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Abstract
Background Currently, there are a few treatment options for unresectable hepatocellular carcinoma (HCC) after progression 
following sorafenib (SOR) therapy, but with limited benefit. The purpose of this study was to investigate the efficacy and 
safety of tyrosine kinase inhibitors (TKIs) combined with immune checkpoint inhibitors (ICIs) as second-line treatment.
Methods From May 2018 to May 2021, a total of 93 HCCs who failed SOR treatment were included in this study and divided 
into TKI group (n = 37) and TKI-ICI group (n = 56). Overall survival (OS), progression-free survival (PFS), objective 
response rate (ORR), disease control rate (DCR) and safety were estimated among the two groups. In addition, univariate 
and multivariate Cox regression analyses were performed for OS and PFS to identify possible prognostic factors.
Results With a median follow-up time of 13.7 months, the median age of patients was 56 (range, 50–64) years and most 
were male. All of the patients were hepatitis virus-related HCC. Both median OS (7.63 months vs 19.23 months, P < 0.001) 
and median PFS (2.97 months vs 8.63 months, P < 0.001) were significantly improved in the TKI-ICI group compared to 
the TKI group. A significant increase in DCR was demonstrated in the TKI-ICI group compared to the TKI group (83.9% vs 
45.9%, P = 0.0003), although no significant difference in ORR was reported (21.4% vs 8.1%, P = 0.1552). Multivariate Cox 
regression analysis of OS and PFS revealed that second-line regimen was an independent protective factor affecting death 
and progression in HCCs after SOR failure. In addition, Child–Pugh B7 was an independent risk factor of OS. Finally, there 
was no significant difference in the incidence of any grade or grade 3/4 adverse events (AEs) between the two groups, and 
no treatment-related deaths were observed.
Conclusion This real-world study suggests that the combination of TKIs and ICIs benefits more than mono-TKIs and is well 
tolerated in HCCs with hepatitis virus infection after SOR failure.
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OS  Overall survival
PD  Progressive disease
PFS  Progression-free survival
PR  Partial response
PVTT  Portal vein tumor thrombus
REG  Regorafenib
SD  Stable disease
SIN  Sintilimab
SOR  Sorafenib
TACE  Transarterial chemoembolization
TKI  Tyrosine kinase inhibitor
TTP  Time to progression
VEGF  Vascular endothelial growth factor

Introduction

Hepatocellular carcinoma (HCC) accounts for 75–85% of 
all liver cancers and is one of the most common and deadly 
cancers worldwide [1, 2]. HCC with early stage may be 
potentially curative, and the treatment options include hepa-
tectomy, ablation and liver transplantation. However, HCC 
has an insidious onset, with more than 70% of patients being 
diagnosed initially at an advanced stage and requiring sys-
temic therapy [2, 3]. Sorafenib (SOR) was the first tyrosine 
kinase inhibitor (TKI) recommended for unresectable HCC 
and was the only standard first-line treatment before 2017 [4, 
5]. But only 30% of patients respond to this drug, the median 
time to progression (mTTP) is less than 4 months, and the 
incidence of adverse events (AEs) is high. Thus, SOR resist-
ance poses a great challenge for subsequent treatment [6].

Regorafenib (REG) is one of the few treatment options 
for HCC who fails to first-line SOR [7]. And several studies 
showed HCCs with Eastern Cooperative Oncology Group 
performance status (ECOG PS) = 0, absence of microvas-
cular invasion (MVI), Child–Pugh A and hyperbilirubine-
mia have a more pronounced survival benefit when REG is 
selected as second-line therapy [8–11]. Lenvatinib (LEN) 
was approved as a first-line TKI for advanced HCC follow-
ing SOR, with significant improvements in outcomes except 
for median overall survival (mOS), which was not inferior 
to SOR [12]. Nevertheless, LEN has sustained similar treat-
ment responses and toxicities in real-world studies between 
the TKI‐naïve and TKI‐experienced groups [13, 14]. The 
inhibition of FGFR-related signaling pathways may be 
involved in defeating the resistance of HCC to SOR [15, 16]. 
The advent of immune checkpoint inhibitors (ICIs) has pro-
vided new insights for second-line therapy, and nivolumab 
and pembrolizumab have demonstrated survival benefit in 
patients who have failed SOR [17, 18]. In addition, two other 
PD-1 inhibitors, camrelizumab (CAM) and sintilimab (SIN), 
are also effective and safe in the treatment of HCC in China 
[19, 20]. At present, anti-angiogenic drugs combined with 

immunotherapy have made great progress in advanced HCC, 
and atezolizumab plus bevacizumab, apatinib plus CAM 
and SIN plus IBI305 (anti-vascular endothelial growth fac-
tor (VEGF) drug) have shown good prospects in first-line 
treatment [21–23]. However, there are few studies of com-
bination therapy in the second-line setting. One retrospec-
tive study found that REG combined with SIN had a better 
response than REG alone in the second-line treatment of 
advanced HCC, and the first-line drugs administered for the 
patients included LEN in addition to SOR [24].

Given the limited evidence for second-line combination 
therapy, we retrospectively investigated the efficacy and 
safety of the combination of LEN or REG plus ICIs in HCC 
after failure of first-line SOR and will give support for com-
bination regimen in the second-line setting.

Methods

Patient

HCC who had failed first-line treatment with SOR at Bei-
jing Ditan Hospital, Capital Medical University, from May 
2018 to May 2021 was retrospectively enrolled. The main 
inclusion criteria were as follows: (1) age > 18 years; (2) 
at least one measurable target lesion according to modified 
Response Evaluation Criteria in Solid Tumors (mRECIST) 
criteria [25]; (3) ECOG PS 0–1; (4) Child–Pugh A or B ≤ 7. 
The main exclusion criteria were the following: (1) previous 
systemic therapy other than SOR monotherapy; (2) severe 
heart, brain, liver and kidney dysfunction; (3) coagulation 
disorders and bleeding tendency. Patients included were 
HCC progression assessed by mRECIST criteria after SOR 
treatment or discontinuation due to serious AEs, etc. Patients 
were allowed to undergo surgical and interventional proce-
dures prior to and during the study. Patients were divided 
into groups according to the type of second-line medication.

Treatment and evaluation

LEN was administered orally at initial doses of 12 mg/day 
and 8 mg/day, respectively, according to patients weigh-
ing ≥ 60 kg or < 60 kg. REG is used orally at an initial dose 
of 80 mg/day in four-week cycles for three weeks followed 
by one week off. Patients were administered SIN or CAM 
at 200 mg intravenously on day 1 of a 21-day therapy cycle 
after the first dose of LEN or REG. These agents were man-
aged according to local regulations, and dose reductions or 
treatment interruptions were made in the event of tumor pro-
gression or unacceptable toxicity.

Second-line treatment was started after failure of SOR 
and response was assessed every 2–3 months by dynamic 
computed tomography (CT) or magnetic resonance imaging 
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(MRI) based on mRECIST criteria. They were divided into 
complete response (CR), partial response (PR), stable dis-
ease (SD) and progressive disease (PD) [25]. And treatment-
related AEs were recorded by Common Terminology Crite-
ria for Adverse Events version 5.0 (CTC-AE 5.0). Primary 
outcomes included OS and progression-free survival (PFS) 
calculated from the start of second-line therapy; secondary 
outcome measures included objective response rate (ORR) 
and disease control rate (DCR) as well as safety.

The Ethics Committee of Beijing Ditan Hospital, Capital 
Medical University, approved the study, and it complied with 
the Declaration of Helsinki and clinical practice guidelines. 
All study patients provided informed written consent prior 
to study enrollment.

Statistical analysis

Statistical analysis was performed using R software (4.0.5). 
Categorical variables were presented as numbers (percent-
ages) and continuous variables with skewed distributions 
were presented as medians [interquartile range]. Pearson ‘s 
χ2 test or Fischer exact test was used to compare baseline 
characteristics, treatment response and AEs between groups. 
Survival analysis and comparison of OS and PFS were per-
formed by Kaplan–Meier method and log-rank test. Uni-
variate and multivariate Cox proportional hazards models 
were used to analyze prognostic factors for OS and PFS, and 
variables with P < 0.1 in univariate analysis were included in 
multivariate analysis. P < 0.05 was considered statistically 
significant.

Results

Patient baseline characteristics

From May 2018 to May 2021, a total of 131 HCCs discon-
tinued SOR, which was administered as the first-line ther-
apy, due to disease progression or serious AEs. Of whom, 
105 patients received second-line systemic therapy, and 93 
eligible patients were included in the study (Fig. 1). Accord-
ing to the type of drug used, patients were divided into two 
groups: 37 cases in the TKI monotherapy (TKI) group (3 
REG and 34 LEN) and 56 cases in the TKI combined with 
immunotherapy (TKI-ICI) group (12 REG-CAM, 4 REG-
SIN, 15 LEN-CAM and 25 LEN-SIN).

The median age was 56 (range: 50–64) years, 79 (84.9%) 
men. All of these HCC were caused by virus-related hepa-
titis, with hepatitis B virus (HBV) accounting for 91.4% 
(n = 85), hepatitis C virus (HCV) and HBV coinfection with 
HCV 4.3% (n = 4) each. Except for 4 patients with HBV-
related HCC who did not receive antiviral therapy, the 
rest received nucleoside analogues, and the patients with 

HCV-related HCC received direct-acting antiviral drugs. 
Sixty-three (66.7%) patients had more than 3 intrahepatic 
tumors, 23 (24.7%) had tumors > 5 cm in maximum diam-
eter, and 29 (31.2%) had Child–Pugh B7. In addition, less 
than half had portal vein tumor thrombus (PVTT) (n = 37, 
39.8%) and extrahepatic metastases (n = 41, 44.1%). Over-
all, 77.4% of (n = 72) patients were in BCLC stage C. With 
regard to tumor treatment history, 21 (24.9%), 89 (95.7%) 
and 62 (66.7%) patients had previously undergone hepatec-
tomy, transarterial chemoembolization (TACE) and ablation, 
respectively. There were no significant differences in clinical 
baseline data between the TKI and TKI-ICI groups, includ-
ing disease stage and liver function (Table 1).

Survival analysis

At last follow-up, the median follow-up time was 
13.7 months, 81.1% (n = 30) of patients had died, and 
86.5% (n = 32) patients had progressed in the TKI arm. 
Meantime, 42.9% (n = 24) of patients had died and 58.9% 
(n = 33) patients had progressed in the TKI-ICI arm. 
Median OS (7.63 (95% CI, 5.6–14) months vs 19.23 (95% 
CI, 14.2—not reach (NR)) months, P < 0.001) was sig-
nificantly prolonged in the TKI-ICI group compared to the 
TKI group. Again, this significant difference was observed 
in median PFS (2.97 (95% CI, 2.47–5.73) months vs 8.63 
(95% CI, 7.17–19.03) months, P < 0.001) (Fig. 2A,B). 
We performed a more subdivided group considering the 
different therapeutic responses of different drugs. The TKI 
group contained REG and LEN, while the TKI-ICI group 
contained LEN + CAM, LEN + SIN, REG + CAM and 

Fig. 1  Flowchart of the study
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REG + SIN. Figure 2C,D presents the survival curves and 
the median OS and PFS are documented in Table 2 of 
ESM. In addition, survival curves were plotted accord-
ing to TKI and ICI drug, respectively (Supplementary 
Table 1). We found that median PFS and OS tended to 
be longer in REG than in LEN. The small number size of 
REG may limit the statistical power. In addition, no sig-
nificant differences in survival were found between CAM 
and SIN.

Therapeutic response

Changes in tumor target lesions according to mRECIST cri-
teria were assessed for the study population, 1 (2.7%) CR, 
2 (5.4%) PR, 14 (37.8%) SD and 20 (54.1%) PD in the TKI 
arm; 2 (3.6%) CR, 10 (17.9%) PR, 35 (62.5%) SD and 9 
(16.1%) PD in the TKI-ICI arm. A significant increase in 
DCR was demonstrated in the TKI-ICI group compared to 
the TKI group (83.9% vs 45.9%, P = 0.0003), but the dif-
ference in ORR was not significant (21.4% vs 8.1%, P = 
0.1552). Table 2 of ESM provides a detailed description of 
ORR and DCR across the groups.

Cox regression analysis

Univariate and multivariate Cox regression analyses using 
OS as the outcome showed that Child–Pugh B7 (HR, 2.31; 
95% CI 1.2–4.44; P = 0.012) was an independent risk factor 
for death. Moreover, second-line TKI combined ICI (HR, 
0.28; 95% CI 0.16–0.51; P < 0.001) was an independent 
favorable factor for OS compared with TKI (Table 2). In 
addition, regarding PFS, second-line treatment modality was 
the only independent predictor of HCC progression. TKI 
plus ICI (HR, 0.35; 95% CI 0.21–0.59; P < 0.001) was inde-
pendently associated with longer PFS compared with TKI 
(Table 3). In addition, in the forest plot (Fig. 3), we observed 
an apparent survival advantage for the combination regimen 
versus mono-TKI in almost all subgroups including the sub-
group of Child–Pugh B7, age > 60 years, AFP > 400 ng/mL. 
But the difference was not significant in HCC with BCLC 
stage B (HR, 0.49; 95% CI 0.16−1.51; P = 0.214).

Safety analysis

All 93 patients were included in the safety analysis (Table 5 
of ESM), and 79 (84.9%) patients experienced at least 1 AE. 
The most common AEs of any grade included hypertension, 
diarrhea, rash and nausea and vomiting. Most toxicities were 
mild to moderate, with approximately 1 in 5 patients experi-
encing grade 3/4 AEs and no treatment-related deaths. The 
overall incidence of AEs of any grade (78.4% vs 89.3%, P 
= 0.2528) and severe (18.9% vs 32.1%, P = 0.2424) was not 
significantly different between the two groups; there was 
also no significant difference in the incidence of different 
types of AEs. In addition, there were 5 cases of immune 
hepatitis, 1 case of immune myocarditis and 1 case of inter-
stitial pneumonia in the TKI-ICI group regarding immune-
related AEs. Most AEs were effectively ameliorated by 
dose modifications, and hypertension, hypothyroidism and 
immune-related AEs were greatly ameliorated by sympto-
matic treatment with antihypertensives, thyroxine and hor-
mones. Intolerable discontinuation serious AEs occurred in 
very few patients (TKI group: hepatic encephalopathy in 1 

Table 1  Comparison of baseline characteristics

TKI tyrosine kinase inhibitor, ICI immune checkpoint inhibitor, 
ECOG PS Eastern Cooperative Oncology Group performance status, 
HBV hepatitis B virus, HCV hepatitis C virus, TACE trans-arterial 
chemoembolization, PVTT portal vein tumor thrombosis, BCLC Bar-
celona Clinic Liver Cancer, AFP alpha-fetoprotein

Character-
istics

Overall 
(n = 93)

TKI (n = 37) TKI-ICI 
(n = 56)

P

Age (years) 56 [50, 64] 53 [49, 60] 58.5 [51.5, 
66.2]

0.0905

Sex 0.5816
Male 79 (84.9) 30 (81.1) 49 (87.5)
Female 14 (15.1) 7 (18.9) 7 (12.5)
ECOG (%) 0.1081
PS 0 33 (35.5) 9 (24.3) 24 (42.9)
PS 1 60 (64.5) 28 (75.7) 32 (57.1)
Cause (%) 0.7631
HBV 85 (91.4) 34 (91.9) 51 (91.1)
HCV 4 (4.3) 2 (5.4) 2 (3.6)
HBV + HCV 4 (4.3) 1 (2.7) 3 (5.4)
Surgery (%) 21 (22.6) 6 (16.2) 15 (26.8) 0.3473
TACE (%) 89 (95.7) 35 (94.6) 54 (96.4) 1
Ablation (%) 62 (66.7) 29 (78.4) 33 (58.9) 0.0849
Number (%) 0.5153
 ≤ 3 30 (32.3) 10 (27.0) 20 (35.7)
 > 3 63 (67.7) 27 (73.0) 36 (64.3)
Size (%) 0.8638
 ≤ 5 cm 70 (75.3) 27 (73.0) 43 (76.8)
 > 5 cm 23 (24.7) 10 (27.0) 13 (23.2)
PVTT (%) 37 (39.8) 16 (43.2) 21 (37.5) 0.7358
Metastases 

(%)
41 (44.1) 17 (45.9) 24 (42.9) 0.936

Child–Pugh (%) 0.6598
Class A 64 (68.8) 24 (64.9) 40 (71.4)
Class B7 29 (31.2) 13 (35.1) 16 (28.6)
BCLC (%) 0.3473
Stage B 21 (22.6) 6 (16.2) 15 (26.8)
Stage C 72 (77.4) 31 (83.8) 41 (73.2)
AFP (%) 0.8693
 ≤ 400 ng/mL 55 (59.1) 21 (56.8) 34 (60.7)
 > 400 ng/mL 38 (40.9) 16 (43.2) 22 (39.3)
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patient; TKI-ICI group: immune hepatitis in 1 patient, severe 
hypertension in 1 patient).

Discussion

In this study, we investigated possible second-line options 
in patients with HCC who were intolerant and progressed 
to SOR. The TKI arm included both LEN and REG, with 
a median PFS of 2.97 months, which was similar to the 
RESORCE trial [7], while shorter OS and lower DCR 
may be due to the inclusion of 31.2% of Child–Pugh B7 
patients. In addition, the median OS in the TKI-ICI arm was 
19.23 months, similar to IMbrave 150 trial [24], the differ-
ence was in the second-line setting. This study showed that 

TKI combined with ICI prolonged PFS by nearly 5 months, 
prolonged OS by more than 10 months. In addition, the com-
bination regimen also had a greater improvement in tumor 
response compared with TKI alone. And TKI combined with 
ICI was an independent predictor of longer survivals in mul-
tivariate analysis for both OS and PFS. Our study suggested 
that TKI combined with ICI was more beneficial than mono-
TKI not only in first-line treatment but also in second-line 
setting for advanced HCC with Child–Pugh A or B7.

As the first TKI, SOR significantly prolonged OS by 
almost 3 months, but only 30% of patients showed relative 
benefit, and resistance of HCC cells developed with contin-
ued treatment with SOR [4, 5]. Several global trials have 
been conducted following the introduction of SOR to over-
come the compromised efficacy caused by SOR resistance, 

Fig. 2  Kaplan–Meier curves of overall survival and progression-free survival between TKI group and TKI-ICI group and between different 
second-line treatment subgroups
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but unfortunately, these agents have not shown superiority. 
Until the emergence of REG, it is a standard second-line 
option after SOR treatment progression [7]. Similar surviv-
als were observed in Lee et al. ‘s study [26]. And the ben-
efit was more evident in another study of TACE plus REG, 

with a median PFS of 9.1 months [27]. LEN, although being 
approved as a first-line agent for HCC, has been found to be 
equally effective in different HCC treatment lines [13, 14]. 
Notably, the ORR in the TKI arm in this study was lower 
than the ORR in the LEN as second-line therapy reported 

Table 2  Cox proportional 
hazards model of 
prognosticators for OS

OS overall survival, HR(95%CI) hazard ratio(95% confidence interval), ECOG PS Eastern Cooperative 
Oncology Group performance status, TACE trans-arterial chemoembolization, TKI tyrosine kinase inhibi-
tor, ICI immune checkpoint inhibitor, PVTT portal vein tumor thrombosis, BCLC Barcelona Clinic Liver 
Cancer, AFP alpha-fetoprotein

Characteristics Univariate analysis Multivariate analysis

P HR(95%CI) P HR(95%CI)

Age (> 60 y vs ≤ 60 y) 0.579 0.85 (0.49–1.49) – –
Sex (male vs female) 0.673 0.84 (0.38–1.88) – –
ECOG (PS1 vs PS0) 0.327 1.35 (0.74–2.46) – –
Surgery (Yes vs No) 0.550 0.83 (0.44–1.55) – –
TACE (Yes vs No) 0.014 0.22 (0.06–0.73) 0.362 0.55 (0.15–2.01)
Ablation (Yes vs No) 0.676 1.14 (0.62–2.1) – –
Second line
(TKI-ICI vs TKI)  < 0.001 0.34 (0.2–0.59)  < 0.001 0.28 (0.16–0.51)
Number (> 3 vs ≤ 3) 0.114 0.6 (0.32–1.13) – –
Size (> 5 cm vs ≤ 5 cm) 0.642 1.16 (0.62–2.18) – –
PVTT (Yes vs No) 0.569 1.17 (0.68–2.03) – –
Metastases (Yes vs No) 0.259 1.36 (0.8–2.33) – –
Child–Pugh (B7 vs A) 0.017 1.99 (1.13–3.49) 0.012 2.31 (1.2–4.44)
BCLC (C vs B) 0.131 1.74 (0.85–3.56) – –
AFP (> 400 ng/mL 

vs ≤ 400 ng/mL)
0.014 1.97 (1.15–3.38) 0.152 1.52 (0.86–2.68)

Table 3  Cox proportional 
hazards model of 
prognosticators for PFS

PFS progression-free survival, HR(95%CI) hazard ratio(95% confidence interval), ECOG PS Eastern 
Cooperative Oncology Group performance status, TACE trans-arterial chemoembolization, TKI tyrosine 
kinase inhibitor, ICI immune checkpoint inhibitor, PVTT portal vein tumor thrombosis, BCLC Barcelona 
Clinic Liver Cancer, AFP alpha-fetoprotein

Characteristics Univariate analysis Multivariate analysis

P HR(95%CI) P HR(95%CI)

Age (> 60 y vs ≤ 60 y) 0.279 0.75 (0.44–1.26) – –
Sex (male vs female) 0.321 0.99 (0.97–1.01) – –
ECOG (PS1 vs PS0) 0.061 1.69 (0.98–2.93) 0.168 1.48(0.85–2.58)
Surgery (Yes vs No) 0.293 0.73 (0.41–1.31) – –
TACE (Yes vs No) 0.509 1.95 (0.27–14.16) – –
Ablation (Yes vs No) 0.273 1.36 (0.78–2.36) – –
Second line
(TKI-ICI vs TKI)  < 0.001 0.34 (0.2–0.56)  < 0.001 0.35(0.21–0.59)
Number (> 3 vs ≤ 3) 0.173 0.68 (0.4–1.18) – –
Size (> 5 cm vs ≤ 5 cm) 0.508 0.84 (0.49–1.42) – –
PVTT (Yes vs No) 0.891 0.97 (0.58–1.6) – –
Metastases (Yes vs No) 0.321 0.78 (0.47–1.28) – –
Child–Pugh (B7 vs A) 0.808 0.93 (0.53–1.64) – –
BCLC (C vs B) 0.476 0.81 (0.46–1.44) – –
AFP (> 400 ng/mL 

vs ≤ 400 ng/mL)
0.342 1.28 (0.77–2.13) – –
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above. The retrospective study by Hiraoka A et al. evaluated 
efficacy over 12 weeks in only 48.1% of patients and may 
have some selection bias [13]. In addition, there were more 
patients with PVTT and Child–Pugh B7 in the TKI group 
in our study compared to Chen et al. [14]. These factors, as 
important risk factors for response to cancer therapy, may 
contribute to the lower ORR. Compared to SOR, LEN and 
REG have more targets and have a potential role in overcom-
ing SOR resistance. At the same time, the advent of immu-
notherapy provides new prospects for advanced HCC, and 
the combination of TKIs and ICIs has a synergistic effect 
[17–23]. REG enhances antitumor immunity by targeting 
the RET-Src axis to reduce PD-L1 and IDO1 expression 
and by promoting vascular normalization and increasing 
CD8 + T-cell infiltration and activation [28, 29]. In addi-
tion, LEN and nivolumab were not significantly different in 
HCC between the SOR‐naïve and SOR‐experienced groups, 
and prior nivolumab treatment failure was an independent 
factor for poor OS and PFS with the combination of LEN 
and pembrolizumab [30, 31]. Thus, target-immune combina-
tion therapy may become a potentially feasible second-line 
treatment for HCC.

Child–Pugh is the most commonly used classifica-
tion systems to assess liver function status, and class A is 
associated with good liver function [32]. However, some 
patients following sorafenib failure tend to have worsening 

liver function [33]. In our study, Child–Pugh B7 patients 
accounted for 31.2%, and patients with B7 were strongly 
associated with worse OS compared with those with class A. 
Of note, there are limited data on the combination regimen 
of TKIs plus ICIs in patients with Child–Pugh B, but our 
study found that both Child–Pugh A and B7 could benefit 
from the combination regimen. In addition, no significant 
survival difference between the two groups was observed in 
the subgroup of BCLC stage B. It may be due to the small 
sample size (only 6 patients in TKI group and 15 patients 
in TKI-ICI group). The subsequent treatment options may 
also affect the survival since most of those patients have the 
opportunity to receive other systemic drugs or locoregional 
therapies.

Our retrospective study involved second-line agents 
including LEN, REG, CAM and SIN [7, 12, 19, 20], and 
we observed AEs consistent with those previously and no 
new toxicity profiles were identified. Hypertension, diarrhea 
and rash were the most common AEs of any grade or grade 
3/4 in TKI group. The combination of TKIs plus ICIs did 
not significantly increase the incidence of AEs, including 
immune-related hepatitis, pneumonia and myocarditis.

Our study has some limitations, firstly, the retrospective 
design makes patient selection somewhat biased; secondly, 
the sample size was small and balanced matching between 
groups could not be performed; thirdly, different TKIs or 

Fig. 3  Subgroup analysis of 
progression-free survival in 
HCC after sorafenib failure 
between TKI group and TKI-
ICI group
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PD-1 inhibitors have been administered for the patients; 
finally, the long enrollment time and the short follow-up 
time had not observed enough endpoint time. It is hoped 
that future studies will explore more appropriate second-
line treatment options, while selecting convenient biomark-
ers and therapeutic subgroups to individualize treatment for 
patients.

Conclusion

The combination of TKIs and ICIs for advanced HCC with 
hepatitis virus infection after SOR failure demonstrated sur-
vival benefits and was well tolerated, not only in patients 
with Child–Pugh A but also in those with Child–Pugh B7. 
Further prospective studies are warranted to validate this 
combination regimen.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00262- 022- 03324-z.

Acknowledgements We thank all participants for their endeavor and 
contribution to this study.

Author contributions JLC and WL conceptualized and designed the 
study; XML helped in conception, data collection, assembly of data, 
project administration and manuscript preparation; XYD contributed 
to data analysis and manuscript review. All authors contributed to the 
article and approved the submitted version.

Funding This study was supported by the Beijing Health Commis-
sion Capital Health Development Scientific Research Special Project 
(SF202222175). The funding bodies played no role in the design of the 
study and in the collection, analysis and interpretation of data and in 
the writing of the manuscript.

Data availability The dataset used for this study is available from the 
corresponding author upon reasonable request.

Declarations 

Conflict of interest All authors declare no conflicts of interest.

Ethics approval The Ethics Committee of Beijing Ditan Hospital, 
Capital Medical University, approved the study, and it complied with 
the Declaration of Helsinki and clinical practice guidelines. All study 
patients provided informed written consent prior to study enrollment.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, Bray F (2021) Global cancer statistics 2020: globocan 
estimates of incidence and mortality worldwide for 36 cancers in 
185 countries. CA Cancer J Clin 71:209–249. https:// doi. org/ 10. 
3322/ caac. 21660

 2. Villanueva A (2019) Hepatocellular carcinoma. N Engl J Med 
380:1450–1462. https:// doi. org/ 10. 1056/ NEJMr a1713 263

 3. Forner A, Reig M, Bruix J (2018) Hepatocellular carcinoma. 
Lancet 391:1301–1314. https:// doi. org/ 10. 1016/ s0140- 6736(18) 
30010-2

 4. Llovet JM, Ricci S, Mazzaferro V et  al (2008) Sorafenib in 
advanced hepatocellular carcinoma. N Engl J Med 359:378–390. 
https:// doi. org/ 10. 1056/ NEJMo a0708 857

 5. Cheng AL, Kang YK, Chen Z et al (2009) Efficacy and safety 
of sorafenib in patients in the Asia-Pacific region with advanced 
hepatocellular carcinoma: a phase III randomised, double-blind, 
placebo-controlled trial. Lancet Oncol 10:25–34. https:// doi. org/ 
10. 1016/ s1470- 2045(08) 70285-7

 6. Chen J, Jin R, Zhao J et al (2015) Potential molecular, cellular 
and microenvironmental mechanism of sorafenib resistance in 
hepatocellular carcinoma. Cancer Lett 367:1–11. https:// doi. org/ 
10. 1016/j. canlet. 2015. 06. 019

 7. Bruix J, Qin S, Merle P et al (2017) Regorafenib for patients with 
hepatocellular carcinoma who progressed on sorafenib treatment 
(RESORCE): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet 389:56–66. https:// doi. org/ 10. 1016/ s0140- 
6736(16) 32453-9

 8. Kuzuya T, Ishigami M, Ishizu Y, Honda T, Hayashi K, Ishikawa 
T, Nakano I, Hirooka Y, Goto H (2018) Prognostic factors asso-
ciated with postprogression survival in advanced hepatocellular 
carcinoma patients treated with sorafenib not eligible for second-
line regorafenib treatment. Oncology 95:91–99. https:// doi. org/ 
10. 1159/ 00048 8453

 9. Ogasawara S, Chiba T, Ooka Y et al (2018) Characteristics of 
patients with sorafenib-treated advanced hepatocellular carcinoma 
eligible for second-line treatment. Invest New Drugs 36:332–339. 
https:// doi. org/ 10. 1007/ s10637- 017- 0507-3

 10. Uchikawa S, Kawaoka T, Aikata H et al (2018) Clinical outcomes 
of sorafenib treatment failure for advanced hepatocellular car-
cinoma and candidates for regorafenib treatment in real-world 
practice. Hepatol Res 48:814–820. https:// doi. org/ 10. 1111/ hepr. 
13180

 11. Terashima T, Yamashita T, Sunagozaka H et al (2018) Analysis 
of the liver functional reserve of patients with advanced hepato-
cellular carcinoma undergoing sorafenib treatment: prospects for 
regorafenib therapy. Hepatol Res 48:956–966. https:// doi. org/ 10. 
1111/ hepr. 13196

 12. Kudo M, Finn RS, Qin S et al (2018) Lenvatinib versus sorafenib 
in first-line treatment of patients with unresectable hepatocellu-
lar carcinoma: a randomised phase 3 non-inferiority trial. Lancet 
391:1163–1173. https:// doi. org/ 10. 1016/ s0140- 6736(18) 30207-1

 13. Hiraoka A, Kumada T, Kariyama K et al (2019) Clinical features 
of lenvatinib for unresectable hepatocellular carcinoma in real-
world conditions: multicenter analysis. Cancer Med 8:137–146. 
https:// doi. org/ 10. 1002/ cam4. 1909

 14. Chen YY, Wang CC, Liu YW, Li WF, Chen YH (2020) Clinical 
impact of lenvatinib in patients with unresectable hepatocellular 
carcinoma who received sorafenib. PeerJ 8:e10382. https:// doi. 
org/ 10. 7717/ peerj. 10382

 15. Tomonari T, Sato Y, Tanaka H et al (2020) Potential use of len-
vatinib for patients with unresectable hepatocellular carcinoma 
including after treatment with sorafenib: real-world evidence and 

https://doi.org/10.1007/s00262-022-03324-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1056/NEJMra1713263
https://doi.org/10.1016/s0140-6736(18)30010-2
https://doi.org/10.1016/s0140-6736(18)30010-2
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1016/s1470-2045(08)70285-7
https://doi.org/10.1016/s1470-2045(08)70285-7
https://doi.org/10.1016/j.canlet.2015.06.019
https://doi.org/10.1016/j.canlet.2015.06.019
https://doi.org/10.1016/s0140-6736(16)32453-9
https://doi.org/10.1016/s0140-6736(16)32453-9
https://doi.org/10.1159/000488453
https://doi.org/10.1159/000488453
https://doi.org/10.1007/s10637-017-0507-3
https://doi.org/10.1111/hepr.13180
https://doi.org/10.1111/hepr.13180
https://doi.org/10.1111/hepr.13196
https://doi.org/10.1111/hepr.13196
https://doi.org/10.1016/s0140-6736(18)30207-1
https://doi.org/10.1002/cam4.1909
https://doi.org/10.7717/peerj.10382
https://doi.org/10.7717/peerj.10382


1403Cancer Immunology, Immunotherapy (2023) 72:1395–1403 

1 3

in vitro assessment via protein phosphorylation array. Oncotarget 
11:2531–2542. https:// doi. org/ 10. 18632/ oncot arget. 27640

 16. Shi T, Iwama H, Fujita K et al (2021) Evaluating the effect of 
lenvatinib on sorafenib-resistant hepatocellular carcinoma cells. 
Int J Mol Sci. https:// doi. org/ 10. 3390/ ijms2 22313 071

 17. Yau T, Park JW, Finn RS et al (2022) Nivolumab versus sorafenib 
in advanced hepatocellular carcinoma (CheckMate 459): a ran-
domised, multicentre, open-label, phase 3 trial. Lancet Oncol 
23:77–90. https:// doi. org/ 10. 1016/ s1470- 2045(21) 00604-5

 18. Finn RS, Ryoo BY, Merle P et al (2020) Pembrolizumab as sec-
ond-line therapy in patients with advanced hepatocellular carci-
noma in keynote-240: a randomized, double-blind. Phase III Trial 
J Clin Oncol 38:193–202. https:// doi. org/ 10. 1200/ jco. 19. 01307

 19. Qin S, Ren Z, Meng Z et al (2020) Camrelizumab in patients with 
previously treated advanced hepatocellular carcinoma: a multi-
centre, open-label, parallel-group, randomised, phase 2 trial. Lan-
cet Oncol 21:571–580. https:// doi. org/ 10. 1016/ s1470- 2045(20) 
30011-5

 20. Zhang W, Gong C, Peng X et al (2022) Serum concentration of 
CD137 and tumor infiltration by M1 macrophages predict the 
response to sintilimab plus bevacizumab biosimilar in advanced 
hepatocellular carcinoma patients. Clin Cancer Res 28:3499–
3508. https:// doi. org/ 10. 1158/ 1078- 0432. Ccr- 21- 3972

 21. Xu J, Shen J, Gu S et al (2021) Camrelizumab in combination 
with apatinib in patients with advanced hepatocellular carcinoma 
(RESCUE): a nonrandomized, open-label. Phase II Trial Clin 
Cancer Res 27:1003–1011. https:// doi. org/ 10. 1158/ 1078- 0432. 
Ccr- 20- 2571

 22. Ren Z, Xu J, Bai Y et al (2021) Sintilimab plus a bevacizumab 
biosimilar (IBI305) versus sorafenib in unresectable hepatocel-
lular carcinoma (ORIENT-32): a randomised, open-label, phase 
2–3 study. Lancet Oncol 22:977–990. https:// doi. org/ 10. 1016/ 
s1470- 2045(21) 00252-7

 23. Finn RS, Qin S, Ikeda M et al (2020) Atezolizumab plus bevaci-
zumab in unresectable hepatocellular carcinoma. N Engl J Med 
382:1894–1905. https:// doi. org/ 10. 1056/ NEJMo a1915 745

 24. Huang J, Guo Y, Huang W et al (2022) Regorafenib combined 
with PD-1 blockade immunotherapy versus regorafenib as second-
line treatment for advanced hepatocellular carcinoma: a multi-
center retrospective study. J Hepatocell Carcinoma 9:157–170. 
https:// doi. org/ 10. 2147/ jhc. S3539 56

 25. Lencioni R, Montal R, Torres F et al (2017) Objective response 
by mRECIST as a predictor and potential surrogate end-point 
of overall survival in advanced HCC. J Hepatol 66:1166–1172. 
https:// doi. org/ 10. 1016/j. jhep. 2017. 01. 012

 26. Lee MJ, Chang SW, Kim JH, Lee YS, Cho SB, Seo YS, Yim 
HJ, Hwang SY, Lee HW, Chang Y, Jang JY (2021) Real-world 
systemic sequential therapy with sorafenib and regorafenib for 
advanced hepatocellular carcinoma: a multicenter retrospective 
study in Korea. Invest New Drugs 39:260–268. https:// doi. org/ 
10. 1007/ s10637- 020- 00977-4

 27. Han Y, Cao G, Sun B et al (2021) Regorafenib combined with 
transarterial chemoembolization for unresectable hepatocellular 
carcinoma: a real-world study. BMC Gastroenterol 21:393. https:// 
doi. org/ 10. 1186/ s12876- 021- 01967-3

 28. Wu RY, Kong PF, Xia LP et al (2019) Regorafenib promotes 
antitumor immunity via inhibiting PD-L1 and IDO1 expression 
in melanoma. Clin Cancer Res 25:4530–4541. https:// doi. org/ 10. 
1158/ 1078- 0432. Ccr- 18- 2840

 29. Shigeta K, Matsui A, Kikuchi H et al (2020) Regorafenib com-
bined with PD1 blockade increases CD8 T-cell infiltration by 
inducing CXCL10 expression in hepatocellular carcinoma. J 
Immunother Cancer. https:// doi. org/ 10. 1136/ jitc- 2020- 001435

 30. Wu WC, Lin TY, Chen MH, Hung YP, Liu CA, Lee RC, Huang 
YH, Chao Y, Chen SC (2022) Lenvatinib combined with 
nivolumab in advanced hepatocellular carcinoma-real-world expe-
rience. Invest New Drugs 40:789–797. https:// doi. org/ 10. 1007/ 
s10637- 022- 01248-0

 31. Wu CJ, Lee PC, Hung YW, Lee CJ, Chi CT, Lee IC, Hou MC, 
Huang YH (2022) Lenvatinib plus pembrolizumab for systemic 
therapy-naïve and -experienced unresectable hepatocellular car-
cinoma. Cancer Immunol Immunother. https:// doi. org/ 10. 1007/ 
s00262- 022- 03185-6

 32. Bruix J, Sherman M (2011) Management of hepatocellular car-
cinoma: an update. Hepatology (Baltimore, MD) 53:1020–1022. 
https:// doi. org/ 10. 1002/ hep. 24199

 33. Fung AS, Tam VC, Meyers DE et al (2020) Second-line treat-
ment of hepatocellular carcinoma after sorafenib: characterizing 
treatments used over the past 10 years and real-world eligibil-
ity for cabozantinib, regorafenib, and ramucirumab. Cancer Med 
9:4640–4647. https:// doi. org/ 10. 1002/ cam4. 3116

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.18632/oncotarget.27640
https://doi.org/10.3390/ijms222313071
https://doi.org/10.1016/s1470-2045(21)00604-5
https://doi.org/10.1200/jco.19.01307
https://doi.org/10.1016/s1470-2045(20)30011-5
https://doi.org/10.1016/s1470-2045(20)30011-5
https://doi.org/10.1158/1078-0432.Ccr-21-3972
https://doi.org/10.1158/1078-0432.Ccr-20-2571
https://doi.org/10.1158/1078-0432.Ccr-20-2571
https://doi.org/10.1016/s1470-2045(21)00252-7
https://doi.org/10.1016/s1470-2045(21)00252-7
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.2147/jhc.S353956
https://doi.org/10.1016/j.jhep.2017.01.012
https://doi.org/10.1007/s10637-020-00977-4
https://doi.org/10.1007/s10637-020-00977-4
https://doi.org/10.1186/s12876-021-01967-3
https://doi.org/10.1186/s12876-021-01967-3
https://doi.org/10.1158/1078-0432.Ccr-18-2840
https://doi.org/10.1158/1078-0432.Ccr-18-2840
https://doi.org/10.1136/jitc-2020-001435
https://doi.org/10.1007/s10637-022-01248-0
https://doi.org/10.1007/s10637-022-01248-0
https://doi.org/10.1007/s00262-022-03185-6
https://doi.org/10.1007/s00262-022-03185-6
https://doi.org/10.1002/hep.24199
https://doi.org/10.1002/cam4.3116

	Treatment options for unresectable hepatocellular carcinoma with hepatitis virus infection following sorafenib failure
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient
	Treatment and evaluation
	Statistical analysis

	Results
	Patient baseline characteristics
	Survival analysis
	Therapeutic response
	Cox regression analysis
	Safety analysis

	Discussion
	Conclusion
	Anchor 20
	Acknowledgements 
	References




