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ABSTRACT
Background Nivolumab is Food and Drug Administration 
approved in sorafenib- experienced, advanced 
hepatocellular carcinoma (HCC). Post- registration data of 
treatment in a real- world setting is lacking.
Patients and methods We performed an international, 
multicenter observational study to confirm safety and 
efficacy of nivolumab in 233 patients treated outside 
clinical trials from eight centers in North America, Europe 
and Asia.
Results Patients received nivolumab for Barcelona Clinic 
Liver Cancer stage C (n=191, 92.0%) and Child- Pugh (CP) 
A (n=158, 67.8%) or B (n=75, 32.2%) HCC as first (n=85, 
36.5%) or second to fourth systemic therapy line (n=148, 
63.5%). Objective response rate (ORR) was 22.4% and 
disease control rate was 52.1%. Median overall survival 
(OS) was 12.2 months (95% CI 8.4 to 16.0) and median 
progression- free survival was 10.1 months (95% CI 6.1 
to 14.2). Treatment- related adverse events of grade >2 
occurred in 26 patients (11.2%). Efficacy and safety were 
similar across CP classes and therapy line. OS was shorter 
in CP- B than A (7.3 months vs 16.3 months, p<0.001) 
and in post- first line use (10.4 months vs 16.3 months, 
p=0.05). Achievement of an objective response predicted 
for improved OS (25.4 months vs 13.2 months, p<0.001).
Conclusions This study confirms safety and efficacy of 
nivolumab in advanced HCC across various lines of therapy 
and degrees of liver dysfunction. Despite equal ORR and 
toxicity to nivolumab, patients with CP- B functional class 
have shorter survival than the patients with CP- A.

BACKGROUND
Hepatocellular carcinoma (HCC) is a 
malignancy characterized by high lethality 
and limited treatment options.1 Curative 
approaches, such as liver resection, ablation, 
or transplantation, can only be offered to 
patients diagnosed with early- stage disease.2 3 
The majority of cases are diagnosed with inter-
mediate or advanced Barcelona Clinic Liver 
Cancer (BCLC) HCC, for which loco- regional 

and systemic therapies are standard of care 
and treatment intent is palliative.4–6 The 
provision of systemic treatment has tradi-
tionally been complicated by the intrinsic 
chemoresistance of HCC7 and the presence 
of concomitant liver dysfunction,8 factors 
that have contributed to late- stage attrition 
in drug development. Current options for 
patients not suitable for transplantation, 
resection, or loco- regional therapies include 
the multitargeted tyrosine kinase inhibitors 
(TKIs) sorafenib and lenvatinib,9 10 both 
approved as frontline therapy for advanced 
HCC, followed by second- line options such 
as regorafenib, cabozantinib,11 12 and ramu-
cirumab.13 Despite the rapid expansion of 
treatment options, achievement of long- term 
survivorship in patients with advanced HCC 
is limited by the occurrence of therapeutic 
resistance.14

The significant role of innate and adap-
tive immunity in influencing the pathogen-
esis and progression of HCC has made it 
an appealing target for antibody therapy 
against immune coinhibitory signals in the 
tumor microenvironment.15–17 Monoclonal 
antibodies against programmed cell death 
protein 1 (PD-1) or its ligand 1 (PD- L1) 
have recently become standard of care for a 
widening range of malignancies, including 
non- small cell lung cancer, melanoma, 
urothelial, renal cell cancers and many 
others.18 Therapeutic blockade of PD-1 or 
PD- L1 enhances the effector function of 
tumor- specific CD8 T- cells to drive tumor 
rejection.19 In HCC, the expression of PD-1/
PD- L1 is associated with increased risk of 
recurrence and shortened survival rates,20 21 
suggesting a rationale for inhibition.15
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Evidence to support nivolumab use in HCC stems from 
CheckMate-040,22 a single- arm, open- label phase I/II 
study that has provided evidence of safety and antitumor 
efficacy in advanced disease. Although statistical signifi-
cance was not achieved for the primary endpoint of overall 
survival (OS) in CheckMate-459, the follow- on phase III 
study of nivolumab versus sorafenib as first- line treat-
ment in advanced HCC,23 nivolumab appears to benefit 
a proportion of patients, especially in the context of a 
radiological response—particularly if complete remission 
is achieved. In absence of predictive biomarkers of benefit 
to PD-1 monotherapy, the demonstration of radiological 
evidence of antitumor efficacy in approximately 20% of 
patients with unselected HCC, together with a favorable 
safety profile, led nivolumab to be the first PD-1 inhib-
itor to receive conditional approval by the US Food and 
Drug Administration (FDA) in 2017 for the treatment of 
patients with unresectable HCC and Child- Pugh (CP) A 
class after prior TKI exposure.

Post- registration studies to confirm safety and efficacy 
of nivolumab therapy in advanced HCC are lacking. 
“Real world” studies represent an invaluable source of 
confirmation to level I evidence and are increasingly 
recommended by regulatory authorities to ensure novel 
therapies are demonstrated to be deliverable in routine 
practice, outside stringent criteria dictated by trial proto-
cols. Obtaining a reliable portrait of the prescribing 
strategies and clinical outcomes surrounding nivolumab 
therapy is a point of greater consequence given the 
competing indication for molecularly targeted therapies 
with regorafenib, cabozantinib, and ramucirumab in 
previously treated advanced HCC,24 where dual inhibi-
tion of PD-1 and cytotoxic T cell antigen-4 (CTLA-4) with 
ipilimumab and nivolumab has recently been approved 
as second- line immunotherapeutic option.25 In addition, 
the failure to demonstrate a significant survival benefit 
for PD-1- targeted monotherapy as a first and second- line 
systemic therapy options,23 26 jointly with demonstration 
of synergistic efficacy by combination of atezolizumab and 
bevacizumab in patients with treatment- naïve unresect-
able HCC27 urges clinicians and researchers to rethink 
the therapeutic landscape of HCC in routine practice.

To address the current gap in knowledge, we conducted 
a retrospective multicenter study to document safety and 
efficacy of nivolumab monotherapy in a large, interna-
tional cohort of patients treated outside clinical studies, 
with the attempt of establishing basic information on 
patient outcomes and prognostic outlook that can be 
used as a point of reference for future clinical studies.

METHODS
Study design and participants
We performed a multicenter retrospective study in 
patients with advanced HCC to evaluate the safety and 
efficacy of nivolumab monotherapy prescribed outside 
clinical studies. Patients receiving immunotherapy were 
recruited from eight tertiary referral centers for the care 

of HCC in the USA (n=226), Asia (n=47), and Europe 
(n=68) between 2017 and 2019. Eligible patients were 
at least 18 years old, had HCC confirmed histologically 
or radiologically according to the European Association 
for the Study of the Liver/European Organisation for 
Research and Treatment of Cancer guidelines,4 and were 
considered suitable for nivolumab as their disease was not 
amenable to curative or loco- regional therapy.

Treatment administration and outcome measures
Nivolumab was administered intravenously at the dose 
of 3 mg/kg of body weight every 2 weeks. Dose modifica-
tions were made based on toxicity in accordance to the 
summary of product characteristics (SPC) for nivolumab. 
Treatment was continued until disease progression or 
unacceptable toxicity occurred. Patient’s demographics 
and clinical data were collected retrospectively and 
prospectively curated and updated at each participating 
center.

Patients were followed up for survival and safety at 
every cycle. Evaluation of response followed the Response 
Evaluation Criteria in Solid Tumours (RECIST) criteria 
(version 1.1) on CT or MRI, as part of periodic restaging 
on a 9–12 weekly basis. The National Cancer Institute 
Common Terminology Criteria for Adverse Events 
version 5.0 were used to grade side effects at every contact 
with the patient and based on comprehensive review of 
medical notes, laboratory or imaging results, or records 
of hospitalization. Attribution of causality to nivolumab 
was based on the assessment of the treating physician and 
validated by the designated principal investigator at each 
site based on the nivolumab SPC.

Duration of treatment was defined as time from the 
date of the first dose of nivolumab to the date of the last 
dose. We defined OS as the time from the date of the 
first dose of nivolumab to the date of death. We defined 
progression- free survival (PFS) as the time from the date 
of the first dose of nivolumab to the date of death or the 
date of radiological evidence of tumor progression.

Statistical analysis
Demographic data were summarized using descriptive 
statistics. Nominal data were compared using Fisher’s 
exact test or χ2 test as appropriate. OS and PFS curves 
were calculated using the Kaplan- Meier method, and 
these were compared with the log- rank test. OS and PFS 
were compared with regards to clinically relevant vari-
ables: alpha- fetoprotein (AFP) >400 IU/mL status, BCLC 
staging (A- B vs C- D), presence of cirrhosis (defined as 
clinical/radiological diagnosis), CP class, Eastern Coop-
erative Oncology Group (ECOG) performance status (0 
vs 1–3), etiology of chronic liver disease, extrahepatic 
spread (EHS), line of therapy (first line (1L) versus >1L), 
portal vein thrombosis (PVT) and use of corticosteroids 
during immunotherapy. Candidate predictors of OS and 
PFS were analyzed by univariate and multivariate Cox 
regression analysis (backward regression model) with a 
threshold for backward elimination of p>0.10 at each step. 
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The influence of each factor on OS/PFS was presented as 
HR with corresponding p values.

All statistical analyzes were performed using SPSS 
V.25.0 (IBM) with all estimates being reported with 95% 
CIs and a two- tailed level of significance of p≤0.05.

RESULTS
Patient disposition
Our initial study population was composed up of 341 
patients, of which 108 were excluded in order to focus 
on patients receiving nivolumab monotherapy (figure 1). 
The final cohort consisted of 233 eligible patients (184 
men, 79.0%) of median age 64.0 (IQR 56–69) (table 1). 
Treatment was administered for a mean duration of 
4.0 months (IQR 1.9–9.0), with a median duration of 
follow- up of 8.0 months (IQR 3.8–15.0). Median interval 
between initial diagnosis of HCC and nivolumab initia-
tion was 14 months (IQR 4.0–38.0).

Most patients (n=204, 87.8%) were of stage BCLC C, 
with 4 classified as stage A (1.7%), 23 as stage B (9.9%), 
and only 2 as D (0.6%) due to performance status (PS) of 
3. Severity of liver disease was CP class A in 158 patients 
(67.8%) and class B in the remaining 75 (32.2%). ECOG 
PS was available for 157 of our patients, with the majority 
having a score of 0 (n=44, 28.0%) or 1 (n=99, 63.1%). 
Median duration of treatment was not significantly 
different between CP- A and CP- B (p=0.08) or BCLC stage 
(p=0.51).

HCC was associated with radiologically/clinically docu-
mented cirrhosis in 176 patients (75.5%). The underlying 

etiologies of liver disease in order of descending frequency 
were hepatitis C (95/233, 40.8%), hepatitis B infection 
(83/233, 35.6%), alcoholic liver disease (29/233, 12.4%), 
and non- alcoholic fatty liver disease (24/233, 10.3%), with 
10 patients (4.3%) suffering from liver disease secondary 
to other causes, such as hemochromatosis and Wilson’s 
disease. PVT was documented in 59 patients (37.6%) and 
EHS in 66 out of 157 patients (42.0%). Additional infor-
mation on the biochemical and radiological profile of 
our cohort is provided in table 1.

With regards to prior anticancer therapy, 65 patients 
(27.9%) had relapsed following surgery, 109 (46.8%) 
had progressed after trans- arterial chemoemboliza-
tion, 66 (28.3%) post- Yttrium-90 radioembolization, 41 
(17.6%) had prior radiofrequency ablation, whereas 23 
(9.9%) had received external beam radiotherapy. No 
patients received prior liver transplantation. Nivolumab 
was the first- line systemic therapy for 85 patients 
(36.5%), while it was second line for 130 (55.8%), third 
line for 15 (6.4%), and fourth line for 3 (1.3%). Among 
patients pretreated with systemic therapy (n=148), 142 
had received sorafenib (95.9%). Within the cohort of 
patients for which post-immune- checkpoint inhibitor 
(ICI) treatment information was available (n=140), 
there was no difference in the proportion of patients 
who received active anticancer treatment post- ICI among 
those who received nivolumab as 1 L (9/27, 33.3%) as 
opposed to later lines (33/113, 29.2%) (p=0.67). There 
were no statistically significant differences between 
patients receiving nivolumab as 1 L or >1 L in terms of 

Figure 1 Flow chart illustrating patient disposition.
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CP class, BCLC grade, PVT, EHS, and AFP >400 IU/mL 
(online supplementary table 2).

Efficacy of nivolumab
In total, 219 patients were evaluable for radiological 
response to treatment by RECIST 1.1 criteria (94.0%). 
Best response to nivolumab included complete response 
(CR) in 18 patients (8.2%), partial response (PR) in 31 
(14.2%), and stable disease (SD) in 65 (29.7%). Primary 
disease progression (PD) was observed in 104 patients 
(47.9%). The objective response rate (ORR) was 22.4% 
and the disease control rate (DCR) was 52.1%. The treat-
ment duration for patients who achieved different best 
responses were significantly different, with those who 
achieved a CR being treated for a mean duration of 15.6 
months (95% CI 12.0 to 19.3), compared to 11.6 months 
(95% CI 9.2 to 14.1), for PR, 7.8 months for SD (95% 
CI 6.6 to 9.3), and 3.0 months for PD (95% CI 2.4 to 
3.6, p<0.001). There was no significant difference in the 
proportion of best responses observed when the cohort 
was analyzed by BCLC stage (p=0.22), cirrhosis status 
(p=0.17), CP class (p=0.26, figure 2A), ECOG PS (p=0.51), 
EHS (p=0.29), line of treatment (p=0.49, figure 2B), and 
PVT (p=0.77).

The median OS in our cohort was 12.2 months (95% CI 
8.4 to 16.0) (figure 3A). The 6- month and 1- year OS rates 
were 57.5% and 32.6%, respectively. Median OS was 30.6 
months (95% CI 26.5 to 34.7) for patients who achieved 
CR, 18.7 months (95% CI 13.7 to 23.7) for PR, 16.3 
months (95% CI 12.8 to 19.7) for SD, and 6.0 months 
(95% CI 4.0 to 8.0) for PD (figure 3B).

Univariate predictors (table 2) of OS included CP class 
(CP- B/A 7.3 months/16.3 months, HR=1.95, 95% CI 
1.35 to 2.81, p<0.001, figure 3C), objective response as 
per RECIST criteria (CR+PR/SD+PD, 25.4 months/13.2 
months, HR=0.26, 95% CI 0.18 to 0.39, p<0.001), ECOG 
PS (0/1–3, 15.3 months/8.5 months, HR=0.47, 95% CI 
0.22 to 0.99, p=0.05), line of therapy (1 L/>1 L 16.3 
months/10.4 months, HR=0.68, 95% CI 0.47 to 1.00, 
p=0.05), and PVT (present/absent 10.4 months/13.8 
months, HR=1.82, 95% CI 1.13 to 2.94, p=0.02).

Within CP classes, we observed no significant differ-
ence in median OS (mOS) between CP- A5 (19.2 months, 

Table 1 Baseline characteristics of hepatocellular 
carcinoma patients treated with nivolumab

Baseline characteristic N (%)

Total 233 (100)

Age in years, median (IQR) 64 (56–69)

Gender

  Male 184 (79.0)

  Female 49 (21.0)

Cirrhosis

  Present 176 (75.5)

  Absent 57 (24.5)

Etiology of chronic liver disease

  HCV 95 (40.8)

  HBV 83 (35.6)

  Alcohol 29 (12.4)

  NASH 24 (10.3)

  Other 10 (4.3)

Child- Pugh class

  A 158 (67.8)

  B 75 (32.2)

Albumin (g/L), median (IQR) 35 (30–39)

Bilirubin (mmol/L), median (IQR) 15 (10–24)

ALT (IU/L), median (IQR) 47 (30–78)

ALP (IU/L), median (IQR) 147.5 (93.3–228.8)

Platelet count, median (IQR) (n=139) 142 (96.5–212.5)

Barcelona clinic liver cancer stage

  A 4 (1.7)

  B 23 (9.9)

  C 204 (87.8)

  D 2 (0.6)

ECOG performance status

  0 44 (28.0)

  1 99 (63.1)

  2 11 (7.0)

  3 2 (1.3)

Portal vein thrombosis

  Present 59 (37.6)

  Absent 98 (62.4)

Extrahepatic spread

  Present 66 (42.0)

  Absent 91 (58.0)

Prior therapy

  Surgery 65 (27.9)

  RFA 41 (17.6)

  TACE 109 (46.8)

  TARE 66 (28.3)

  EBRT 23 (9.9)

Systemic therapy line

  1 85 (36.5)

  2 130 (55.8)

  3 15 (6.4)

Continued

Baseline characteristic N (%)

  4 3 (1.3)

Alfa- fetoprotein

  >400 IU/mL 132 (56.7)

  <400 IU/mL 93 (39.9)

Maximum diameter of largest lesion (cm), 
median (IQR) (n=137)

5.5 (2.8–8.9)

ALP, alkaline phosphatase; ALT, alanine transaminase; EBRT, external beam 
radiotherapy; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B 
virus; HCV, hepatitis C virus; NASH, non- alcoholic steatohepatitis; RFA, radio- 
frequency ablation; TACE, trans- arterial chemoembolization; TARE, trans- 
arterial radioembolization.

Table 1 Continued
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95% CI 10.8 to 27.6) and CP- A6 (16.1 months, 95% CI 9.5 
to 22.7) (p=0.25), or between CP- B7 (7.2 months, 95% CI 
2.3 to 12.1), CP- B8 (8.2 months, 95% CI 6.3 to 10.1), 
and CP- B9 (4.1 months, 95% CI 0.5 to 7.8) (p=0.46). 
OS was not influenced by AFP concentration >400 IU/
mL (p=0.09), BCLC stage (p=0.09) (figure 2C), cirrhosis 
status (p=0.97), concomitant steroid use (p=0.8) or EHS 
(p=0.73). Multivariable predictors of OS included CP 
class (HR=2.30, 95% CI 1.40 to 3.73, p=0.002), objective 
response (HR=0.25, 95% CI 0.12 to 0.54, p<0.001), and 
PVT status (HR=1.87, 95% CI 1.15 to 3.05, p=0.004).

The median PFS was 10.1 months (95% CI 6.1 to 14.2) 
(figure 3D) and was predicted by BCLC stage (C+D/
A+B 8.2 months/19.0 months, HR=2.82, 95% CI 1.46 
to 5.44, p=0.002), objective response (CR+PR/SD+PD, 
22.7 months/9.7 months, HR=0.26, 95% CI 0.18 to 0.39, 
p<0.001, figure 3E), and line of therapy (1 L/>1 L 18.2 
months/8.2 months, HR=0.60, 95% CI 0.39 to 0.93, 
p=0.02). PFS was not influenced by presence of cirrhosis 
(p=0.97), AFP concentration >400 IU/mL (p=0.22), CP 
class (p=0.86), ECOG PS (p=0.25), concomitant steroid 
use (p=0.95), EHS (p=0.89), and PVT (p=0.80) (online 
supplementary table 1). Multivariable predictors of PFS 
included BCLC stage (HR=2.58, 95% CI 1.33 to 5.01, 

p=0.005), immunotherapy line (HR=0.60, 95% CI 0.38 to 
0.93, p=0.023), and objective response (HR=0.20, 95% CI 
0.11 to 0.37, p<0.001).

Safety of nivolumab
Treatment- related adverse events (trAEs) were moni-
tored for all patients (n=233). Treatment- related toxicity 
of any grade was reported in 62 patients (26.6%), with 
11 (4.7%) being grade 2 and 15 (6.4%) being grade 3 
or above, and 30 requiring corticosteroids in the opinion 
of treating physicians (12.9%). The types of trAE in 
order of descending frequency were fatigue (46.8%, as a 
percentage of all trAEs), dermatological toxicity (33.9%), 
hepatic toxicity (27.4%), gastrointestinal toxicity (colitis/
diarrhea) (16.1%), endocrine toxicity (14.6%), pulmo-
nary toxicity (11.3%), and musculoskeletal toxicity 
(1.6%). Incidence of trAE of grade ≥2 was compared 
with regards to baseline clinico- pathological features 
of HCC. Incidence of grade >2 trAE was not signifi-
cantly different based on presence of cirrhosis (p=0.20), 
and etiology of chronic liver disease (viral vs non- viral, 
p=0.07) (figure 4A), CP class (p=0.61) (figure 4B), BCLC 
stage (p=0.37), or treatment line (p=0.21). Treatment 
was discontinued due to unacceptable toxicity in eight 

Figure 2 The relationship between best radiological response to nivolumab and liver functional reserve by Child- Pugh class 
(CP, A) and line of therapy (B). CR, complete response; PD, primary disease; PR, partial response; SD, stable disease.

Figure 3 Kaplan- Meier curves describing the overall survival of the whole patient cohort (A) stratified by best radiological 
response (B) and Child- Pugh (CP) class (C). (D) Patients’ progression- free survival stratified by best radiological response (E). 
CR, complete response; PD, primary disease; PR, partial response; SD, stable disease.
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patients (3.4%). Toxicity leading to discontinuation was 
dermatological (n=3), hepatological (n=2), endocrine 
(n=2), pulmonary (n=2), gastrointestinal (n=1), or rheu-
matological (n=1) in nature, or fatigue (n=2). Treatment- 
related hepatic toxicity of any grade had no relationship 
with prior treatment with radioembolization (p=0.17). A 
combination of different types of toxicity was present in 5 
out of the 8 patients who discontinued treatment for this 
reason, and was of grade ≥2 severity in 5 out of 8.

DISCUSSION
The rising incidence and high mortality from HCC make 
this oncological diagnosis an area of high unmet need. 
Immune- based therapies targeting the PD-1 axis have 
shown initial evidence of oncological efficacy in HCC 
and a favorable therapeutic index. While it is undoubted 
that a fraction of patients will derive durable benefit from 

PD-1 inhibitors, deciphering the clinical value of PD-1 
monotherapy has been challenging in clinical studies 
because of the lack of predictive markers and the influ-
ence of post- progression therapy on OS.23 26 In a rapidly 
evolving therapeutic landscape, where the atezolizumab/
bevacizumab combination has demonstrated superiority 
to sorafenib in treatment- naïve patients27 and combi-
nation therapy with pembrolizumab and lenvatinib is 
showing promise,28 post- registration evidence of safety 
and efficacy of nivolumab in advanced HCC is needed 
to appreciate the clinical role of this therapeutic option 
outside clinical trials.

Capitalizing on an international collaborative network 
of investigators involved in the multidisciplinary manage-
ment of HCC, we report the results of the largest real- 
world dataset to include patients who received nivolumab 
outside common clinical trial eligibility criteria including 

Table 2 Univariate and multivariate analysis of overall survival in patients with hepatocellular carcinoma treated with 
nivolumab

Variable
Univariable
HR (95% CI) P value

Multivariable
HR (95% CI) P value

Baseline AFP,
>400/<400 ng/mL

1.38 (0.96 to 2.00) 0.09

BCLC stage,
C+D/A+B

1.51 (0.94 to 2.44) 0.09

Child- Pugh,
B/A

1.95 (1.35 to 2.81) <0.001* 2.30 (1.40 to 3.73) 0.001*

Cirrhosis, present/absent 1.01 (0.66 to 1.54) 0.97

Concomitant steroid use, present/absent 0.95 (0.65 to 1.39) 0.95

Objective response
CR+PR/SD+PD

0.26 (0.18 to 0.39) <0.001* 0.25 (0.12 to 0.54) <0.001*

ECOG- PS,
0/1–3

0.47 (0.22 to 0.99) 0.05*

Extrahepatic spread, present/absent 0.92 (0.57 to 1.48) 0.73

Immunotherapy line,
1st/2nd–4th

0.68 (0.47 to 1.00) 0.05*

PVT, present/absent 1.82 (1.13 to 2.94) 0.02* 1.87 (1.15 to 3.05) 0.01*

*marks statistical significance
AFP, alpha- fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CR, complete response; ECOG, Eastern Cooperative Oncology Group; PD, 
primary disease; PR, partial response; PS, performance status; PVT, portal vein thrombosis; SD, stable disease.

Figure 4 The distribution of treatment- related adverse events (trAEs) of any grade in relation to etiology of chronic liver disease 
(viral vs non- viral, A) and Child- Pugh (CP) class (B).
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32.2% with CP- B functional class and 44.2% outside 
second- line prescribing.

In our study, we reproduce the antitumor efficacy of 
nivolumab with ORR of 22.4% and DCR of 52.1%, esti-
mates that are comparable to those reported in the dose 
expansion cohort of CheckMate-040 (ORR 20%, DCR 
58%),22 as well as in a smaller retrospective study by 
Scheiner et al (ORR 15%, DCR 44%).29 When accounting 
for the heterogeneity in treatment line and liver func-
tional reserve described in our cohort, the reported mOS 
of 12.2 months of our study appears consistent with that of 
sorafenib- experienced trial participants (13.2 months)22 
and compares positively with first- line nivolumab experi-
ence in CheckMate-459 (mOS 16.4 months)23 and obser-
vational evidence (Scheiner et al, mOS 9.0).29

We have demonstrated that patients achieving a radio-
logically measurable tumor response are the ones with 
longer OS following nivolumab therapy, with greatest 
benefit observed in patients with a documented CR, 
whose median OS was in excess of 30 months. In absence 
of molecular predictors, achievement of radiological 
response following nivolumab can help clinicians to iden-
tify patients who are likely to derive long- term benefit from 
single- agent anti- PD-1 therapy. To our knowledge, this is 
the first observational study to validate such important 
prognostic role in patients treated with PD-1 inhibitors 
outside clinical trials: previous studies were underpow-
ered to evaluate this aspect, having accrued no complete 
responders29 or having included patients treated with 
immunotherapy combinations.30

In this study, responses to nivolumab were consistent 
across patients’ subgroups, being independent of viral 
etiology, baseline BCLC stage and CP class. However, the 
OS of patients classifying within CP- B class was 9 months 
shorter than CP- A (median: 7.3 months vs 16.3 months), 
underscoring the prognostic impact of liver functional 
reserve prior to immunotherapy.

CP- B patients derive small benefit from sorafenib31 and 
more advanced liver dysfunction is postulated to gear the 
liver microenvironment towards more profound immune- 
suppression,32 implying reduced responsiveness to ICI. In 
contrast to this hypothesis, our data suggest equal proba-
bility of response to PD-1 inhibitors and acceptable safety 
in CP- B patients, in keeping with published evidence 
from smaller studies.33

While requiring prospective confirmation, our results 
stand as a valuable point of reference for future prospec-
tive evaluation of nivolumab in CP- B patients. Prelim-
inary data from cohort 5 of CheckMate-040, which is 
currently exploring efficacy and safety of nivolumab in a 
restricted group of CP B7-8 patients without encephalop-
athy or ascites,34 reassuringly confirm our findings with a 
median OS of 7.6 months and a comparable ORR, DCR 
and proportion of trAEs.

Our study is also the first to document outcomes of a 
subset of patients who received nivolumab as off- label 
therapy for HCC beyond FDA- approved second- line use. 
Recommendation for nivolumab therapy in these patients 

followed individualized discussion within the treating 
multidisciplinary team and agreement of funding within 
respective treating institutions. The accrual of a wide 
proportion of patients treated with nivolumab from first 
to fourth line allowed us to perform a detailed analysis of 
its efficacy across line of therapy including first- line use, 
where median OS of 16.3 months overlays with Check-
Mate-459 data.23 Despite comparable ORR and DCR, 
we found that earlier provision of immunotherapy was 
associated with improved OS and PFS compared with 
later- line use. While of interest, these results are not 
meant to inform changes in practice, especially after 
the documented failure of nivolumab to improve OS in 
first- line advanced HCC.23 Despite equal proportion of 
post- progression therapy, patients receiving nivolumab as 
first- line systemic therapy in our study had shorter interval 
from original HCC diagnosis, a key factor to explain the 
significantly longer OS and PFS in this group compared 
with more heavily pretreated patients.

Perhaps unsurprisingly, we found a higher degree of 
heterogeneity in the assessment of PFS (median 10.1 
months) which is closer to the estimate of 9.0 months 
published in CheckMate-04022 compared with Check-
Mate-459 (3.7 months)23 and the Scheiner study (4.3 
months).29 Differences in PFS between observational 
versus interventional studies are not uncommon and 
attributable not only to patient heterogeneity but also to 
inherent differences in investigator- based versus central 
assessment of progression as well as in the variable 
frequency of re- staging that is typical of routine practice. 
In our study, we lack assessment of response by immune- 
related RECIST criteria which, unlike investigator- led 
adjudication of progression outcomes on the basis of 
RECIST version 1.1 criteria, would have facilitated iden-
tification of pseudo- progression events in our patient 
cohort.35

In addition to efficacy estimates, our study provides 
important confirmatory evidence of the safety of 
nivolumab in routine practice. We observed no unex-
pected safety signals from routine nivolumab use nor 
treatment- related deaths. The overall trAE rate of 26.6% 
and grade >3 trAE rate of 6.4% compare favorably with 
the proportion of grade >3 trAE observed in Check-
Mate-040 (19.0%),22 CheckMate-459 (22%),23 and 
Scheiner et al (15%).29 The rate of discontinuation due 
to unacceptable toxicity was also low and comparable to 
previous studies. Importantly, we documented no signif-
icant differences in trAE rates between CP class A and B. 
This is reassuring given concerns raised by a retrospective 
case series (n=18) that reported an all- grade trAE rate of 
94% and a rate of grade ≥3 trAE of 28% in CP- B patients 
receiving nivolumab.33

The retrospective nature of our work stands as 
an important limitation of our study. However, the 
geographic diversity of our cohort, with patients from the 
USA, Europe, and Asia, significantly expands on previous 
studies of real- world cohorts from Germany, Austria 
(n=34)29 and the USA (n=18).33 The demographics of 
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our cohort were comparable with previous studies with 
regards to commonly reported parameters, including 
age, etiology of liver disease and stage.22 23 29

Our cohort size (n=233) positively compares to that of 
phase II (n=214) and III (n=371) studies in this indica-
tion,22 23 with the important distinctive feature of having 
included patients subgroups for whom little prospec-
tive data on safety and efficacy exist (ie, CP- B or heavily 
pretreated patients).

CONCLUSION
Our study confirms that PD-1- targeted immunotherapy 
with nivolumab is a deliverable treatment option in 
a real- world patient cohort including patients with 
varying degrees of liver dysfunction and prior- treatment. 
Measures of efficacy and safety of nivolumab therapy were 
comparable to clinical trial data and longer survival was 
observed in patients achieving radiological response to 
treatment.

As combination immunotherapy expands across the 
treatment landscape of advanced HCC,27 28 the favorable 
response and toxicity observed in CP- B patients supports 
the case to investigate the use of nivolumab in this 
treatment- deprived patient population who is currently 
ineligible to molecularly targeted therapies and might be 
more at risk of vascular events from combination of ICI 
with anti- angiogenics.
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