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Abstract
BACKGROUND
Recurrent hepatocellular carcinoma (HCC) with inferior vena cava tumor thrombus is a great challenge for oncologists and has a poor prognosis. To date, the safety and efficacy of programmed cell death ligand 1 (PD-L1) inhibitors are still unknown.

CASE SUMMARY
A 59-year-old male was identified as having a tumor thrombus in the inferior vena cava 3 years after surgery. The patient underwent a second surgery and adjuvant chemotherapy. However, the level of alpha-fetoprotein was elevated after 2 mo, and lung metastases and mediastinal lymph node metastases were identified. The expression of PD-L1 in HCC and inferior vena cava tumor thrombus tissues was analyzed by immunohistochemistry. Then, the patient received atezolizumab immunotherapy. The level of alpha-fetoprotein dropped to normal, the mediastinal lymph node metastases decreased in size and the lung metastases disappeared after 3 mo of immunotherapy. The patient had no signs of recurrence at 21 mo of follow-up. A 60-year-old male underwent left hepatic tumor resection, inferior vena cava incision and thrombus removal, followed by regular chemotherapy. The patient developed lung and splenic metastases after surgery. Pembrolizumab was used for six courses, and the splenic metastasis shrank, after which splenectomy was performed. The patient continued to receive pembrolizumab for 13 courses, and the lung metastases showed no progression. A 34-year-old male was diagnosed with liver cancer with inferior vena cava tumor thrombus. The patient underwent right hepatectomy and received tislelizumab for three courses. He is still receiving immunotherapy and in good condition.

CONCLUSION
Anti-PD-L1 therapy in HCC patients with inferior vena cava tumor thrombus and metastasis is associated with relatively good patient outcomes.
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Core Tip: Recurrent hepatocellular carcinoma (HCC) with inferior vena cava tumor thrombus (IVCTT) is a great challenge for oncologists and has a poor prognosis. The safety and efficacy of programmed cell death ligand 1 inhibitors are still unknown. To the best of our knowledge, the first case is the first report of successful treatment of recurrent and metastatic HCC with inferior vena cava tumor thrombus with atezolizumab. We reported two other cases of HCC with IVCTT at the first diagnosis, for which patients were treated with a programmed cell death protein 1 inhibitor after surgery or recurrence, and both patients achieved a good outcome. Anti-programmed cell death ligand 1 therapy in HCC patients with IVCTT and metastasis is associated with relatively good patient outcomes.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death worldwide[1]. Surgical resection and liver transplantation are curative methods for HCC, but the recurrence rate at 5 years after surgery is as high as 70%[2]. Additionally, only some patients are eligible for surgical resection or liver transplantation. HCC with inferior vena cava tumor thrombus (IVCTT) shows a poor prognosis with a median survival time of 2-4 mo without treatment[3]. IVCTT may cause sudden death due to complications, such as heart failure and pulmonary embolism. IVCTT can also increase the risk of metastasis as tumor cells directly enter the circulation[4]. The HCC guidelines do not recommend surgery for these patients because of poor survival and high surgical risks[5]. HCC with metastasis also indicates that the tumor is at an advanced stage, and patients in this stage have poor survival. There is almost no cure for unresectable advanced HCC patients.
Atezolizumab is a programmed cell death ligand 1 (PD-L1)-binding immunoglobulin G4 antibody that selectively targets PD-L1 expressed on tumor cells to block its interaction with programmed cell death protein 1 (PD-1), which induces T cell suppression. PD-L1 overexpression has been found in many solid tumors, such as gastric cancer, pancreatic cancer, renal cell carcinoma, ovarian cancer and HCC[6]. PD-L1 plays an important role in the immune escape and microenvironment of tumor cells, which makes blockade of the PD-1/PD-L1 pathway a promising therapy[7]. Data show that PD-1 or PD-L1 inhibitors might provide a new therapeutic option for a substantial proportion of HCC patients.
In this article, we reported the case of a 59-year-old Asian male with recurrent and metastatic HCC with IVCTT who received atezolizumab immunotherapy. The patient showed an excellent symptomatic and radiological response to this anti-PD-L1 therapy, and his lung and mediastinum metastases ceased to deteriorate after 3 mo of therapy. We reported two other cases of HCC with IVCTT at the first diagnosis, for which patients were treated with a PD-1 inhibitor after surgery or recurrence, and both patients achieved a good outcome. In addition, we reviewed and analyzed the available literature to elucidate the role of PD-1/PD-L1 inhibitors in the treatment of HCC as well as the safety and efficacy of PD-1/PD-L1 inhibitors in various solid tumors.

CASE PRESENTATION
Chief complaints
Case 1: A 59-year-old male patient who had underwent right hepatectomy was referred to our hospital because a computed tomography (CT) scan showed recurrence of HCC with IVCTT (Figure 1A).

Case 2: A 60-year-old male patient underwent left hepatic massive tumor resection, inferior vena cava incision and thrombus removal due to the existence of IVCTT (Figure 2A and B) before the surgery and was reviewed regularly thereafter A lung CT scan on June 16, 2017 showed the possibility of metastatic cancer in both lungs. The patient was treated with oxaliplatin 150 mg + calcium levofolinate 200 mg + S-1 60 mg bid × 14 d q30d for two courses and transcatheter arterial chemoembolization (TACE) twice, and he was maintained on S-1 60 mg bid × 14 d q21d after the operation. Re-examination of the patient on January 29, 2018 showed more metastases in both lungs (Figure 2C). The patient was given oxaliplatin 150 mg + calcium levofolinate 200 mg + S-1 60 mg bid × 14 d q30d for one course. From March 9, 2018 to April 19, 2019, the patient received S-1 combined with regorafenib, anlotinib or thymalfasin for treatment. The patient was re-examined on June 14, 2019, and a metastatic tumor was found at the lower pole of the spleen (Figure 2E). The patient came to our department for further treatment.

Case 3: A 34-year-old male had been diagnosed as a hepatitis B virus (HBV) carrier for more than 10 years. In the past month, he lost 10 kg in weight, which was accompanied by fatigue.

History of present illness
Case 1: Three years ago, the patient was referred to our hospital because of abdominal pain for 1 mo. He was diagnosed with HCC according to an imaging examination and elevated alpha-fetoprotein (AFP) level (491.30 ng/mL). The patient underwent right hepatectomy in our hospital and was followed up regularly. His pathological results were consistent with the preoperative diagnosis.

Case 2: The patient presented to our hospital on July 7, 2016 due to upper abdominal pain for more than 10 d. A CT scan showed a round mass in the left lobe of the liver with a size of approximately 88 mm × 79 mm. The left hepatic vein and the left branch of the portal vein were invaded, and the proximal inferior vena cava had a filling defect. The mass was considered a massive liver tumor with IVCTT (Figure 2A and B). The patient underwent left hepatic massive tumor resection, inferior vena cava incision and thrombus removal. His postoperative diagnosis was HCC of cT3bN0M0, stage IIIB and stage C according to Barcelona Clinic Liver Cancer staging. After TACE, the patient began four courses of oxaliplatin 150 mg + calcium levofolinate 200 mg + S-1 (tegafur, gimeracil and oteracil potassium capsules) 40 mg bid and sorafenib 0.4 g bid targeted therapy. The chemotherapy regimen was well tolerated, and after the second TACE procedure, the patient accepted maintenance treatment with S-1 60 mg bid × 14 d.

Case 3: The patient had not previously shown abnormal liver function or liver occupancy.

History of past illness
Case 1: The patient was in good health, without a history of HBV infection, long-term alcohol abuse or liver fluke infection.

Case 2: The patient had a history of HBV infection and did not regularly receive antiviral treatment. The patient had no history of long-term alcohol abuse or liver fluke infection. The patient had a history of hypertension and took nifedipine 10 mg qd to control his blood pressure.

Case 3: The patient had a 10-year history of HBV infection and did not regularly receive antiviral treatment. The patient had no history of long-term alcohol abuse or liver fluke infection.

Personal and family history
There were no other patients with liver cancer or other tumors in any of the families.

Physical examination
Case 1: The abdomen of the patient was flat. The scars from the first surgery were visible, and the wounds had healed well. There was no palpable mass or tenderness.

Case 2: The patient had arrhythmia, with a split-second heart sound in the pulmonary valve auscultation area. The abdomen of the patient was flat. The scars from the first surgery were visible, and the wounds had healed well. There was no palpable mass or tenderness.

Case 3: The abdomen of the patient was flat. No varicose veins were observed in the abdominal skin. There was no palpable mass or tenderness. The patient did not have percussion pain in the liver area.

Laboratory examinations
Case 1: The results of laboratory tests were mostly in the corresponding normal range except for tumor biomarkers, including AFP (1632.00 ng/mL, normal value: < 25 U/mL) and carcinoembryonic antigen (CEA; 5.9 U/mL, normal value: < 5 U/mL). His Child–Pugh classification was grade A (5 points).

Case 2: Before the first operation, the aspartate aminotransferase level was 207 U/mL, and the alanine aminotransferase level was 169 U/mL. The AFP level was 43.26 ng/mL, and carbohydrate antigen 19-9 level was 87.1 U/mL. The parameters HBV surface antigen, anti-HBV e antibody, anti-HBV core antibody and HBV pre-S1 antigen were positive. The HBV load was 1.65 × 106 IU/mL.

Case 3: The AFP level of the patient was more than 121000 ng/mL, and the carbohydrate antigen 125 (CA-125) level was 79.3 U/mL.

Imaging examinations
Case 1: An enhanced CT scan showed a 2.3 cm × 2.1 cm mass in the resection margin adjacent to the second hilar, with a tumor thrombus measuring 33 mm in the IVC and partially protruding into the right atrium (Figure 1A).

Case 2: A lung CT scan on June 16, 2017 showed the possibility of metastatic cancer in both lungs. The patient's re-examination on January 29, 2018 showed more metastases in both lungs (Figure 2C). The patient was re-examined on June 14, 2019, and a metastatic tumor was found at the lower pole of the spleen (Figure 2E). Color Doppler ultrasound of the heart showed slight regurgitation of the tricuspid valve and pulmonary valve caused by hypertension.

Case 3: Imaging examination revealed a substantial mass of 19.3 cm × 12.5 cm × 15.7 cm in the right lobe of the liver. This mass was considered a malignant tumor and invaded the IVC (Figure 3A and B), right hepatic vein and right anterior and right posterior branches of the portal vein with tumor thrombosis present.

FINAL DIAGNOSIS
Case 1
The patient was diagnosed with recurrent HCC with IVCTT.

Case 2
The patient was diagnosed with metastatic HCC with IVCTT, chronic hepatitis B, hypertension and hypertensive heart disease.

Case 3
The patient was diagnosed with HCC with IVCTT and chronic hepatitis B.

TREATMENT
Case 1
Thoracoabdominal surgery was performed, and we removed the IVCTT (Figure 1B) and tumor in the liver. The immunohistochemistry staining results were GPC3(+), cytokeratin (CK) 19(+), hepatocyte(+), caudal type homeobox transcription factor 2 (+), CK7(-), CK20(-) and CD34(+). The patient recovered well and started to receive chemotherapy (oral tegafur 60 mg qd from day 1 to day 14). After two courses of chemotherapy, an elevated serum AFP level was found, and CT examination showed lung metastases (Figure 4A and C) and mediastinal lymph node metastases (Figure 4E). The expression of PD-L1 and tumor-related gene mutations in HCC tissues was analyzed by immunohistochemistry and gene sequencing. The tumor proportion score of PD-L1 expression was 1%. The tumor mutational burden was 10.48 mutations/Mb, which ranked at 11% among HCC patients. Moreover, clinically actionable mutations in TP53 and microsatellite stability were identified. No other mutations were detected, namely, there were no mutations in CD274, programmed cell death 1 ligand 2, MutL homolog 1, MutS homolog 2, MutS homolog 6, PMS1 homolog 2, polymerase delta 1, DNA polymerase epsilon, mouse double minute 2 homolog or mouse double minute 4 homolog. Then, the patient received atezolizumab immunotherapy (1200 mg/mo).

Case 2
The patient received 120 mg pembrolizumab immunotherapy for the first time on July 3, 2019 and then received pembrolizumab combined with S-1 or thymalfasin for four courses. On November 12, 2019, CT examination revealed that the lower pole of the splenic metastasis was smaller than before (Figure 2F), and splenectomy was performed.
Postoperatively, the patient received pembrolizumab 200 mg + lenvatinib 12 mg qd targeted therapy + S-1 60 mg bid × 14 d q30d on December 25, 2019 and February 19, 2020, March 10, April 1, April 22, May 13, June 3, June 24, July 15, August 5, August 26, Sept 16, October 9, October 30, November 20 and December 12 for a total of 13 courses.

Case 3
The patient underwent right hepatectomy. The pathological results showed that the tumor was HCC with moderate to poor differentiation. The immunohistochemistry staining results were hepatocyte(+), GPC3(+), CK19(+), AFP minority(+), heat shock protein 70 minority(+), Ki67 approximately 70%(+), CK7(-), CD10(-) and arginase-1(-), and CD34 staining showed capillary blood sinusoids. The patient received tislelizumab (PD-L1 inhibitor, 200 mg q3w) combined with lenvatinib (8 mg qd) targeted therapy after surgery. During the third course of treatment, a chest CT scan showed that the hilar IVC had a tumor thrombus (Figure 3C and D), and intrahepatic lesions and IVCTT were treated with TACE.

OUTCOME AND FOLLOW-UP
Case 1
Additionally, the lung metastasis disappeared (Figure 4B and D), and the metastases in the mediastinal lymph nodes were smaller (Figure 4F) after 3 mo of immunotherapy. The serum level of AFP was also normal after 3 mo of immunotherapy. The patient received a total of seven courses of atezolizumab immunotherapy without other adjuvant therapy. During the process of atezolizumab immunotherapy, he had no severe treatment-related adverse events. He was regularly followed up and underwent imaging examinations and blood tests. After 27 mo of follow-up, the patient had recovered well and showed no signs of recurrence or metastasis. Atezolizumab immunotherapy proved effective in the patient, who has since enjoyed a high quality of life.

Case 2
The patient has been receiving immunotherapy regularly for 13 courses and is now in a good living condition without recurrence (Figure 2D). The level of AFP fluctuated between 97.70 and 244.30.

Case 3
The patient has now received three courses of tislelizumab immunotherapy (September 29, 2020, October 23 and December 15) and is still receiving treatment.

DISCUSSION
HCC is one of the leading causes of cancer morbidity and cancer-related death worldwide[8]. The 5-year overall survival rate of HCC patients was reported to be between 12% and 18%[9,10]. Surgical resection and liver transplantation are possible curative treatments, but the recurrence rate is high[11,12]. Moreover, only 30% of HCC patients can benefit from surgery at the time of diagnosis because many patients are at an advanced stage at the time of their first diagnosis[13]. There is almost no cure for these patients. The occurrence of IVCTT is relatively rare, and HCC patients with IVCTT are considered to be at an advanced stage[3]. HCC accompanied by IVCTT or distal metastasis indicates poor survival[14,15].
Surgical removal of IVCTT is not recommended due to the poor prognosis and high surgical risks. However, there have been some reports on radical surgery for HCC with IVCTT, which achieved better survival than systemic therapy[16,17]. Sorafenib is the only recommended option for patients with unresectable disease[18]. However, the curative effect is unsatisfactory, and better therapies are urgently needed.
Immunotherapy is a revolutionary therapy and has achieved certain progress in the treatment of many solid tumors[19]. Blockade of the PD-1/PD-L1 pathway is one of the most important immunotherapeutic strategies being studied. The PD-1 inhibitors pembrolizumab and nivolumab have produced promising clinical responses as second-line treatments for advanced HCC in phase 1/2 studies[20,21]. Moreover, there are many ongoing phase III clinical trials comparing PD-1/PD-L1 inhibitors with sorafenib or a placebo[22].
Atezolizumab is a PD-L1-binding immunoglobulin G4 antibody that acts as an immune checkpoint inhibitor by selectively blocking the interaction between PD-1 expressed on activated T cells and its ligand PD-L1 expressed on immune cells or tumor cells. It has been shown to improve significantly survival in many solid tumors, such as breast cancer and non-small cell lung cancer[23,24].
Recently, a phase III clinical trial reported that atezolizumab combined with bevacizumab could achieve better overall and progression-free survival than sorafenib in patients with unresectable HCC[25]. The overall survival rate at 12 mo in the atezolizumab-bevacizumab group (n = 336) was higher than that in the sorafenib group (n = 165). The median progression-free survival times were 6.8 mo and 4.3 mo for the respective groups. This was the first article to suggest the value of immunotherapy in HCC and has brought hope to patients with advanced HCC.
In this article, we presented three cases of recurrent and metastatic HCC with IVCTT treated with PD-1/PD-L1 inhibitors that responded excellently to anti-PD-1/PD-L1 immunotherapy. The first patient underwent surgery for HCC and had recurrence of HCC with IVCTT 3 years after his first surgery. We performed a second surgery and removed the recurrent tumor and IVCTT. However, 2 mo later, imaging results and the level of a serum tumor marker showed metastases of the tumor into the lungs and mediastinum. After gene sequencing and immunohistochemistry, we suggested the application of a PD-L1 inhibitor to treat the patient. After 3 mo of immunotherapy, the level of AFP decreased to normal, and imaging examination showed the disappearance of metastatic lesions. The patient was followed up regularly and had no signs of recurrence or severe immune-related adverse events. We reported two other cases of HCC with IVCTT at the first diagnosis; these patients were treated with a PD-1 inhibitor after surgery or recurrence, and both achieved a good outcome.
To the best of our knowledge, the first case represents the first report of successful treatment of recurrent and metastatic HCC with IVCTT with atezolizumab. Prospective studies are needed to validate the therapeutic efficacy and safety of atezolizumab in unresectable HCC patients.

CONCLUSION
Anti-PD-L1 therapy in HCC patients with IVCTT and metastasis is associated with relatively good patient outcomes.
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Figure Legends
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Figure 1 Computed tomography images of inferior vena cava tumor thrombus before and after a second surgery. A: Acquired before surgery showed the existence of an inferior vena cava tumor thrombus that protruded into the right atrium (black arrow); B: Acquired after surgery showed that the tumor thrombus was removed (white arrow).
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Figure 2 Computed tomography images of inferior vena cava tumor thrombus and lung and splenic metastases. A and B: Acquired before surgery showed the existence of inferior vena cava tumor thrombus (white arrows); C: Acquired before immunotherapy showed the existence of lung metastases; D: Acquired after immunotherapy showed that the lung metastases were stable; E: Acquired before immunotherapy showed the existence of a splenic metastasis (white arrow); F: Acquired after immunotherapy showed that the splenic metastasis was smaller (white arrow).
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Figure 3 Computed tomography images of inferior vena cava tumor thrombus. A and B: The inferior vena cava tumor thrombus (IVCTT) before surgery (black arrows); C and D: The IVCTT after two courses of immunotherapy (black arrows).
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Figure 4 Computed tomography images of lung metastases and mediastinal lymph node metastases before and after immunotherapy. A and C: Acquired before immunotherapy showed the existence of lung metastases (arrows); B and D: Acquired after immunotherapy showed that the lung metastases had disappeared (arrows); E: Acquired before immunotherapy showed the existence of mediastinal lymph node metastases (white arrow); F: Acquired after immunotherapy showed that the mediastinal lymph node metastases had disappeared (black arrow).
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