
O R I G I N A L  R E S E A R C H

Safety and Efficacy of Transarterial 
Chemoembolization Combined with Tyrosine 
Kinase Inhibitor and Immune Checkpoint 
Inhibitors for Unresectable Hepatocellular 
Carcinoma: A Single Center Experience
Xian Pan1,2,*, Shao-Jie Wu1,2,*, Yi Tang1,2,*, Yan-Feng Zhou1,2, Jie-Wei Luo1,3, Zhu-Ting Fang1,2

1Fujian Provincial Hospital, Shengli Clinical Medical College of Fujian Medical University, Fuzhou, People’s Republic of China; 2Department of 
Interventional Radiology, Fujian Provincial Hospital, Fuzhou, People’s Republic of China; 3Department of Traditional Chinese Medicine, Fujian 
Provincial Hospital, Fuzhou, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Jie-Wei Luo; Zhu-Ting Fang, Tel +86 59188217540, Email docluo0421@aliyun.com; 470389481@qq.com 

Purpose: In China, many patients with hepatocellular carcinoma (HCC) are diagnosed at an advanced stage. Several studies have 
shown that triple therapy [transarterial chemoembolization (TACE) combined with tyrosine kinase inhibitors (TKIs) and immune 
checkpoint inhibitors (ICIs)] is beneficial for patient survival. In this study, we aimed to evaluate the efficacy of triple therapy (TACE 
+ TKIs + ICIs) for unresectable HCC (uHCC) and the conversion rate of surgical resection (SR). The primary endpoints were 
objective response rate (ORR) and disease control rate (DCR) based on the modified Response Evaluation Criteria in Solid Tumors 
(mRECIST) and RECIST v1.1 and adverse events (AEs), while the secondary endpoint was the conversion rate of patients with uHCC 
treated with triple therapy followed by SR.
Patients and Methods: Forty-nine patients with uHCC who received triple therapy at Fujian Provincial Hospital between 
January 2020 and June 2022 were retrospectively included. The treatment efficacy, SR conversion rate, and associated AEs were 
recorded.
Results: Among the 49 patients enrolled, the ORRs assessed by mRECIST and RECIST v1.1 were 57.1% (24/42) and 14.3% 
(6/42), respectively, and the DCRs were 92.9% (39/42) and 88.1% (37/42), respectively. Seventeen (34.7%) patients met the 
criteria for resectable HCC and underwent resection. The median interval between the start of triple therapy and resection was 
113.5 days (range 94.75 to 182 d), and the median number of TACE was 2 (range 1 to 2.5). The patients did not achieve 
median overall survival or median progression-free survival. Treatment-related AEs occurred in 48 (98%) patients, and 18 
(36.7%) patients had grade ≥3 AEs.
Conclusion: Triple combination therapy resulted in a relatively high ORR and conversion resection rate following uHCC treatment.
Keywords: TACE, immune checkpoint inhibitors, tyrosine kinase inhibitor, surgical resection

Introduction
Hepatocellular carcinoma (HCC) is the sixth-most common neoplasm and the third leading cause of cancer-related death. 
HCC has been recognized as a leading cause of death among patients with cirrhosis.1 Hepatitis B virus (HBV) infection 
is one of the major causes of HCC.2 In addition to alcohol, hepatitis C virus (HCV) and aflatoxin B1, which are driven by 
a combination of genetic susceptibility, lifestyle, environmental factors, and HBV virus infection, can also contribute to 
the development of HCC.3
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Early- and mid-stage HCC with good liver reserve function are the preferred indications for surgical resection.4 Liver 
transplantation is a radical treatment for HCC, particularly in patients with portal hypertension or decompensated 
cirrhosis with early HCC.4 In China, a significant number of patients with HCC are diagnosed with advanced disease 
at the time of consultation.5,6 Therapeutic options for liver transplantation are limited owing to a shortage of donors. As 
for the choice of hepatectomy treatment options, patients may not be able to undergo radical hepatectomy for reasons 
such as liver insufficiency due to insufficient liver volume or cirrhosis and poor prognosis. Transarterial chemoemboliza-
tion (TACE) is the standard of care for patients with unresectable HCC (uHCC). Studies have shown that postoperative 
survival is also better for resectable intermediate- to advanced HCC treated with surgery than with non-surgical 
treatment.7,8 Sun et al illustrated the conversion of uHCC to resectable HCC through the use of tyrosine kinase inhibitors 
(TKI) and programmed cell death-1 (PD-1), demonstrating the feasibility of the combination of TKI and PD-1 antibody 
as a conversion therapy.9 Therefore, it is important to control disease progression with local or systemic therapy during 
the waiting period or downgrade patients who do not meet the criteria for liver transplantation/hepatectomy to meet the 
criteria.10

Recently, several studies have shown that conversion therapy improves the chances of obtaining radical treatment for 
uHCC,11–13 and the treatment of uHCC to prolong the survival time of patients is still of interest to many scholars.14 In 
this study, we assessed the efficacy of triple therapy by observing the extent of tumor remission and conversion rate to 
surgical resection (SR) in 49 patients with uHCC after triple therapy.

Materials and Methods
Patients
This retrospective study reviewed 49 patients who underwent conventional TACE (C-TACE), drug-eluting bead TACE 
(DEB-TACE) combined with PD-1 inhibitor, and anti-angiogenic drug (lenvatinib) as first-line treatment for uHCC at 
Fujian Provincial Hospital from January 2020 to June 2022. We assessed the efficacy of triple therapy by observing the 
extent of tumor remission and the conversion rate of SR. Triple therapy was defined as treatment with immune 
checkpoint inhibitors (ICIs) and TKI within one month of the first TACE procedure. This study was approved by the 
Institutional Ethics Committee of the Fujian Provincial Hospital. This study is consistent with the Declaration of 
Helsinki. Informed consent was obtained from all patients for the use of data in this study.

Unresectable tumors were defined as those that were surgically or biologically unresectable. Surgically unresectable 
tumors included:4 (1) patients with poor liver function (massive ascites, jaundice); (2) patients with China Liver Cancer 
(CNLC) stage IIb to IIIb or Barcelona Clinic Liver Cancer (BCLC) stage B to C who are not suitable for HCC resection 
(due to tumor size, location, number, extrahepatic metastasis, and others); (3) residual liver volume <30% of the standard 
liver volume (in patients without cirrhosis) or 40% (in patients with cirrhosis). Biologically unresectable tumors were 
defined as technically resectable; however, resection did not result in better outcomes than non-surgical treatment.

The inclusion criteria were as follows: 1) patients with HCC diagnosed by pathology or imaging; 2) age between 18 
and 80 years; 3) extrahepatic metastases and/or large vessel invasion were allowed; 4) Child-Pugh class A or B; 5) 
Eastern Cooperative Oncology Group Performance Status (ECOG PS) score 0 to 1; 6) no previous systemic therapy for 
HCC (including TKIs or ICIs); 7) the systemic therapy used was only PD-1 inhibitors in combination with lenvatinib; 8) 
the first combination of PD-1 inhibitors and anti-angiogenic drugs were all completed within one month following the 
first TACE treatment; 9) at least one cycle of immunotherapy and targeted therapy following TACE treatment; 10) at 
least one target lesion with measurable diameter ≥1 cm according to modified Response Evaluation Criteria in Solid 
Tumors (mRECIST); 11) prior resection or ablation was allowed. The exclusion criteria were as follows: 1) pathologi-
cally/histologically confirmed cholangiocarcinoma, mixed HCC, sarcomatoid HCC, or hepatic fibrous plate laminar 
carcinoma; and 2) incomplete baseline and review data.

TACE Procedure
All TACE procedures were performed by two interventional radiologists with >10 years of experience. The right femoral 
artery was punctured using the Seldinger method, and the location, size, and blood supply of the tumor were confirmed 
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intraoperatively using digital subtraction angiography. The microcatheter (Renegade Hi Flo, Boston Scientific Corp, 
USA) was super-selected to enter the tumor supply artery, and a mixture of iodinated oil (Guerbet, Paris, France (5 mL to 
20 mL)), epirubicin ((Hisun Pfizer Pharmaceuticals, Fuyang, China) 20 mg to 30 mg), and oxaliplatin (Hengrui Medical, 
Suzhou, China (100 mg to 150 mg)) or 1 drug -loaded microsphere (Hengrui Medical, Suzhou, China (100 μm to 300 
μm))+ 60 mg of famasin (Hisun Pfizer Pharmaceuticals, Fuyang, China) was injected into the selected tumor artery. 
Finally, 350 μm to 510 μm gelatin sponge particles (Alicon Pharmaceutical, Hangzhou, China) were bolstered to enhance 
the tumor supply to the artery. Patients were evaluated every 6 to 8 weeks by assessing alpha-fetoprotein (AFP) levels 
and tumor remnants using enhanced computed tomography (CT) or nuclear magnetic resonance imaging (MRI) for 
repeat TACE or surgery. To avoid the effect of the post-TACE embolic syndrome, AEs were recorded from one month 
after the procedure to the endpoint of follow-up.

Systematic Therapy
Patients weighing ≥60 kg were treated with lenvatinib (Eisai, Tokyo, Japan) at 12 mg orally per day, and those weighing 
<60 kg were treated with 8 mg orally per day, after which the dose was reduced or discontinued according to patient drug 
toxicity and adverse effects. PD-1 (200 mg sintilimab (InnoventBiologics, Suzhou, China), 200 mg tislelizumab 
(BeiGene, Shanghai, China), 200 mg camrelizumab (HengruiPharma, Lianyungang, China), 240 mg toripalimab 
(ZhongheBiomedicalTechnology, Suzhou, China), and 200 mg pembrolizumab (MerckSharp&Dohme, NewJersey, 
USA)) was administered intravenously once every three weeks. All procedures (ICIS and lenvatinib) were performed 
within one month of the first TACE procedure.

TKI and ICIs were withheld for three days before and after TACE. SR was performed at least three weeks after the 
last dose of PD-1 and one week after the last dose of lenvatinib. All patients with active HBV infections were treated 
with oral antiviral therapy. Treatment-related adverse events (AEs) were graded according to the National Cancer 
Institute Common Toxicity Criteria for Adverse Events (CTCAE) version 5.0.

Surgical Resection
In the triple therapy group, patients with HCC who were evaluated by two hepatobiliary surgeons with >10 years of 
experience and were eligible for surgical resection underwent final SR. All patients who underwent surgery were 
evaluated by a multidisciplinary team.

Follow-Up
The enrolled patients were treated with ICIs and TKI after the first TACE until imaging confirmed disease progression to 
progressive disease (PD) or patients experienced intolerable adverse drug reactions. The drug dose was reduced, 
discontinued, or changed, depending on the patient’s systemic condition and tolerance level. For new intrahepatic 
lesions, the current treatment schedule was continued if the investigator assessed whether the patient would benefit 
from continuing the current therapy schedule.

Before treatment, complete baseline data were recorded for all patients. Patients’ age, sex, height, weight, ECOG 
score, BCLC stage, CNLC stage, portal invasion, history of cirrhosis, Child-Pugh score, platelet count, liver and kidney 
function, coagulation tests, hepatitis B surface antigen (HBsAg) test, and AFP were recorded through an electronic case 
system. Preoperative tumor size, tumor location, tumor envelope margin, tumor number, vascular invasion, maximum 
longest tumor diameter, extrahepatic metastases, and lymph node metastases were recorded using imaging (abdominal 
enhancement CT and/or MRI).

Tumors were evaluated using mRECIST criteria and RESIST v1.1 criteria based on enhanced CT or MRI, measuring 
the maximum tumor diameter after enhancement and the longest tumor diameter without enhancement, to assess the 
effectiveness of triple therapy for unresectable primary HCC. mRECIST and RECIST v1.1 methods were used to classify 
tumor efficacy into complete response (CR), partial response (PR), stable disease (SD), and PD. Tumor response was 
evaluated using both measurement modes. Whether the composition ratios differed between DEB-TACE and C-TACE 
subgroups was analyzed by the chi-square test to assess whether the effectiveness of triple therapy differed between the 
two approaches. The objective response rate (ORR) was defined as the proportion of patients with CR and PR, and the 
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disease control rate (DCR) was defined as the proportion of patients with CR, PR, and SD. The images were evaluated by 
a radiologist and a hepatobiliary surgeon, both with 10 years of experience.

The primary study endpoints were ORR and DCR, which were assessed according to the mRECIST and RECIST v1.1 
criteria and AEs. The secondary endpoint was the proportion of feasible surgical resections after triple therapy 
(conversion rate). Patients had at least one piece of imaging evidence one month before the first TACE procedure and 
received postoperative imaging follow-up. The postoperative AFP levels and enhanced CT or MRI of the liver were 
evaluated. The choice of subsequent treatment was based on the residual tumor or recurrence, combined with the 
assessment of liver function and systemic conditions. All patients were followed-up until death or the end date of 
December 2022.

Statistical Analysis
Statistical analyses were performed using the SPSS version 26 software (IBM, New York). Data conforming to a normal 
distribution are presented as mean (standard deviation), and data not conforming to a normal distribution are presented as 
median (P25, P75). Categorical data were compared using the chi-squared test or Fisher’s exact test. Statistical 
significance was set at P < 0.05.

Results
Patients
A total of 49 patients with uHCC received triple therapy at Fujian Provincial Hospital between January 2020 and 
June 2022. Among the 49 patients, the median follow-up time was 196 days (143, 411); 38 patients (77.6%) were <65 
years old, and 11 patients (22.4%) were ≥65 years old; 46 (93.9%) were men, and 3 (6.1%) were women. A total of 33 
patients (67.3%) had an ECOG-PS score of 0, and 16 patients (32.7%) had an ECOG PS score of 1; 40 patients (81.6%) 
were Child-Pugh grade A, and 9 patients (18.4%) were Child-Pugh grade B; 5 patients (10.2%) were BCLC stage A, 14 
patients (28.6%) were BCLC stage B, and 30 patients (61.2%) were BCLC stage C; PVTT patients were 27 (55.1%), 6 
patients (12.2%) had extrahepatic metastases, 14 patients (28.6%) had hepatic vein tumor thrombosis, 4 patients (8.2%) 
had inferior vena cava tumor thrombosis, and 28 patients (57.1%) had baseline AFP ≥400 ng/mL. Demographic and 
baseline characteristics of the patients are shown in Table 1.

Efficacy
According to the mRECIST criteria, the patients’ best responses were 2 CR, 22 PR, 15 SD, 3 PD, and 7 not evaluable. 
Patients who were not evaluable were excluded from the assessment of ORR and DCR owing to incomplete data 
(confirmed response time <6 weeks). According to the RECIST v1.1 criteria, the patient’s best responses were 0 CR, 6 
PR, 31 SD, 5 and PD, and 7 were not evaluated. The ORR assessed by mRECIST and RECIST v1.1 was 57.1% (24/42) 
and 14.3% (6/42), respectively. The DCR assessed by mRECIST and RECIST v1.1 was 92.9% (39/42) and 88.1% (37/ 
42), respectively. (Table 2).

Among the five patients with uHCC in BCLC stage A, no patient achieved CR, two patients (40%) achieved PR, two 
patients (40%) achieved SD, no patient achieved PD, and one patient (20%) was not evaluable. Of the 14 patients with 
uHCC in BCLC stage B, 1 (7.14%) achieved CR, 8 (57.14%) achieved PR, 3 (21.43%) achieved SD, 0 achieved PD, and 
2 (14.29%) were not evaluable. Of the 30 patients with uHCC in BCLC stage C, 1 (3.3%) achieved CR, 12 (40%) 
achieved PR, 10 (33.3%) achieved SD, 3 (10%) achieved PD, and 4 (13.3%) were not evaluable. (Table 3).

In the subgroup analysis of DEB-TACE vs C-TACE, the ORRs were 61.1% (11/18) and 54.2% (13/24), respectively, 
and the differences were not statistically significant. The DCRs were 88.9% (16/18) and 95.8% (23/24), respectively, and 
the results were not statistically significant (Table 4).

Of the 49 patients treated with triple therapy, a total of 17 patients (34.7%) underwent surgical resection (1 BCLC A, 
7 BCLC B, and 9 BCLC C), with a median interval between initiation of triple therapy and resection of 113.5 days (range 
94.75 days to 182 days) and a median number of TACEs (range 1 to 2.5). The mean tumor size was 11.4 cm ± 3.7 cm. 
Two patients had extrahepatic metastases, ten had vascular invasion, eight had tumor numbers <3, nine had tumor 
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numbers ≥3, four had a tumor located in the left lobe, eight had a tumor located in the right lobe, and five patients had 
tumors located in both lobes (Table 5). One patient died of hepatic function failure 12 days postoperatively, and one 
patient experienced recurrence 53 days postoperatively; the remaining patients had no significant postoperative dis-
comfort, and no tumor recurrence was observed during the follow-up period. Median overall survival (OS) and 
progression-free survival (PFS) were not determined. The OS rate in the triple therapy group at 12 months was 97.4%.

Table 2 Radiological Response According to mRECIST and 
RECISTv1.1

MRECIST  
(N = 42)

RECIST v1.1  
(N = 42)

CR 2 (4.8%) 0

PR 22 (52.4%) 6 (14.3%)

SD 15 (35.7%) 31 (73.8%)
PD 3 (7.1%) 5 (11.9%)

ORR 24 (57.1%) 6 (14.3%)

DCR 39 (92.9%) 37 (88.1%)

Abbreviations: CR, complete response; PR, partial response; SD, stable dis-
ease; PD, progressive disease; ORR, objective response rate; DCR, disease 
control rate.

Table 1 Baseline Characteristics of 49 Patients

Characteristics Patients  
(N = 49)

Characteristics Patients  
(N = 49)

Characteristics Patients  
(N = 49)

Height (cm), Mean (SD) 167.4 (5.4) Tumor location, n (%) Tumor number, n (%)

Weight (kg), Mean (SD) 64.1 (9.6) Left lobe 8 (16.3) <3 23 (46.9)

Age (Year), n (%) Right lobe 22 (44.9) ≥3 26 (53.1)

<65 38 (77.6) Bilateral lobes 19 (38.8) Liver cirrhosis, n (%)

≥65 11 (22.4) Liver capsule, n (%) YES 28 (57.1)

Sex, n (%) Complete 24 (49.0) NO 21 (42.9)

Male 46 (93.9) Infiltrated 25 (51.0) Ascites, n (%)

Female 3 (6.1) Tumor size (cm), n (%) YES 18 (36.7)

ECOG PS, n (%) <10 cm 18 (36.7) NO 31 (63.3)

0 33 (67.3) ≥10cm 31 (63.3) AFP (ng/mL) n (%)

1 16 (32.7) Extrahepatic metastasis, n (%) <400 21 (42.9)

Child-Pugh classification, n (%) YES 6 (12.2) ≥400 28 (57.1)

A 40 (81.6) NO 43 (87.8) AST (U/L), n (%)

B 9 (18.4) HVTT, n (%) <40 12 (24.5)

CNLC stage, n (%) YES 14 (28.6) ≥40 37 (75.5)

Ib 5 (10.2) NO 35 (71.4) ALT (U/L), n (%)

IIa 5 (10.2) IVCTT, n (%) <50 24 (49)

IIb 9 (18.4) YES 4 (8.2) ≥50 25 (51)

IIIa 24 (49.0) NO 45 (91.8) Albumin (g/L), Mean (SD) 39.8 (6.0)

IIIb 6 (12.2) HAPFS, n (%) Total bilirubin (µmol/L), Mean (P25, P75) 14.4 (11.5, 24.8)

BCLC stage, n (%) YES 5 (10.2) Platelet (109/L), Mean (SD) 234.8 (95.2)

A 5 (10.2) NO 44 (89.8) AP (mAU/mL), M (P25, P75) 7990.0 (449.5, 75,000.0)

B 14 (28.6) Hepatitis B, n (%) PT (s), Mean (SD) 11.9 (1.0)

C 30 (61.2) YES 41 (83.7) PVTT, n (%)

NO 8 (16.3) YES 27 (55.1)

NO 22 (44.9)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; CNLC, China Liver Cancer Staging; BCLC, Barcelona Clinic Liver Cancer; PVTT, 
portal vein tumor thrombus; HVTT, hepatic vein tumor thrombus; IVCTT, inferior vena cava tumor thrombus; HAPFS, hepatic arterioportal fistula; AFP, Alpha-fetoprotein; 
AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; AP, abnormal prothrombin; PT, prothrombin time.
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Safety
Forty-eight patients (98%) experienced at least one AE during treatment, with an incidence of >10%, including 
hypertension, increased aspartate aminotransferase, increased alanine aminotransferase, decreased platelet count, fatigue, 
proteinuria, decreased appetite, pyrexia, abdominal pain, nausea, alopecia, and hypothyroidism (Table 6). Eighteen 
patients (36.7%) had a high AE classification grade (grade ≥3), including hypertension, aspartate aminotransferase 
increase, alanine aminotransferase levels, platelet count reduction, nausea, and bleeding from fundic varices. The main 

Table 4 Radiological Response in the Subgroups (d-TACE and c-TACE) 
According to mRECIST

d-TACE  
(N = 18)

c-TACE  
(N = 24)

χ2 test

χ2 value P value

CR 1 (5.6%) 1 (4.2%) 1.680 P = 0.708

PR 10 (55.6%) 12 (50%)

SD 5 (27.8%) 10 (41.7%)
PD 2 (11.1%) 1 (4.2%)

ORR 11 (61.1%) 13 (54.2%) 0.203 P = 0.653

DCR 16 (88.9%) 23 (95.8%) 0.067 P = 0.795

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive 
disease; ORR, objective response rate; DCR, disease control rate.

Table 3 Radiological Response in the Subgroups According to mRECIST

BCLC Stage A  
(N = 5)

BCLC Stage B  
(N = 14)

BCLC Stage C  
(N = 30)

CR 0 1 (7.14%) 1 (3.3%)

PR 2 (40%) 8 (57.14%) 12 (40%)

SD 2 (40%) 3 (21.43%) 10 (33.3%)
PD 0 0 3 (10%)

NE 1 (20%) 2 (14.29%) 4 (13.3%)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, pro-
gressive disease; NE, not evaluable.

Table 5 Baseline Characteristics in 17 Patients for Surgical Resection

Characteristics Patients (N = 49) Characteristics Patients (N = 49) Characteristics Patients (N = 49)

Height (cm), Mean (SD) 168.6 (5.4) Tumor location, n (%) Tumor number, n (%)

Weight (kg), Mean (SD) 62.7 (10.6) Left lobe 4 (23.5) <3 8 (47.1)

Age (Year), n (%) Right lobe 8 (47.1) ≥3 9 (52.9)

<65 12 (70.6) Bilateral lobes 5 (29.4) Liver cirrhosis, n (%)

≥65 5 (29.4) Liver capsule, n (%) YES 7 (41.2)

Sex, n (%) Complete 9 (52.9) NO 10 (58.8)

Male 17 (100) Infiltrated 8 (47.1) Ascites, n (%)

Female 0 (0) Tumor size (cm), n (%) YES 2 (11.8)

ECOG PS, n (%) <10 cm 6 (35.3) NO 15 (88.2)

0 9 (52.9) ≥10cm 11 (64.7) AFP (ng/mL) n (%)

1 8 (47.1) Extrahepatic metastasis, n (%) <400 7 (41.2)

Child-Pugh classification, n (%) YES 2 (11.8) ≥400 10 (58.8)

A 16 (94.1) NO 15 (88.2) AST (U/L), n (%)

B 1 (5.9) HVTT, n (%) <40 5 (29.4)

CNLC stage, n (%) YES 5 (29.4) ≥40 12 (70.6)

Ib 1 (5.9) NO 12 (70.6) ALT (U/L), n (%)

IIa 3 (17.6) IVCTT, n (%) <50 8 (47.1)

(Continued)
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adverse effects after TACE were high aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels, 
which gradually decreased over time. No deaths occurred due to adverse effects.

Discussion
In China, most patients with HCC are diagnosed with middle- to advanced-stage disease, mostly accompanied by 
cirrhosis and poor liver function. They often miss the opportunity for radical SR, which is the main reason for the poor 
overall survival of Chinese patients with HCC.6 In recent years, the nonsurgical treatment for HCC has been the focus of 
research. Several studies have shown that systemic treatment is associated with good long-term survival.15,16 

Translational therapy to transform uHCC into resectable HCC, followed by hepatectomy, offers the possibility of radical 

Table 5 (Continued). 

Characteristics Patients (N = 49) Characteristics Patients (N = 49) Characteristics Patients (N = 49)

IIb 4 (23.5) YES 2 (11.8) ≥50 9 (52.9)

IIIa 7 (41.2) NO 15 (88.2) Albumin (g/L), Mean (SD) 42.1 (4.8)

IIIb 2 (11.8) HAPFS, n (%) Total bilirubin (µmol/L), Mean (P25, P75) 17.5 (8.4)

BCLC stage, n (%) YES 1 (5.9) Platelet (109/L), Mean (SD) 244.4 (95.8)

A 1 (5.9) NO 16 (94.1) AP (mAU/mL), M (P25, P75) 5367 (1956, 60,031.5)

B 7 (41.1) Hepatitis B, n (%) PT (s), Mean (SD) 11.5 (0.9)

C 9 (52.9) YES 12 (70.6) PVTT, n (%)

NO 5 (29.4) YES 9 (52.9)

NO 8 (47.1)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; CNLC, China Liver Cancer Staging; BCLC, Barcelona Clinic Liver Cancer; PVTT, 
portal vein tumor thrombus; HVTT, hepatic vein tumor thrombus; IVCTT, inferior vena cava tumor thrombus; HAPFS, hepatic arterioportal fistula; AFP, Alpha-fetoprotein; 
AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; AP, abnormal prothrombin; PT, prothrombin time.

Table 6 Adverse Events

Event Any Grade (n = 48) Grade 3 or 4 (n = 18)

Hypertension 6 (12.2%) 1 (2.0%)

Aspartate aminotransferase increase 38 (77.6%) 15 (30.6%)
Alanine aminotransferase increase 23 (46.9%) 5 (10.2%)

Blood bilirubin increase 1 (2.0%) 0

Platelet count decrease 22 (44.9%) 4 (8.2%)
Creatinine increase 3 (6.1%) 0

Fatigue 14 (28.6%) 0

Proteinuria 26 (53.1%) 0
Pruritus 3 (6.1%) 0

Diarrhea 2 (4.1%) 0

Decreased appetite 11 (22.4%) 0
Pyrexia 8 (16.3%) 0

Constipation 4 (8.2%) 0
Rash 2 (4.1%) 0

Abdominal pain 36 (73.5%) 0

Nausea 14 (28.6%) 1 (2.0%)
Hand–foot skin reaction 1 (2.0%) 0

Epistaxis 4 (8.2%) 0

Alopecia 6 (12.2%) 0
Hypothyroidism 11 (22.4%) 0

Hemorrhage from gastric varices 1 (2.0%) 1 (2.0%)

Myosalgia 1 (2.0%) 0
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resection in patients with intermediate to advanced HCC. In this study, we retrospectively evaluated the effectiveness of 
triple-conversion therapy and the subsequent conversion rate to hepatic cancer resection in 49 patients with uHCC.

TACE is the standard of care for uHCC. HCC is a blood-supply-rich tumor that shows rapid enhancement in the 
arterial phase and rapid outlines in the portal phase on imaging. Hepatic artery chemoembolization leads to hypoxic 
necrosis of the tumor owing to the interruption of the target artery of the tumor. However, because of the dual blood 
supply to the liver, a one-time TACE procedure frequently cannot completely kill the tumor tissue.17 Enhanced CT/MRI 
is reviewed 4 to 6 weeks after the first TACE procedure to determine whether to continue subsequent TACE treatment 
based on the extent of residual surviving tumor tissue. In addition, multiple TACE treatments often cause liver function 
impairment.14,18 For patients with non-responsive HCC, abandonment of TACE therapy is recommended after three 
cycles.19

Based on the Imbrave150 study, atezolizumab combined with bevacizumab for advanced HCC had significantly 
higher OS than sorafenib [overall survival at 6 months and 12 months were 84.8% (95% CI, 80.9 to 88.7) and 67.2% 
(95% CI, 61.3 to 73.1), respectively, in the atezolizumab–bevacizumab group and 72.2% (95% CI, 65.1 to 79.4) and 
54.6% (95% CI, 45.2 to 64.0) in the sorafenib group].15 Atezolizumab–bevacizumab is now recommended as a first-line 
therapy for advanced HCC.20 In a multicenter phase Ib single-arm study, lenvatinib plus pembrolizumab resulted in 
a median OS of 22.0 months with a manageable safety profile for uHCC.16 The REFLECT study showed that the OS with 
lenvatinib was not inferior to that with sorafenib. A study by Lau et al reported sequential resection of 15 patients with 
uHCC following systemic immunotherapy, and the 1-, 2-, and 3-year survival rates were 100%, 100%, and 53%, 
respectively.21 These studies suggest that systemic therapy plays an important role in the treatment of uHCC.

TACE has the dual effect of interrupting tumor blood supply and releasing tumor antigens after destroying tumor cells 
(the cytotoxic effect).22,23 While causing tumor hypoxia, tumor cells release vascular endothelial growth factor, leading 
to vascular remodeling, which affects the prognosis of TACE treatment.24,25 However, newly produced blood vessels are 
immature and aberrant and impair T-cell extravasation, interfering with the trafficking and infiltration of T cells.26 Anti- 
angiogenic TKI can remodel tumor vasculature (vascular normalization) and promote lymphocyte infiltration of the 
tumor microenvironment (TME).27

ICIs are antibodies that target the PD-1/programmed cell death ligand-1 pathway.28 The use of immunotherapy can 
increase the infiltration of CD4+ and CD8+ cells.29 Thus, immunotherapy appears to be a therapeutic approach; however, 
not all patients respond to immunotherapy because of the formation of an immunosuppressive microenvironment filled 
with immunosuppressive regulatory (Treg) cells.22 In addition, TACE has a positive regulatory effect in promoting partial 
recovery of lymphocyte function.22 Depletion of Treg cells and control of their function through TACE can enhance the 
anti-tumor immune response.10

In this single-center retrospective study, we examined the effectiveness and conversion rate of triple therapy in 
patients with uHCC and documented the treatment-related AEs. To avoid the effect of the post-TACE embolic syndrome, 
AEs were recorded from one month after the procedure to the endpoint of follow-up. According to the mRECIST 
assessment, the ORR and DCR of triple therapy patients were 49% and 79.6% in this study, 64.5% and 77.4% in a study 
by Yang et al,27 56.1% and 85.4% in a study by Cai et al,30 48.7% and 84.6% in a study by Feng et al,31 and 41.7% and 
79.2% in a study by Huang et al, respectively. Furthermore, the ORR and DCR of triple therapy patients in Huang et al 
presented better outcomes than ICIs + TKI groups (12.5% and 50.0%),32 42% and 80% in a study by Han et al presented 
better outcome thanTACE groups (31.1% and 51.1%) and TACE+TKI groups (35.5% and 65.8%), respectively.33 These 
studies show that triple therapy has an advantage in terms of efficacy. Our results are comparable to those of other single- 
center investigative studies. In this study, the subgroup analysis of DEB-TACE and C-TACE showed no significant 
difference in the effectiveness of the two interventional procedures (Table 4).

The conversion rate in this study was 34.7% (17/49) for triple therapy, while the study by Zhu et al showed 
a conversion resection rate of 15.9% (10/63) for uHCC with the combination of TKI and PD-1,13 and a conversion 
rate of 28% (30/107) was reported in the study by Yi et al.12 In comparison, triple therapy may result in higher 
conversion rates than diphtherapy (TKI+ICIs). However, in the present study, 18 patients (36.7%) had high-grade AEs 
(grade ≥3), as distinguished by increased ALT and AST after TACE. In this study, the effect of TACE surgery on patients’ 
postoperative liver function was unavoidable, probably because most of the enrolled patients had mid- to late-stage 
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cancer with poor baseline liver function, although we routinely administered anti-hepatitis B virus and hepatoprotective 
drugs to all patients postoperatively.

This study has several limitations. First, because this was a retrospective study, there was inevitable selection bias and 
limited sample size. Second, this was a single-arm study and lacked a control group to analyze the efficiency and 
conversion rate with the duplex or TACE-alone groups. Third, this study had a short follow-up period, OS and PFS were 
not achieved, whether triple therapy was beneficial for survival was not observed, and the recurrence rate of HCC 
following surgical resection was not observed.

Conclusion
Based on the results of this study, triple therapy presented a high rate of tumor response and conversion resection in 
patients with uHCC. No deaths occurred due to AEs. In summary, the efficiency and conversion resection rates of triple 
therapy are promising. However, because of the many shortcomings of our study, the analysis of the relationship between 
baseline (vascular invasion, tumor size, etc) and study outcomes (conversion to resectable) failed to identify meaningful 
suggestive indicators and still needs to be validated in a large multicenter study.
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