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Abstract

lular carcinoma (HCQ).

inhibitors in real-world practice.

Background: The approved dose of nivolumab is 3mg/kg or a flat dose of 240 mg for indications. There is no dose-
response relationship for nivolumab; therefore, a low-dose regimen may be an option to reduce financial toxicity. This
study was designed to investigate the efficacy and safety of low-dose nivolumab in the management of hepatocel-

Methods: We retrospectively reviewed patients with HCC who received 20 or 100 mg of nivolumab intravenously
every 2 weeks. The objective response rate was determined in accordance with the Response Evaluation Criteria in
Solid Tumors criteria version 1.1. The Cox regression model and Kaplan-Meier method were used to analyze hazard
factors, progression-free survival (PFS), and overall survival (OS). Adverse events (AEs) were assessed according to the
National Cancer Institute Common Terminology Criteria for Adverse Events version 5.0.

Results: In total, 78 patients were enrolled, including 49 with hepatitis B virus (HBV) and 23 with hepatitis C virus
(HCV). All patients were staged as Barcelona Clinic Liver Cancer stage C, and 20 patients were classified as having
Child-Pugh classification B (7). Nivolumab 20 mg was an independent prognostic factor for better PFS, and albumin-
bilirubin grade 1 was the independent prognostic factor for superior OS in the multivariate analyses. Patients with
better HBV (HBV DNA <5001U/ml) and HCV (HCV RNA undetectable) controls had superior OS. All AEs were grade 1-2
in severity, and all patients tolerated nivolumab without treatment interruption or dose adjustment. Additionally, 31
patients underwent subsequent therapy after nivolumab treatment.

Conclusion: Low-dose nivolumab may be effective with manageable toxicity and can be an alternative option to
reduce financial toxicity in patients with advanced HCC who cannot afford the high cost of immune checkpoint
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Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon primary liver cancer with increasing incidence
and cancer-related death; in several Asian countries
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including Taiwan, it also is the leading cause of mortal-
ity [1]. Multi-kinase inhibitors, such as sorafenib, have
been approved for systemic therapy in patients with
advanced HCC for >10years; subsequently, lenvatinib,
regorafenib, and cabozantinib have also been proved for
HCC treatment by randomized phase II or III controlled
trials [2-7]. Recently, immunotherapy has developed
as a novel approach for the management of cancer, and
immune checkpoint inhibitors (ICIs), which target pro-
grammed death 1 (PD-1) or programmed death-ligand 1,
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have revolutionized the strategy of oncology and become
the standard treatment in several cancers, such as mela-
noma or non-small cell lung cancer (NSCLC) [8, 9]. In
HCC, atezolizumab plus bevacizumab has shown supe-
rior results in terms of objective response rate (ORR),
progression-free survival (PFS) and overall survival (OS)
compared to those of sorafenib in patients with advanced
HCC and become the a new first-line systemic treatment
of HCC [10]. In addition to the approval of atezolizumab
plus bevacizumab, other ICIs such as pembrolizumab
or nivolumab, have been approved for HCC treatment
after sorafenib progression based on the efficacy and
OS improvement [11, 12]. Therefore, successful cancer
immunotherapy has created a break-through in the field
of HCC treatment.

Nivolumab, an anti-PD-1 monoclonal antibody,
improves survival in several cancer types. Currently, the
Food and Drug Administration (FDA) has granted accel-
erated approval for the combination of nivolumab plus
ipilimumab (an anti-cytotoxic T-lymphocyte-associated
protein 4 antibody) for second-line systemic treatment
in patients with advanced HCC; however, nivolumab
alone has been proven to treat advanced HCC in Taiwan
based on early phase trials [11, 13, 14]. Reimbursement
of expensive drugs, such as ICIs, is relatively difficult
in resource-constrained areas; therefore, nivolumab is
reimbursed only in a few Asian countries. Therefore,
ICI use in clinical practice is hampered by the extremely
high cost, resulting in unaffordability to many cancer
patients and poor survival outcomes. Therefore, low-
dose ICIs may be a viable option for the management of
cancer. Growing evidence has demonstrated the efficacy
of low-dose nivolumab in some cancer types, such as
NSCLC, recall cell carcinoma (RCC), and Hodgkin lym-
phoma [15-17]. The major rationale is that no correla-
tion between dose and response has been observed for
anti-PD-1 ICIs, whether nivolumab or pembrolizumab.
In a phase 1 study of nivolumab in HCC, the doses were
prescribed from 0.1 to 10mg/kg every 2weeks (Q2W)
[11]. Subsequently, the FDA approved nivolumab at a
flat dose of 240mg Q2W for all approved indications
regardless of body weight based on the comparability of
the pharmacokinetic exposure, safety, and efficacy [18].
Nevertheless, the efficacy of nivolumab at lower doses
has been mentioned in patients with RCC in early phase
studies [19, 20].

In Taiwan, most patients do not have adequate reim-
bursement plans or national income to afford ICIs. A
low-dose regimen may be an alternative option to reduce
the financial toxicity incurred by ICIs. The efficacy and
safety of low-dose nivolumab have been demonstrated in
patients with NSCLC, RCC, and Hodgkin lymphoma in
real-world practice [15-17]. However, to our knowledge,

Page 2 of 12

the clinical impact of low-dose nivolumab in patients
with advanced HCC is unclear. Therefore, this study
aimed to investigate the efficacy and safety of low-dose
nivolumab in patients with advanced HCC.

Materials and methods

Patients

Data on patients with advanced HCC between Janu-
ary 2019 and December 2021 at the Kaohsiung Chang
Gung Memorial Hospital were retrospectively reviewed.
The eligibility criteria were as follows: (1) nivolumab 20
or 100mg Q2W, without combination with other drugs
or locoregional therapy such as radiofrequency abla-
tion (RFA), transarterial chemoembolization (TACE), or
radiotherapy; (2) no experience with other ICIs (atezoli-
zumab, pembrolizumab, ipilimumab, durvalumab, treme-
limumab); (3) no history of previous nivolumab therapy;
(4) no history of a second malignancy or concurrent
cholangiocarcinoma; (5) exclusion of well-known con-
traindications to nivolumab, including organ transplanta-
tion, autoimmune disease, and human immunodeficiency
virus infection; and (6) precise collection of clinical infor-
mation. Finally, 78 patients with advanced HCC who
received low-dose nivolumab therapy were identified.

Treatment and safety assessment

Patients received nivolumab 20 or 100 mg intravenously
Q2W, regardless of body weight, and the choice of dose
was determined by what patients could afford. First, we
carefully explored the patients’ economic status, and only
those who could not afford the cost of standard-dose
nivolumab but highly desired this regimen were enrolled.
Subsequently, low-dose nivolumab was prescribed after
a thorough explanation with full agreement. Treatment
was discontinued due to disease progression or occur-
rence of intolerable adverse events (AEs). During the
treatment period, we followed these patients for moni-
toring and AEs assessment Q2W at the outpatient clinic.
Blood tests (including those for evaluating complete
blood count, serum biochemistry, thyroid function, and
cortisol and glucose levels) and chest radiography were
performed regularly. AE and immune-related AE (irAE)
grades were assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events version 5.0 [21].

Tumor staging and response evaluation

HCC was diagnosed according to pathological find-
ings or the non-invasive criteria of the American Asso-
ciation for the Study of Liver Disease (AASLD) [22, 23].
The Barcelona Clinic Liver Cancer (BCLC) staging clas-
sification was used for staging at nivolumab initiation
[24]. The albumin-bilirubin (ALBI) score was determined
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based on serum albumin and total bilirubin levels using
the following formula: ALBI score=(log,, bilirubin
[umol/L] x 0.66) + (albumin [g/L] x —0.085). The ALBI
score was graded as: grade 1 (< —2.60), grade 2 (—2.59 to
—1.39), or grade 3 (> —1.39) [25].

There must be at least one measurable target lesion to
evaluate treatment response for each patient with HCC.
Dynamic magnetic resonance imaging (MRI) or com-
puted tomography (CT) of the liver was performed every
8-12weeks after initiation of nivolumab. Treatment
response to nivolumab was independently assessed by
two radiologists in absence of any medical information
in accordance with the Response Evaluation Criteria in
Solid Tumors (RECIST) criteria version 1.1 [26].

Statistical analysis

All data were analyzed using SPSS 22 software (IBM,
Armonk, NY, USA). Differences in categorical variables
were assessed using the chi-square test. PFS was calcu-
lated from the date of nivolumab initiation to the date
of disease progression or death from any cause. OS was
determined from the date of nivolumab initiation to the
date of last visit or death from any cause. The Kaplan—
Meier method was used to analyze cumulative survival,
and the differences were compared using the log-rank
test. Hazard ratios (HRs) with 95% confidence intervals
(ClIs) were used to estimate prognostic values. All clinico-
pathological variables with a p-values <0.1 in the univari-
ate analyses were further entered into a multivariate Cox
proportional hazards model using a forward stepwise
selection to identify independently significant factors.
Statistical significance was set at P<0.05.

Ethics statement

This study was approved by the Institutional Review Board
of Chang Gung Medical Foundation (202101199B0) and
conducted in accordance with the Declaration of Helsinki.
The written informed consent was waived due to the ret-
rospective design of this study.

Results

Patient characteristics

Our cohort enrolled 78 patients with advanced HCC who
received low-dose nivolumab at Kaohsiung Chang Gung
Memorial Hospital between January 2019 and December
2021, including 61 men and 17 women with a median age
of 63years (range: 38—81years). We documented patient
characteristics at nivolumab initiation. All patients were
staged as BCLC classification C and had an Eastern
Cooperative Oncology Group Performance Status score
of 0 or 1. In total, 58 (74.4%) and 20 (25.6%) patients were
classified as having Child—Pugh classification A and B
(7), respectively. Moreover, 49 (62.8%), 23 (29.5%), and
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six (7.7%) patients had hepatitis B virus (HBV) infection,
hepatitis C virus (HCV) infection, and no viral hepatitis,
respectively. The percentages of ALBI 1 and 2 were 42.3
and 57.7%, respectively. The incidence of macrovascu-
lar invasion (inferior vena cava, hepatic vein, and portal
vein) and extrahepatic spread was 50%, and main portal
vein thrombosis was noted in 11 (14.1%) patients. Thirty-
one (39.7%) patients underwent hepatectomy before
nivolumab treatment, and 27 (34.6%) patients had lymph
node metastasis. The median alpha-fetoprotein level was
523ng/ml (range: <2 — >80,000ng/ml). The baseline
patient characteristics are shown in Table 1.

Response to nivolumab

Treatment response to nivolumab was determined
according to the RECIST criteria version 1.1; four
(5.1%) patients showed partial response (PR), 21 (26.9%)
patients had stable disease (SD), and 53 (68.0%) patients
had progressive disease (PD), indicating a disease control
rate (DCR) of 32.0%.

There was no statistical difference in the ORR (5.9%
vs. 4.9%) and DCR (41.2% vs. 29.5%) between patients
treated with nivolumab 20 and 100mg (P= 0.65).
Patients who received nivolumab as second-line therapy
had a higher ORR (8.9% versus 0%) and DCR (37.8% ver-
sus 24.2%), although no statistical significance was noted
(P= 0.17). The treatment responses to nivolumab are
presented in Table 2.

Clinical outcomes

The baseline clinicopathologic factors did not differ sig-
nificantly between nivolumab 20mg and nivolumab
100 mg groups except ECOG PS; patients who received
nivolumab 100mg were mentioned to have higher
percentage of ECOG PS 0 compared to those with
nivolumab 20 mg (Table 3). The median PFS and OS were
2.4 and 12.3 months, respectively (Fig. 1).

Regarding PFS, no statistical significance was
observed in any parameters in univariate analysis,
except nivolumab dose. The 17 patients who received
nivolumab 20mg had a superior PFS than those
who received nivolumab 100mg (4.5months versus
2.3months, P= 0.007, Fig. 2A). The median PFS was
comparable between patients treated with nivolumab as
second-line treatment and those treated with nivolumab
as third-line and later-line lines (2.4months versus
2.3months, Fig. 3A) Multivariate analysis also revealed
that nivolumab 20 mg (P= 0.009; HR, 0.43; 95% CI, 0.22—
0.81) was an independent prognostic factor for better
PES. Univariate and multivariate analysis results for PES
are presented in Table 4.

In univariate analysis for OS, there were no signifi-
cant differences in any parameters, except Child—Pugh
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Table 1 Characteristics of 78 patients with advanced hepatocellular
carcinoma who received low-dose nivolumab

Characteristics

Age (median, range) 63 (38-81) years

Sex

Male 61 (78.2%)

Female 17 (21.8%)
ECOG PS

0 34 (43.6%)

1 44 (56.4%)
Child-Pugh classification

A 58 (74.4%)

B(7) 20 (25.6%)
BCLC classification

C 78 (100%)
ALBI grade

1 33 (42.3%)

2 45 (57.7%)
Viral hepatitis status

Hepatitis B 49 (62.8%)

Hepatitis C 23 (29.5%)

No 6 (7.7%)
Macrovascular invasion (IVC, HV, PV)

Yes 39 (50%)

No 39 (50%)
Main portal vein thrombosis

Yes 11 (14.1%)

No 67 (85.9%)
History of hepatectomy

Yes 31 (39.7%)

No 47 (60.3%)
Extrahepatic spread

Yes 39 (50%)

No 39 (50%)
Lymph node metastasis

Yes 27 (34.6%)

No 51 (65.4%)

AFP (median, range) ng/ml 523 (<2.0 - >80,000)

ECOG PS Eastern Cooperative Oncology Group Performance Status, BCLC
Barcelona-Clinic Liver Cancer, ALBI Albumin-Bilirubin, /VC Inferior vena cava, HV
Hepatic vein, PV Portal vein, AFP Alpha-fetoprotein. All status mentioned above
were determined at the time of nivolumab initiation

Table 2 Treatment response to nivolumab
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classification and ALBI grade. Superior OS was noted in
patients with Child—Pugh classification A than in those
with Child-Pugh classification B (7) (20.2 months versus
5.2months, P= 0.022). The 33 patients with ALBI grade
1 had better OS than the 45 patients with ALBI grade 2
(35.9 months versus 10.8 months, P= 0.017). In addition,
there was no significant difference in OS between the dif-
ferent nivolumab dose (Fig. 2B) or different treatment
lines (Fig. 3B). ALBI grade 1 (P= 0.020; HR, 0.46; 95% CI,
0.24-0.88) was the only independent prognostic factor
for superior OS in multivariate analysis. Univariate and
multivariate analysis results for OS are shown in Table 5.

Efficacy based on HBV and HCV
The 49 patients with HBV were divided into two groups
according to their HBV viral load status: HBV DNA
>5001U/ml and HBV DNA <500IU/ml. The median
PFS was comparable between patients with HBV DNA
>500IU/ml and those with HBV DNA <500IU/ml
(Fig. 4A). However, patients with HBV DNA <5001U/ml
had superior OS than those with HBV DNA >5001U/ml
(13.8 months versus 8.9 months, P= 0.038, Fig. 4).
Among then 23 patients with HCV, 19 patients showed
sustained virological response (SVR) and four patients
had detectable HCV RNA (non-SVR or treatment-naive).
Patients with SVR had a longer PFS (2.4months versus
0.6 months) and OS (20.2 months versus 2.6 months) than
those with detectable HCV RNA, although no statistical
difference was noted (Fig. 5).

Safety assessment

The most common AEs were fatigue (11.5%), rash (8.9%),
pruritus (6.4%), diarrhea (5.1%), increased aspartate/
alanine aminotransferase levels (5.1%), decreased appe-
tite (3.8%), decreased body weight (2.6%), nausea (2.6%),
hypothyroidism (2.6%), hypersensitivity/infusion-related
reaction (2.6%), and hyperthyroidism (1.3%). All AEs
were grade 1-2 in severity; there were no grade 3—4 tox-
icities or drug-related grade 5 AEs. Immune-modulating
therapy and systemic corticosteroids were not required.
All patients tolerated the AEs of nivolumab without
treatment interruption or dose adjustment due to AEs.
The median onset of irAE showed that skin toxicity was

All patients (n=78) Nivolumab Nivolumab P value Nivolumab Nivolumab third and P value
20mg (n=17) 100mg (n=61) second line later lines (n= 33)
(n=45)
Partial response 4 (5.1%) 1 (5.9%) 3 (4.9%) 0.65 4 (8.9%) 0 (0%) 017
Stable disease 21 (26.9%) 6 (35.3%) 15 (24.6%) 13 (28.9%) 8 (24.2%)
Progressive disease 53 (68.0%) 10 (58.8%) 43 (70.5%) 28 (62.2%) 25 (75.8%)
Disease control rate 25 (32.0%) 7 (41.2%) 18 (29.5%) 17 (37.8%) 8 (24.2%)
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Table 3 Comparison of clinicopathological parameters in 78
patients with advanced hepatocellular carcinoma who received
low-dose nivolumab

Characteristics Nivolumab Nivolumab  Pvalue
100mg 20mg
(n=61) (n=17)
Age 0.19
<60years 25 (41.0%) 4(23.5%)
> 60years 36 (59.0%) 13 (76.5%)
Sex 0.26
Male 15 (24.6%) 2(11.8%)
Female 46 (75.4%) 15 (88.2%)
ECOG PS 0.015%
0 31 (50.8%) 3(17.6%)
1 30 (49.2%) 14 (82.4%)
Child-Pugh classification 0.30
A 47 (77.0%) 11 (64.7%)
B(7) 14 (23.0%) 6 (35.3%)
ALBI grade 0.51
1 27 (44.3%) 6 (35.3%)
2 34 (55.7%) 11 (64.7%)
Hepatitis B 0.13
Yes 41 (67.2%) 8 (47.1%)
No 20 (32.8%) 9 (52.9%)
Hepatitis C 0.07
Yes 15 (24.6%) 8 (47.1%)
No 46 (75.4%) 9 (52.9%)
Macrovascular invasion (IVC, HV, PV) 041
Yes 29 (47.5%) 10 (58.8%)
No 32 (52.5%) 7 (41.2%)
Main portal vein thrombosis 0.75
Yes 9 (14.8%) 2(11.8%)
No 52 (85.2%) 15 (88.2%)
History of hepatectomy 0.89
Yes 24 (39.3%) 7 (41.2%)
No 37 (60.7%) 10 (58.8%)
Extrahepatic spread 041
Yes 32 (52.5%) 7 (41.2%)
No 29 (47.5%) 10 (58.8%)
Lymph node metastasis 0.95
Yes 21 (34.4%) 6 (35.3%)
No 40 (65.6%) 11 (64.7%)
Treatment lines 032
Second line 37 (60.7%) 8 (47.1%)
Third line and later lines 24 (39.3%) 9 (52.9%)
AFP >400ng/ml 0.29
Yes 34 (55.7%) 7 (41.2%)
No 27 (44.3%) 10 (58.8%)

ECOG PS Eastern Cooperative Oncology Group Performance Status, BCLC
Barcelona-Clinic Liver Cancer, ALBI Albumin-Bilirubin, /VC Inferior vena cava, HV
Hepatic vein, PV Portal vein, AFP Alpha-fetoprotein. All status mentioned above
were determined at the time of nivolumab initiation. *Statistical difference
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36days (range: 14-71days), colitis was 47days (range:
28-62days), liver toxicity was 63 days (range: 28-84-days)
and endocrinopathy was 105days (range: 70-140days).
The timing and frequency of irAE in our study was simi-
lar with previous reports [13, 27]. The incidence of drug-
related AEs is presented in Table 6.

Patient disposition

Thirty-one (39.7%) patients received nivolumab treat-
ment. Regarding targeted therapy, lenvatinib, sorafenib,
regorafenib, ramucirumab, and thalidomide were admin-
istered to seven (9.0%), three (3.8%), three (3.8%), five
(6.4%), and one (1.3%) patients, respectively. Chemo-
therapy included the FOLFOX regimen, epirubicin, and
gemcitabine in 10 (12.8%), three (3.8%), and two (2.6%)
patients, respectively. Four (5.1%) patients received ICIs
(atezolizumab plus bevacizumab) after nivolumab treat-
ment. The profiles of post-nivolumab treatments are pre-
sented in Table 7.

Discussion

Our study demonstrated the efficacy and safety of low-
dose nivolumab (20 or 100mg) in a real-world setting
for the management of advanced HCC. The ORR, DCR,
median PFS, and median OS were 5.1, 32%, 2.4 months,
and 12.3months, respectively. There was no statisti-
cal difference in OS in the setting of nivolumab dose or
nivolumab treatment lines, although a poorer ORR was
found in patients treated with nivolumab as a third- and
later-line treatment than that in patients who received
nivolumab as a second-line treatment. Additionally, the
safety profile revealed good tolerability without grade
3—4 toxicities. Further, superior OS was observed in
patients with better HBV or HCV control. Based on the
assumption that lower doses result in lower costs, the
findings of our study suggest that low-dose nivolumab
is both economically and clinically worth considering as
a treatment option for patients with HCC struggling to
afford the standard dose of nivolumab.

There is a lack of evidence to prove the dose—response
relationship or a maximum tolerated dose (MTD) in
numerous early phase studies of nivolumab or pem-
brolizumab. In the CheckMate 040 study, a dose-escala-
tion and expansion study, nivolumab was administered
at a dose of 0.1 mg/kg 10mg/kg Q2W for HCC treat-
ment, showing a manageable safety profile and toler-
ability, but no MTD was confirmed [11]. Subsequently,
the FDA approved nivolumab at a fixed dose of 240 mg
Q2W for all approved indications regardless of body
weight. However, the extremely high cost of the stand-
ard-dose nivolumab, also termed financial toxicity, lim-
ited the use of nivolumab in patients with HCC who
could not afford it. In contrast, another study confirmed
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similar efficacy and safety between a flat dose of 240 mg
nivolumab and a dose of 3 mg/kg nivolumab based on
pharmacokinetic and dose efficacy analyses, indicating
that a lower flat dose nivolumab (20 or 100 mg) might
be comparably effective to a higher dose [28]. There-
fore, growing evidence has confirmed the efficacy and
safety of low-dose ICIs to reduce the financial toxic-
ity and improve clinical outcome in several cancer
types, such as NSCLC, RCC, and Hodgkin lymphoma
[15-17]. In NSCLC, Yoo et al. reported 47 patient who
received low-dose nivolumab (20 or 100 mg) or stand-
ard dose (3mg/kg) for cancer treatment; there was no
statistical difference of ORR (13.8% versus 16.7%), PFS

(3.0month versus 1.0 month) and OS (12.5 month ver-
sus 8.2month) between low-dose group and standard
dose groups [16]. In another study which focused on
the RCC, no difference in ORR (50.0% versus 43.8%),
PFS (7.0 month versus 7.0 month) and OS (not reached
versus 28.0 month) was observed in patients with low-
dose (1.7 mg/kg) nivolumab and high-dose (2.7 mg/kg)
nivolumab [17]. In these two studies, the nivolumab
dosing is around 100mg (even 20mg in the NSCLC
study), similar with the dose of nivolumab in our HCC
cohort; in addition, there was no significant differ-
ence in the analyses of ORR, PFS and OS, suggesting
the potential benefit of low-dose nivolumab in clini-
cal practice. Our study also demonstrated the clinical
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benefit and safety profile of low-dose nivolumab in
real-world practice of HCC management.

The median OS in our study is relatively short com-
pared to that in the CheckMate 040 trial (12.3 months
versus 15.1 months) [11]. The reasons may be as fol-
lows. First, there were near 25% patients with Child—
Pugh classification B (7) in our study, but almost all
patients enrolled in the CheckMate 040 trials were clas-
sified as having Child—Pugh classification A. Second,
subsequent therapy after nivolumab progression in our
study was relatively lower than that in the CheckMate
040 study (39.7% versus 52%). In our study, low-dose
nivolumab was used because the patients could not
afford the costs of standard-dose nivolumab. Therefore,
in this situation, subsequent therapy after nivolumab
progression would also be unaffordable for them. Third,
vascular invasion is a well-known poor prognostic fac-
tor in HCC; the incidence of macrovascular invasion
was high (50%) in our study, but that in the CheckMate
040 trial was 30%, which might have resulted in a worse
OS. Fourth, the CheckMate 040 study reported that
71% of the whole population had extrahepatic metasta-
sis, but the percentage of extrahepatic spread was only
50%. Hepatic lesions may be less responsive to ICls
than extrahepatic lesions [29].

The ORR was only 5.1% in our study, while that in the
CheckMate 040 trial was 13% [11, 20]. Regarding the
lower ORR in our study, some situations may explain
this result. First, we enrolled nearly 25% of the entire
population with Child—Pugh classification B (7). In the
CheckMate 040 cohort 5, a phase 1/1I study of nivolumab
in patients with Child—Pugh B cirrhosis, the ORR was

12%, which was slightly lower than that in the Check-
Mate 040 study [30]. Therefore, poor liver preservation
(Child--Pugh B) may result in a worse ORR. Second, as
mentioned above, hepatic lesions may be less responsive
to ICIs than extrahepatic lesions [29]. Only 50% patients
had extrahepatic spread in our study, but 71% patients
had extrahepatic metastasis in the CheckMate 040 study;
this might be another reason for the poor ORR data in
our study.

HBYV infection is a predominant risk factor for HCC
in some Asian countries, and antiviral therapy to sup-
press HBV has been proven to improve survival and
reduce recurrence in patients with HCC undergoing
surgical resection, TACE, RFA, or liver transplantation
[31-34]. In our study, the median PFS was approxi-
mately 2.4 months regardless of HBV DNA titer; how-
ever, superior OS was found in patients with HBY DNA
<500IU/ml than in those with HBV DNA >500IU/
ml. However, growing evidence has demonstrated that
the successful treatment of HCC is associated with
a marked improvement in patients with HCC [35]. In
addition, another study that retrospectively reviewed
22,500 patients with HCV showed that SVR might
contribute to a risk reduction of 76% for the develop-
ment of HCC compared to non-SVR [36]. Our study
also revealed similar results, showing superior PFS and
OS in patients with SVR than in those without SVR or
treatment-naive patients, although there was no statis-
tical difference.

Our study has several limitations. First, it was a ret-
rospective analysis with a relatively small sample size
of patients, which might have resulted in low statistical
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Table 4 Univariate and multivariate analysis results for PFS in 78 patients with advanced hepatocellular carcinoma who received low-
dose nivolumab

Characteristics No. of patients Univariate Multivariate
PFS (months) Pvalue HR (95% Cl) Pvalue

Age
<60years 29 (37.2%) 23 0.68
>60years 49 (62.8%) 24

Sex
Male 61 (78.2%) 24 0.99
Female 17 (21.8%) 24

ECOG PS
0 34 (43.6%) 23 0.1
1 44 (56.4%) 24

Child-Pugh classification
A 58 (74.4%) 23 0.29
B(7) 20 (25.6%) 24

ALBI grade
1 33 (42.3%) 22 0.56
2 45 (57.7%) 24

Hepatitis B
Yes 49 (62.8%) 24 0.27
No 29 (37.2%) 24

Hepatitis C
Yes 23 (29.5%) 23 048
No 55 (70.5%) 24

Macrovascular invasion (IVC, HV, PV)
Yes 39 (50%) 24 043
No 39 (50%) 24

Main portal vein thrombosis
Yes 11 (14.1%) 2.2 0.09
No 67 (85.9%) 24

History of hepatectomy
Yes 31 (39.7%) 25 0.13
No 47 (60.3%) 23

Extrahepatic spread
Yes 39 (50%) 20 0.06
No 39 (50%) 26

Lymph node metastasis
Yes 27 (34.6%) 2.5 0.51
No 51 (65.4%) 2.2

Nivolumab dose
20mg 17 (21.8%) 4.5 0.007* 043 (0.22-0.81) 0.009*
100mg 61 (78.2%) 23

Treatment lines
Second line 45 (57.7%) 24 046
Third line and later lines 33 (42.3%) 23

AFP >400ng/ml
Yes 41 (52.6%) 24 041
No 37 (47.4%) 23

PFS Progression-free survival, ECOG PS Eastern Cooperative Oncology Group Performance Status, BCLC Barcelona-Clinic Liver Cancer, ALBI Albumin-Bilirubin, IVC
Inferior vena cava, HV Hepatic vein, PV Portal vein, AFP Alpha-fetoprotein. All status mentioned above were determined at the time of nivolumab initiation. *Statistical
difference
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Table 5 Univariate and multivariate analyses of OS in 78 patients with advanced hepatocellular carcinoma who received low-dose

nivolumab
Characteristics No. of patients Univariate Multivariate
0S (months) P value HR (95% CI) P value

Age
<60years 29 (37.2%) 7.6 0.26
>60years 49 (62.8%) 20.2

Sex
Male 61 (78.2%) 12.3 0.82
Female 17 (21.8%) 20.2

ECOG PS
0 34 (43.6%) 12.3 0.36
1 44 (56.4%) 118

Child-Pugh classification
A 58 (74.4%) 20.2 0.022*
B(7) 20 (25.6%) 52

ALBI grade
1 33 (42.3%) 359 0.017* 046 (0.24-0.88) 0.020*
2 45 (57.7%) 10.8

Hepatitis B
Yes 49 (62.8%) 10.8 0.60
No 29 (37.2%) 20.2

Hepatitis C
Yes 23 (29.5%) 11.8 0.95
No 55 (70.5%) 123

Macrovascular invasion (IVC, HV, PV)
Yes 39 (50%) 20.2 0.88
No 39 (50%) 10.8

Main portal vein thrombosis
Yes 11(14.1%) 6.1 0.09
No 67 (85.9%) 13.8

History of hepatectomy
Yes 31 (39.7%) 382 0.07
No 47 (60.3%) 10.8

Extrahepatic spread
Yes 39 (50%) 20.2 0.50
No 39 (50%) 10.8

Lymph node metastasis
Yes 27 (34.6%) 20.2 0.49
No 51 (65.4%) 10.8

Nivolumab dose
20mg 17 (21.8%) 20.2 0.20
100mg 61 (78.2%) 10.6

Treatment lines
Second line 45 (57.7%) 12.5 037
Third line and later lines 33 (42.3%) 11.8

AFP >400ng/ml
Yes 41 (52.6%) 10.7 034
No 37 (47 4%) 21.7

OS Overall survival, ECOG PS Eastern Cooperative Oncology Group Performance Status, BCLC Barcelona-Clinic Liver Cancer, ALBI Albumin-Bilirubin, /VC Inferior vena
cava, HV Hepatic vein, PV Portal vein, AFP Alpha-fetoprotein. All status mentioned above were determined at the time of nivolumab initiation. *Statistical difference
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power. Second, the duration of the follow-up period of HCC has been approval in many phase III randomized
might not have been long enough, contributing to the controlled trials; however, the high medical cost is a per-
difficulty in concluding a statistically significant differ- sistent issue because most patients could not afford the
ence in risk factors. Third, there was a lack of patients standard dose of ICIs in Taiwan. In order to improve sur-
who received a standard dose of nivolumab (240 or 3mg/  vival benefit from the treatment of ICIs in HCC patients,
kg) as a control. Fourth, the number of patients treated it is critical to promote the reimbursement of ICIs for
with low-dose nivolumab depends on the economic sta- HCC by national health insurance system in Taiwan. On
tus, which means that the patient could not pay the high  the other hand, in order to more understand the effi-
cost of the standard dose of nivolumab, which might bea  cacy and toxicity between low-dose and standard dose
potential bias. However, to our knowledge, this is one of  IClIs, a multi-center data collection with propensity score
the few studies that investigated the efficacy and safety of = matching method to decrease selection bias may be feasi-
low-dose ICI in the management of HCC in real-world  ble and helpful.

practice. The clinical benefit of ICIs in the management




Chen etal. BMC Cancer ~ (2022) 22:1153

Table 6 Incidence of treatment-related adverse events in 78
patients with advanced hepatocellular carcinoma who underwent
low-dose nivolumab

Adverse event Any grades  Grade 3/4
Rash 7 (8.9%) 0 (0%)
Pruritis 5 (6.4%) 0 (0%)
Diarrhea 4 (5.1%) 0 (0%)
Decreased appetite 3(3.8%) 0 (0%)
Fatigue 9(11.5%) 0 (0%)
Decreased body weight 2 (2.6%) 0 (0%)
Aspartate/Alanine aminotransferase increase 4 (5.1%) 0 (0%)
Nausea 2 (2.6%) 0 (0%)
Hyperthyroidism 1(1.3%) 0 (0%)
Hypothyroidism 2 (2.6%) 0 (0%)
Pneumonitis 0 (0%) 0 (0%)
Hypersensitivity/infusion-related reaction 2 (2.6%) 0 (0%)

Table 7 Subsequent therapy after nivolumab progression

Category (n=78)
Any post-nivolumab anti-cancer treatment 31 (39.7%)
Targeted therapy
Lenvatinib 7 (9.0%)
Sorafenib 3(3.8%)
Regorafenib 3(3.8%)
Ramucirumab 5 (6.4%)
Thalidomide 1(1.3%)
Chemotherapy
FOLFOX 10 (12.8%)
Epirubicin 3(3.8%)
Gemcitabine 2 (2.6%)
Immune checkpoint inhibitors
Atezolizumab plus bevacizumab 4 (5.1%)

Conclusions

Low-dose nivolumab may be effective with manageable
toxicity and can be an alternative option to reduce finan-
cial toxicity in patients with advanced HCC who cannot
afford the high cost of ICIs in real-world practice. Further
larger prospective studies with sufficient sample sizes
are warranted to validate our results regarding low-dose
nivolumab therapy.
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