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Abstract

Introduction Nivolumab is the first checkpoint-inhibitor approved for the treatment of advanced HCC patients. Real-life
experience data of nivolumab treatment in HCC patients, especially those with advanced liver disease, is scarce.

Materials and methods All patients with confirmed advanced HCC and nivolumab treatment from three large German cent-
ers were retrospectively analyzed. Clinical parameters and outcome were assessed.

Results A total of 34 patients were included. At the time of treatment initiation 5 patients (14.7%) were classified as stage
BCLC B and 29 (85.3%) BCLC C, respectively. 25 (73.5) patients had received prior sorafenib treatment. All patients
presented with cirrhosis, namely Child—Pugh stages A (56%) or B (41%), respectively. At time of patient’s assessment, 20
out of 34 (58.8%) patients had died. Grade 3 toxicities occurred in two patients (5.9%). Best overall responses were partial
response in four patients (11.8%) and stable disease in eight patients (23.5%). The median overall survival of the whole cohort
was 7.5 weeks (range 0-46). Child—Pugh B stage disease at treatment start was significantly associated with poor outcome.
Discussion Nivolumab treatment seems safe and clinical efficacious. Patients with advanced liver disease require further
prospective evaluation due to probable limited efficacy of nivolumab.
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which is the predominant risk factor for HCC development.
Curative HCC treatment is only available in early stages
involving local ablative procedures, surgical resection or
liver transplantation. In patients not amenable to curative
or local therapy as well as patients with metastatic dis-
ease, systemic treatment is the therapy of choice (El-Serag
2011). Until recently, only tyrosinkinase-inhibitors (TKI)
were approved for these patients, i.e. sorafenib in first and
regorafenib in a second line setting. Sorafenib was approved
in 2008 and demonstrated a survival benefit of 10.7 months
versus 7.9 months in placebo-treated Western world patients
(Llovet et al. 2008). More recently regorafenib was approved
for second-line treatment after progression during sorafenib
treatment with comparable survival benefits (10.6 versus
7.8 months) (Bruix et al. 2017). In the last 2 years, two
additional TKIs, namely Cabozantinib and Lenvatinib, also
demonstrated survival benefit in advanced HCC (Raoul et al.
2018). Furthermore, the VEGF-R2 antibody Ramucirumab
improved survival compared to placebo in high-risk patients
with high AFP levels (Zhu et al. 2018).

Since HCC is a hallmark of inflammation-induced can-
cers, several preclinical and early-phase studies investigated
the efficacy of immunotherapeutic approaches for advanced
HCCs. While results of studies on oncolytic viruses, vac-
cines or cytokine-activated killer cells have not yet fulfilled
the expectations, clinical trials on the safety and efficacy
of checkpoint inhibitors were particularly promising (El-
Khoueiry et al. 2017). Blockage of the checkpoints pro-
grammed cell death-1/programmed cell death ligand 1
(PD-1/PD-L1) and cytotoxic T lymphocyte-associated
protein 4 (CTLA-4) disrupts acquired immunosuppressive
mechanisms of cancer cells and activates natural anti-tumor
effects of immune cells. Nivolumab is one of the first human
immunoglobulin G4 (IgG4) monoclonal antibodies, which
binds to the PD-1 receptor. Nivolumab targets an epitope of
PD-1 with high affinity and specificity. PD-1 is expressed
on different immune cells and especially on T-cells (Keir
et al. 2008). Specialized cytotoxic CD8 + T-cells take the
key role in adaptive anti-tumor immune responses. The
concept of interrupting the activation of PD1 by targeting
PD-1 or its ligand PD-L1 in cancer patients and thereby
activating the immune system against tumor cells has been
successfully proven in several tumor entities including
HCC (Brahmer et al. 2012; Topalian et al. 2012). In Sep-
tember 2017 nivolumab was the first checkpoint-inhibitor,
granted approval for HCC by the United States Food and
Drug Administration (FDA) based on the results of the phase
1-2 dose escalation and expansion trial Checkmate040 (EI-
Khoueiry et al. 2017). In brief, response rate across all
cohorts was reported in about 20% of patients, stable dis-
ease was achieved in 45%. Median duration of response was
9.9 months, median time to disease progression 4.1 months.
Updated survival data of the Checkmate040 was presented
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at the end of last year (Sangro et al. 2017). Notably, the
subset of sorafenib-naive patients showed a median over-
all survival of 28 months favoring immunotherapy use as
first-line treatment. However, nivolumab has not yet been
approved by European Medicines Agency (EMA) and data
from the phase 3 trial comparing nivolumab to sorafenib in
the first-line setting are urgently awaited [CheckMate-459
trial (NCT02576509)].

As nivolumab has not yet been approved for HCC treat-
ment in Europe, a nivolumab based therapy is only possible
in cases if patients do not tolerate TKI treatment or progress
under sorafenib and no other tumor-directed therapies are
accessible. We here retrospectively analyzed real-life experi-
ence of patients treated with nivolumab for advanced HCC
from three high-volume German centers.

Methods

Between July 2015 and January 2018 patients with con-
firmed advanced HCC (BCLC B and C) and nivolumab
treatment from three large German university centers
were retrospectively identified and included in this study.
Patients’ charts and hospital electronic medical records were
anonymized and reviewed.

Patients were followed until death or last contact. Dates
of treatment start and end of nivolumab were assessed sepa-
rately. Survival was calculated as the time from initiation of
nivolumab until death from any cause or last follow-up. The
safety profile was assessed and graded using the Common
Toxicity Criteria (CTCAE), version 4.0 (National Cancer
Institute (NIH) Division of Cancer Treatment and Diangosis
(DCTD) 2009).

HCC was diagnosed according to current guideline rec-
ommendations (Galle et al. 2018). Inclusion criteria were a
diagnosis of advanced HCC and treatment with nivolumab.
The BCLC stage determined the treatment of HCC (Galle
et al. 2018). BCLC stage, model of end-stage liver disease
(MELD) score, Child—Pugh score and Albumin-Bilirubin
(ALBI) grade (Johnson et al. 2015) were assessed by clinical
examination, laboratory parameters and the results of ultra-
sound, CT scans and MRI imaging at the time of treatment
start of nivolumab.

Nivolumab was administered as recommended in the
official dosing and safety information. Treatment schedules
were modified if necessary, according to the treating physi-
cian’s discretion.

The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori
approval by the institution’s human research committee.
Written, informed consent was obtained from each patient
included in the study. The study was approved by the insti-
tutional Review Boards and responsible Ethical Committees



Journal of Cancer Research and Clinical Oncology (2019) 145:253-259

at the University Hospitals [Approval numbers: Mainz
837.199.10 (7208), Frankfurt SGI-11-2017, Ulm 317/12,
230/14, 128/15].

Outcome evaluation

Best treatment response was assessed by radiological imag-
ing according to modified RESIST 1.1. criteria (Lencioni
and Llovet 2010) based on contrast-enhanced abdominal
computed tomography (CT) or magnetic resonance imaging
(MRI). Imaging was carried out every 8—12 weeks during
nivolumab treatment.

Outcome was assessed as stable disease (SD), progressive
disease (PD), partial response (e.g. treatment response of
metastasis) (PR), complete response (CR) or not assessable
if no radiological staging was done.

Statistical analysis

This study was designed as a retrospective cohort study.
Patients were followed till death or last contact. Dates of
treatment start and finish with nivolumab were assessed sep-
arately. Continuous variables are shown as means =+ standard
deviation and categorical variables are reported as frequen-
cies and percentages.

Predictors of survival were determined using a univari-
ate Cox regression hazard model. Death was recorded as
an event. For the assessment of independent predictors of
survival, a multivariate Cox regression hazard model with
forward stepwise (likelihood ratio) entry was used. Statisti-
cal analyses were performed with SPSS (Version 22.0, IBM,
New York, USA) and Prism (7.0, GraphPad, La Jolla, USA).

Results
Baseline patient characteristics

A total of 34 patients were included in the study. 26 male
patients (76.5%) and 8 female patients (23.5%) with a
median age of 65 years (range 40-77 years). All patients
were of Caucasian ethnicity. Most common underlying liver
disease was chronic hepatitis C virus (HCV) infection in 10
(29.4%) patients. Seventeen patients (50.0%) were BCLC
stage C at initial diagnosis of HCC. The detailed patients”
characteristics are provided in Table 1.

Patients’ characteristics at start of nivolumab
treatment

At the time of treatment start with nivolumab 5 patients
(14.8%) were classified to BCLC stage B and 29 (85.3%)
patients to BCLC stage C. Nineteen patients (55.9%) had
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Table 1 Patients characteristics of nivolumab treated patients
Parameter Patients
Epidemiology

Patients, n 34

Gender, m/f (%) 26 (76.5)/8 (23.5)

Age, median, range 65, 40-77
Etiology of liver disease

Hepatitis B, n (%) 2(5.9)

Hepatitis C, n (%) 10 (29.4)

NASH, n (%) 7 (20.6)

Alcoholic, n (%) 7 (20.6)

Others, n (%) 8 (23.5)
BCLC stage at diagnosis

A, n (%) 4(11.8)

B, n (%) 13 (38.2)

C,n (%) 17 (50.0)

D, n (%) 0 (0.0
Previous therapies

Surgery/ablation, n (%) 9(26.5)

Loco-regional (TACE/SIRT), n (%) 15 (44.1)

Systemic, n (%) 28 (82.4)
Sorafenib treatment, n (%) 25 (73.5)
Sorafenib treatment weeks, median, range 14 (4-432)
Clinical parameters start of nivolumab
BCLC stage start nivolumab

A, n (%) 0 (0.0

B, n (%) 5(14.7)

C,n (%) 29 (85.3)
D, n (%) 0 (0.0
Extrahepatic metastasis, n (%) 19 (55.9)
Vascular invasion, n (%) 19 (55.9)
Child-Pugh score

A, n (%) 19 (55.9)

B, n (%) 14 (41.2)

C,n (%) 1(2.9)
Albumin-Bilirubin (ALBI) grade

1, n (%) 1(2.9)

2,n (%) 14 (41.2)

3,n (%) 19 (55.9)
MELD, median, range 12 (5-21)
ECOG at start of nivolumab

0, n (%) 7 (20.6)

1, n (%) 24 (70.6)

2,n (%) 3(8.8)

Variables are expressed as median and full range or as numbers and

proportions, as appropriate

extrahepatic metastases and 19 (55.9%) macrovascular
invasion. Nineteen patients (55.9%) presented with cir-
rhosis at Child—Pugh stage A, 14 (41.2%) patients at
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Child-Pugh stage B and one patient at Child—Pugh stage
C (2.9%), respectively.

Nine patients (26.5%) were treatment-naive to sorafenib
and received nivolumab as first systemic treatment. Twenty-
five (73.5%) patients had received systemic treatment with
sorafenib for a median of 14 weeks (4-432) prior to starting
nivolumab. Nine (26.5%) patients had undergone initial sur-
gery/ablation in a curative intent and 15 (44.1%) patients had
received local-regional therapies including TACE or SIRT
prior to systemic therapy. The detailed patients” character-
istics are provided in Table 1.

Nivolumab treatment and outcome

The median follow-up time after the start of nivolumab was
100 days (range 5-610 days). The median treatment duration
was 8 weeks (range 1-80 weeks) with a median of 4 cycles
(range 1-42 cycles) administered.

At the time of data analysis in March 2018, 20 out of
34 (58.9%) patients had died. Causes of death were tumor
progression in 16 patients (80%), acute liver failure in
three patients (15%) and one fatal variceal bleeding (5%).
8 patients (23.5%) were still on nivolumab treatment and
6 patients (17.6%) had stopped treatment for other reasons
[patients wish (n=35), toxicity (n=1)].

During the treatment, two patients (5.9%) showed grade
3 toxicities probably attributable to nivolumab: One patient
developed bullous lichenoid drug eruption and had to stop
treatment after 7 cycles. The other patient developed hepati-
tis grade 2—3 which resolved after steroid treatment.

A total of 8 patients (23.5%) showed an AFP response
during the treatment with declining levels.

The best radiological outcomes were a partial response in
4 patients (11.8%) and stable disease in 8 patients (23.5%).
Twelve patients had progressive disease (35.3%) at the time
of the first radiological evaluation and radiological outcomes
were not assessable in 10 patients, who had not undergone

imaging at study endpoint. The median overall survival in
the whole cohort was 7.5 weeks with a range of 0—46 weeks.

Risk factors for survival

To evaluate risk factors for death of patients receiving
nivolumab therapy we first conducted a univariate Cox
regression model with the variables male gender, age above
65, BCLC stage at start of nivolumab, previous sorafenib
treatment, Child—Pugh stage at beginning of nivolumab
treatment, ALBI score at beginning of nivolumab treat-
ment, an ECOG above 0, AFP response after nivolumab
and neutrophil/lymphocyte ratio>2.75 (He et al. 2018).
In the univariate analysis Child—Pugh stage (HR 7.742,
95% C10.2.619-22.783, p <0.001) and an ECOG >0 (HR
3.441, 95% CI101.049-11.268, p=0.041) were significant
risk factors for survival while previous sorafenib treatment
was associated with a risk reduction (HR 0.387, 95% CI
0.152-0.988, p=0.047). After inclusion of all factors with
a p value <0.1 in a multivariate model only an advanced
Child-Pugh stage remained as a significant independent
risk factor for survival (HR 7.724, 95% CI 2.619-22.784,
p<0.001) (Table 2).

Discussion

The PD-1 inhibitor nivolumab has recently been approved
by the FDA based on the results of the phase I/II CheckMate
040 (El-Khoueiry et al. 2017) trial. The study was com-
posed of two parts, a dose escalation trial with 48 patients
and a dose expansion trial with 214 patients. Patients were
investigated in four sub-cohorts (HBV or HCV infection and
sorafenib naive or treated), 68% of the cohort was sorafenib
pre-treated. Response rate across all cohorts was reported in
20% of patients (14-20% in HBV or HCV infected patients

Table 2 Univariate and

S Parameter Univariate analysis Multivariate analysis
multivariate analyses of factors
associated with survival in HR 95% Cl Pvalue HR 95% C1 P value
patients treated with nivolumab
Male gender 1.815 0.602-5.466 0.289
Age>65 2.064 0.821-5.188 0.123
BCLC stage 2254 0.521-9.746 0.277
Sorafenib treatment 0.387 0.152-0.988 0.047
Child-Pugh stage 7742 2.619-22.783 <0.001 7.724 2.619-22.784 <0.001
ALBI score 1.627  0.724-3.565 0.239
ECOG>0 3441 1.049-11.286 0.041
AFP response after nivolumab 0.592 0.171-2.041 0.41
Neutrophil-lymphocyte ratio>2.75 2.862 0.662-12.376 0.159

All p values reported are two-sided. Statistical significance was defined as p <0.05

CI confidence interval, HR hazard ratio
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and 21-23% in uninfected patients), stable disease was
achieved in 45%.

More than 67% of the patients in the study had extrahe-
patic metastasis, nearly all patients were Child—Pugh stage
A (99%). Updated results were reported at ASCO GI 2018
Annual Meeting for the subgroup of 154 sorafenib experi-
enced patients from both cohorts. Objective response was
14% and median overall survival was 15.1 months leading
to the conclusion of the investigators that nivolumab dem-
onstrates a meaningful benefit for pre-treated patients (El-
Khoueiry et al. 2018). However, especially sorafenib naive
patients had a favorable prognosis with a median overall
survival of 28 months when nivolumab is given as first sys-
temic therapy (Sangro et al. 2017).

So far only one group reported outcomes from 11 real-
world patients treated with nivolumab for advanced HCC
outside of clinical trials (Feng et al. 2017). All of these
patients, hailed from China, had HBV-related cirrhosis
and were BCLC stage B or C. They underwent a median of
7.1 cycles nivolumab treatment. The authors reported very
promising results with mainly partial responses and stable
disease after onset of treatment and one complete response.
Only 2 patients had progressive disease and died. Overall
survival was not reported. Single case reports described
long-lasting complete responses of HCC patients under
immunotherapy (Trojan and Sarrazin 2016).

While the checkmate trial included only patients with
Child-Pugh stadium A (99%), our cohort involved 19
patients with cirrhosis Child—Pugh stage A at treatment start
as well as 14 patients with advanced liver disease classified
to stage B and one to stage C. 8 out of 19 Child-Pugh A
patients (42%) had died at the time of final analysis and 11
out of 14 (79%) Child—Pugh B patients died.

Median OS without treatment in BCLC stages is het-
erogeneous ranging from 9 to 18 months in BCLC B, 4-8
months in BCLC C and less than 3 months in BCLC D
(Cabibbo et al. 2010). As real-life patients tend to be more
heterogeneous than patients included in clinical trials,
efficacy of new medications needs to be proven in these
patients. Survival seems to be poor in patients in these
advanced stages of cirrhosis and the benefit of nivolumab
for overall survival in this subgroup of patients’ needs to
be shown. Especially patients with advanced or decom-
pensated cirrhosis (Child—Pugh stages B and C) are often
excluded from trials. However, they are frequently treated
in clinical routine. In our cohort, the treatment effect for
these patients was limited with a median OS in Child
A stage with 7 weeks (1-46) versus 3 weeks (0—14) in
Child B stage, respectively. Accordingly, our multivari-
ate analysis revealed Child—Pugh stage as an independ-
ent risk factor for survival, underlining that patients with
advanced liver disease might not benefit from oncological

treatment interventions since survival is determined by
the liver function (Fig. 1) (Cabibbo et al. 2017). However,
at this point, we cannot rule out a negative selection bias
of patients due to the retrospective nature of this study.
Just recently an interesting meta-analysis could show the
increased efficacy of immunotherapy in male patients
independently from other factors. Due to our small cohort
and over-representation of male patients we could not find
that difference (data not shown), however, this will prob-
ably be an important aspect when investigating real life
patient cohort in the future (Conforti et al. 2018).

Adverse effects of immunotherapies are different from
toxicities caused by “standard” chemotherapy. In a Phase
1 dose escalation trial of nivolumab in different tumor
entities grade 3/4 toxicities (treatment-related) occurred
in 14% of the patients, most problematic was pneumoni-
tis, which was fatal in three cases (Topalian et al. 2012,
2014). Main side effects the clinician should be aware of
are autoimmune phenomena. Increase of liver enzymes
without clinical impairment (AST, ALT, even bilirubin) is
a common side effect; however, immune-mediated hepa-
titis (defined as requirement of steroids and no alternate
etiology) occurred in 1.1% in the trial. In our cohort, one
patient showed hepatitis grade 3 that could effectively be
treated with steroids. One other patient had to stop treat-
ment due to bullous lichenoid drug-eruption. This is a rare,
but known phenomenon attributable to nivolumab (Vence
et al. 2017).

As seen in the clinical trials and previous reports from
liver and other cancers, side effects of nivolumab in our
cohort were manageable and overall nivolumab appears
to be safe in HCC patients even with advanced liver dis-
ease. However, elevations in AST and ALT seem to occur
more frequently in HCC patients and, therefore, a potential
increased risk of liver toxicity has to be taken into account
in clinical management (Brown et al. 2017).

There are limitations to this study. The study is of ret-
rospective nature which could bias the patient selection,
however, all patients treated with nivolumab at the respec-
tive centers were included during the given period of time.
Patient’s outcome was assessed as the last contact to the
center, not every patient was contacted by phone sepa-
rately, so the survival may be slightly overestimated.

Taken together our real-life experience with nivolumab
therapy in HCC patients confirms the safety of the treat-
ment in patients with advanced HCC stages and even
with reduced liver function. However, the prognosis of
patients at more advanced stages of cirrhosis and impaired
liver function remained very poor and the exact benefit of
nivolumab treatment in this setting needs to be shown in
the future.
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