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Purpose: We compare the efficacy and safety of regorafenib plus immune checkpoint inhibitors (ICIs) with transarterial chemoem-
bolization (R+ICIs+TACE) versus regorafenib plus ICIs (R+ICIs) as the second-line treatment for patients with advanced hepatocel-
lular carcinoma (HCC).
Methods: This retrospective study included patients with advanced HCC who received R+ICIs+TACE or R+ICIs as the second-line treatment 
from January 2019 to April 2022. Objective response rate (ORR), progression-free survival (PFS), overall survival (OS), and treatment-related 
adverse events (TRAEs) were compared between the two groups. The propensity score matching (PSM) was used to reduce the influence of 
confounding factors on the outcomes. Factors affecting PFS and OS were analyzed using a Cox proportional-hazards regression model.
Results: In total, 52 patients were included in this study, of whom 28 patients received R+ICIs+TACE and 24 patients received R+ICIs. 
After PSM (n=23 in each group), patients who received R+ICIs+TACE had a higher ORR (34.8% vs 4.3%, P=0.009), a longer PFS (5.8 
vs 2.6 months, P<0.0001), and a longer OS (15.0 vs 7.5 months, P=0.014) than those who received R+ICIs. Age ≤ 50 years old, Child- 
Pugh class A6 and B7, and R+ICIs were found as independent prognostic factors for poor PFS. R+ICIs, α-fetoprotein >400 ng/mL, and 
platelet-to-lymphocyte ratio >133 were noted as independent prognostic factors for poor OS. The difference in the incidence of TRAEs 
between the two groups was not statistically significant (P> 0.05).
Conclusion: Compared to regorafenib plus ICIs, regorafenib plus ICIs with TACE was tolerated and improved survival as the second- 
line treatment for patients with advanced HCC.
Keywords: advanced hepatocellular carcinoma, regorafenib, immune checkpoint inhibitors, transarterial chemoembolization, second- 
line treatment

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common type of cancer and the third leading cause of cancer-related 
deaths worldwide.1 Surgical resection and liver transplantation are potential radical treatments for HCC. However, the 
majority of patients with HCC are diagnosed in advanced stage.2

Sorafenib is a first-line therapy that was approved for advanced HCC through SHAEP trial and the Asia Pacific trial 
in 2007.3,4 Lenvatinib was approved as a first-line therapy for advanced HCC through REFLECT trial.5 Sorafenib and 
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lenvatinib only prolonged progression-free survival (PFS) of patients with advanced HCC for 3.7–7.3 months.3,5 Thus, 
regorafenib,6 cabozantinib,7 and ramucirumab8 were approved as second-line therapies for advanced HCC.9 Nonetheless, 
these second-line treatments only resulted in a median PFS of 2.8–5.2 months and a median overall survival (OS) of 8.5– 
10.6 months versus a median OS of 7.3–8.0 months for patients treated with placebo, and regorafenib was reported as the 
most appropriate option to prolong OS.10 However, the outcome is unsatisfactory and a more effective second-line 
treatment is needed.

Immune checkpoint inhibitors (ICIs) are a second-line treatment option for advanced HCC. Pembrolizumab and 
nivolumab have been approved by the US Food and Drug Administration (FDA) as second-line therapies for HCC, in 
which a previous sorafenib treatment failed based on the results of a Phase 1/2 trial.11,12 Camrelizumab was reported as 
a second-line therapy for advanced HCC, in which a previous systemic treatment approved by the China FDA (CFDA) 
had failed based on the results of a Phase 2 trial.13

Transarterial chemoembolization (TACE) was recommended to treat intermediate-stage HCC.14,15 TACE has local 
anticancer effects and promotes antitumor immunity,16 while it inevitably induces post-TACE angiogenesis.17 

Regorafenib inhibits angiogenesis, which can promote “tumor vascular normalization” to alleviate hypoxia and therefore 
enhance the efficacy of TACE and immunotherapy.18 ICIs combined with other antitumor therapies can stimulate the 
immune system and increase intratumoral CD8+ T-cell infiltration, thereby improving antitumor immunomodulatory 
effect.19,20

In the present study, it was hypothesized that the comprehensive therapy of regorafenib combined with ICIs plus 
TACE might improve the survival of patients with advanced HCC. Therefore, the efficacy and safety of the regorafenib 
+ICIs+TACE (R+ICIs+TACE) regimen were compared with those of the regorafenib+ICIs (R+ICIs) regimen as 
a second-line treatment for advanced HCC.

Materials and Methods
Patients’ Selection
This retrospective study was performed in compliance with the Declaration of Helsinki, it was approved by the Ethics 
Committee of the Sichuan Cancer Hospital (Chengdu, China), and written informed consent was obtained from all patients 
prior to treatment. Patients’ data were retrieved from a prospectively maintained HCC database of the Sichuan Cancer 
Hospital. Between January 2019 and April 2022, consecutive patients with HCC received R+ICIs or R+ICIs+TACE.

HCC was diagnosed according to guidelines of the European Association for the Study of Liver or histological 
confirmation. Tumors were staged according to the Barcelona Clinic Liver Cancer (BCLC) system using magnetic 
resonance imaging (MRI) or computed tomography (CT) scan.

The inclusion criteria were as follows: 1) age ≥18 years old; 2) Eastern Cooperative Oncology Group performance 
status (ECOG PS) score ≤1 point; 3) Child-Pugh class ≤7. 4) BCLC stage C HCC; 5) radiographic disease progression of 
BCLC B stage HCC after local therapy (surgery, TACE, surgery + TACE or surgery + radiofrequency ablation + TACE) 
and first-line treatment (sorafenib or lenvatinib). The exclusion criteria were as follows: 1) R+ICIs or R+ICIs+TACE as 
the first-line therapy; 2) regorafenib combined with ICIs plus another therapy (chemotherapy, radiotherapy, or radio-
frequency ablation); 3) history of receiving immunotherapy before regorafenib administration; 4) incomplete data.

Data Collection
Patients’ baseline characteristics were collected within 7 days before administration of regorafenib. Clinical, laboratory, and 
radiological data were collected from medical record systems, including age, gender, BCLC stage, ECOG PS score, hepatitis 
B surface antigen (HBsAg), Child-Pugh class, alpha-fetoprotein (AFP) level, tumor size, tumor number, extrahepatic 
metastasis, previous treatment procedures, and hematological and biochemical indices. Neutrophil-to-lymphocyte ratio 
(NLR) was calculated as neutrophil count divided by the lymphocyte count, and platelet-to-lymphocyte ratio (PLR) was 
calculated as the platelet count divided by the lymphocyte count.21 NLR and PLR were divided into low and high values 
according to the mean NLR (mean, 4) and PLR (mean, 133) in the present study.
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Treatment
TACE Procedure
Hepatic arteriography and superior mesenteric arteriography were performed to assess the feeding arteries of the tumor. 
Subsequently, a microcatheter was inserted into the tumor-feeding arteries.

Conventional TACE (cTACE) was an intra-arterial injection of 40–60 mg of epirubicin (Pharmorubicin; Pfizer, Wuxi, 
China) mixed with 5–20 mL of lipiodol (Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, China). When needed, embo-
sphere (100–300 μm) was used for further embolization to achieve stasis.

Drug-eluting bead TACE (DEB-TACE) was performed by CallSpheres® (Jiangsu Hengrui Medicine Co., Ltd., 
Jiangsu, China) beads (100–300 μm) loaded with doxorubicin (40–60 mg). CalliSpheres® beads and non-ionic contrast 
agent were mixed by 1:1 and injected at a speed of 1 mL/min. The injection was completed during the stasis flow of 
contrast agent.

TACE was repeated “on demand” after our multidisciplinary team (MDT) discussion depending on the results of 
examinations, including MRI/CT, AFP level, hematological and biochemical indices.

Administration of Regorafenib and ICIs
The dose of regorafenib was 120 mg/day in the first week, which could be adjusted to 80 or 160 mg/day according to the 
patient’s tolerance, orally for 3 weeks on 1 week off. Intravenous administration of 200 mg sintilimab (Innovent 
Biologics Co., Ltd., Suzhou, China) or camrelizumab (Hengrui Medical, Suzhou, China) was conducted every 21 days.

Regorafenib or ICIs were discontinued if patients experienced relevant intolerable toxicity. The treatment was 
terminated if disease progressed, which was confirmed by contrast-enhanced CT or MRI.

Follow-Up
All patients were regularly followed up at intervals of 3–6 weeks after initiation of regorafenib administration. The follow-up 
included physical examination, laboratory tests, contrast-enhanced CT or MRI, and other examinations. The selection of 
follow-up therapy was performed based on discussions between MDT and the patient’s requirements. The last follow-up time 
was July 31, 2022.

Evaluation of Treatment Response
Two radiologists with more than 10 years of experience were employed to evaluate the treatment response. The treatment 
response was evaluated according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST).22 The 
objective response rate (ORR) was defined as the proportion of patients achieving complete response (CR) and partial 
response (PR). Disease control rate (DCR) was defined as the proportion of patients with CR, PR, or stable disease (SD). 
Adverse events (AEs) were recorded and assessed based on the Common Terminology Criteria for Adverse Events 
(CTCAE, Version 5.0).

PFS was defined as the time interval between the initiation of regorafenib and the time of disease progression due to 
any cause. OS was defined as the time interval between the initiation of regorafenib and the time of death or the last date 
of follow-up.

Statistical Analysis
The propensity score matching (PSM) model included age, gender, BCLC stage, ECOG PS, and tumor size. As 
previously described,23 the model provided a 1:1 match between the two groups, with a caliper width of 0.3 of the 
standard deviation of the logit of the propensity score. Quantitative data were presented as median value (interquartile 
range [IQR]), and categorical data were expressed as number (percentage). Chi-square test or the Fisher’s exact test was 
used to compare categorical data (patients’ baseline characteristics, treatment responses, and AEs) between the two 
groups. Independent-samples t-test or Mann–Whitney U-test was used to compare quantitative data (baseline character-
istics) between the two groups. Survival curves with 95% confidence intervals (CIs) were analyzed by the Kaplan–Meier 
method using the Log rank test. Univariate and multivariate analyses used a Cox proportional-hazards regression model 
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to determine the prognostic factors. All statistically significant (P<0.05) factors identified by the univariate analysis were 
entered into a Cox proportional-hazards regression model to identify independent predictors. All tests were two-sided, 
and P<0.05 was considered statistically significant. Statistical analysis was performed using SPSS 25.0 software (IBM, 
Armonk, NY, USA).

Results
Patients’ Characteristics
Totally, 52 patients with advanced HCC were involved in the present study, including 24 patients who received R+ICIs 
and 28 patients who received R+ICIs+TACE (Figure 1). In addition, 22 patients received cTACE and 6 patients received 
DEB-TACE.

Patients’ baseline characteristics are summarized in Table 1. Before PSM, patients in the R+ICIs group had worse 
BCLC stage (P=0.029) and ECOG PS (P=0.029) compared with those in the R+ICIs+TACE group. Performing PSM 
resulted in matched cohorts of 23 patients in each group with well-balanced baseline characteristics (Table 1).

Treatment Outcomes
Tumor Response Evaluation
No patient achieved CR in the present study. The ORR was higher in the R+ICIs+TACE group than that in the R+ICIs 
group before PSM (35.7% vs 4.2%, P=0.005) and after PSM (34.8% vs 4.3%, P=0.009) (Table 2). There was no 
significant difference in DCR between the two groups before PSM (67.9% vs 41.7%, P=0.058) and after PSM (69.6% vs 
43.5%, P=0.074) (Table 2).

Survival Analysis
The median follow-up time was 8.0 months (95% CI, 8.0–11.4). In addition, 53.6% (15/28) of patients in the R+ICIs 
+TACE group and 62.5% (15/24) of patients in the R+ICIs group died.

Figure 1 Flow diagram showing enrollment and exclusion of patients with advanced HCC who received regorafenib plus ICIs with or without TACE in a second-line setting. 
Abbreviations: HCC, hepatocellular carcinoma; ICIs, immune checkpoint inhibitors; TACE, transarterial chemoembolization.
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Table 1 Baseline Characteristics of Patients Before and After Propensity Score Matching

Characteristics Before PSM After PSM

R+ICIs (N=24) R+ICIs+TACE (N=28) P value R+ICIs (N=23) R+ICIs+TACE (N=23) P value

Age, years 48.5 [45.0–56.0] 54 [44.0–66.5] 0.266 49 [45.0–56.0] 53 [43.0–65.0] 0.376

≤ 50 14 (58.3) 12 (42.9) 13 (56.5) 10 (43.5)

> 50 10 (41.7) 16 (57.1) 10 (43.5) 13 (56.5)

Sex 0.313 0.681

Male 19 (79.2) 25 (89.3) 19 (82.6) 20 (87.0)

Female 5 (20.8) 3 (10.7) 4 (17.4) 3 (13.0)

BCLC stage 0.029 0.200

B 5 (20.8) 14 (50.0) 5 (21.7) 9 (39.1)

C 19 (79.2) 14 (50.0) 18 (78.3) 14 (60.9)

ECOG PS 0.029 0.116

0 5 (20.8) 14 (50.0) 5 (21.7) 10 (43.5)

1 19 (79.2) 14 (50.0) 18 (78.3) 13 (56.5)

HBsAg 0.335 0.300

Positive 17 (70.8) 23 (82.1) 16 (69.6) 19 (82.6)

Negative 7 (29.2) 5 (17.9) 7 (30.4) 4 (17.4)

Child-Pugh class 0.144 0.202

A5 14 (58.4) 21 (75.0) 13 (56.6) 17 (73.9)

A6 5 (20.8) 6 (21.4) 5 (21.7) 5 (21.7)

B7 5 (20.8) 1 (3.6) 5 (21.7) 1 (4.3)

AFP (ng/mL) 0.660 0.760

≤ 400 14 (58.3) 18 (64.3) 14 (60.9) 15 (65.2)

> 400 10 (41.7) 10 (35.7) 9 (39.1) 8 (34.8)

WBC (x109/L) 5.4 [3.8–7.2] 5.0 [4.3–6.1] 0.856 5.4 [4.5–6.6] 5.4 [4.5–6.6] 0.761

Neutrophile (x109/L) 3.6 [2.8–4.5] 3.1 [2.8–4.3] 0.849 3.6 [2.8–4.7] 3.5 [2.0–4.4] 0.758

HGB (g/L) 134.5 [111.3–150.8] 137.5 [122.3–145.5] 0.933 136.0 [110.0–152.0] 135.0 [121.0–141.0] 0.792

PLT (x109/L) 138.5 [83.5–183.8] 100.5 [70.0–136.3] 0.098 134.0 [80.0–174.0] 104.0 [81.0–177.0] 0.298

TBil (μmol/L) 15.2 [11.7–26.9] 15.3 [11.8–21.4] 0.735 15.2 [10.6–25.9] 15.1 [11.9–22.7] 0.800

ALT (U/L) 33.5 [20.3–48.0] 40.5 [21.5–49.8] 0.701 34.0 [24.0–50.0] 42.0 [29.0–56.0] 0.885

AST (U/L) 56.0 [38.0–82.0] 41.5 [30.3–61.5] 0.069 56.0 [38.0–82.0] 50.0 [35.0–67.0] 0.164

Albumin (g/dL) 36.9 [31.2–41.5] 38.1 [35.3–41.1] 0.191 37.5 [31.0–41.6] 35.7 [35.2–41.6] 0.219

NLR 0.657 0.359

≤ 4 16 (66.7) 17 (60.7) 16 (69.6) 13 (56.5)

> 4 8 (33.3) 11 (39.3) 7 (30.4) 10 (43.5)

PLR 0.198 0.546

≤ 133 13 (54.2) 20 (71.4) 13 (56.5) 15 (65.2)

> 133 11 (45.8) 8 (28.6) 10 (43.5) 8 (34.8)

Tumor size (cm) 0.095 0.375

≤ 5 9 (37.5) 17 (60.7) 9 (39.1) 12 (52.2)

> 5 15 (62.5) 11 (39.3) 14 (60.9) 11 (47.8)

Tumor number 0.086 0.087

1 2 (8.3) 4 (14.3) 2 (8.7) 3 (13.0)

2–3 3 (12.5) 10 (35.7) 3 (13.0) 9 (39.1)

>3 19 (79.2) 14 (50.0) 18 (78.3) 11 (47.8)

Extrahepatic metastasis 13 (54.2) 11 (39.3) 0.283 12 (52.2) 11 (47.8) 0.768

PVTT types 10 (41.7) 8 (28.6) 0.322 10 (43.5) 8 (34.8) 0.546

Type I 0 (0.0) 2 (7.1) 0 (0.0) 2 (8.7)

Type II 6 (25.0) 4 (14.3) 6 (26.1) 4 (17.4)

Type III 2 (8.3) 2 (7.1) 2 (8.7) 2 (8.7)

Type IV 2 (8.3) 0 (0.0) 2 (8.7) 0 (0.0)

(Continued)
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Before PSM, the median PFS was 5.8 months (95% CI, 5.2–6.4) in the R+ICI+TACE group and 2.6 months (95% CI, 
0.5–4.7) in the R+ICIs group (P<0.0001, Figure 2A); the median OS was longer in the R+ICIs+TACE group than that in 
the R+ICIs group (13.6 months (95% CI, 10.7–16.5) vs 7.5 months (95% CI, 4.3–10.7)) (P=0.011, Figure 2B).

After PSM, the median PFS was 5.8 months (95% CI, 5.3–6.3) in the R+ICIs+TACE group and 2.6 months (95% CI, 
0.6–4.6) in the R+ICIs group (P<0.0001, Figure 3A); the median OS was longer in the R+ICIs+TACE group than that in 
the R+ICIs group (15.0 months (95% CI, 12.0–18.0) vs 7.5 months (95% CI, 4.3–10.7)) (P=0.014, Figure 3B).

Analysis of Prognostic Factors
The prognostic factors were analyzed in the matched cohort (Table 3). The Cox proportional-hazards regression model 
showed that age (≤50 vs >50 years old) (hazard ratio [HR] = 0.260, 95% CI, 0.112–0.605, P=0.002), Child-Pugh class 
(A5 vs A6+B7) (HR=3.125, 95% CI, 1.293–7.555, P=0.011), and treatment option (R+ICIs vs R+ICIs+TACE) 
(HR=0.244, 95% CI, 0.096–0.622, P=0.003) were independent prognostic factors for PFS (Table 3).

Multivariate analysis showed that AFP (≤400 vs >400 ng/mL) (HR=2.625, 95% CI, 1.194–5.770, P=0.016), PLR 
(low vs high) (HR=2.384, 95% CI, 1.006–5.648, P=0.048), alanine transaminase (ALT) (≤35 vs >35 U/L) (HR=0.405, 

Table 1 (Continued). 

Characteristics Before PSM After PSM

R+ICIs (N=24) R+ICIs+TACE (N=28) P value R+ICIs (N=23) R+ICIs+TACE (N=23) P value

Previous treatment procedures 0.555 0.799

Surgery 3 (12.5) 4 (14.3) 3 (13.0) 3 (13.0)

TACE 14 (58.3) 12 (42.9) 13 (56.5) 10 (43.5)

Surgery+TACE 6 (25.0) 8 (28.6) 6 (26.1) 8 (34.8)

Surgery+RFA+TACE 1 (4.2) 4 (14.3) 1 (4.3) 2 (8.7)

First-line systemic treatment 0.335 0.522

Lenvatinib 8 (33.3) 6 (21.4) 8 (34.8) 6 (26.1)

Sorafenib 16 (66.7) 22 (78.6) 15 (65.2) 17 (73.9)

Immune Checkpoint Inhibitor 0.895 0.546

Camrelizumab 15 (62.5) 17 (60.7) 15 (65.2) 13 (56.5)

Sintilimab 9 (37.5) 11 (39.3) 8 (34.8) 10 (43.5)

Notes: Data were median [interquartile range] or number (percent). 
Abbreviations: PSM, propensity score matching; R+ICIs, regorafenib+immune checkpoint inhibitors; R+ICIs+TACE, regorafenib+immune checkpoint inhibitors+transar-
terial chemoembolization; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; HBsAg, hepatitis B surface antigen; 
AFP, alpha-fetoprotein; WBC, white blood cell; PLT, platelet; TBil, total bilirubin; ALT, alanine transaminase; AST, aspartate aminotransferase; NLR, Neutrophil-to-lymphocyte 
ratio; PLR, platelet-to-lymphocyte ratio; PVTT, portal vein tumour thrombus; Type I, tumor thrombi involving segmental branches of portal vein or above; Type II, tumor 
thrombi involving right/left portal vein; Type III, tumor thrombi involving the main portal vein trunk; Type IV, tumor thrombi involving the superior mesenteric vein; RFA, 
radiofrequency ablation; TACE, transarterial chemoembolization.

Table 2 Summary of Response Rates Before and After Propensity Score Matching

Best Overall Response, 
n (%)

Before PSM After PSM

R+ICIs 
(N=24)

R+ICIs+TACE 
(N=28)

P value R+ICIs 
(N=23)

R+ICIs+TACE 
(N=23)

P value

CR 0 (0.0) 0 (0.0) – 0 (0.0) 0 (0.0) –

PR 1 (4.2) 10 (35.7) 0.005 1 (4.3) 8 (34.8) 0.009

SD 9 (37.5) 9 (32.1) 0.686 9 (39.1) 8 (34.8) 0.760
PD 14 (58.3) 9 (32.1) 0.058 13 (56.5) 7 (30.4) 0.074

ORR 1 (4.2) 10 (35.7) 0.005 1 (4.3) 8 (34.8) 0.009

DCR 10 (41.7) 19 (67.9) 0.058 10 (43.5) 16 (69.6) 0.074

Abbreviations: PSM, propensity score matching; R+ICIs, regorafenib+immune checkpoint inhibitor; R+ICIs+TACE, regorafenib+immune checkpoint 
inhibitors+transarterial chemoembolization; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective 
response rate; DCR, disease control rate.
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95% CI, 0.176–0.932, P<0.034), and treatment option (R+ICIs vs R+ICIs+TACE) (HR=0.410, 95% CI, 0.170–0.988, 
P=0.047) were independent prognostic factors for OS (Table 3).

Safety
Treatment-related AEs (TRAEs) after PSM are presented in Table 4. No more than grade 4 TRAEs occurred, and 
no treatment-related mortality was detected. TRAEs were similar between the R+ICIs group and the R+ICIs 
+TACE group (any grade, 87.0% vs 95.7%, P=0.295; grade 3/4, 30.4% vs 34.8%, P=0.753) (Table 4). There was 
a high incidence of fever in the R+ICIs+TACE group compared with that in the R+ICIs group (21.7% vs 4.3%, 
P=0.080).

Figure 2 Before PSM, Kaplan-Meier analysis of progression-free survival (PFS) of patients with advanced HCC who received R+ICIs+TACE (median PFS, 5.8 months; 95% 
CI, 5.2–6.4) or R+ICIs (median PFS, 2.6 months; 95% CI, 0.5–4.7; P<0.0001) (A); Kaplan-Meier analysis of overall survival (OS) of patients with advanced HCC who received 
R+ICIs+TACE (median OS, 13.6 months; 95% CI, 10.7–16.5) or R+ICIs (median OS, 7.5 months; 95% CI, 4.3–10.7; P=0.01) (B). 
Abbreviations: PSM, propensity score matching; R+ICIs, regorafenib combined with immune checkpoint inhibitors; R+ICIs+TACE, regorafenib combined with immune 
checkpoint inhibitors plus transarterial chemoembolization; CI, confidence interval.

Figure 3 After PSM, Kaplan-Meier analysis of progression-free survival (PFS) of patients with advanced HCC who received R+ICIs+TACE (median PFS, 5.8 months; 95% CI, 
5.3–6.3) or R+ICIs (median PFS, 2.6 months; 95% CI, 0.6–4.6; P<0.0001) (A); Kaplan-Meier analysis of overall survival (OS) of patients with advanced HCC who received R 
+ICIs+TACE (median OS, 15.0 months; 95% CI, 12.0–18.0) or R+ICIs (median OS, 7.5 months; 95% CI, 4.3–10.7; P=0.014) (B). 
Abbreviations: PSM, propensity score matching; R+ICIs, regorafenib combined with immune checkpoint inhibitors; R+ICIs+TACE, regorafenib combined with immune 
checkpoint inhibitors plus transarterial chemoembolization; CI, confidence interval.
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Due to grade 3/4 thrombocytopenia, 4.3% (1/23) of patients in the R+ICIs group and 13.0% (3/23) of patients discontinued 
treatment in the R+ICIs+TACE group. Because of hand-foot syndrome, 13.0% (3/23) of patients in the R+ICIs+TACE group 
and 8.7% (2/23) of patients in the R+ICIs group discontinued regorafenib therapy. Regorafenib was discontinued because of 
gastrointestinal hemorrhage in 4.3% (1/23) of patients in the R+ICIs group.

Table 3 Univariate and Multivariate Predictors of Progression-Free Survival and Overall Survival After PSM

Variables Progression-Free Survival Overall Survival

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age (years)

≤50/>50 0.306 0.148–0.631 0.001 0.260 0.112–0.605 0.002 0.653 0.297–1.438 0.290

Sex

Male/Female 1.803 0.735–4.420 0.198 2.571 0.995–6.644 0.051

ECOG PS

0/1 1.439 0.681–3.041 0.340 2.251 0.944–5.371 0.067

Child-Pugh class

A5/A6+B7 2.660 1.276–5.545 0.009 3.125 1.293–7.555 0.011 1.722 0.809–3.655 0.159

AFP (ng/mL)

≤400/>400 1.545 0.766–3.115 0.224 2.980 1.399–6.346 0.005 2.625 1.194–5.770 0.016

HBsAg

Positive/negative 1.780 0.774–4.093 0.175 1.574 0.626–3.958 0.335

NLR

Low/high 1.318 0.662–2.627 0.432 1.283 0.598–2.753 0.522

PLR

Low/high 1.445 0.714–2.926 0.308 2.291 1.071–4.899 0.033 2.384 1.006–5.648 0.048

AST (U/L)

≤40/>40 1.324 0.634–2.764 0.455 1.410 0.618–3.213 0.414

ALT (U/L)

≤35/>35 0.561 0.274–1.152 0.115 0.404 0.185–0.884 0.023 0.405 0.176–0.932 0.034

Albumin level (g/L)

≤35/>35 0.567 0.273–1.180 0.129 0.676 0.315–1.449 0.314

BCLC stage

B/C 1.825 0.844–3.946 0.127 1.353 0.573–3.197 0.490

Tumor number

≤3/>3 1.521 0.709–3.267 0.282 1.295 0.585–2.864 0.524

Tumor size (cm)

≤5/>5 0.962 0.483–1.918 0.913 1.055 0.477–2.335 0.894

Vascular invasion

Yes/No 1.039 0.550–1.960 0.907 0.886 0.431–1.822 0.742

Extrahepatic metastasis

Yes/No 0.544 0.272–1.088 0.085 0.838 0.397–1.767 0.642

First-line treatment

Lenvatinib/sorafenib 1.048 0.491–2.238 0.903 1.921 0.657–5.620 0.233

ICIs treatment

Camrelizumab/sintilimab 1.179 0.590–2.358 0.641 1.084 0.506–2.322 1.084

Treatment

R+ICIs/R+ICIs+TACE 0.213 0.089–0.508 <0.001 0.244 0.096–0.622 0.003 0.385 0.175–0.850 0.018 0.410 0.170–0.988 0.047

Notes: Analyses were performed using Cox proportional hazard regression model. 
Abbreviations: HR, Hazard Ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance score; AFP, α-fetoprotein; HBsAg, hepatitis 
B surface antigen; NLR, Neutrophil-to-lymphocyte ratio; NLR low, NLR ≤ 4; NLR high, NLR > 4; PLR, platelet-to-lymphocyte ratio; PLR low, PLR ≤ 133; PLR high, PLR > 
133; AST, aspartate transaminase; ALT, alanine transaminase; BCLC, Barcelona Clinic Liver Cancer; PR, partial response; SD, stable disease; PD, progressive disease; ICIs, 
Immune Checkpoint Inhibitors; R+ICIs, regorafenib+immune checkpoint inhibitors; R+ICIs+TACE, regorafenib+immune checkpoint inhibitors+transarterial 
chemoembolization.
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Discussion
The present study showed that R+ICIs+TACE improved survival benefits compared with R+ICIs as the second-line 
treatment for patients with advanced HCC who had previously failed in the first-line treatment. The median OS was 
prolonged from 7.5 to 15.0 months. The multivariate analysis suggested that R+ICIs+TACE was an independent 
predictor for higher PFS and OS. This survival benefit might be related to the higher ORR and longer PFS in patients 
who received R+ICIs+TACE compared with those who underwent R+ICIs. Thus, R+ICIs+TACE, as a second-line 
treatment, may be a promising option for patients with advanced HCC who experienced failure in treatment with 
sorafenib or lenvatinib.

In a phase 1b trial, regorafenib combined with pembrolizumab as the first-line treatment for advanced HCC showed an 
ORR of 28%,24 which was higher than that in the R+ICIs group (4.2%) achieved in the present study. The reasons could be 
summarized as follows: 1) tumors in all patients progressed after surgery or locoregional treatment in the present study; 2) 
regorafenib was combined with ICIs as the second-line treatment. However, ORR (34.8%) in the R+ICIs+TACE group was 
higher than that in patients who received regorafenib combined with pembrolizumab. Huang et al25 reported regorafenib 
combined with programmed cell death protein 1 (PD-1) blockade as the second-line treatment for advanced HCC, and 
a median OS of 13.4 months was achieved. In the present study, OS was 15.0 months in the R+ICIs+TACE group, which 
was longer than that in the R+ICIs group.

TACE embolizes the tumor-feeding arteries, which can induce “immunogenic cell death” by releasing tumor 
antigens from dying cancer cells and eliciting damage-associated molecular patterns, such as calreticulin and adenosine 
triphosphate (ATP) release and type I interferon response, in order to facilitate antitumor immunity,26,27 which may 
improve the efficacy of immunotherapy. Regorafenib can inhibit JAK1/2-STAT1 and MAPK signaling pathways, 
increasing intratumoral CD8+ T cell infiltration through vasculature normalization by targeting VEGFR2/3.20 

Collectively, regorafenib combined with ICIs plus TACE as a second-line treatment could further improve the 
therapeutic efficacy for advanced HCC.

Table 4 Treatment-Related Adverse Events (TRAE)

Event, n (%) R+ICIs (N=23) R+ICIs+TACE (N=23) P value

Any grade Grade 1/2 Grade 3/4 Any grade Grade 1/2 Grade 3/4 Any grade Grade 1/2 Grade 3/4

Any TRAE 20 (87.0) 13 (56.5) 7 (30.4) 22 (95.7) 14 (60.9) 8 (34.8) 0.295 0.765 0.753

Fatigue 1 (4.3) 1 (4.3) 0 (0.0) 2 (8.7) 2 (8.7) 0 (0.0) 0.550 0.550 –

Decreased appetite 1 (4.3) 1 (4.3) 0 (0.0) 2 (8.7) 2 (8.7) 0 (0.0) 0.550 0.550 –

Diarrhea 1 (4.3) 0 (0.0) 1 (4.3) 3 (13.0) 2 (8.7) 1 (4.3) 0.295 0.148 >0.999

Fever 1 (4.3) 1 (4.3) 0 (0.0) 5 (21.7) 4 (17.4) 1 (4.3) 0.080 0.155 0.312

Hypertension 2 (8.7) 1 (4.3) 1 (4.3) 2 (8.7) 1 (4.3) 1 (4.3) >0.999 >0.999 >0.999

Hand and foot syndrome 4 (17.4) 2 (8.7) 2 (8.7) 5 (21.7) 3 (13.0) 2 (8.7) 0.710 0.636 >0.999

Pruritus 2 (8.7) 2 (8.7) 0 (0.0) 2 (8.7) 2 (8.7) 0 (0.0) >0.999 >0.999 –

Rash 2 (8.7) 2 (8.7) 0 (0.0) 2 (8.7) 2 (8.7) 0 (0.0) >0.999 >0.999 –

Proteinuria 1 (4.3) 1 (4.3) 0 (0.0) 1 (4.3) 1 (4.3) 0 (0.0) 0.550 0.550 –

Increased AST 3 (13.0) 2 (8.7) 1 (4.3) 5 (21.7) 4 (17.4) 1 (4.3) 0.437 0.381 >0.999

Increased ALT 3 (13.0) 2 (8.7) 1 (4.3) 4 (17.4) 3 (13.0) 1 (4.3) 0.681 0.636 >0.999

Increased blood bilirubin 3 (13.0) 3 (13.0) 0 (0.0) 4 (17.4) 3 (13.0) 1 (4.3) 0.681 >0.999 0.312

Leukopenia 2 (8.7) 2 (8.7) 0 (0.0) 4 (17.4) 4 (17.4) 0 (0.0) 0.381 0.381 –

Thrombocytopenia 3 (13.0) 2 (8.7) 1 (4.3) 5 (21.7) 2 (8.7) 3 (13.0) 0.437 >0.999 0.295

Gastrointestinal hemorrhage 1 (4.3) 1 (4.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.312 0.312 –

Gingival bleeding 2 (8.7) 2 (8.7) 0 (0.0) 2 (8.7) 2 (8.7) 0 (0.0) >0.999 >0.999 –

Hypothyroidism 1 (4.3) 1 (4.3) 0 (0.0) 2 (8.7) 1 (4.3) 1 (4.3) 0.550 >0.999 0.312

RCCEP 2 (8.7) 1 (4.3) 1 (4.3) 2 (8.7) 2 (8.7) 0 (0.0) >0.999 0.550 0.312

Notes: Data were presented as number (percent). 
Abbreviations: R+ICIs, regorafenib+immune checkpoint inhibitors; R+ICIs+TACE, regorafenib+immune checkpoint inhibitors+transarterial chemoembolization; AST, 
aspartate aminotransferase; ALT, alanine transaminase; RCCEP, reactive cutaneous capillary endothelial proliferation.
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In the present study, age ≤50 years old, Child-Pugh class A6 and B7, and R+ICIs were found to be independent risk 
factors for PFS. Patients with a satisfactory liver function before the second-line treatment achieved a higher PFS from 
the sequential treatment, which was consistent with previously reported findings.6,28 AFP > 400 ng/mL, high PLR, ALT 
> 35 U/L, and R+ICIs were noted as independent risk factors for OS. AFP and PLR may be used as clinical indicators for 
screening patients who may benefit from second-line treatment. PLR is an inflammatory marker that may be used in 
several diseases for predicting inflammation and mortality, and a high PLR has been previously reported to be correlated 
with the poor survival of patients with HCC.29,30 A high platelet count stimulates angiogenesis and tumor proliferation,31 

and a low lymphocyte count is commonly referred to “cold tumors” without significant T cell infiltration.32

No unexpected TRAEs were found in the present study. All TRAEs detected in the present study were consistent with 
those reported previously.6,25,33 Regorafenib combined with ICIs plus TACE did not increase the overall incidence of any 
grade or 3/4 grade TRAEs compared with regorafenib combined with ICIs.

There were several limitations in the present study. First, this was a single-center, small-scale retrospective study, 
which might be subjected to selection bias, and the PSM model was used to eliminate the effects of confounding factors. 
Moreover, no subgroup analysis was performed due to the small sample size. A multicenter, randomized clinical trial is 
therefore required to validate the findings of this study.

In conclusion, regorafenib combined with ICIs plus TACE, as a second-line treatment, was tolerated and yielded 
promising survival for patients with advanced HCC. These patients achieved a greater treatment response, a longer PFS, 
and a longer OS in comparison with those who were treated with regorafenib combined with ICIs.
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