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Purpose: The purpose of this study was to investigate the triple-combination therapy of lenvatinib plus sintilimab plus arterially- 
directed therapy as a conversion therapy for initially unresectable hepatocellular carcinoma (HCC).
Patients and Methods: We retrospectively analyzed data from all HCC patients who underwent lenvatinib plus sintilimab plus 
arterially-directed therapy at Tianjin Medical University Cancer Hospital between December 2018 and October 2020. Of 98 enrolled 
patients, 37 patients were classified as potentially resectable. We compared the potentially resectable population (PRP) with the non- 
potentially resectable population (NPRP). The primary study endpoint was conversion rate, and secondary endpoints included 
progression-free survival (PFS), overall survival (OS), objective response rate (ORR), disease control rate (DCR), and safety.
Results: The baseline characteristics were comparable between populations except for a higher proportion of patients with extra-
hepatic metastases in the NPRP versus PRP (23/61 [37.7%] vs 3/37 [8.1%], respectively; p=0.003). For PRP, the ORR was 67.6% 
based on RECIST v1.1 (75.7% based on mRECIST), conversion rate was 40.5% (15/37). Of the 15 patients who underwent surgical 
resection, three achieved complete pathological remission. The median follow-up for all patients was 28 months (range: 2–47). For 
NPRP, the ORR was 22.9% based on RECIST v1.1 (31.1% based on mRECIST), The median PFS for PRP was significantly longer 
than that of NPRP (25 vs 13 months, p = 0.0025). The median OS for PRP was significantly longer than that of NPRP (not reached VS 
21 months, p=0.014). Hypertension was the most common grade ≥3 adverse reaction in both PRP and NPRP. No new safety signals 
were observed for any of the treatments.
Conclusion: The triple-combination therapy of lenvatinib plus sintilimab plus arterially-directed therapy can convert potentially 
unresectable HCC into resectable disease and improve long-term survival.
Keywords: lenvatinib, sintilimab, conversion therapy, unresectable hepatocellular carcinoma, TACE, HAIC

Introduction
Hepatocellular carcinoma (HCC) is the fifth-most-common malignant cancer and the second leading cause of cancer- 
related mortality worldwide.1 HCC is a major public health problem in China, where the number of newly diagnosed 
cases of HCC each year accounts for approximately 47% of the worldwide total.2 Patients with early-stage HCC can 
often undergo radical treatments such as liver resection, liver transplantation, or radiofrequency ablation.3 However, 
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because the early symptoms of HCC are very unspecific, over 60% of patients in China are diagnosed at intermediate and 
advanced stages, at which time the opportunity for surgical treatment is already lost.4,5 In addition, hepatitis B virus 
infection is the cause of the majority of liver cancer cases in China. Such patients often have hepatic insufficiency due to 
cirrhosis, resulting in less than 30% resection rate.6

The rapid development of immunotherapy and targeted therapy in recent years has greatly improved the prognosis of 
patients with HCC.7 A 2018 Phase III trial showed that lenvatinib monotherapy improved the objective response rate 
(ORR) and progression-free survival (PFS) for patients with advanced HCC compared to the previous standard of care, 
sorafenib.8 Lenvatinib is an oral tyrosine kinase inhibitor (TKI) of vascular endothelial growth factor receptor (VEGFR) 
1–3, fibroblast growth factor receptor (FGFR) 1–4, and platelet-derived growth factor receptor (PDGFR) α,9,10 and 
inhibits tumor angiogenesis and cancer cell growth. In addition, the combination treatment of TKIs with programmed 
death-1 (PD-1) inhibitors shows synergistic effect that not only modulated the immune microenvironment but also 
promotes normal function of immunocompetent cells.11,12 TKI and PD-1 inhibitor therapy has also been shown to 
reprogram the immunosuppressive HCC microenvironment into an immunostimulatory microenvironment.13 Clinically, 
lenvatinib combined with PD-1 inhibitors results in high ORRs in patients with advanced HCC; Lenvatinib plus 
pembrolizumab or nivolumab yielded ORRs of 36.0 and 54.3%, respectively, with a PD rate of <10%.14,15 Sintilimab 
is also a selective anti–PD-1 antibody that specially inhibits interactions between PD-1 and programmed death ligand 1, 
inhibiting growth of tumors.16

Patients with advanced HCC were routinely treated with arterially-directed therapy such as transcatheter arterial 
chemoembolization (TACE) or hepatic arterial infusion chemotherapy (HAIC).17 However, the clinical benefit of 
arterially-directed therapy alone remains limited. Furthermore, TACE and HAIC can cause hypoxia in tumor tissue 
leading to upregulated expression of hypoxia-inducible factor 1-α and local increases in VEGF, which leads to tumor 
progression and metastasis.18 While lenvatinib inhibits VEGF, PD-1 inhibitors can also restore the normal function of 
tumor blood vessels and relieve hypoxia.7 Therefore, the combination of TKIs and PD-1 inhibitors during arterially- 
directed therapy has synergistic anti-tumor effects. In this regard, evidence suggests the clinical efficacy of arterially- 
directed therapy can be improved through combination regimens such as lenvatinib with TACE or HAIC or lenvatinib 
with PD-1 inhibitors and HAIC, with ORRs reported to be 53.1–68.3%,19,20 66.7%,21 and 67.6%.22

Hence, we conducted a study to investigate the effectiveness and safety of triple combination consisting of lenvatinib 
with sintilimab plus arterially-directed therapy as conversion therapy for patients with initially unresectable intermediate- 
stage and advanced HCC patients, and explored the clinical outcomes.

Materials and Methods
Study Design and Patients
This is a single-center retrospective study of patients with unresectable intermediate-stage and advanced HCC who 
received triple combination therapy at Tianjin Medical University Cancer Institute and Hospital between December 2018 
and October 2020. The study was conducted in accordance with the ethical standards of the Institutional Review Board of 
Tianjin Medical University Cancer Institute and Hospital (Ethics approval number: E20210172A) and the recently 
revised Declaration of Helsinki. Informed consent was obtained from all patients before inclusion.

The inclusion criteria were: 1) age ≥ 18 years; 2) diagnosis of HCC; 3) received treatment of
lenvatinib plus sintilimab plus interventional therapy; 4) Child-Pugh A or B; 5) Barcelona Clinic Liver Cancer 

(BCLC) stage B or C; 6) Eastern Cooperative Oncology Group Performance Status (ECOG PS) 0–2; 7) measurable target 
lesions; 8) future liver remnant (FLR) < 40% in patients with cirrhosis, FLR < 30% in patients without cirrhosis; 9) R0 
resection is technically difficult; 10) concomitant main portal vein tumor thrombosis or inferior vena cava tumor 
thrombosis;. Patients who underwent surgical resection were diagnosed with HCC by postoperative pathology, and 
patients who had not undergone surgery were diagnosed with HCC by imaging data and laboratory tests. All patients 
were diagnosed with HCC in accordance with the criteria of the European Association for the Study of the Liver23 or the 
American Association for the Study of Liver Diseases.24 Exclusion criteria included: 1) secondary liver cancer; 2) taking 
systemic therapy before the triple-combination therapy; 3) Child-Pugh grade C; 4) active hemorrhage; 5) incomplete 
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clinical data. Unresectable HCC can be broadly divided into two categories: surgically unresectable and oncologically 
unresectable The definition of surgically unresectable is clear, of which including unable to withstand surgical trauma, 
liver intolerance and insufficient FLR. Oncologically unresectable is defined by technically resectable but with no better 
expected outcome than non-surgical treatment. In our study, patients meet only one of these conditions were defined as 
potentially resectable patients (PRP), and patients meet both two conditions were defined as non-potentially resectable 
patients (NPRP). After triple-combination therapy, conversion surgery will be performed when meet all the following 
conditions: 1) Patients achieved CR or PR; 2) R0 resection can be performed; 3) FLR>40% in patients with cirrhosis and 
FLR>30% in patients without cirrhosis after resection; 4) No unresectable extrahepatic lesions and other surgical 
contraindications; 5) The vascular emboli recede into branches; 6) Child-Pugh A; 7) ECOG PS 0–1.

Procedures
Patients received treatment with lenvatinib (Levima®, Eisai, Tokyo, Japan; 8 mg/d) plus sintilimab (200 mg/3 
weeks) on the first day of the treatment cycle plus arterially-directed therapy (TACE or HAIC). Patients 
underwent TACE once every 4 weeks or HAIC once every 3 weeks. For TACE, after local anesthesia with 
5 mL 2% lidocaine, the right femoral artery was punctured and a catheter sheath was introduced. An RH catheter 
was introduced through the sheath and selective angiography of the common hepatic artery was performed with 
the guidance of a super-smooth guidewire. Subsequently, a microcatheter was introduced through the RH catheter 
and super-selectively inserted into the arterial branch supplying the tumor, and embolization was performed by 
injecting 0.3 g of 300–500 µm microspheres. Approximately 200 mL of 300 mg carboplatin or lobaplatin diluted 
solution was slowly injected into the RH catheter, and the catheter and sheath were withdrawn. For HAIC after 
induction of local anesthesia in the operating room, the right femoral artery was punctured, a catheter sheath was 
introduced, a 5F RH catheter was introduced, and selective angiography of the celiac artery was performed. 
A microcatheter was then inserted into the target artery and securely fixed in place, and the patient was returned 
to the ward for infusion of FOLFOX (oxaliplatin, 130 mg/m2; leucovorin, 400 mg/m2; fluorouracil, 400 mg/m2; 
and 2400 mg/m2 over 46 hours on days 1 and 2). Some patients received TACE and HAIC alternatively 
depending on their condition. The physicians who performed the interventional procedures had over 10 years 
of clinical and surgical experience. If the primary lesion was still active or a new lesion was found on re- 
examination, interventional therapy was repeated on demand.

Evaluation of the Therapeutic Response and Follow-Up
The primary endpoint of the study was conversion rate (the proportion of patients converted from unresectable disease to 
resectable disease), and secondary endpoints were PFS (the time from the beginning of the treatment to the time of 
progression or all-cause death), OS (the time from the beginning of the treatment to the time of all-cause death), ORR, 
DCR, and safety. Tumor responses were evaluated using the Response Evaluation Criteria in Solid Tumors Version 1.1 
(RECIST v.1.1)25 and the modified RECIST (mRECIST).26

Patients underwent enhanced CT or DCE-MRI (dynamic-contrast enhanced magnetic resonance imaging) scan 
every 2–3 circles of treatment to assess the current treatment response. After treatment, liver and kidney function, 
complete blood count, tumor biomarker, and coagulation tests were performed every month until death or suspension 
of the study.

Safety Evaluation
Adverse events (AEs) and serious adverse events (SAEs) were monitored and recorded. The category and grade of AEs 
was assessed using the Common Terminology Criteria for Adverse Events version 4.0 (CTCAE 4.0).27 For patients with 
any grade ≥3 SAE or unacceptable drug-related AEs of grade 2 or above, the drug was reduced in dose or discontinued 
until the adverse reaction was resolved or reduced to under grade 2.
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Statistical Analysis
Statistical Package for Social Sciences version 23.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. 
Between group differences with a p-value < 0.05 were considered statistically significant. Continuous variables are 
expressed as mean ± standard deviation or median and quartiles. Normality was assumed for evaluation. For normally 
distributed continuous data, the t-test for two independent samples was used to evaluate difference between groups, 
otherwise, the Wilcoxon rank sum test was used. In other cases, the chi-squared test or Fisher’s exact test was used for 
comparison between groups. The Kaplan-Meier method was used to calculate PFS and OS, and survival curves were 
compared using the log-rank method.

Results
Patients
98 patients with advanced HCC who received lenvatinib-based triple combination therapy from December 2018 to 
October 2020 were included in the study. Of them, 37 patients met the criteria for potentially resectable disease 
(Figure 1). Potentially resectable population (PRP, n=37) and non-potentially resectable population (NPRP, n=61) 
differed significantly in terms of extrahepatic distant metastases and prior treatment history, with no significant 
differences in other baseline characteristics (Table 1).

Figure 1 Patient selection flowchart. 
Abbreviations: HCC, hepatocellular carcinoma; BCLC, the Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PRP, 
Potentially resectable population; NPRP, non-potentially resectable population; CR, complete response; PR, partial response; FLR, future liver remnant.
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Between December 2018 and October 2020, 148 patients with unresectable HCC
 received lenvatinib plus sintilimab plus arterially-directed therapy

Excluded: (n=50)
1) Combined with other therapies: (n=13)
2) Child-Pugh class C: (n=2)
3) BCLC stage A: (n=8)
4) Incomplete clinical data: (n=27)

Total of 98 intermediate-advanced
unresectable HCC were concluded

Potentially resectable criteria (meet only one of them):
1) Surgically unresectable: unable to withstand surgical trauma, 
    liver intolerance and insufficient FLR.
2) Oncologically unresectable.

Potentially resectable population
PRP (n=37)

Non-potentially resectable population
NPRP (n=61)

Conversion criteria (both met the following criteria):
1) Patients achieved CR or PR;
2) R0 resection can be performed; 
3) FLR>40% in patients with cirrhosis and FLR>30% in patients without cirrhosis after resection;
4) No unresectable extranepatic lesions and other surgical contraindications;
5) The vascular emboli recede into branches;
6) Child-Pugh A;
7) ECOG PS 0-1.

Successful resection (n=15) Successful resection (n=0)
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Table 1 Clinical Characteristics of the Patients

Variable PRP, n = 37 NPRP, n = 61 P-value

Age, mean (min, max) 55.54 (31, 79) 59.24 (25, 74) 0.108

Age, years, n (%) 0.061

≤ 65 24 (64.9) 51 (83.6)

> 65 13 (35.1) 10 (16.4)

Sex, n (%) 0.705

Female 8 (21.6) 10 (16.4)

Male 29 (78.4) 51 (83.6)

Hepatitis, n (%) 0.757

No 2 (5.4) 2 (3.3)

HBV 32 (86.5) 53 (86.9)

HCV 1 (2.7) 4 (6.6)

Both HBV and HCV 2 (5.4) 2 (3.3)

Liver cirrhosis, n (%) 1.000

Negative 11 (29.7) 18 (29.5)

Positive 26 (70.3) 43 (70.5)

AFP, mean±SD 14909.75±55,874.88 33,894.46±132,052.33 0.409

AFP group, n (%) 0.710

≤ 400 (ng/mL) 19 (51.4) 35 (57.4)

> 400 (ng/mL) 18 (48.6) 26 (42.6)

Child-Pugh class, n (%) 0.289

A 32 (86.5) 46 (75.4)

B 5 (13.5) 15 (24.6)

BCLC stage, n (%) 0.051

B 21 (56.8) 21 (34.4)

C 16 (43.2) 40 (65.6)

ECOG PS, n (%) 0.220

0 27 (73.0) 34 (55.7)

1 9 (24.3) 23 (37.7)

2 1 (2.7) 4 (6.6)

Metastasis, n (%) 0.003

Absent 34 (91.9) 38 (62.3)

Present 3 (8.1) 23 (37.7)

PVTT, n (%) 0.949

0 25 (67.6) 41 (67.2)

2 1 (2.7) 1 (1.6)

(Continued)
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Survival and Disease Progression
The median follow-up time for all patients was 28 months (range: 2–47 months). The median PFS for PRP was 
significantly longer than that of NPRP (25 VS 13 months, p = 0.0025) (Figure 2A). The median OS for PRP was not 
reached, but also significantly longer than that of NPRP (not reached VS 21 months, p=0.014) (Figure 2B).

Tumor Response and Conversion Resection
The best tumor responses were listed in Table 2. Waterfall plots were also created to show the size change of intrahepatic 
target lesion (Figures 3 and 4). For PRP, the ORR was 67.6% based on RECIST v1.1 (Figure 3A) and 75.7% based on 
mRECIST (Figure 4A), the DCR was 86.5% based on RECIST v1.1 or mRECIST. A total of 15 patients were 
successfully converted to resectable disease, the conversion rate was 40.5%. For NPRP, the ORR was 22.9% based on 
RECIST v1.1 (Figure 3B) and 31.1% based on mRECIST (Figure 4B), the DCR was 49.2% based on RECIST v1.1 
(50.8% based on mRECIST). No patient in NPRP was successfully converted.

Of the 15 successfully converted patients, 13 underwent surgical resection and 2 underwent radiofrequency ablation. 
The median time to conversion was 4 months (range: 2–15 months). Postoperative pathological assessment indicated 
three patients with complete remission (pCR). The baseline characteristics of patients who achieved conversion were 

Table 1 (Continued). 

Variable PRP, n = 37 NPRP, n = 61 P-value

3 5 (13.5) 7 (11.5)

4 6 (16.2) 12 (19.7)

HVTT, n (%) 0.562

Absent 34 (91.9) 59 (96.7)

Present 3 (8.1) 2 (3.3)

Tumor size, cm, n (%) 0.974

≤ 10 27 (73.0) 43 (70.5)

>10 10 (27.0) 18 (29.5)

Tumor number, n (%) 0.159

≤ 3 22 (59.5) 26 (42.6)

> 3 15 (40.5) 35 (57.4)

Size > 10 cm and number > 3, n (%) 0.486

No 32 (86.5) 48 (78.7)

Yes 5 (13.5) 13 (21.3)

History of treatment

no, n (%) 8 (21.6) 30 (49.2) 0.012

Hepatectomy, n (%) 3 (8.1) 14 (23.0) 0.108

Radiofrequency ablation, n (%) 3 (8.1) 8 (13.1) 0.666

Interventional therapy, n (%) 2 (5.4) 13 (21.3) 0.067

Others, n (%) 1 (2.7) 2 (3.3) 1.000

Note: P-values were shown in bold when p<0.05. 
Abbreviations: PRP, potentially resectable population; NPRP, Non-potentially resectable popula-
tion; AFP, α-fetoprotein; SD, standard deviation; HBV, hepatitis B virus; HCV, hepatitis C virus; 
BCLC, the Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; PVTT, portal vein tumor thrombus; HVTT, hepatic vein tumor thrombus.
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further analyzed (Supplementary Table 1), and it was found that patients with Child-Pugh class A (good liver function), 
ECOG PS 0 (good physical condition), no extrahepatic metastases, tumor diameter < 10 cm, and number of tumors < 3 
were more likely to be converted successfully.

Postoperative Follow-Up
The median postoperative follow-up time was 15 months, and the 12-month DFS was 86.7%. Among the 15 patients who 
achieved successful conversion, two of these patients died due to tumor recurrence. Thirteen patients were still alive and 
cancer-free at the time of this analysis (November 2022). Most of the patients continued treatment with lenvatinib plus 
a PD-1 inhibitor for 6 months to 1 year after surgery.

Figures 5 and 6 showed DCE-MRI of two patients who undergoing surgical excision The first patient (Figure 5) was diagnosed 
with BCLC stage C HCC with tumor thrombosis in the main portal vein and both left and right branches (Figure 5A–C) and 
treated with lenvatinib plus sintilimab plus HAIC. After three cycles of treatment, MRI images showed the tumor was significantly 
shrunken, the left lobe of the liver was atrophied, the left portal vein tumor thrombosis was shrunken, and the tumor thrombosis of 
the main portal vein and right portal vein were disappeared (Figure 5D–F), followed by left hemihepatectomy and cholecys-
tectomy. Pathological examination indicated total necrosis in the mass and vascular tumor thrombi (pCR) (Figure 5G). After the 

Figure 2 Comparison of survival between the PRP and the NPRP. A. Kaplan–Meier survival curves showing PFS of the PRP and the NPRP. B. Kaplan–Meier survival curves 
showing OS of the PRP and the NPRP. 
Abbreviations: PRP, Potentially resectable population; NPRP, non-potentially resectable population; PFS, progression-free survival; OS, overall survival.

Table 2 Summary of the Best Responses

Variable RECIST 1.1 mRECIST

PRP, n (%)  
(n = 37)

NPRP, n (%)  
(n = 61)

P-value PRP, n (%)  
(n = 37)

NPRP, n (%)  
(n = 61)

P-value

CR 0 (0.0) 0 (0.0) – 3 (8.1) 0 (0.0) 0.098

PR 25 (67.6) 14 (23.0) 0.000 25 (67.6) 19 (31.1) 0.000

SD 7 (18.9) 16 (26.2) 0.408 4 (10.8) 12 (19.7) 0.250

PD 5 (13.5) 31 (50.8) 0.000 5 (13.5) 30 (49.2) 0.000

ORR 25 (67.6) 14 (22.9) 0.000 28 (75.7) 19 (31.1) 0.000

DCR 32 (86.5) 30 (49.2) 0.000 32 (86.5) 31 (50.8) 0.000

Note: P-values were shown in bold when p<0.05. 
Abbreviations: RECIST, Response Evaluation Criteria in Solid Tumors; mRECIST, modified Response Evaluation 
Criteria in Solid Tumors; PRP, potentially resectable population; NPRP, Non-potentially resectable population; CR, 
complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; 
DCR, disease control rate.
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operation, the patient continued to receive lenvatinib 8 mg/d. The second patient (Figure 6) was diagnosed with BCLC stage 
C HCC with concomitant portal vein tumor thrombosis (Figure 6A–C), after three cycles of lenvatinib, sintilimab and TACE 
treatment, MRI images showed the tumor and the cancer embolus of right portal vein was shrunken, the main portal vein thrombus 
was disappeared (Figure 6D–F), followed by right hemihepatectomy and cholecystectomy. Postoperative pathological examina-
tion indicated no viable tumor cells in the mass and vascular tumor thrombi (pCR) (Figure 6G). The patient did not undergo 
postoperative adjuvant treatment. After 18 months’ follow-up the patient was still alive and cancer-free.

Safety
In the potentially resectable population, 89.2% of patients experienced grade ≥ 1 AEs, and 29.7% experienced grade ≥ 3 
AEs, of which the most common was hypertension (n = 7 [18.9%]) (Table 3). In the non-potentially resectable 
population, 89.7% of patients experienced grade ≥ 1 AEs, and 30.6% experienced grade ≥ 3 AEs, of which the most 
common was hypertension (n = 11 [18.0%]). No new safety signals were observed for any of the treatments.

Figure 3 Best percentage changes in the sizes of the intrahepatic target lesions of patients from baseline assessed with RECIST criterion. (A) Waterfall plot of PRP; (B) 
Waterfall plot of NPRP. 
Abbreviations: RECIST, Response Evaluation Criteria in Solid Tumors; PRP, Potentially resectable population; NPRP, non-potentially resectable population; PR, partial 
response; SD, stable disease; PD, progress diseases.

Figure 4 Best percentage changes in the sizes of the intrahepatic target lesions of patients from baseline assessed with mRECIST criterion. (A) Waterfall plot of PRP; (B) 
Waterfall plot of NPRP. 
Abbreviations: mRECIST, modified Response Evaluation Criteria in Solid Tumors; PRP, Potentially resectable population; NPRP, non-potentially resectable population; CR, 
complete response; PR, partial response; SD, stable disease; PD, progress diseases.
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Discussion
In this study, patients with initially unresectable advanced HCC were treated with lenvatinib, sintilimab, and arterially- 
directed therapy. The conversion rate and prognosis of the potentially resectable patient population were better than those 
of non-potentially resectable patients. In addition, the treatment regimen was well tolerated.

Targeted agents and immunotherapy are developing rapidly. The high ORR generated by combination of two or three 
treatment modalities provides an opportunity for implementing a conversion therapy strategy in patients with advanced 
HCC. Previous studies showed that Targeted agents and immunotherapy combination showed good ORR in HCC, 

Figure 5 DCE-MRI and pathology of one HCC patient received conversion surgery. The red arrow points to the site of the tumor (A, B, D and E) or MPVTT (C and F). 
(A) an irregular mass on T2WI. (B) mass with heterogeneous enhancement at arterial phase. (C) MPVTT at venous phase. (D) the tumor was shrunken, the left lobe of the 
liver was atrophied on T2WI. (E) mass with absence of significant enhancement at arterial phase. (F) tumor thrombus in the MPV was disappeared at venous phase. (G) 
extensive necrotic tissue (HE, 100×). 
Abbreviations: DCE-MRI, dynamic-contrast enhanced magnetic resonance imaging; HCC, hepatocellular carcinoma; T2WI, T2-weighted imaging; MPVTT, main portal vein 
tumor thrombi; MPV, main portal vein; HE, hematoxylin-eosin staining.
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ranging from 19% to 54.2%,28 and targeted agents and immunotherapy combination with hepatic artery intervention had 
an ORR of up to 96% and a conversion resection rate range from 12.7% to 56%.29–31

Although combination therapy can greatly prolong the survival of patients with advanced HCC, surgical resection is still the 
treatment associated with the best long-term survival in liver cancer patients,32,33 as well as the only radical treatment method. In 
1977, Shafer proposed the concept of preoperative conversion, in which preoperative combination therapy leads to a decrease in 
tumor size and vascularity, thus making surgery feasible.34 Patients who underwent surgery after successful conversion had 
a radically improved prognosis. The high ORR associated with combination therapy provides a good foundation for the success of 
conversion therapy. Studies have shown that lenvatinib combined with PD-1 inhibitors can effectively convert initially 

Figure 6 DCE-MRI and pathology of another HCC patient received conversion surgery. The red arrow points to the site of the tumor (A, B, D and E) or MPVTT (C and 
F). (A) an irregular mass on T2WI (10.4 x 7.3cm). (B) inhomogeneous enhancement of tumor at arterial phase. (C) MPVTT at venous phase. (D) the tumor was shrank on 
T2WI (6.6 x 4.7cm). (E) the tumor was shrank at arterial phase. (F) tumor thrombus in the MPV was disappeared at venous phase. (G) extensive necrotic tissue (HE, 100×). 
Abbreviations: DCE-MRI, dynamic-contrast enhanced magnetic resonance imaging; HCC, hepatocellular carcinoma; T2WI, T2-weighted imaging; MPVTT, main portal vein 
tumor thrombi; MPV, main portal vein; HE, hematoxylin-eosin staining.
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unresectable HCC into resectable HCC.35 Many researchers have also investigated the outcomes of targeted drugs combined with 
TACE36 or HAIC37 for conversion of unresectable HCC, showing promising results. However, data supporting the clinical use of 
these treatment strategies remain limited. According to a Chinese expert consensus on conversion therapy in patients with HCC,28 

Unresectable HCC can be broadly divided into two categories; surgically unresectable or oncologically unresectable (technically 
resectable but with no better expected outcome than non-surgical treatment). Patients with one of these conditions may respond 
well to initial non-surgical therapy and may subsequently undergo surgery and therefore be classified as “potentially resectable” 
HCC. However, there is no unified definition of potentially resectable HCC yet.

In our analysis, triple therapy with lenvatinib plus sintilimab plus arterially-directed therapy led to a relatively high ORR in 
patients with advanced HCC. The ORR in the potentially resectable population in this study was 67.6%, and the conversion 
surgery rate was 40.5%, which is close to the previously reported results. Responses to this triple therapy regimen were 
sufficient to allow some patients with initially unresectable HCC to be converted into resectable patients. However, previous 
studies had a short follow-up period and no long-term survival outcome was observed. In this study, with a median follow-up 
time of 28 months and a maximum follow-up time of 47 months, median OS of PRP was still not reached, 13 (35.1%) patients 
of PRP survived longer than 24 months.

Further analysis of the baseline characteristics of the 15 successfully converted patients suggested that patients with 
Child-Pugh class A, ECOG PS 0, no extrahepatic metastases, tumor size < 10 cm, and tumor number < 3 have a higher 
possibility of successful conversion, and this is consistent with the criteria for conversion. This suggests that maintaining 
good liver function before initiating treatment may be beneficial for successful downstaging of patients.38 Combination 
therapies including arterially-directed therapy may cause liver damage,39 therefore changes in liver function should be 
carefully monitored during treatment. Patients in good physical condition are better able to tolerate higher blood 

Table 3 Safety Summary

Variable PRP (n = 37) NPRP (n = 61) P-value

Any grade  
n (%)

Grade 3 or 4  
n (%)

Any grade  
n (%)

Grade 3 or 4  
n (%)

Any grade Grade 3 or 4

AEs 99 14 136 23 0.131 0.992

Diarrhea 2 (5.4) 0 (0) 4 (6.5) 0 (0) 1.000 –

Hypertension 10 (27.0) 7 (18.9) 21 (34.4) 11 (18.0) 0.445 0.913

Hand-foot skin reaction 12 (32.4) 0 (0) 7 (11.4) 2 (3.3) 0.011 0.525

Decreased appetite 2 (5.4) 0 (0) 11 (18.0) 0 (0) 0.139 –

Proteinuria 4 (10.8) 0 (0) 5 (8.2) 0 (0) 0.941 –

Vomiting 5 (13.5) 0 (0) 10 (16.4) 0 (0) 0.701 –

Decreased platelet count 17 (45.9) 1 (2.7) 18 (29.5) 4 (6.5) 0.100 0.713

Abnormal liver function 11 (29.7) 3 (8.1) 7 (11.4) 1 (1.6) 0.024 0.297

Dysphonia 2 (5.4) 0 (0) 2 (3.3) 0 (0) 1.000 –

Muscle pain 3 (8.1) 2 (5.4) 1 (1.6) 0 (0) 0.297 0.140

Decreased neutrophil count 10 (27.0) 0 (0) 12 (19.7) 3 (4.9) 0.398 0.444

Bleeding 10 (27.0) 0 (0) 10 (16.4) 1 (1.6) 0.205 1.000

Rash 4 (10.8) 1 (2.7) 10 (16.4) 1 (1.6) 0.444 1.000

Proteinuria 4 (10.8) 0 (0) 5 (8.2) 0 (0) 0.941 –

Fatigue 3 (8.1) 0 (0) 13 (21.3) 0 (0) 0.086 –

Note: P-values were shown in bold when p<0.05. 
Abbreviations: PRP, potentially resectable population; NPRP, Non-potentially resectable population; AEs, adverse events.
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concentrations of targeted and immunotherapeutic drugs and are more likely to achieve a response to treatment.40 Many 
guidelines do not recommend primary tumor resection for liver cancer patients with extrahepatic metastasis.32,41 If the 
primary tumor and metastases are resected simultaneously, the patient may be unable to tolerate the physical trauma caused 
by such a major surgery. Furthermore, some patients have too large or too many tumors, and it may be difficult to ensure 
sufficient liver volume after resection while meeting the criteria for resection, even if a treatment response is achieved.

The 5-year survival rate after salvage resection following successful conversion of patients with initially unresectable 
HCC has been reported to be 24.9–57%, which is equivalent to the 5-year survival rate of patients who directly undergo 
radical resection.42 In addition, previous studies have shown that the outcomes of patients who meet the criteria for 
surgical resection but do not undergo surgical resection are worse than those who undergo surgery. In a study by Zhang 
et al, 831 patients with unresectable liver cancer received TACE and conversion was successfully achieved by a total of 
82 patients (9.87%), of whom 43 underwent liver resection. After treatment, the survival rate of the surgery group was 
significantly higher than that of the non-surgery group.36 A recent report also revealed that after systemic therapy, 
patients who underwent resection had longer OS than those who did not (median OS not reached vs 15.9 months [95% 
CI, 7.0–24.7 months]; P <0.001).43 We therefore recommend that patients undergo surgical resection promptly after 
undergoing downstaging treatment and reaching the criteria for surgery. Firstly, even if the patient is currently responsive 
to the treatment, drug resistance may develop over time, which can cause tumor progression and loss of the opportunity 
for surgical resection. Secondly, even if imaging evaluation indicates complete remission, it cannot guarantee that the 
tumor cells are completely inviable, and surgical resection can maximize the removal of tumor cells that are still viable.44 

Finally, immediate surgical treatment can reduce the number of treatment cycles received by the patient,45 which is 
important as long-term conversion therapy may cause irreversible damage to liver function which can lead to post-
operative liver insufficiency. However, in the present study, no patients refused surgery after successful conversion.

Although postoperative adjuvant therapy remains controversial, many studies have suggested that targeted drugs and 
interventional therapy can reduce the risk of postoperative recurrence and improve outcomes.46,47 In addition, some evidence 
suggests that postoperative adjuvant treatment should be simplified as much as possible after successful conversion of 
unresectable liver cancer patients, and a minimal number of effective treatments should be implemented as postoperative 
maintenance treatments.48 A consensus of Chinese experts on conversion therapy for liver cancer states that if the postoperative 
pathological evaluation result is pCR or pathological partial response, the original regimen of TKI plus PD-1 inhibitor should be 
maintained for 6 months or 6–12 months, respectively. However, if the postoperative pathological evaluation result is pathological 
progressive disease, the treatment plan should be readjusted.49 We also recommend that the original drug regimen be maintained 
and treatment be continued for 6–12 months after surgery to prevent tumor recurrence and prolong the survival time.

The most common adverse reaction experienced by patients in the present study was hypertension. In general, AEs were 
mostly mild to moderate and were controlled by discontinuing the drug or reducing the dose. No deaths occurred due to AEs. The 
triple treatment regimen was well tolerated and no new or unexpected adverse reactions were observed. Among the 15 patients 
who underwent surgery, all postoperative complications were well controlled and there were no deaths due to complications.

The present study had several limitations. Firstly, its retrospective design and nonrandomized nature made it 
vulnerable to a variety of potential biases. All patients were from a single hospital, there might be inherent information 
and selection bias. The findings in this study needed prospective multicenter randomized controlled trials to verify. 
Secondly, the primary cause of HCC in China is hepatitis B virus infection. Thirdly, it remains to be determined whether 
our findings are generalizable to Western countries where the primary cause of HCC is hepatitis C virus infection.

Conclusion
In conclusion, lenvatinib combined with sintilimab and arterially-directed therapy can be used to convert patients with 
initially unresectable intermediate-stage and advanced HCC to resectable disease and improve their long-term survival, 
with a more obvious benefit for potentially resectable patients. Hence, it’s very important to figure out PRP from 
moderate-advanced HCC. Besides, patients with Child-Pugh class A, ECOG PS 0, no extrahepatic metastases, tumor size 
< 10 cm, and tumor number < 3 have a higher possibility of successful conversion. However, these results require 
confirmation in a large-scale prospective study.
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