenib therapy included disease progression (165 [63%] of 262) and sorafenib intolerance (13 [5%] of 262); 
four (2%) of 262 patients experienced sorafenib treatment failure due to other reasons.

Table 1: Patient demographics, baseline characteristics, and previous treatment

Without 
viral 
hepatitis

HCV 
infected

HBV 
infected

Sorafenib untreated or intolerant
(n=56)

Sorafenib progressor
(n=57)

HCV infected
(n=50)

HBV infected
(n=51)

0·1 mg/kg
(n=1)

n=6

0·3 mg/kg
(n=3)

n=9

1·0 mg/kg
(n=3)

n=10

Dose escalation (n=48)
3+3 design

Dose expansion (n=214)
3 mg/kg

3·0 mg/kg
(n=3)

n=10

0·1 mg/kg
(n=5)

0·3 mg/kg
(n=3)

1·0 mg/kg
(n=3)

3·0 mg/kg
(n=4)

0·3 mg/kg
(n=3)

1·0 mg/kg
(n=4)

3·0 mg/kg
(n=3)

10 mg/kg
(n=13)

n=13
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Results
The cutoff date for this analysis was Aug 8, 2016. Between 
Nov 26, 2012, and Aug 8, 2016, 262 patients with advanced 
hepatocellular carcinoma with or without HCV or HBV 
infection were treated: 48 patients in the dose-escalation 
phase and 214 in the dose-expansion phase (figure 1). 
Intravenous nivolumab monotherapy doses were 
0·1–10 mg/kg every 2 weeks in the dose-escalation phase, 

and cohorts included 23 patients without viral hepatitis, 
ten patients with HCV infection, and 15 patients with 
HBV infection. Across these three cohorts, six patients 
were assigned to nivolumab 0·1 mg/kg, nine patients to 
0·3 mg/kg, ten patients to 1 mg/kg, ten patients to 
3 mg/kg, and 13 patients to 10 mg/kg, every 2 weeks. 
Only patients in the cohort without viral hepatitis were 
assigned to the maximum dose of 10 mg/kg.

Escalation phase Expansion phase

Uninfected 
(n=23)

HCV 
infected 
(n=10)

HBV 
infected 
(n=15)

All 
patients 
(n=48)

Uninfected 
untreated/
intolerant (n=56)

Uninfected 
progressor 
(n=57)

HCV 
infected 
(n=50)

HBV 
infected 
(n=51)

All patients 
(n=214)

Continuing treatment 1 (4%) 1 (10%) 0 2 (4%) 20 (36%) 10 (18%) 14 (28%) 14 (27%) 58 (27%)

Discontinued treatment 22 (96%) 9 (90%) 15 (100%) 46 (96%) 36 (64%) 47 (82%) 36 (72%) 37 (73%) 156 (73%)

Disease progression 18 (78%) 9 (90%) 15 (100%) 42 (88%) 29 (52%) 42 (74%) 24 (48%) 37 (73%) 132 (62%)

Study drug toxicity 1 (4%) 0 0 1 (2%) 4 (7%) 0 4 (8%) 0 8 (4%)

Unrelated adverse 
event

1 (4%) 0 0 1 (2%) 0 4 (7%) 4 (8%) 0 8 (4%)

Patient decision* 0 0 0 0 2 (4%) 1 (2%) 3 (6%) 0 6 (3%)

Complete response 2 (9%) 0 0 2 (4%) 0 0 0 0 0

Other/not reported 0 0 0 0 1 (2%) 0 1 (2%) 0 2 (1%)

Data are n (%). HCV=hepatitis C virus. HBV=hepatitis B virus. *Includes patients who withdrew consent.

Table 2: Patient disposition at data cutoff (Aug 8, 2016)

0·1 mg/kg (n=6) 0·3 mg/kg (n=9) 1 mg/kg (n=10) 3 mg/kg (n=10) 10 mg/kg (n=13) All patients (n=48)

Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4

Treatment-related serious AEs 1 (17%)* 1 (17%)* 1 (11%)† 1 (11%)† 0 0 0 0 1 (8%)‡ 0 3 (6%) 2 (4%)

AEs leading to discontinuation 0 0 1 (11%)§ 1 (11%)§ 0 0 1 (10%)¶ 1 (10%)¶ 1 (8%)|| 1 (8%)|| 3 (6%) 3 (6%)

Treatment-related deaths 0 0 0 0 0 0 0 0 0 0 0 0

Patients with a 
treatment-related AE

4 (67%) 2 (33%) 8 (89%) 3 (33%) 8 (80%) 5 (50%) 9 (90%) 2 (20%) 11 (85%) 0 40 (83%) 12 (25%)

Treatment-related AEs**

Rash 1 (17%) 0 2 (22%) 0 2 (20%) 0 2 (20%) 0 4 (31%) 0 11 (23%) 0

Pruritus 2 (33%) 0 3 (33%) 0 0 0 1 (10%) 0 3 (23%) 0 9 (19%) 0

Diarrhoea 0 0 3 (33%) 0 0 0 1 (10%) 0 1 (8%) 0 5 (10%) 0

Decreased appetite 1 (17%) 0 2 (22%) 0 1 (10%) 0 0 0 1 (8%) 0 5 (10%) 0

Fatigue 1 (17%) 1 (17%) 2 (22%) 0 1 (10%) 0 0 0 0 0 4 (8%) 1 (2%)

Asthenia 0 0 1 (11%) 0 0 0 1 (10%) 0 1 (8%) 0 3 (6%) 0

Weight decreased 0 0 1 (11%) 0 0 0 0 0 2 (15%) 0 3 (6%) 0

Nausea 0 0 1 (11%) 0 0 0 1 (10%) 0 1 (8%) 0 3 (6%) 0

Dry mouth 0 0 1 (11%) 0 1 (10%) 0 0 0 1 (8%) 0 3 (6%) 0

Laboratory treatment-related AEs**

AST increase 0 0 2 (22%) 2 (22%) 3 (30%) 2 (20%) 1 (10%) 1 (10%) 4 (31%) 0 10 (21%) 5 (10%)

ALT increase 0 0 2 (22%) 2 (22%) 1 (10%) 0 2 (20%) 1 (10%) 2 (15%) 0 7 (15%) 3 (6%)

Lipase increase 1 (17%) 1 (17%) 1 (11%) 0 4 (40%) 4 (40%) 2 (20%) 1 (10%) 2 (15%) 0 10 (21%) 6 (13%)

Amylase increase 1 (17%) 0 0 0 4 (40%) 1 (10%) 2 (20%) 1 (10%) 2 (15%) 0 9 (19%) 2 (4%)

Anaemia 0 0 1 (11%) 0 1 (10%) 1 (10%) 0 0 2 (15%) 0 4 (8%) 1 (2%)

Hypoalbuminaemia 0 0 1 (11%) 0 1 (10%) 0 0 0 1 (8%) 0 3 (6%) 0

Hyponatraemia 0 0 0 0 2 (20%) 0 0 0 1 (8%) 0 3 (6%) 0

Data are n (%). AE=adverse event. AST=aspartate aminotransferase. ALT=alanine aminotransferase. *Pemphigoid (n=1). †Adrenal insufficiency (n=1). ‡Liver disorder (n=1). §Malignant neoplasm progression 
(n=1). ¶Grade 3 ALT increase (n=1), grade 2 AST increase. ||Grade 3 blood bilirubin increase (n=1). **Treatment-related AEs reported in ≥5% of all patients, any grade.

Table 3: Safety and tolerability of nivolumab in the dose-escalation phase
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Patient demographics, baseline disease characteristics, 
and previous treatments are presented in table 1. In the 
dose-escalation phase, the overall median age was 62 years 
(IQR 55–69; table 1). Patients were heavily pretreated and 
37 (77%) of 48 patients had previously been treated with 
sorafenib. Extrahepatic metastases were present in 
34 (71%) patients and vascular invasion was present in 19 
(40%) patients; all patients were reported as Child-Pugh 
class A with Child-Pugh scores of 5 or 6 at baseline.

In the dose-escalation phase, 46 (96%) of 48 patients 
discontinued treatment; 42 (88%) discontinued due to 
disease progression (table 2). Two patients (4%; both 
without viral hepatitis) discontinued after achieving a 
complete response (per study protocol) and entered the 
follow-up period. Other reasons for discontinuation 
included  study drug-related toxicity in one patient and 
adverse events unrelated to treatment in another patient. 
After discontinuation of nivolumab, 23 (48%) patients 
were treated with a subsequent therapy (appendix). At 
the time of data cutoff, two of the 48 patients in the dose-
escalation phase were continuing treatment with 
nivolumab.

One dose-limiting toxicity (grade 2 hepatic impairment) 
was reported in a patient in the cohort without viral 

hepatitis who received 10 mg/kg, which resolved within 
7 days. A maximum tolerated dose was not reached. 
Grade 3/4 treatment-related adverse events occurred in 
12 (25%) of 48 patients (table 3). Treatment-related adverse 
events that occurred in more than 10% of patients were 
rash in 11 (23%) patients, aspartate aminotransferase 
(AST) increase in ten (21%) patients, alanine 
aminotransferase (ALT) increase in seven (15%) patients, 
lipase increase in ten (21%) patients, amylase increase in 
nine (19%) patients, and pruritus in nine (19%) patients. 
Treatment-related serious adverse events were reported in 
three (6%) patients (pemphigoid [n=1], adrenal 
insufficiency [n=1], liver disorder [n=1]). Grade 3/4 select 
adverse events, those with a potential inflammatory 
mechanism requiring more frequent monitoring, were 
adrenal insufficiency (n=1), diarrhoea (n=1), hepatitis 
(n=2), infusion hypersensitivity (n=1), and acute kidney 
injury (n=1; appendix). One patient without viral hepatitis 
who received nivolumab 3 mg/kg discontinued due to 
treatment-related ALT and AST increases without 
concomitant changes in liver function. 30 (63%) of 
48 patients in the dose-escalation phase died, and no 
deaths were determined to be related to nivolumab therapy.

The overall objective response rate was 15% (95% CI 
6–28; appendix) in the dose-escalation phase, including 
three complete responses and four partial responses. 
Responses occurred early in treatment; of the 
seven patients who achieved an objective response, five 
responded within 3 months of treatment initiation 
(figure 2). The disease control rate was 58% (95% CI 43–72) 
and the median time to progression was 3·4 months 
(95% CI 1·6–6·9). The median duration of response was 
17 months (95% CI 6–24) and the 6-month and 9-month 
overall survival rates were both 66% (95% CI 51–78). 
Median overall survival for patients in the dose-escalation 
phase was 15·0 months (95% CI 9·6–20·2).

On the basis of the results from the dose-escalation 
phase and from studies of nivolumab in other tumour 
types,18 a dose of 3 mg/kg was selected for the 
dose-expansion phase. 214 patients with advanced 
hepatocellular carcinoma were treated in the dose-
expansion phase in four cohorts: 56 patients were not 
infected with HCV or HBV and had not been treated 
with sorafenib previously or were intolerant, 57 had 
disease progression on sorafenib, 50 patients were 
infected with HCV, and 51 were infected with HBV 
(figure 1). Patients enrolled in the dose-expansion phase 
had comparable demographics and baseline disease 
characteristics to those in the dose-escalation phase 
(table 1). 145 (68%) of 214 patients had previously been 
treated with sorafenib.

As of Aug 8, 2016, 58 (27%) of 214 patients enrolled in 
the dose-expansion phase were continuing treatment. 
Disease progression was the most common reason for 
discontinuation, occurring in 132 (62%) of 214 patients. 
Eight patients (4%) discontinued after experiencing study 
drug toxicity (table 2).
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An objective response was observed in 42 patients (20%; 
95% CI 15–26) who received nivolumab 3 mg/kg every 
2 weeks in the dose-expansion phase (table 4). Objective 
responses included three complete responses and 
39 partial responses. Stable disease was observed in 
96 (45%) patients, and thus disease control was observed 
in 138 patients (64%). Among the 202 patients who were 
evaluable and had at least one post-baseline target lesion 
assessment, substantial reductions in tumour burden 
were observed in all cohorts (figure 3). Best reductions 
from baseline in tumour burden are shown in figure 4. 
Most of the objective responses occurred before 3 months 
(29 of 42; 69%), similar to the time-to-response profile 
observed in the dose-escalation phase (figure 2). 28 (67%) 
of the 42 patients with a response had ongoing responses 
at the time of data cutoff. The median duration of response 
was 9·9 months (95% CI 8·3 to not estimable [NE]). Most 
disease stabilisations lasted at least 6 months, as reported 
in 79 of 138 patients (57%) with disease control. In the 
dose-expansion phase, the median time to progression 
was 4·1 months (95% CI 3·7–5·5). The 6-month overall 
survival rate was 83% (95% CI 78–88) and the 9-month 
overall survival rate was 74% (95% CI 67–79) with 
nivolumab 3 mg/kg in patients in the dose-expansion 
phase (table 4). The 6-month progression-free survival rate 
was 37% (95% CI 30–43) and the 9-month progression-free 
survival rate was 28% (95% CI 22–35).

Objective responses occurred in 13 (23%) of 56 patients 
without viral hepatitis who had not previously been treated 
with sorafenib or were intolerant and 12 (21%) of 

57 sorafenib progressors without viral hepatitis (table 4); 
15 responses were ongoing. The three complete responses 
in the dose-expansion phase occurred in two patients 
without viral hepatitis who had progression on sorafenib 
therapy and one patient with HBV infection (who had 
previously been treated with sorafenib). Disease control 
was seen in 42 (75%) of 56 patients without viral hepatitis 
who had not previously been treated with sorafenib or 
were intolerant and 35 (61%) of 57 patients in the sorafenib 
progressor cohort without viral hepatitis. 6-month overall 
survival in patients without viral hepatitis who had not 
previously been treated with sorafenib or were intolerant 
was 89% (95% CI 77 to 95; 48 at risk) and 75% (95% CI 
62 to 85; 43 at risk) in the sorafenib progressor cohort  
without viral hepatitis (table 4). Median overall survival in 
the sorafenib progressor without viral hepatitis cohort was 
13·2 months (95% CI 8·6 to NE); medians were not 
reached in the other dose-expansion cohorts.

Objective response rates were ten (20%) of 50 patients 
infected with HCV and seven (14%) of 51 patients infected 
with HBV (table 4); 13 responses were ongoing. Disease 
control was achieved in 33 (66%) patients infected with 
HCV and 28 (55%) patients infected with HBV. 6-month 
overall survival was 85% (95% CI 72–93) in the cohort with 
HCV infection (38 at risk) and 84% (95% CI 71–92) in the 
cohort with HBV infection (43 at risk). Nivolumab exhibited 
limited antiviral activity. The kinetics of HCV RNA levels 
over time were assessed in patients infected with HCV with 
advanced hepatocellular carcinoma, and no patient 
achieved a sustained virological response for more than 

Uninfected untreated/
intolerant (n=56)

Uninfected progressor 
(n=57)

HCV infected (n=50) HBV infected (n=51) All patients (n=214)

Objective response* 13 (23%; 13 to 36) 12 (21%; 11 to 34) 10 (20%; 10 to 34) 7 (14%; 6 to 26) 42 (20%; 15 to 26)

Complete response 0 2 (4%) 0 1 (2%) 3 (1%)

Partial response 13 (23%) 10 (18%) 10 (20%) 6 (12%) 39 (18%)

Stable disease 29 (52%) 23 (40%) 23 (46%) 21 (41%) 96 (45%)

Progressive disease 13 (23%) 18 (32%) 14 (28%) 23 (45%) 68 (32%)

Not evaluable 1 (2%) 4 (7%) 3 (6%) 0 8 (4%)

Duration of response*

KM median 8·4 (8·3 to NE) NR 9·9 (4·5 to 9·9) NR 9·9 (8·3 to NE)

Ongoing, n/N (%) 8/13 (62%) 7/12 (58%) 8/10 (80%) 5/7 (71%) 28/42 (67%)

Disease control* 42 (75%; 62 to 86) 35 (61%; 48 to 74) 33 (66%; 51 to 79) 28 (55%; 40 to 69) 138 (64%; 58 to 71)

Disease control with 
stable disease for  
≥6 months

22 (39%; 27 to 53) 22 (39%; 26 to 52) 17 (34; 21 to 49) 18 (35%; 22 to 50) 79 (37%; 30 to 44)

Overall survival

6 months 89% (77 to 95) 75% (62 to 85) 85% (72 to 93) 84% (71 to 92) 83% (78 to 88)

9 months 82% (68 to 90) 63% (49 to 74) 81% (66 to 90) 70% (55 to 81) 74% (67 to 79)

KM median NR 13·2 (8·6 to NE) NR NR NR

Progression-free survival*

KM median 5·4 (3·9 to 8·5) 4·0 (2·6 to 6·7) 4·0 (2·6 to 5·7) 4·0 (1·3 to 4·1) 4·0 (2·9 to 5·4)

Unless otherwise indicated, data are n (%; 95% CI); n (%); months (95% CI); or % (95% CI). HCV=hepatitis C virus. HBV=hepatitis B virus. KM=Kaplan-Meier estimate. NR=not 
reached. NE=not estimable. RECIST=Response Evaluation Criteria In Solid Tumors. *Determined by investigator assessment using RECIST version 1.1.

Table 4: Nivolumab efficacy in the dose-expansion phase
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24 weeks. Some patients infected with HCV had transient 
reductions in HCV RNA. No patients had reactivation of 
HBV, and no instances of anti-HBs seroconversion were 
noted among patients infected with HBV.

In the dose-expansion phase, the objective response rate 
was analysed using mRECIST by blinded independent 
central review in the 145 patients who had previously been 
treated with sorafenib (irrespective of hepatocellular 
carcinoma aetiology); under these criteria the objective 
response rate was 27 (19%) of 145 patients, including 
five patients with a complete response (appendix).

The overall safety profile of nivolumab in patients in 
the dose-expansion phase was comparable to that 
observed in the dose-escalation phase. Grade 3/4 
treatment-related adverse events were seen in 40 (19%) 
patients and grade 3/4 treatment-related serious adverse 
events were seen in nine (4%) patients (appendix). 
Symptomatic treatment-related adverse events were 
comparable in patients with and without HCV or HBV 
infection. Adverse events led to discontinuation in 
24 patients, and there were no treatment-related deaths.

As a secondary endpoint, PD-L1 expression levels were 
retrospectively assessed as a potential biomarker for 
nivolumab therapy in the 174 (81%) of 214 patients with 
available data in the dose-expansion phase. Membrane 
expression of PD-L1 on at least 1% of tumour cells was 
observed in 34 (20%) of 174 patients at baseline; 140 (80%) 
patients had PD-L1 expression on less than 1% of tumour 
cells (table 5). Objective responses were observed in 
nine (26%) of 34 patients with PD-L1 expression on at 
least 1% of tumour cells (95% CI 13–44) and in 26 (19%) 
of 140 patients with PD-L1 on less than 1% of tumour 
cells (95% CI 13–26).

Among patients in the dose-expansion phase who were 
on treatment at the data cutoff, the EQ-5D-3L completion 
rate exceeded 90% at each timepoint through week 25. 
EQ-5D-3L index scores were stable while on treatment 
with no significant changes from baseline (mean 0·856, 
95% CI 0·827 to 0·884) to week 25 (0·829, 0·786 to 0·872); 
mean change from baseline was –0.015 (–0·051 to 0·021). 
EQ-5D-VAS scores were also stable, with no significant 
changes from baseline (mean 73·0, 95% CI 69·0 to 77·1) 
to week 25 (75·4, 70·0 to 80·9); mean change from 
baseline was 3·2 (–1·2 to 7·5). Comparable results were 
observed in patients who had previously been treated 
with sorafenib. For this patient subpopulation, EQ-5D-3L 
scores were not appreciably changed from baseline 
(mean 0·853, 95% CI 0·816 to 0·889) through week 25 
(0·825, 0·773 to 0·877); mean change from baseline was 
–0.014 (–0·058 to 0·030). Similarly, EQ-5D-VAS scores 
were stable from baseline (mean 73·9, 95% CI 69·2–78·6) 
through week 25 (75·8, 69·3–82·4); mean change from 
baseline was 3·1 (–1·3 to 7·6).
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Figure 3: Percentage change in tumour burden
Percentage change in tumour lesion size from baseline over time  in the 
dose-expansion phase (n=202). HCV=hepatitis C virus. HBV=hepatitis B virus.
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Discussion
Previous studies6,7,19 in advanced hepatocellular carcinoma 
of first-line sorafenib have shown response rates of 2–3% 
and second-line regorafenib has shown a response rate of 
7%. In this phase 1/2 study, treatment with nivolumab 
resulted in substantial tumour reductions and objective 
response rates of 15–20% irrespective of line of therapy in 
patients with advanced hepatocellular carcinoma. Notably, 
the disease control rate was 58% in the dose-escalation 
phase and 64% in the dose-expansion phase, which could 
have positively affected overall survival. Baseline tumour 
cell PD-L1 status did not have an apparent effect on 
response rates. Median duration of response in both 
phases of the study (as high as 17 months in the dose-
escalation phase) suggests that in the treatment of 
patients with advanced hepatocellular carcinoma, 
nivolumab might offer durable responses when other 
existing therapies have not.6,19 Median overall survival 
relative to sorafenib was encouraging in a population 
enriched in patients with metastatic disease and with 
previous treatment with sorafenib.20,21

In the dose-escalation phase, the safety profile of 
nivolumab in patients with hepatocellular carcinoma was 
consistent with that observed in other tumour types.9,10,22–25 
To our knowledge, all previous studies of PD-1 inhibitors 
have excluded patients with chronic viral hepatitis. 
Hepatic safety events in virally infected patients with 
hepatocellular carcinoma treated with a CTLA-4 
checkpoint inhibitor have been reported.26 Therefore, we 
evaluated viral aetiologies in separate cohorts in this 
study to identify any unique safety signals. We noted no 
new nivolumab safety signals. Safety findings from the 
dose-escalation phase were consistent with those in a 
larger group of patients from the dose-expansion phase.

The comparable objective response results in patients 
who had not previously been treated with sorafenib or were 
intolerant and in patients with disease progression on 
sorafenib suggest that nivolumab efficacy is not affected by 
previous sorafenib treatment status. In addition to 
potentially supporting nivolumab as a viable second-line 
therapy for patients with disease progression on 
multikinase inhibitors (as shown with a median overall 
survival of more than 13 months in patients without viral 
hepatitis with previous progression on sorafenib), the 
objective response rate of 23% and 9-month overall survival 
of 82% in untreated patients supports the investigation of 
nivolumab as a first-line therapy for patients with advanced 
hepatocellular carcinoma. This study was not powered for 
statistical comparisons between patients who were infected 
with HCV or HBV, or who did not have viral hepatitis; 
however, responses were observed irrespective of 
hepatocellular carcinoma aetiology. Treatment with 
nivolumab was associated with stable patient-reported 
outcomes, including indicators of health status and quality 
of life, irrespective of previous treatment with sorafenib.

A limitation of this study is the lack of randomised 
control arms. A subsequent randomised cohort-expansion 

phase of CheckMate 040 is evaluating nivolumab 
compared with sorafenib in the first-line setting. 
Although objective responses occurred in this study 
regardless of PD-L1 expression on tumour cells (using 
1% of tumour cells expressing PD-L1 as a cutoff), future 
studies will need to evaluate the expression of PD-1 and 

Escalation phase 
(n=44)*

Expansion phase 
(n=174)*

PD-L1 ≥1%† 11 (25%) 34 (20%)

Objective response 3/11 (27%; 6–61) 9/34 (26%; 13–44)

  Complete response 1 (9%) 1 (3%)

  Partial response 2 (18%) 8 (24%)

  Stable disease 0 16 (47%)

  Progressive disease 7 (64%) 9 (26%)

  Not determined 1 (9%) 0

PD-L1 <1%† 33 (75%) 140 (80%)

Objective response 4/33 (12%; 3–28) 26/140 (19%; 13–26)

  Complete response 2 (6%) 2 (1%)

  Partial response 2 (6%) 24 (17%)

  Stable disease 19 (58%) 62 (44%)

  Progressive disease 8 (24%) 46 (33%)

  Not determined 2 (6%) 6 (4%)

Data are n (%); n/N (%; 95% CI). PD-L1=programmed death-ligand 1. 
*Four patients in the dose-escalation phase and 40 patients in the 
dose-expansion phase did not have tumour PD-L1 expression data available. 
†PD-L1 membrane expression on tumour cells.

Table 5: PD-L1 expression on tumour cells and response
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Figure 4: Best percentage change in tumour burden
Best percentage change in tumour lesion size from baseline over time  in the dose-expansion phase (n=202). Red 
dash indicates a 30% reduction. HCV=hepatitis C virus. HBV=hepatitis B virus.
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PD-L1 on tumour-infiltrating lymphocytes as potentially 
valuable biomarkers. Inhibition of PD-L1 signalling by 
non-tumour cells could contribute to the efficacy of 
nivolumab in patients who have low (<1%)  levels of 
PD-L1 expression on tumour cells. Although PD-L1 is not 
yet established as a consistently reliable biomarker across 
tumour types or lines of therapy, it is also possible that in 
a larger patient population, patients who have a higher 
proportion of tumour cells expressing PD-L1 might 
achieve greater benefit. An in-depth characterisation of 
tumour-infiltrating T-cell and macrophage subsets, 
including their expression of PD-1 and PD-L1, could be 
important for future biomarker assessments in patients 
with advanced hepatocellular carcinoma. Additionally, 
for more meaningful median overall survival results in 
the dose-expansion patient cohorts, longer follow-up will 
be needed.

Results from subsequent comparative, randomised 
phases of CheckMate 040 will further inform the 
therapeutic potential of nivolumab in patients with 
advanced hepatocellular carcinoma who have few existing 
treatment options. Nivolumab might provide favourable 
efficacy with a good safety profile in the context of the 
available targeted therapies. A phase 3 randomised study 
of nivolumab monotherapy compared with sorafenib in 
the first-line setting is ongoing.
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