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Portal vein tumor thrombosis (PVTT) is a significant prognostic factor associated with poor outcomes in hepatocellular carcinoma (HCC). Approximately 10%-40% of patients with HCC present with PVTT at diagnosis, with the median overall survival (OS) ranging from 2.7 to 4.0 months (1). Sorafenib has long been the first-line treatment for HCC with PVTT; however, its survival benefits is limited in patients with HCC and major PVTT, with the median OS of only 5.5 to 7.2 months (2, 3). The REFLECT trial demonstrated that Lenvatinib is non-inferior to sorafenib as a first-line treatment for advanced HCC, with median OS of 13.6 vs. 12.3 months (4). However, patients with HCC and major PVTT were excluded from the REFLECT trial, and the survival benefits of Lenvatinib and sorafenib for advanced HCC in BCLC C stage were modest, with the median OS of 11.8 and 10.3 months, respectively.
Hepatic arterial infusion chemotherapy (HAIC) has shown substantial efficacy in treating advanced HCC, cholangiocarcinoma, gallbladder cancer, and colorectal cancer liver metastasis by significantly increasing the concentration of chemotherapeutic agents in liver tumor and enhancing the anti-tumor effect (5-9). Previous studies highted the synergistic effects of HAIC and targeted therapy for advanced HCC, especially in cases involving PVTT. In 2020, a retrospective study from our center showed HAIC with oxaliplatin and 5-fluorouracil significantly prolonged the survival in patients with advanced HCC and PVTT compared with trans-arterial chemoembolization/trans-arterial embolization, with the median OS of 20.8 vs. 4.0 months (p < 0.001) (9). Recently, a phase III trial demonstrated that HAIC with oxaliplatin and 5-fluorouracil plus sorafenib was superior to sorafenib alone for patients with advanced HCC and PVTT, showing a median OS of 13.37 vs. 7.13 months (p < 0.001) and an objective reponse rate (ORR) of 40.8% vs. 3% (p < 0.001) (10). Another phase II trial conducted in our center showed that HAIC with 3cir-OFF regimen (oxaliplatin and 5-fluorouracil plus sorafenib could significantly prolong the survival and improve the ORR for patients with advanced HCC and major PVTT (Vp3/Vp4) compared with sorafenib alone, with a median OS and ORR of 16.3 vs. 6.5 months (p < 0.001) and 50% vs. 3% (p < 0.001), respectively (11). 
Programmed death receptor 1 (PD-1) and programmed death receptor ligand-1 (PD-L1) inhibitors can block the negative regulatory signals and restore the anti-tumor effect of T cell, enhancing the immune response and reshaping T cell immune recognition (12). Recently, IMbrave150 trial demonstrated the combination of atezolizumab and bevacizumab is superior to sorafenib for advanced HCC as a first-line treatment, with a median OS and progression-free survival (PFS) of 19.2 vs. 13.2 months (p = 0.0006) and 6.8 vs. 4.3 months (p < 0.001), respectively, indicating the synergistic effect between anti-angiogenesis therapy and PD-1 inhibitor (13). Therefore, the combination of atezolizumab and bevacizumab is recommended as the preferred first-lint treatment for advanced HCC due to its efficacy and acceptable safety profile. However, the efficacy of this combination therapy for patients with HCC and major PVTT remains unsatisfactory, with a median OS of only 7.6 months (14, 15). 
At the 2020 ESMO-Asia meeting, a retrospective study showed that HAIC combined with Lenvatinb and toripalimab (a PD-1 inhibtor) resulted in longer median OS and PFS compared to Lenvatinib alone for patients with advanced HCC, with the median OS and PFS of not reatched vs. 11 months (p < 0.001) and 11.1 vs. 5.1 months (p < 0.001), respectively (16). Additionally, the TRIPLET study demonstrated HAIC combined with apatinib (an anti-anigogenesis agent) and camrelizumab (a PD-1 inhibitor) yielded a six-month PFS rate of 73.7% and a one-year OS rate of 90.68%, indicating the synergistic effects among HAIC, anti-angiogenesis therapy and PD-1 inhibitor, desipte a 69.23% incidence of grade 3 adverse events (17). 
Thus, we will conduct this trial to compare the efficacy and safety of HAIC combined with Lenvatinib and PD-1 inhibitor with Lenvatinb plus PD-1 inhibitor for patients with advanced HCC and PVTT. 
Objective: To compare the efficacy and safety of HAIC combined with Lenvatinib and PD-1 inhibitor with Lenvatinb plus PD-1 inhibitor as first-line treatment for patients with advanced HCC and PVTT.
Protocol
1. Inclusion criteria
(1) Age and gender: participants > 18 years old and≤75 years old, inclusive of both men and women.
(2) All subjects must have advanced hepatocellular carcinoma with portal vein tumor thrombosis confirmed by pathological or clinical diagnosis.
(3) At least one measurable lesion.
(4) Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0-1 within 1 week prior to the start of treatment.
(5) Child-Pugh class A and ALBI class 1-2.
(6) Systemic-cheomtherapy-naive and HAIC-naive.
(7) BCLC C stage with PVTT (Vp1 - Vp4).
(8) Patients expected to live more than 3 months.
(9) Subjects must voluntarily agree to participate in the study, provided signed informed consent, and be able to comply with the program requirements, including visits and related procedures.
(10) Patients with laboratory values that meet the following criteria: 
a. Hemoglobin ≥ 90 g/L.
b. Neutrophile granulocytes ≥ 1.5×109/L.
c. Platelet count ≥ 75×109/L.
d. Albumin ≥ 30 g/L.
e. Total serum bilirubin ≤ 2 times upper limits of normal (ULN).
f. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) ≤ 5 times ULN.
g. Serum creatinine ≤ 1.5 times ULN.
h. Alkaline phosphatase ≤ 5 times ULN.
i. Prothrombin time (PT) or international normalized ratio (INR) ≤ 1.5 times ULN, activated partial thromboplastin time (APTT) ≤ 1.5 times ULN.
2. Exclusion criteria
(1) Fibrolamellar hepatocellular carcinoma, sarcomatoid hepatocellular carcinoma, cholangiocarcinoma confirmed by histology or cytology.
(2) History of malignant tumor, excluding the following cases: radically treated basal cell carcinoma, squamous cell carcinoma of the skin, or cervical carcinoma in situ.
(3) Allergic to contrast agent, oxaliplatin, Lenvatinib, PD-1 inhibitors, or other mono-colonal antibodies.
(4) History of usage of immune inhibitor drug within 14 days before the injection of PD-1 inhibitors, except nasal spray and inhaled corticosteroids or physiological doses of systemic steroid hormones (no more than 10 mg/day of prednisolone or other corticosteroids with equivalent physiological doses).
(5) Factors influenced oral Lenvatinib, such as inability to swallow, chronic diarrhea and intestinal obstruction, or other conditions that significantly affect the administration and absorption of the drug.
(6) Vaccination with live attenuated vaccine within 4 weeks before the first dose or planned during the study period.
(7) Peripheral neuropathy> Grade 1.
(8) History of active autoimmune disease or autoimmune disease.
(9) History of human immunodeficiency virus (HIV) infection or acquired immunodeficiency syndrome (AIDS).
(10) Clinically significant cardiovascular disease, including, but not limited to, acute myocardial infarction, severe/unstable angina or prior coronary artery bypass surgery, congestive heart failure (NYHA >2), poorly controlled arrhythmias or arrhythmias requiring pacemaker therapy, and hypertension not controlled by medication (systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥90 mmHg) within the past 6 months.
(11) Abnormal coagulation function (INR > 1.5 or APTT > 1.5 × ULN), bleeding tendency, or receiving thrombolytic therapy, anticoagulation therapy or antiplatelet therapy, etc.
(12) History of inherited or acquired bleeding and thrombotic tendency, such as hemophilia, coagulopathy, thrombocytopenia, hypersplenism, etc.
(13) History of significant coughing up blood 2 months before entering the study, or the daily volume of hemoptysis reached 2.5 ml or more.
(14) Patients at risk of gastrointestinal bleeding, including:
a. Active peptic ulcer lesions.
b. History of melena and hematemesis within 3 months.
c. For fecal occult blood (+) or (+/-), it is necessary to recheck the stool routine within 1 week. Those who still (+) or (+/-) must undergo gastroscopy. If there is ulcer, bleeding disease, and the treating physician believes that there is a potential risk of bleeding.
(15) History of thrombosis and/or embolism within 6 months before the start of treatment.
(16) Complicated infections requiring drug intervention (such as intravenous infusion of antibiotics, antifungal or antiviral drugs) within 4 weeks before the first treatment, or unexplained fever >38.5°C during the screening period/before the first administration.
(17) Participated in any other clinical research within 4 weeks before the first treatment.
(18) History of psychotropic drug abuse or drug use.
(19) Other serious physical or mental illnesses, or laboratory abnormalities that may increase the risk of participating in the research or interfere with the results as judged by the researcher to be unsuitable for participation in this research.
3. Design: An open-label, single-center, nonrandomized controlled trial.
4. Sample size: It was assumed that the six-month PFS rate in the Lenvatinib plus PD-1 inhibitor (Lenva-PD1) group would be 60%, and this would improve to 80% with the addition of HAIC using 3cir-OFF regimen. The enrollment period is set to 24 months, with a follow-up period of 12 months. Given an alpha (α) of 0.05, a power of 0.80, and an estimated dropout rate of 20%, the calculated sample size is calculated as 66 participants, with 33 participants in each group.
5. Endpoints
(1) Primary endpoint: Six-month PFS rate.
(2) Secondary endpoints: Progression-free survival (PFS), overall survival (OS), objective response rate (ORR), time to progression (TTP), and safety. 
6. Evaluation criteria: Tumor response will be assessed using the modified Response Evaluation Criteria in Solid Tumor (mRECIST). Adverse events will be evaluated using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE), version 5.0. 
7. Screen methods
(1) Clinical evaluation: collection of medical history, assessment of symptoms and signs, determination of ECOG PS, Child-Pugh classification, and albumin-bilirubin level.
(2) Laboratory tests: complete blood count (CBC), liver and kidney function tests, coagulation profile, α-fetoprotein (AFP) levels.
(3) Imaging and diagnostic tests: Chest X-ray, electrocardiogram (ECG), abdominal contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI).
(4) The histopathological or cytological diagnosis: Confirmation of diagnosis through histopathlogical or cytological analysis.
(5) The inclusion and exclusion criteria: Assessment against the predefined inclusion and exclusion criteria to determine eligibility for the trial.
8. Treatment
(1) Lenva-PD1-HAIC group
[bookmark: OLE_LINK30][bookmark: OLE_LINK33]a. HAIC: A standardized technique involving a percutaneously implanted port catheter system with a fixed-catheter-tip method will be performed for HAIC, as previously described (18-21). The procedure includes percutaneous femoral artery puncture, exchange implantation of hepatic artery pump, indwelling catheter, and the fixed-catheter-tip technique, as well as intrahepatic and extrahepatic blood flow redistribution, dual phase computed tomography hepatic arteriography and hepatic arteriography. 
HAIC regimen (3cir-OFF): oxaliplatin (35mg/m2, 0-2 h) and 5-fluorouracil (600mg/m2, 2-24 h). This regimen will be circulated on days 1-3 and repeated every 4 weeks.
b. Lenvatinib: Administered orally once daily after the completion of HAIC. Dosage: 12 mg/d for patients weighing ≥ 60 kg, or8 mg/d for patients weighing < 60 kg.
c. PD-1 inhibitor: Administered intravenously or subcutaneously at the recommened dosage of the selected PD-1 inhibitor. The PD-1 inhibitor will be given 24 hous before HAIC and repeated every 4 weeks (± 3 days).
(2) Lenva-PD1 group
a. Lenvatinib: Administered orally once daily. Dosage: 12 mg/d for patients weighing ≥ 60 kg, or8 mg/d for patients weighing < 60 kg.
b. PD-1 inhibitor: Administered intravenously or subcutaneously at the recommened dosage of the selected PD-1 inhibitor. The PD-1 inhibitor will be given every 4 weeks (± 3 days).
9. Criteria for treatment adjustment
(1) Treatment adjustment due to non-immunotherapy related adverse events (AEs)
1) Hematological AEs dose adjustment
a. Grade 2 AEs: The treatment will continue without delayed, and the dose will not be reduced.
b. Grade 3 AEs: The treatment should be delayed until the AEs recover to grade 0-1, and the dose will not be reduced.
c. Grade 4 AEs or Recurring Grade 3 AEs: The treatment should be delayed until the AEs recover to grade 0-1, and the dosage of 5-fluorouracil should be reduced by 25%. If grade 3 or 4 AEs occur again after the 25% dose reduction of 5-fluorouracil, the treatment should be delayed until recovery to grade 0-1, and the dose of oxaliplatin should be reduced by 25%. The treatment should be terminated if grade 3 or 4 AEs occur again after the 25% dose reduction of both oxalipaltin and 5-fluorouracil.
2) Non-hematologic AEs dose adjustment
A. Non-neurotoxicity:
a. Grade 1-2 AEs: No dose adjustment is required.
b. Grade 3-4 AEs: The dose of related drugs should be reduced by 25%.
c. Recurring grade 3-4 AEs after dose reduction: If grade 3 AEs occur again after the initial dose reduction, the dose of related drugs should be reduced to 50%. Treatment must be terminated if grade 4 AEs occur or if grade 3-4 AEs occur after reducing the dose to 50%.
d. Specific grade AEs (e.g., diarrhea, hypertension, and hand-foot syndrome): the dosage of Lenvatinib should be reduced to 50% of the initial dosage when grade 3 AEs occur. If grade 3 AEs recur, the dosage of Lenvatinib should be reduced to 25% of the initial dosage. Lenvatinib should be discontinued if grade 3 AEs occur for the third time.
B. Neurotoxicity:
a. Grade 1 neurotoxicity: No dose adjustment is required. 
b. Grade 2 neurotoxicity: Treatment should be delayed until the neurotoxicity recovers to grade 1. 
c. Grade 3 neurotoxicity: Oxaliplatin treatment must be terminated.
(2) Treatment adjustment due to immunotherapy related AEs
1) Pneumonia
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 2 AEs occur for the first time.
b. Terminate the administration of PD-1 inhibitor when grade 3-4 AEs happen or if grade 2 AEs recur.
2) Diarrhea or colitis
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 2-3 AEs occur.
b. Terminate the administration of PD-1 inhibitor should be terminated when grade 4 AEs occur.
3) Hepatitis
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 2 AEs occur.
b. Terminate the administration of PD-1 inhibitor when grade 3-4 AEs occur.
4) Nephritis
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 2-3 AEs occur.
b. Terminate the administration of PD-1 inhibitor when grade 4 AEs occur.
5) Endocrine disease
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 2-3 symptomatic hypothyroidism, hyperthyroidism, hypophysitis, grade 2 adrenal insufficiency, or grade 3 hyperglycemia/type I diabetes occur.
b. Terminate the administration of PD-1 inhibitor when grade 4 hypothyroidism, hyperthyroidism, hypophysitis, grade 3-4 adren insufficiency, or grade 4 hyperglycemia/type I diabetes occur.
6) Rash
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 3 AEs occur.
b. Terminate the administration of PD-1 inhibitor when grade 4 AEs occur.
7) Others
a. Interrupt the administration of PD-1 inhibitor until the AEs recover to grade 0-1 when grade 3-4 elevated amylase/lipase, grade 2-3 pancreatitis, or grade 2 myocarditis occur.
b. Terminate the administration of PD-1 inhibitor when grade 4 pancreatitis, recurrence of any grade of pancreatitis, grade 3-4 myocarditis, grade 3-4 encephalitis occur.
8) Recurrent or persistent AEs
Terminate the administration of PD-1 inhibitor when recurrent grade 3-4 AEs (except endocrine disease), grade 2-3 AEs do not recover to grade 0-1 within 12 weeks after the last administration of PD-1 inhibitor (except endocrine disease), or the dose of corticosteroids do not reduce to ≤ 10 mg/d within 12 weeks after the last administration of PD-1 inhibitor.
9) Infusion reaction
a. Interrupt or slowdown the administration of PD-1 inhibitor when grade 2 AEs occur.
b. Terminate the administration of PD-1 inhibitor when grade 3-4 AEs occur.
(3) Complication of the port-catheter system: Hepatic arteriography is performed via the port-catheter system before each cycle of HAIC to detect the complications of the port-catheter system, such as catheter dislocation, catheter occlusion, hepatic artery occlusion, and infection.
10. Criteria for treatment discontinuation
(1) Disease progression
(2) The investigators determine that treatment must be terminated due to any AEs
(3) The participants or their legal representatives request to stop the treatment
(4) Loss to follow-up
(5) Withdrawal of informed consent
(6) Death
Participants should also be enrolled in the follow-up period after discontinuation or withdrawal from treatment. Follow-up will be performed periodically (every 3 months) until death or the end of the study.
11. Follow-up
(1) Imaging examination: abdominal contrast-enhanced CT/MRI or chest X-ray are performed. The imaging examination assessment will be performed every 2 cycles of the study treatment or every 3 months until disease progression. 
(2) Hepatic arteriography: Performed before each cycle of HAIC to determine the location of the catheter and the patency of hepatic artery.
(3) Laboratory tests: Liver and kidney function, and CBC will be performed on days 7 and 27 (±3 days) during the treatment period.
(4) AFP level: Detected once every 3 weeks during the study treatment and every 6 weeks after the discontinuation of the treatment.
(5) Survival time: Participants will be followed-up every 3 months after the discontinuation of the treatment.
(6) Adverse events: Graded according to NCI-CTCAE, version 5.0.
12. Statistical analysis
Statistical analyses were conducted using SPSS or R software. Continuous and categorical variables were presented as mean ± standard deviation (SD) and percentage, respectively. The Student t test or Mann-Whitney U test was used to compare the continuous variables, while chi-square test or Fisher exact test was used to compare the categorical variables. The six-month PFS rates was compared between the groups using the Cloglog model. OS and PFS was assessed using the Kaplan-Meier method and compared using the log-rank test. Hazard ratio (HR) and 95% confidence interval (CI) was calculated using the Cox proportional hazards model. A P value < 0.05 was considered statistically significant.
Ethical considerations
The trial will be started to enroll participants after receiving approval from the Ethics Committee of Peking University Cancer Hospital.
1. Informed consent
Participants will be enrolled after providing written informed consent. An explanation of the study, including the risks and benefits of the treatment, will be provided to participants. They will be given sufficient time to consider their decision after fully understanding the study objective and details.
2. Benefits
Participants will receive the treatment of HAIC with 3cir-OFF regimen combined with Lenvatinib and PD-1 inhibitor or Lenvatinib plus PD-1 inhibitor. The treatment regimen has showed survival benefits for patients with advanced HCC and PVTT, such as disease control, prolonged survival, or improved life quality, according to the previous studies, although individual participants may not benefit from this combined treatment.
The results of this study may help patients with the same disease to select a reasonable treatment plan in the future. If positive results are obtained, it will provide data support and evidence-based medical evidence for patients with advanced HCC and PVTT, provide better treatment methods for these patients, improve the treatment outcomes for advanced HCC and PVTT in China and abroad, and reduce the mortality of patients with advanced HCC and PVTT.
3. Risk
The HAIC with 3cir-OFF reigmen in this trial is commonly employed treatment in our department, with extensive experience from hundreds of cases. It has demonstrated mild adverse reactions, good tolerance, and a low incidence of serious adverse events. However, potential discomforts and risks	for patients include:
(1) adverse reactions of oxaliplatin:
a. Myelosuppression: anemia, leukocytopenia, granulocytopenia, thrombocytopenia, etc.
b. Digestive system reaction: nausea, vomiting, diarrhea, etc.
c. Neurotoxicity: peripheral sensory neuropathy characterized by peripheral neuritis.
(2) adverse reactions of 5-fluorouracil:
a. Gastrointestinal reactions: loss of appetite, nausea, vomiting, stomatitis, gastritis, abdominal pain and diarrhea, and bloody stools in severe cases.
b. Bone marrow suppression: leukocytopenia and thrombocytopenia.
c. Others: alopecia, pigmentation, and occasional effects on renal and myocardial functions.
(3) AEs due to Lenvatinib: hemorrhage, hemoptysis, or artery thrombosis.
(4) Local toxicity due to hepatic arterial infusion: liver function damage, cholangitis, cholecystitis, arterial intima injury, and liver pain.
(5) Port-catheter system complications: bleeding and infection, contrast agent allergy, renal function damage due to contrast agent, blockage and displacement of catheter, and hepatic artery occlusion.
(6) Venous blood collection risks: potential for local bleeding and infection.
(7) AEs due to PD-1 inhibitor: pneumonia, diarrhea or colitis, hepatitis, nephritis, endocrine disease, myocarditis, and hyperprogression.
Preventive measures: For participants who are not eligible or willing to be enrolled, alternative treatment such as systemic chemotherapy, radiotherapy, targeted therapy, or best supportive care will be given. AEs will be closely monitored post-operation. Prompt treatment measures will be taken based on preventive treatment protocol if AEs occur. If disease progression or serious AEs occur during efficacy evaluation, the study treatment will be discontinued to prevent unnecessary treatment harm. Alternative treatments will be administered for participants as required.
4. Information confidentiality
During the study, participants’ personal information will be protected using codes or numbers, replacing any identifying detailed such as name. This approach ensures that personal data is kept confidential. Access to participants’ information will be restricted to relevant clinicians involved in the study, and their privacy will be safeguarded rigorously. All data collected will be utilized solely for scientific research purposes and will not be used for any other reasons.
5. Approval by Institutional Ethics Committee
Before the initiation of the study, documented approval from appropriate ethics committees will be obtained. The study will be conducted in accordance with the Declaration of Helsinki, Good Clinical Practice (GCP) guideline, and applicable local laws and regulations.
Data management
All medical data will be reviewed by authorized personnel from the research institute that proposed this study, as well as relevant authoritative organizations or independent ethics committee. This review process is intended to ensure that all study operations adhere to established protocols and ethical standards. A case report form (CRF) will be employed for comprehensive data management, ensuring the integrity and accuracy of the collected data. The results of the study may be published n scientific journals; however, any personal information of participants will not be disclosed. All data will remain confidential and used solely for the purposes of scientific research.
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