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Abstract: For advanced hepatocellular carcinoma (HCC), the best second-line treatment after first-line treatment 
with sorafenib is unclear. This study aimed to compared the efficacy of second-line regorafenib (a tyrosine kinase 
inhibitor) and immune checkpoint inhibitors (ICIs) in patients with advanced HCC after sorafenib therapy. This ret-
rospective study included 89 patients with HCC treated with sorafenib, and then regorafenib (n = 58) or an ICI (n = 
31). Treatment response, overall survival (OS) and progression-free survival (PFS) of the 2 groups were compared, 
and factors associated with post-treatment mortality or disease progression were evaluated. During follow-up pe-
riod, compared to regorafenib, treatment with an ICI results in a slight increase in a 20% decrease of AFP (35.7% 
vs. 31.8%), complete response rate (6.5% vs. 0%), objective response rate (16.1% vs. 6.9%), median overall survival 
(13.3 vs. 5 months), and median PFS (3.0 vs. 2.6 months). Combined locoregional treatment (LRT) (hazard ratio 
[HR] = 0.40, 95% confidence interval [CI]: 0.15-0.99) during second-line treatment was associated with a decreased 
risk of post-treatment mortality. After propensity scoring matching, combined LRT during second-line treatment 
had longer post-treatment OS than patients without combined LRT. A 20% decrease of AFP (HR = 0.54, 95% CI: 
0.31-0.94) was associated with a decreased risk of post-treatment disease progression. In conclusions, second-line 
treatment with regorafenib or ICI prolongs OS in patients with advanced HCC treated with sorafenib. Combined LRT 
during second-line treatment is associated with decreased post-treatment mortality. A 20% decrease of AFP level 
may be predictive of a lower rate of disease progression.
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Introduction

Hepatocellular carcinoma (HCC) is the most fre-
quent primary liver cancer, accounting for 75% 
to 85% of cases [1]. HCC is usually diagnosed 
at an advanced stage, and thus there are li- 
mited treatment options [2]. In patients with 
advanced disease receiving palliative treat-
ment, the median survival after diagnosis rang-
es from 6 to 12 months [3]. However, systemic 
therapy for HCC has undergone revolutionary 
changes in recent years [4]. Patients with HCC 
meeting the definition of Barcelona Clinic Liver 
Cancer classification (BCLC) stage C (advanced 
stage) are considered optimal candidates for 

systemic therapy [5]. However, there is a large 
variation in patients with stage C disease, and 
the choice between locoregional and systemic 
therapy can be difficult (such as in a patient 
with a relatively large tumor who also has tumor-
associated main or main branch portal vein 
thrombosis). Nevertheless, there is little argu-
ment that systemic treatment is a reasonable 
choice for patients with extrahepatic metastat-
ic disease, or those whose tumors have pro-
gressed after one or more locoregional treat-
ments (LRTs) [6].

Early studies have indicated that no single  
chemotherapy agent or combination of agents 
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results in a significant increase in overall sur-
vival (OS) [7, 8]. As such, research has focused 
on treatments targeted at pathways thought  
to be critical to the pathogenesis of HCC. A 
milestone was the approval of sorafenib for 
treatment of advanced HCC [9]. Subsequently, 
regorafenib was found to improve outcomes  
in patients with HCC who progressed after 
sorafenib treatment, and other second-line 
treatment such as ramucirumab and cabozan-
tinib, and immune checkpoint inhibitors (ICIs) 
were developed [10].

The approval of new drugs for the treatment of 
advanced HCC offers more treatment options; 
however, the selection of the best second-line 
treatment after treatment with sorafenib is 
unclear although the American Society of 
Clinical Oncology (ASCO) has developed evi-
dence-based guidelines for the systemic treat-
ment of advanced HCC [11]. Regorafenib as a 
second-line treatment has shown a survival 
benefit in patients progressing on sorafenib 
[12], and nivolumab (an ICI) has showed a 
median survival of 16 months with an accept-
able safety profile in patients who progressed 
on, or were intolerant to sorafenib [13].

Thus, the purpose of this study was to compare 
the efficacy of regorafenib and ICIs on survival 
in patients with advanced HCC after first-line 
treatment with sorafenib.

Materials and methods

Study design and population

This is a retrospective study using data from a 
prospectively collected database. The study 
was approved by the Institutional Review Board 
of the Chang Gung Memorial Hospital (Approval 
number: 202002147B0C601). In addition, it 
waived the need for patient informed consent 
because the study classified as retrospective 
study with expedited review. All medical records 
of the patients diagnosed with HCC treated 
with sorafenib as the first-line treatment, and 
subsequently treated with regorafenib or an ICI 
as second-line treatment between 2015 and 
2020 were reviewed (Figure S1).

Exclusion criteria were: 1) Prior systemic thera-
py other than sorafenib, or sorafenib plus che-
motherapy; 2) A second concurrent malignan-
cy; 3) Regorafenib treatment duration < 2 
weeks, or ICI treatment < 3 cycles; 4) 

Participated in another clinical trial; 5) Du- 
plicated records; 6) Treatment no documented 
clearly in the medical records; 7) Second-line 
treatment not a tyrosine kinase inhibitor (TKI) 
or ICI; 8) Treated with sorafenib before 2015. 
After exclusion, 89 patients were included in 
the analysis: 58 patients treated with rego-
rafenib and 31 with an ICI (nivolumab n = 22; 
pembrolizumab n = 6; atezolizumab n = 3).

Baseline demographic and clinical data collect-
ed from the medical records were age, sex, his-
tory of hepatitis B virus (HBV) or hepatitis C 
virus (HCV) infection, treatment with transarte-
rial chemoembolization (TACE) and/or radiof- 
requency ablation (RFA), BCLC classification, 
cirrhosis, fibrosis-4 (FIB-4) index, metastasis, 
microvascular invasion (MVI), portal vein in- 
vasion (VP) stage, extra-hepatic metastasis 
(EHM), serum levels of platelets, aspartate  
aminotransferase (AST), alanine transaminase 
(ALT), albumin, alpha fetoprotein (AFP), calcu-
lated albumin-bilirubin (ALBI) grade, aspartate 
aminotransferase to platelet ratio (APRI) in- 
dex, and neutrophil-to-lymphocyte ratio (NLR), 
combined locoregional treatment (LRT), and 
tumor burden (up to 7 criteria [14], or up to 11 
criteria [15]). Patients were followed up with 
hepatic ultrasonography and computed tomog-
raphy (CT) every 3-6 months, and serum AFP 
and serum protein levels were assessed every 
month; these data were also extracted from the 
medical records.

Outcome assessment

Primary outcomes included overall survival 
(OS), and progression-free survival (PFS), treat-
ment response, objective response rate (ORR), 
disease control rate (DCR) and a decrease of 
serum AFP of 20% from baseline in patients 
with regorafenib or immune checkpoint inhi- 
bitor. The secondary outcomes were to deter-
mine the factors associated with post-treat-
ment OS or post-treatment PFS. Treatment 
response evaluation was based on the modi-
fied Response Evaluation Criteria in Solid 
Tumors (mRECIST) [16]. ORR was defined as 
the percentage of patients who achieve a 
response, which was either be complete res- 
ponse (CR; complete disappearance of lesions) 
or partial response (PR; reduction in the sum of 
maximal tumor diameters by at least 30%) [16]. 
The DCR was defined as the percentage of 
patients who have achieved a CR, PR, and sta-
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ble disease [17]. The OS rate was defined as 
the interval between regorafenib or ICI treat-
ment and the date of death caused by HCC or 
the date of the last follow-up. PFS was defined 
as the interval between regorafenib or ICI ther-
apy and the date of diagnosis of the first recur-
rence or the date of the last follow-up.

Statistical analysis

Continuous variables were expressed as medi-
an and interquartile range (IQR) or 95% confi-
dence interval (CI), and compared by the Mann-
Whitney U test. Categorical variables were 
expressed as number and percentage, and 
were compared with Fisher’s exact test. Uni- 
variate and multivariate Cox regression was 
performed to determine the associations be- 
tween patient demographic and clinical vari-
ables and OS or PFS. The Kaplan-Meier method 
was used to compare survival times of treat-
ment with regorafenib/ICI or non-LRT/LRT, and 
survival curves were compared using the log-
rank test. Time-to-event was defined as “the 
follow-up period of event occurrence”. A 2-sided 
value of P < 0.05 was considered statistically 
significant. Statistical analyses were performed 
using SPSS version 25.0 software (SPSS Inc., 
Chicago, IL, USA).

Results

Patient demographics and clinical character-
istics

The baseline demographics and clinical charac-
teristics of 89 patients with HCC are shown in 
Table 1. There were 72 (80.9%) males and 17 
(19.1%) females, with a median age of 63.0 
years (IQR: 58.0, 68.0 years). There were no dif-
ferences in the distributions of age, sex, BCLC 
stage, MVI, VP stage, beyond the out-to-7 crite-
ria, EHM, prior TACE, prior RFA, history of HBV 
and HCV, cirrhosis, and baseline NLR, AST, ALT, 
albumin, AFP, ALBI grade, APRI index, FIB-4 
index, and combined LRT and combined other 
systemic treatment between the regorafenib 
and ICI groups. Only the proportion of beyond 
the out-to-11 criteria was significantly different 
between the 2 groups.

Outcomes after regorafenib and ICI treatment

After treatment, the median follow-up period in 
regorafenib group was 6.92 months (IQR: 3.73, 
11.48 months), and in the ICI group was 8.03 

months (IQR: 3.61, 21.95 months) (P > 0.05, 
Table 2). Compared to the regorafenib group, 
the ICI group had a slightly higher rate of 
increase in 20% improvement of AFP (ICI and 
regorafenib groups: 35.7% vs. 31.8%), CR rate 
(ICI and regorafenib groups: 6.5% vs. 0%), ORR 
(ICI and regorafenib groups: 16.1% vs. 6.9%), 
median OS (ICI and regorafenib groups: 13.3 
vs. 5 months), and median PFS (ICI and rego-
rafenib groups: 3.0 vs. 2.6 months); however, 
the differences were not statistically significant 
(all, P > 0.05, Table 2 and Figure 1).

Factors associated with post-treatment mortal-
ity

In the univariate Cox regression analysis, com-
bined LRT (hazard ratio [HR] = 0.31, 95% confi-
dence interval [CI]: 0.12-0.81; P = 0.02) and 
history of HCV (HR = 0.40, 95% CI: 0.16-0.95; P 
= 0.04) were significantly associated with a 
decreased risk of post-treatment mortality, 
while BCLC stage C (stage C vs. stage B: HR = 
5.31, 95% CI: 1.28-22.15; P = 0.02), beyond 
the up-to-7 criteria (HR = 2.29, 95% CI: 1.14-
4.59; P = 0.02), and MVI (HR = 1.96, 95% CI: 
1.01-3.80; P = 0.05) were significantly associ-
ated with an increased risk of post-treatment 
mortality (Table 3). However, the type of sec-
ond-line treatment, age, sex, EHM, history of 
HBV, ALBI grade, FIB-4 index, and 20% improve-
ment of AFP were not significantly associated 
with post-treatment mortality (all, P > 0.05, 
Table 3).

Subsequent multivariate Cox analysis showed 
that combined LRT during second-line treat-
ment was independently associated with a 
decreased risk of post-treatment mortality (HR 
= 0.40, 95% CI: 0.15-0.99; P = 0.04). However, 
the type of second-line treatment (ICI vs. rego-
rafenib: HR = 0.54, 95% CI: 0.26-1.09; P = 
0.08), BCLC stage C (stage C vs. stage B: HR = 
3.64, 95% CI: 0.80-16.57; P = 0.09), beyond 
the up-to-7 criteria (HR = 1.90, 95% CI: 0.97-
3.81; P = 0.06), MVI (HR = 1.48, 95% CI: 0.73-
2.99; P = 0.28), and history of HCV (HR = 0.46, 
95% CI: 0.19-1.12; P = 0.09) were not signifi-
cantly associated with post-treatment mortality 
(Table 3).

Kaplan-Meier curve analysis showed that 
patients with LRT had a longer OS than patients 
without LRT during second-line treatment (P = 
0.02, Figure 2A). Next, we confirmed the effect 
of combined LRT on post-treatment mortality in 
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patients matched for age, sex, MVI, beyond 
up-to-7 criteria, EHM, high baseline AFP (> 200 
ng/mL), and high baseline ALBI grade (II and 
III). In propensity scoring matching analysis, 18 
patients with LRT and 56 patients had a similar 
demographic and clinical characteristics during 
second-line treatment (Table S1). As shown in 
Figure 2B, after propensity scoring matching 
patients with combined LRT during second-line 
treatment had a longer post-treatment OS than 
non-LRT patients (P = 0.04).

Factors associated with post-treatment dis-
ease progression

In the univariate Cox regression analysis, com-
bined LRT (HR = 0.57, 95% CI: 0.32-1.01; P = 

0.05), 20% improvement of AFP (HR = 0.54, 
95% CI: 0.31-0.94; P = 0.03), and history of 
HCV (HR = 0.43, 95% CI: 0.22-0.86; P = 0.02) 
were significantly associated with a decreased 
risk of post-treatment disease progression, 
while BCLC stage C (stage C vs. stage B: HR = 
3.27, 95% CI: 1.48-7.21; P < 0.01), EHM (HR = 
2.18, 95% CI: 1.34-3.56; P < 0.01), MVI (HR = 
1.77, 95% CI: 1.12-2.81; P = 0.02), and beyond 
the up-to-7 criteria (HR = 1.67, 95% CI: 1.04-
2.69; P = 0.03) were significantly associated 
with an increased risk of post-treatment dis-
ease progression (Table 4). However, the type 
of second-line treatment, age, sex, history of 
HBV, ALBI grade, and FIB-4 index were not sig-
nificantly associated with post-treatment dis-
ease progression (all, P > 0.05, Table 4).

Table 1. Patient baseline characteristics
All (n = 89) Regorafenib (n = 58) ICI (n = 31) p-value

Age (years), median (IQR) 63.0 (58.0, 68.0) 63.5 (59.0, 71.5) 61.0 (54.5, 66.5) 0.10
Sex/male, n (%) 72 (80.9) 48 (82.8) 24 (77.4) 0.74
BCLC stage, n (%) 0.24
    B 15 (16.9) 12 (20.7) 3 (9.7)
    C 74 (83.1) 46 (79.3) 28 (90.3)
MVI, n (%) 46 (51.7) 25 (43.1) 21 (67.7) 0.05
VP stage, n (%) 0.12
    VP2 5 (10.9) 3 (12.0) 2 (9.5)
    VP3 30 (65.2) 19 (76.0) 11 (52.4)
    VP4 11 (23.9) 3 (12.0) 8 (38.1)
Out of up-to-7 criteria, n (%) 50 (56.2) 29 (50.0) 21 (67.7) 0.17
Out of up-to-11 criteria, n (%) 39 (43.8) 20 (34.5) 19 (61.3) 0.03*
EHM, n (%) 53 (59.6) 34 (58.6) 19 (61.3) 0.99
Previous TACE, n (%) 68 (76.4) 45 (77.6) 23 (74.2) 0.92
Previous RFA, n (%) 25 (28.1) 18 (31.0) 7 (22.6) 0.55
HBV history (%), n (%) 51 (57.3) 30 (51.7) 21 (67.7) 0.22
HCV history (%), n (%) 25 (28.1) 18 (31.0) 7 (22.6) 0.55
Cirrhosis, n (%) 74 (83.1) 47 (81.0) 27 (87.1) 0.67
Baseline NLR, median (IQR) 3.9 (2.7, 6.3) 3.77 (2.0, 6.3) 4.1 (3.1, 6.2) 0.46
Baseline platelets (103/µL), median (IQR) 127.0 (92.0, 184.5) 119.5 (87.5, 163.5) 143.0 (96.0, 216.0) 0.33
Baseline AST (U/L), median (IQR) 54.0 (40.0, 80.0) 52.0 (39.0, 72.5) 69.5 (44.5, 87.0) 0.17
Baseline ALT (U/L), median (IQR) 41.0 (30.0, 62.0) 37.0 (30.8, 55.3) 48.0 (29.5, 73.0) 0.27
Baseline albumin (g/dL), median (IQR) 3.8 (3.4, 4.1) 3.9 (3.5, 4.1) 3.7 (3.4, 4.1) 0.70
Baseline AFP (ng/mL), median (IQR) 280.6 (17.8, 2079.2) 183.9 (12.3, 1920.8) 468.0 (146.3, 2162.6) 0.13
Baseline ALBI II+III, n (%) 49 (56.3) 31 (54.4) 18 (60.0) 0.78
Baseline APRI, median (IQR) 1.49 (0.9, 2.0) 1.5 (1.0, 2.0) 1.4 (0.9, 1.9) 0.90
Baseline FIB-4, median (IQR) 4.47 (2.60, 6.28) 4.6 (2.7, 6.8) 4.1 (2.5, 6.0) 0.31
Combine LRTa, n (%) 19 (21.3) 14 (24.1) 5 (16.1) 0.54
Combine other systemic treatment, n (%) 3 (3.4) 2 (3.4) 1 (3.2) 1.00
ICI, immune checkpoint inhibitor; BCLC, Barcelona Clinic Liver Cancer classification; MVI, microvascular invasion; VP, portal vein invasion; EHM, 
extra-hepatic metastasis; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; HBV, hepatitis B virus; HCV, hepatitis C virus; 
NLR, neutrophil-to-lymphocyte ratio; AST, aspartate aminotransferase; ALT, alanine transaminase; AFP, alpha fetoprotein; ALBI grade, albumin-
bilirubin grade; APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4 index; LRT, locoregional treatment; IQR, interquartile 
range. aTransarterial chemoembolization or radiofrequency ablation. *P < 0.05.
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Subsequent multivariate Cox analysis showed 
that a 20% AFP improvement (HR = 0.54, 95% 
CI: 0.31-0.94; P = 0.03) was independently 
associated with a decreased risk of post-treat-
ment disease progression, while BCLC stage C 
(stage C vs. stage B: HR = 0.40, 95% CI: 0.15-
0.99; P = 0.04) was independently associated 
with an increased risk of post-treatment dis-
ease progression (Table 4). However, the type 
of second-line treatment (ICI vs. regorafenib: 
HR = 0.85, 95% CI: 0.48-1.53; P = 0.60), com-
bined LRT (HR = 0.83, 95% CI: 0.40-1.70; P = 
0.60), MVI (HR = 0.99, 95% CI: 0.54-1.82; P = 
0.98), beyond the up-to-7 criteria (HR = 0.81, 
95% CI: 0.45-1.45; P = 0.48), EHM (HR = 0.83, 
95% CI: 0.41-1.68; P = 0.60), and history of 

HCV (HR = 0.59, 95% CI: 0.30-1.13; P = 0.11) 
were not significantly associated with post-
treatment disease progression (Table 4).

Discussion

The present study compared the efficacy of 
second-line treatment with regorafenib or an 
ICI on survival in patients with advanced HCC 
after first-line treatment with sorafenib. The key 
findings of the study were as follows. First, sec-
ond-line treatment with regorafenib or an ICI 
results in a significant increase in OS. Second, 
there is a tendency that ICI treatment may 
result in a lower post-treatment mortality rate 
than regorafenib; however, the difference was 

Table 2. Response and outcome assessment between treatment with regorafenib or an immune 
checkpoint inhibitor
Review according to mRECIST Regorafenib (n = 58) ICI (n = 31) p-value
AFP decrease 20% from baselinea, median (IQR) 14 (31.8) 10 (35.7) 0.93
Treatment response, n (%)
    Complete response 0 (0.0) 2 (6.5) 0.34
    Partial response 4 (6.9) 3 (9.7)
    Stable disease 38 (65.5) 16 (51.6)
    Progressive disease 12 (20.7) 7 (22.6)
    Not evaluable 4 (6.9) 3 (9.7)
Objective response rate, n (%) 4 (6.9) 5 (16.1) 0.31
Disease control rate, n (%) 42 (72.4) 21 (67.7) 0.83
Follow up duration (months), median (IQR) 6.92 (3.73, 11.48) 8.03 (3.61, 21.95) 0.39
Overall survival (months), median (95% CI) 8 (9.2, NA) 13.3 (8.3, NA) 0.37
Progression-free survival (months), median (95% CI) 2.6 (2.4, 9.0) 3.0 (2.5, 4.7) 0.72
mRECIST, modified Response Evaluation Criteria in Solid Tumors; ICI, immune checkpoint inhibitor; AFP, alpha fetoprotein. 
aPatients with a baseline AFP level < 10 were excluded from AFP decrease by 20% analysis.

Figure 1. Kaplan-Meier survival curves for overall survival and progression-free survival. (A) Overall survival and (B) 
progression-free survival according to combined LRT during second-line treatment. ICI, immune checkpoint inhibi-
tor.
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Table 3. Univariate and multivariate Cox regression analyses of overall survival

Variables Number
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Sex Female 17 Ref.

Male 72 1.27 (0.53, 3.05) 0.59
Age 89 0.99 (0.95, 1.02) 0.42
Second-line Regorafenib 58 Ref. Ref.

ICI 31 0.75 (0.37, 1.51) 0.42 0.54 (0.26, 1.09) 0.08
Combine LRTa No 70 Ref. Ref.

Yes 19 0.31 (0.12, 0.81) 0.02* 0.40 (0.15, 0.99) 0.04*
BCLC stage B 15 Ref.

C 74 5.31 (1.28, 22.15) 0.02* 3.64 (0.80, 16.57) 0.09
MVI No 43 Ref. Ref.

Yes 46 1.96 (1.01, 3.80) 0.05 1.48 (0.73, 2.99) 0.28
Out of up-to-7 criteria No 39 Ref. Ref.

Yes 50 2.29 (1.14, 4.59) 0.02* 1.90 (0.97, 3.81) 0.06
EHM No 36 Ref.

Yes 53 1.59 (0.81, 3.14) 0.18
HBV No 38 Ref.

Yes 51 1.51 (0.77, 2.98) 0.23
HCV No 64 Ref.

Yes 25 0.40 (0.16, 0.95) 0.04* 0.46 (0.19, 1.12) 0.09
ALBI I 38 Ref.

II+III 49 1.62 (0.83, 3.17) 0.16
FIB-4 75 0.90 (0.78, 1.03) 0.14
AFP drop 20% from baseline No 48 Ref.

Yes 24 0.50 (0.23, 1.09) 0.08
ICI, immune checkpoint inhibitor; LRT, locoregional treatment; BCLC, Barcelona Clinic Liver Cancer classification; MVI, micro-
vascular invasion; EHM, extra-hepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; ALBI grade, albumin-bilirubin 
grade; APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4 index; AFP, alpha fetoprotein; HR, hazard ratio; 
CI, confidence interval. aTransarterial chemoembolization or radiofrequency ablation. *P < 0.05.

Figure 2. Kaplan-Meier survival curves for overall survival according to the presence combined LRT. (A) Before and 
(B) after propensity score matching for patient demographic and clinical characteristics. LRT, locoregional treat-
ment. *P < 0.05.
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not statistically significant (P = 0.08). Third, 
combined LRT (TACE or RFA) during second-line 
treatment may decrease the post-treatment 
mortality rate, but it did not significantly affect 
the risk of post-treatment disease progression. 
Fourth, a 20% decrease of AFP may indepen-
dently predict a lower risk of post-treatment 
disease progression.

Sorafenib is a TKI that has long been the stan-
dard treatment for advanced HCC based on the 
BCLC staging system [18]. However, random-
ized controlled trials (RCTs) demonstrated that 
sorafenib only slightly extended survival from 
7.9 to 10.7 months in patients with BCLC stage 
C disease [5, 19]. In studies of Asia-Pacific 
patients with advanced HCC, the survival ben-
efit was even lower than the survival benefit 
observed globally [19, 20]. A major cause of 
mortality in patients with advanced HCC is 

hepatic dysfunction due to a greater load of 
intrahepatic tumors and involvement of the 
portal vein [19, 20]. In our study, all patients 
were treated with sorafenib as first-line treat-
ment, and overall patients had very advanced 
disease: BCLC stage C 83.1%, EHM 59.6%, MVI 
51.7%, later stage of portal vein invasion 
(Vp3+Vp4: 89.1% in MVIW). Our data showed 
that second-line treatment with regorafenib or 
an ICI prolonged the median OS to 8 or 13.3 
months, respectively; although OS was not sig-
nificantly different between the regorafenib 
and ICI groups. This indicates that second-line 
treatment with regorafenib or an ICI results in a 
significant survival benefit in advanced HCC 
with more aggressive disease and involvement 
of the portal vein.

In the present study, the univariate Cox regres-
sion analysis showed that the type of second-

Table 4. Univariate and multivariate Cox regression analyses for progression-free survival

Variables Number
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Sex Female 17 Ref.

Male 72 1.00 (0.57, 1.76) 0.99
Age 89 0.97 (0.95, 1.00) 0.07
Second-line Regorafenib 58 Ref. Ref.

ICI 31 0.88 (0.53, 1.47) 0.62 0.85 (0.48, 1.53) 0.60
Combine LRTa No 70 Ref. Ref.

Yes 19 0.57 (0.32, 1.01) 0.05 0.83 (0.40, 1.70) 0.60
BCLC stage B 15 Ref. Ref.

C 74 3.27 (1.48, 7.21) < 0.01* 3.88 (1.38, 10.95) 0.01*
MVI No 43 Ref. Ref.

Yes 46 1.77 (1.12, 2.81) 0.02* 0.99 (0.54, 1.82) 0.98
Out of up-to-7 criteria No 39 Ref. Ref.

Yes 50 1.67 (1.04, 2.69) 0.03* 0.81 (0.45, 1.45) 0.48
EHM No 36 Ref. Ref.

Yes 53 2.18 (1.34, 3.56) < 0.01* 0.83 (0.41, 1.68) 0.60
HBV No 38 Ref.

Yes 51 1.52 (0.95, 2.43) 0.08
HCV No 64 Ref.

Yes 25 0.54 (0.31, 0.94) 0.03* 0.59 (0.30, 1.13) 0.11

ALBI I 38 Ref.

II+III 49 1.39 (0.87, 2.23) 0.17
FIB-4 75 0.93 (0.86, 1.01) 0.08
AFP drop 20% from baseline No 48 Ref.

Yes 24 0.43 (0.22, 0.86) 0.02* 0.39 (0.19, 0.82) 0.01*
ICI, immune checkpoint inhibitor; LRT, locoregional treatment; BCLC, Barcelona Clinic Liver Cancer classification; MVI, micro-
vascular invasion; EHM, extra-hepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; ALBI grade, albumin-bilirubin 
grade; APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4; AFP, alpha fetoprotein; HR, hazard ratio; CI, 
confidence interval. aTransarterial chemoembolization or radiofrequency ablation. *P < 0.05.
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line treatment (regorafenib or ICI) was not sig-
nificantly associated with risk of post-treatment 
mortality (P = 0.42). However, multivariate Cox 
regression analysis showed there was a ten-
dency that ICIs treatment may be associated 
with lower post-treatment mortality than treat-
ment with regorafenib; however, the difference 
did not reach statistical significance (P = 0.08, 
Table 3). These results suggest the possibility 
that second-line treatment with an ICI could  
be more effective in patients with first-line 
sorafenib treatment, especially in patients with 
combined LRT, BCLC stage B, no MVI, no 
beyond the up-to-7 criteria, and history of HCV.

Targeted agents in conjunction with LRT have 
been extensively investigated in clinical trials, 
and have shown promise [10]. Additionally, 
treatment with ICIs combined with LRT is 
expected to improve the median OS in patients 
with advanced HCC [21]. The release of neoan-
tigens induced by LRT-associated tumor necro-
sis may augment the response to ICIs [21]. 
Duffy et al. [22] treated 32 patients (BCLC  
B/C with progressive disease at enrollment, 
75% sorafenib experienced) with TACE or RFA, 
followed by the ICI tremelimumab (an anti-
CTLA-4 antibody) and reported a PR in 26% of 
patients, a time to tumor progression (TTP) of 
7.4 months, and OS of 12.3 months. The pres-
ent study expanded these findings and further 
compared the risk of post-treatment mortality 
and disease progression between HCC patients 
(BCLC B/C with progressive disease at enroll-
ment, 100% sorafenib experienced) with com-
bined LRT (TACE or RFA) and without combined 
LRT during second-line treatment (regorafenib 
or an ICI). Our data showed that patients with 
combined LRT had a decreased risk of post-
treatment mortality when compared to patients 
without combined LRT, while combined LRT did 
not significantly affect post-treatment disease 
progression. Moreover, after propensity scoring 
matching for demographics and clinical charac-
teristics, patients with combined LRT during 
second-line treatment had a longer post-treat-
ment OS than patients without combined LRT. 
Based on these findings, we suggest that com-
bined LRT (TACE or RFA) during second-line 
treatment (regorafenib or an ICI) may be effec-
tive in patients treated with first-line sorafenib. 
To the best of our knowledge, no study has 
focused on the impact of second-line treatment 
with regorafenib or an ICI combined LRT (TACE 

or RFA) in advanced HCC on mortality after first-
line treatment with sorafenib.

Multiple biomarkers may play a role in diag- 
nosis and post-treatment outcomes of HCC, 
including AFP [23], fucosyltransferase 1 (FUT1) 
[23], death-associated protein kinase 1 (DA- 
PK1) mRNA [24], and beta-1,3-galactosyltrans-
ferase 5 (B3GALT5) [23]. Notably, a retrospec-
tive study reported that preoperative serum 
AFP level > 100 ng/mL is associated with a 
higher rate of HCC recurrence after hepatecto-
my [25]. Additionally, higher post-treatment 
serum AFP level is associated with a high risk of 
HCC recurrence after treatment [26, 27]. We 
demonstrated for the first time that a 20% 
decrease of AFP level was independently pre-
dictive of decreased post-treatment disease 
progression in patients with advanced HCC 
treated with sorafenib and then regorafenib  
or an ICI. Based on these results, we suggest 
that a post-treatment decrease of AFP by 20% 
should be considered an appropriate response 
to second-line treatment with regorafenib or an 
ICI.

Currently, few studies have examined if the 
addition of LRT (TACE or RFA) to systemic thera-
py is associated with decreased PFS. Never- 
theless, it is worth noting that there was no sta-
tistical difference in PFS of patients receiving 
TACE combined with a TKI and ICI compared 
with that of patients receiving treatment with-
out TACE [28]. The results of the present study 
demonstrated that combined LRT (TACE or RFA) 
during second-line treatment with regorafenib 
or an ICI did not significantly decrease post-
treatment disease progression when compared 
without combined LRT. A potential reason for 
this result may be that more patients in the LRT 
group were defined as having disease progres-
sion due to new hepatic foci, rather than 
enlargement of the primary tumor, and this may 
not necessarily have been due to failure of LRT 
[28, 29].

There are several limitations to this study that 
should be considered. First, this was a retro-
spective study at a single center with a relative-
ly small sample size. Second, the survival esti-
mates in the study may be somewhat limited by 
the duration of treatment. Third, there was a 
high proportion of patients with BCLC stage C 
and HBV-related HCC; thus, the results may not 
be generalizable to patient populations.
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Conclusion

Second-line treatment with regorafenib or an 
ICI prolongs OS in patients with advanced HCC 
after first-line treatment with sorafenib, and 
there is a tendency that ICI therapy may be 
associated with decreased post-treatment 
mortality compared to treatment with rego-
rafenib. Patients receiving combined LRT dur-
ing second-line treatment have lower post-
treatment mortality than patients without com-
bined LRT. Moreover, a 20% decrease of AFP 
from baseline may predict a lower risk of  
disease progression. We recommend that an 
early combination of these treatments should 
be considered for improving the survival of 
advanced HCC due to increasing their efficacy 
through a synergistic mechanism.
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Figure S1. Flow diagram of patient inclusion. HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor.

Table S1. Post-propensity scoring matching of patients receiving LRT during second-line treatment
No LRT LRT p-value SMD

Number 36 18
Male 32 (88.9) 16 (88.9) 1.00 < 0.01
Age 63.25 (10.82) 62.39 (6.19) 0.76 0.10
MVI 19 (52.8) 8 (44.4) 0.77 0.17
Out of up-to-7 criteria 14 (38.9) 7 (38.9) 1.00 < 0.01
EHM 17 (47.2) 6 (33.3) 0.50 0.29
Baseline AFP greater than 200 18 (50.0) 8 (44.4) 0.92 0.11
Baseline ALBI II+III 16 (44.4) 6 (33.3) 0.62 0.23
LRT, locoregional therapy; MVI, microvascular invasion; EHM, extra-hepatic metastasis; AFP, alpha fetoprotein; ALBI grade, 
albumin-bilirubin grade.


