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Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed malignancy and the third leading cause of cancer-related deaths worldwide. A 58-year-old man visited his local hospital due to abdominal discomfort and was diagnosed with lung metastasis. After admission to our hospital in April 2020, he received two cycles of transcatheter arterial embolization (TAE), hepatic arterial infusion chemotherapy (HAIC-Folfox), sorafenib, and camrelizumab every 3 weeks. Due to the end of HAIC treatment, he underwent drug-eluting transcatheter arterial chemoembolization (dTACE) once, sorafenib, and camrelizumab. However, because of worsening liver function, we interrupted TACE and only gave sorafenib and camrelizumab in August 2020. Although he received systemic therapy, the tumors still rapidly progressed and we considered the possibility of tumor resistance. Subsequently, regorafenib was given. In September, the patient underwent conventional TACE (cTACE) once, regorafenib, and camrelizumab. After half a year of comprehensive treatment, the treatment effect was not satisfactory, and he returned to the local hospital to received regorafenib every day and camrelizumab once every 3 weeks. The patient found that the tumor and lung metastasis had shrunk significantly after 1 year of the initial diagnosis, then he was admitted to our hospital and received surgery treatment, and now he has survived disease-free for 6 months.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed malignancy and the third leading cause of cancer-related deaths worldwide (Sung et al., 2021). In China, HCC is the fourth most commonly diagnosed and the second leading cause of cancer-related deaths (Chen et al., 2016). As we all know, the best treatment for HCC is radical surgical resection. Unfortunately, most patients with HCC are diagnosed at an advanced stage. In recent years, a new treatment called “conversion surgery therapy” has been reported that converts unresectable gastrointestinal cancer to resectable gastrointestinal cancer, which has improved the prognosis of patients (Sato et al., 2017).
We herein report a case of advanced HCC that received conversion therapy up to a year before it took effect, and finally performed a successful operation.
MATERIALS AND METHODS
We retrospectively reported and analyzed a case that pathologically confirmed primary HCC at Zhujiang Hospital. The clinical data including clinical symptoms, signs, pathological diagnosis, radiological findings, laboratory analyses, treatments, and outcome were obtained from the hospital’s electronic medical records. Pathological diagnosis including immunohistochemistry (IHC) was independently reviewed by two pathologists. The patient’s family approved the anonymous use of the patient’s data, which was in accordance with the Helsinki Declaration.
RESULTS
Case Report
A 58-year-old male patient complained abdominal discomfort for 2 months. He went to his local hospital and was diagnosed with HCC and Barcelona Clinic Liver Cancer (BCLC) stage C in March 2020. Then, transcatheter arterial chemoembolization (TACE) was performed.
In order to seek further diagnosis and treatment, he went to our hospital and was admitted in April 2020. He had a history of hepatitis B. On admission, physical examination showed tenderness over the right upper region area with a 5 cm palpable abdominal mass below the xiphoid process. Laboratory data were recorded as follows: alanine aminotransferase (ALT): 36 IU/L, aspartate transaminase (AST): 81 IU/L, albumin (ALB): 22.7 g/L, total bilirubin (TBIL): 9.7 μmol/L, prothrombin time (PT): 11.5 s, and HBV-DNA: 6.83 × 102 IU/ml. Among the tumor markers, alpha fetoprotein (AFP) was significantly elevated (1,649.0 μg/L), carbohydrate antigen 125 (CA125) was sightly increased (113.0 kU/L), and carcinoembryonic antigen (CEA) and carbohydrate antigen 199 (CA199) were normal. The cirrhosis was classified as Child-Pugh 7 and ALBI grade 3. The enhanced CT revealed small nodules in the middle and lower lobes of the lungs that were considered lung metastases, the tumor in the left lobe of the liver was considered HCC with multiple metastases in the right lobe of the liver, and tumor thrombosis was present in the left portal vein (Figure 1). The magnetic resonance imaging (MRI) showed the tumor in the left lobe of the liver with multiple metastases in the right lobe of the liver, and with tumor thrombosis in the left portal vein (Figure 2).
[image: Figure 1]FIGURE 1 | Abdominal computed tomography (CT) shows the tumor in the left lobe of the liver considered to be HCC with multiple metastases in the right lobe of the liver, and with tumor thrombosis in the left portal vein and lung metastases. (A) The huge tumor in the left lobe of the liver; (B) the multiple metastases in the right lobe of the liver; (C) the lung metastases; (D) the tumor thrombosis in the left portal vein.
[image: Figure 2]FIGURE 2 | Magnetic resonance imaging (MRI) shows the tumor in the left lobe of the liver with multiple metastases in the liver, and with tumor thrombosis in the left portal vein. (A) The huge tumor in the left lobe of the liver; (B) the multiple metastases in the right lobe of the liver.
1. After MDT discussion, HCC with BCLC stage C and portal vein tumor thrombus (PVTT) classified VP3 and Cheng’s type II was diagnosed, and we believe that radical surgical resection was impossible due to the low residual liver volume and lung metastases. He finally received conversion therapy. The procedure details are as follows: The patient received two cycles of transcatheter arterial embolization (TAE), hepatic arterial infusion chemotherapy (HAIC-Folfox) (the HAIC scheme was as follows: We selectively placed a microcatheter into the feeding arteries of the tumor. Then, the microcatheter was connected to the artery infusion pump to perform the following treatment: Day 1: oxaliplatin 85 mg/m2, leucovorin 400 mg/m2, and 5-fluorouracil 400 mg/m2 via intra-arterial infusion; day 2–3: 5-fluorouracil 2,400 mg/m2 via continuous intra-arterial infusion. After HAIC was completed, the catheter was removed, and compression was performed to achieve hemostasis. The patient was treated every 3 weeks) (He et al., 2019), sorafenib (at a dose of 400 mg twice daily), and camrelizumab (200 mg intravenously every 3 weeks). At the end of HAIC treatment, we were disappointed to find that the tumor had rapidly progressed based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST). Then, the patient received drug-eluting TACE (dTACE) once, sorafenib, and camrelizumab in July 2020. A month later, his liver function deteriorated (ALT: 33 IU/L, AST: 329 IU/L, ALB: 24.9 g/L, TBIL: 16.6 μmol/L, PT: 13.4 s, massive ascites), and the cirrhosis was classified as Child-Pugh 9 and ALBI grade 3. We had to interrupt TACE and only gave sorafenib and camrelizumab. Although he received systemic therapy, the tumors still rapidly progressed and we considered the possibility of tumor resistance. Among the tumor markers, AFP was significantly elevated (12,913.0 μg/L). Then, regorafenib (at a dose of 160 mg daily) was given. In September 2020, the patient received conventional TACE (cTACE) once, regorafenib, and camrelizumab. So far, he had received conversion therapy for half a year, and the treatment effect was not satisfactory. He returned to the local hospital to receive regorafenib every day and camrelizumab once every 3 weeks.
Until a year after his initial diagnosis, the patient found that the tumor and lung metastases had shrunk significantly in the local hospital. Then, he was admitted to our hospital again. On admission, physical examination showed no positive signs. Laboratory data were recorded as follows: ALT: 19 IU/L, AST: 27 IU/L, ALB: 34.2 g/L, TBIL: 8.4 μmol/L, and PT: 11.1 s. AFP was negative (8.1 μg/L). The cirrhosis was classified as Child-Pugh 5 and ALBI grade 2. The enhanced CT revealed there were multiple small nodules in both lungs, which were significantly reduced and shrunken compared to the previous CT. The tumor in the left lobe of the liver was significantly reduced, with local enhancement, and lipiodol deposition was seen. Multiple nodules in the right lobe of the liver had shrunk. And tumor thrombus had formed in the left and right branches of the portal vein (Figure 3). Based on these results, we judged that the patient had partial response (PR) and could be treated with radical surgery, according to the response evaluation in the mRECIST criteria. Then he received left hepatectomy, cholecystectomy, and portal vein incision and embolectomy. The pathological examination showed necrosis of a massive HCC with no tumor cells observed on the resection margins, and without metastasis in lymph nodes. The pathological diagnosis showed that the portal vein tumor thrombus had necrotic tissue (Figure 4). In the patient’s postoperative maintenance therapy, the patient was given lenvatinib 8 mg orally once a day, and camrelizumab 200 mg intravenously once every 3 weeks. There was no clinical evidence of recurrence at 6 months after the resection. The AFP levels remained within the normal limits (Figure 5).
[image: Figure 3]FIGURE 3 | Abdominal computed tomography (CT) shows that multiple small nodules in both lungs were significantly reduced and shrunken and the tumor in the liver was significantly reduced. (A) The lung metastases was reduced and shrunken; (B) the tumor in the left lobe of the liver shrunk; (C) the tumor thrombosis in the left portal vein.
[image: Figure 4]FIGURE 4 | Microscopic examination of the tumor revealed necrosis of the massive HCC with no tumor cells observed on the resection margins, and the portal vein tumor thrombus had necrotic tissue. (A) Necrosis of massive HCC; (B,C) the pathological examination.
[image: Figure 5]FIGURE 5 | Alpha fetoprotein (AFP) change trend and treatment options. (A) TAE + HAIC + sorafenib + camrelizumab; (B) dTACE + sorafenib + camrelizumab; (C) sorafenib-regorafenib + camrelizumab; (D) cTACE + regorafenib + camrelizumab; (E) radical surgical resection.
DISCUSSION
With the development of diagnosis and treatment of HCC, overall survival time has been prolonged. As we all known, surgical resection is the best treatment for liver cancer patients, which can lead to a 60%–70% chance of 5-year survival (Llovet et al., 2003). However, in China, even in the Asia-Pacific region, most patients were found to be at an advanced stage, and more aggressive approaches (systemic therapy, local therapy, targeted therapy, and immunotherapy) were preformed. The prognosis of patients from the Asia-Pacific region is still worse than those from North America or Europe (Cheng et al., 2009). The prognosis for advanced HCC (unresectable or metastatic) remains poor, with a median overall survival of 4.2 months for those without treatment (Cheng et al., 2009). As for HCC with Okuda stage II, the median survival time was 2.7 months (Yeung et al., 2005). Our case reported that the patient with lung metastasis and PVTT successfully underwent radical surgery after conversion therapy. It may provide an alternative treatment method for advanced HCC patients.
For HCC with PVTT, some studies recommend that an aggressive approach may lead to improved survival, and the patients who underwent radical surgery had the best survival, followed by HAIC and cTACE (Takizawa et al., 2007; Lin et al., 2011). When radical surgery cannot be performed, HAIC and cTACE are often used as the first-line treatment, especially in eastern countries (Korean Liver Cancer Study Group, 2014; Kudo et al., 2015; Omata et al., 2017). Liu BJ et al. found that cTACE combined with HAIC (cTACE-HAIC) would achieve longer overall survival (OS) than cTACE alone (median OS 9 vs. 5 months). For HCC patients with PVTT (Vp3-Vp4), the median OS was significantly different between the cTACE-HAIC group (10 months) and cTACE group (4 months) (Liu et al., 2021). A retrospective study that compared cTACE-HAIC and cTACE in the treatment of 83 patients with potentially resectable liver cancer by Yuan YF et al. demonstrated that the surgical conversion rate (48.8% vs 9.5%), mRECIST-objective response rate (ORR) (65.9% vs 16.7%), and progression-free survival (PFS) (HR = 0.38, 95%CI: 0.20–0.70) were better in patients in the cTACE-HAIC group than in the cTACE group (Chen et al., 2021).
When sorafenib, a small molecule that inhibits tumor cell proliferation and tumor angiogenesis, is widely used clinically, the survival time of patients with advanced HCC is prolonged (Wilhelm et al., 2004). A multicenter, phase III, double-blind, placebo-controlled trial of sorafenib conducted by Llovet JM et al. reported that median OS in the sorafenib group was significantly longer than the placebo group (10.7 vs. 7.9 months) (Llovet et al., 2008). A phase III randomized, double-blind, placebo-controlled trial in the Asia-Pacific region found that median OS was 6.5 months in patients treated with sorafenib, compared with 4.2 months for those who received placebo (Cheng et al., 2009). Therefore, sorafenib was recommended to be used with caution in patients classified as Child-Pugh A (Omata et al., 2017). Although sorafenib has improved the survival rate of the patients with advanced HCC, it still cannot disguise the disappointing prognosis. So, regorafenib, a novel multi-kinase inhibitor, came into being, which has more potent inhibitory activities against multiple angiogenic pathways and oncogenic pathways than sorafenib (Wilhelm et al., 2011). Some research studies suggested that sequential therapy with sorafenib and regorafenib can be considered to prolong survival time. In the pivotal RESORCE trial, researchers reported median OS, median PFS, and median time to progression (TTP) of 10.6, 3.1, and 3.2 months, respectively (Bruix et al., 2017). A multicenter retrospective study in Japan described the median OS, PFS, and TTP in patients who received sequential therapy with sorafenib and regorafenib for advanced HCC to be 17.3, 6.9, and 6.9 months, respectively (Ogasawara et al., 2020). Another real-world sequential therapy program with sorafenib and regorafenib for advanced HCC conducted in Korea observed median OS, PFS, and TTP of 10.0, 2.7, and 2.6 months, respectively (Lee et al., 2021). Asia-Pacific guidelines also recommended regorafenib as a second-line treatment (Omata et al., 2017).
Due to treatment advancement, immunotherapy is an emerging area. A major breakthrough included antibodies targeting negative regulators of T cells, which restore the cytotoxic ability of T cells to destroy tumor cells by blocking the programmed death (PD)-1 receptor. Camrelizumab is one of the PD-1 inhibitors, which was made in China. In a multicenter, open-label, parallel-group, randomized, phase II trial, the researchers reported that objective response occurred in 14.7% of 217 patients and the overall survival probability at 6 months was 74.4% (Qin et al., 2020). Moreover, some studies reported that camrelizumab combined with target therapy or chemotherapy can synergistically increase efficacy in advanced HCC (Qing et al., 2021). Wei F et al. demonstrated that the median PFS of the lenvatinib plus camrelizumab group was significantly longer than that of the lenvatinib group (8.0 vs 4.0 months). Additional, lenvatinib plus camrelizumab had the higher ORR (28.57% vs 7.41%) and disease control rate (DCR) (71.43% vs 51.85%) (Wei et al., 2021). Yuan G et al. compared the efficacy and tolerability of camrelizumab and apatinib (C + A) for HCC patients with PVTT. They described that the ORR and DCR were 44.0% and 75.0%, respectively and thought C + A was a promising treatment for HCC with PVTT (Yuan et al., 2020). A multicenter phase Ib/II study about camrelizumab combined with FOLFOX4 for advanced HCC found that the ORR and DCR were 29.4% and 79.4%, respectively. The median duration of response (DOR), PFS, and OS were 6.9, 7.4, and 11.7 months, respectively (Li et al., 2021).
Regarding conversion therapy, there are still some difficult questions to answer, and one is how long the treatment is needed in order to judge the effect. An expert consensus believes that ICIs combined with TKIs have a high surgical conversion rate, and patients with effective treatment generally can be successfully converted after 3-7 treatment cycles (about half a year) (Alliance of Liver Cancer Conversion Therapy et al., 2021; Professional Committee for Prevention and Control of Hepatobiliary and Pancreatic Diseases of Chinese Preventive Medicine Association, 2021). Surgical indications include the following: Child-Pugh grade A or B liver function; adequate residual liver volume after resection, non-cirrhotic patients ≥35% standard liver volume, and cirrhosis patients ≥45% standard liver volume; ICG 15-min tributary rate <20%; the outflow and inflow tract of the liver were intact after the operation; the biliary tract structure was intact after the operation, and the drainage was smooth; the ECOG-PS score was 0–1; and the ASA rating was not higher than 3 (Alliance of Liver Cancer Conversion Therapy et al., 2021; Professional Committee for Prevention and Control of Hepatobiliary and Pancreatic Diseases of Chinese Preventive Medicine Association, 2021). Another question is whether it is still necessary to use a conversion therapy regimen after surgical resection. If it needs to be used, how long will it continue? One expert consensus suggests that ICIs or ICIs combined with TKIs should continue to be given for 6–12 months from 1 month after surgery (Professional Committee for Prevention and Control of Hepatobiliary and Pancreatic Diseases of Chinese Preventive Medicine Association, 2021). Another expert consensus thinks that we can choose the original plan or part of the drug adjuvant treatment in the original plan as appropriate for >6 months. If there is no tumor recurrence and metastasis after two consecutive imaging examinations, and the tumor markers remain normal for 3 months, consider stopping the drug (Alliance of Liver Cancer Conversion Therapy et al., 2021).
Our case reports a patient who was diagnosed with advanced HCC with PVTT and lung metastasis, and successfully implemented conversion therapy. The patient underwent 1 year of conversion therapy, which is far beyond the guideline and previous reports of half a year of conversion therapy. According to previous reports, if patients do not receive effective treatment, the survival time is less than 3 months. However, we used chemotherapy combined with targeted therapy and immunotherapy, and then the patient successfully underwent radical surgery and survived for 6 months without recurrence. For all patients with advanced HCC, this promising result indicates an important step toward a new paradigm of systemic therapy for advanced HCC, and also shows that advanced liver cancer treatment also has the option of radical surgery. Especially, we suggest if the patient is unable to undergo radical surgery and is in a good general condition, the conversion therapy should be as long as possible, which is different from current opinions.
CONCLUSION
Now that the treatment of liver cancer has entered the era of targeted therapy combined with immunotherapy, the results obtained from our case show that conversion therapy is promising for tumor control. However, HCC is still a complex disease that requires continuous hard work to improve its prognosis. Further studies are needed to confirm our findings.
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