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Abstract
BACKGROUND
Lenvatinib has been shown to be noninferior to sorafenib regarding prognosis and recurrence rate in patients with unresectable hepatocellular carcinoma (HCC) who have not received prior systemic chemotherapy. In patients treated with lenvatinib, 40% of cases achieved sufficient tumor reduction to make potential surgery possible. However, the outcomes of such surgery are unknown. We report a successful case of hepatic resection for recurrent HCC after lenvatinib treatment.

CASE SUMMARY
A 69-year-old man underwent right anterior sectionectomy for HCC in segment 8 of the liver. Ten months later, he was found to have an intrahepatic HCC recurrence that grew rapidly to 10 cm in diameter with sternal bone metastases. After confirming partial response to lenvatinib administration for 2 mo, a second hepatectomy was performed. Pathological examination showed that 80% of the tumor was necrotic. The patient did not develop any adverse effects under lenvatinib treatment. He was discharged at 25 d after surgery. Radiation therapy for bone metastases continued to be given under lenvatinib, and the patient has remained alive for 1 year after the second hepatectomy.

CONCLUSION
The prognosis of patients with recurrent HCC may be improved by liver resection combined with prior lenvatinib therapy.
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Core Tip: We report a case of intrahepatic hepatocellular carcinoma recurrence with rapid growth and sternal bone metastases after initial resection. A second surgery was successfully achieved after lenvatinib administration induced tumor shrinkage. Because the patient had bone metastases, multidisciplinary therapy, postoperative radiation therapy, and lenvatinib administration were performed, and the patient remains alive at 1 year postoperatively. In this case, lenvatinib induced a partial response for rapid growth of recurrent hepatocellular carcinoma with bone metastases, and conversion to surgery was successfully achieved for the purpose of controlling the intrahepatic lesion for the first time.

INTRODUCTION
The treatment strategy for hepatocellular carcinoma (HCC) has been established in various guidelines, including the Clinical Practice Guidelines for Hepatocellular Carcinoma in Japan[1], Barcelona Clinic Liver Cancer Guidelines[2], American Association for the Study of the Liver Diseases Guidelines[3], and European Association for the Study of the Liver European Organization for Research and Treatment of Cancer Guidelines[4]. Hepatectomy is a potential curative treatment for early-stage HCC. However, the indications for liver resection are limited by tumor progression and liver function, and many cases are not eligible for resection. Transarterial chemoembolization(TACE) is commonly used for these unresectable cases, but the outcomes, especially of chemotherapy, have not been satisfactory compared with liver resection until recently[5,6].
Against this background, the systemic chemotherapy landscape for HCC changed more than a decade ago, with sorafenib demonstrating a survival benefit in the first-line setting and becoming the first systemic therapy to receive approval for HCC. More recently, regorafenib and ramucirumab have been approved in the second-line setting after sorafenib, and lenvatinib has emerged in the first-line setting after a positive phase 3 study[7-11]. The advent of these effective molecular targeted agents has allowed multidisciplinary treatments combined with chemotherapy and liver resection for HCC.
Regarding colorectal cancer, there are many reports on postoperative adjuvant therapy to prevent recurrence after resection and preoperative neoadjuvant chemotherapy for colorectal cancer and its liver metastases[12-15]. Thus, conversion therapy in colorectal cancer has become a routine practice. Although conversion therapy for HCC has not yet been established, lenvatinib is expected to be a possible candidate agent because it exhibited a tumor-reducing effect in 40% of cases in the REFLECT study[14]. There is a possibility that patients with unresectable or recurrent HCC can be converted to surgery after lenvatinib treatment. In the present case, lenvatinib induced a partial response (PR) for rapid growth of recurrent HCC with bone metastases, and conversion to surgery was successfully achieved for the purpose of controlling the intrahepatic lesion.

CASE PRESENTATION
Chief complaints
The patient complained of general malaise.

History of present illness
A 69-year-old man was referred to our facility with a diagnosis of recurrent HCC. He had undergone right anterior sectionectomy for two tumors in segment 8 at another hospital 10 mo previously. The pathological diagnosis of the two tumors was moderately differentiated HCC and poorly differentiated HCC, respectively, without vascular invasion. The pathological stage was stage III according to the Union for International Cancer Control 8th edition.

History of past illness
The patient had undergone appendectomy for appendicitis at 27 years of age.

Personal and family history
The patient’s father had experienced lung cancer, and his sister had suffered from breast cancer.

Physical examination
On physical examination, the patient had a temperature of 36.6 °C, heart rate of 76 bpm, respiratory rate of 16 breaths/min, blood pressure of 143/86 mmHg, and oxygen saturation in room air of 98%. The patient’s weight was 59 kg. He had no jaundice or anemia in the bulbar conjunctiva. There was an operative scar for an inverted L-shaped incision on the abdomen from the previous liver resection. No ascites and encephalopathy were detected.

Laboratory examinations
The preoperative liver functional reserve was good. Laboratory data revealed serum albumin of 3.5 g/dL, total bilirubin of 0.9 mg/dL, prothrombin time of 93%, and indocyanine green retention rate at 15 min of 5.2%. The Child–Pugh score/classification was 5/A and the albumin-bilirubin (ALBI) score/modified ALBI grade was -2.19/2b. The alpha fetoprotein value was within the normal range, while the protein-induced vitamin K absence or antagonist II value was elevated at 998 mAU/mL.

Imaging examinations
[bookmark: _Hlk52615821]A computed tomography scan of the abdomen demonstrated a heterogeneous contrast-enhanced mass of 10 cm in size in segment 7, which had rapidly increased in 5 mo (Figure 1A and 1B). The magnetic resonance imaging (MRI) images at 5 mo before the second operation are shown in Figure 2 (A: T1 image; B: T2 image). There was no evidence of the recurrent tumor on these MRI images. A positron emission tomography examination showed elevated standardized uptake volume in the sternum and slight uptake in the liver (Figure 3A and 3B). The patient was diagnosed as recurrent HCC in segment 7 of the liver with metastasis in the sternum.

MULTIDISCIPLINARY EXPERT CONSULTATION
Yoshinori Saito, MD, PhD, Chief, Department of Gastroenterology, Asahikawa-Kosei General Hospital
As a treatment strategy, we should administer lenvatinib at a dose of 8 mg because the patient weighed less than 60 kg to suppress the rapidly increasing intrahepatic lesion, and if the intrahepatic lesion exhibited shrinkage, we should surgically remove the lesion. The reason for choosing lenvatinib was that in addition to the intrahepatic recurrence, there was a sternal metastasis. Therefore, we considered that systemic therapy would be better than transcatheter therapy, such as B-TACE. The reason for not choosing surgical resection without prior lenvatinib was that the site of recurrence was rapidly increasing, and it was thought that new lesions might appear in other parts of the liver immediately after surgical resection. In addition, after surgical treatment, we should perform postoperative radiation therapy and treatment using molecular targeted drugs for the metastatic bone lesions.

FINAL DIAGNOSIS
Computed tomography imaging after 1 mo of lenvatinib administration revealed that 90% of the tumor had lost the contrast effect. The response evaluation was PR, though close to complete response by the modified Response Evaluation Criteria in Solid Tumors[16] (Figure 1C and 1D). Protein-induced vitamin K absence or antagonist II decreased to 434 mAU/mL at 2 mo after the treatment (Figure 4).

TREATMENT
Because the intrahepatic recurrent tumor was reduced by administration of lenvatinib, hepatectomy of segment 7 was performed, with blood loss of 3913 mL and operation time of 545 min. Segments 5 and 6 were successfully preserved without bile duct injury (Figure 5). Histopathological findings showed that 80% of the tumor was necrotic, and the resected margin of the liver had no cancer component (Figure 6). The reason for choosing surgical resection after lenvatinib was that long-term administration of lenvatinib may result in decreased liver function such as decreased albumin, which can make surgery impossible. Early surgery was selected because it was unknown whether lenvatinib would result in a complete response, and it was better to aim for complete removal of the tumor by surgery.

OUTCOME AND FOLLOW-UP
No serious complications, such as bile leakage, were observed. The protein-induced vitamin K absence or antagonist II level decreased to the normal range after surgery (Figure 3). The patient was discharged on day 25 after the operation. Radiation therapy for bone metastases was performed by dividing 30 Gy irradiation into ten applications. At 1 mo after the end of radiotherapy, there was a small intrahepatic recurrence, and lenvatinib was immediately administered. PR was obtained, and the patient has remained alive on administration for 1 year after the second hepatectomy.

DISCUSSION
Here, we report a case in which lenvatinib was administered to a rapidly growing recurrent HCC, and conversion to hepatectomy was achieved after PR was obtained. There are previous case reports describing conversion to surgery for HCC after molecular targeted drug therapy with sorafenib and regorafenib[17,18]. The present case report describing conversion to surgery for recurrent HCC after lenvatinib treatment appears to be the first case.
Numerous papers have been published on conversion to surgery for colorectal liver metastases[19,20]. However, conversion therapy for HCC has not been established. Lenvatinib is expected to be a possible candidate agent and provides a new treatment perspective for recurrent HCC. To date, most reports have described cases of unresectable or recurrent HCC that were converted after local treatment, such as TACE and hepatic arterial infusion chemotherapy (HAIC), or after conventional anticancer drug treatment[21,22]. For example, in a report from the MD Anderson Cancer Center[23], the chemotherapy regimen was cisplatin, interferon α-1b, doxorubicin, and 5-fluorouracil, but the doses and administration schedules had two types (conventional and modified). The study compared and examined the resection rate (conversion rate to curative surgery) and survival rate between the two regimens. In the results, the 3-yr survival rates were 70% for modified chemotherapy plus surgery (n = 11) compared with 20% for modified chemotherapy alone (n = 22) and 60% for conventional chemotherapy plus surgery (n = 8) compared with 5% for conventional chemotherapy alone (n = 76). Therefore, the cases with conversion to surgery showed better survival rates for both the conventional and modified regimens. There are various other reports on conversion to surgery. Hamaoka et al[22] investigated the safety of hepatectomy and overall survival (OS) in 52 patients with unresectable advanced HCC treated with HAIC combined with three-dimensional chemoradiation therapy for portal vein tumor thrombus and compared the resection group with the nonresection group. As a result, OS was significantly higher in the resection group than in the nonresection group. A multivariate analysis identified conversion to surgery as an independent factor influencing OS.
A recent report described a case of HCC with hepatic vein tumor thrombosis protruding into the inferior vena cava that was successfully treated by surgery after second-line chemotherapy with regorafenib[24]. Administration of sorafenib was initially started for this case, but 5 wk later the lesion had increased in size. Therefore, regorafenib was subsequently given as second-line therapy and administered for 12 mo. After shrinkage of the inferior vena cava-hepatic vein tumor thrombus, conversion to surgery was successful and a better prognosis was achieved. Meanwhile, Sato et al[25] described a patient with initially unresectable HCC and an arterioportal shunt who underwent conversion hepatectomy after multidisciplinary treatment including lenvatinib[25].
Thus, it is expected that the number of conversion cases will increase with the advent of molecular targeted drugs thereby contributing to improvement in the prognosis of HCC. Similar to previous reports, our patient obtained PR for recurrent HCC after lenvatinib administration and conversion to surgery was achieved. Therefore, it is anticipated that survival can be prolonged by continuing treatment with lenvatinib for bone metastases only.
The limitation is that the administration period for the molecular targeted drug before surgery and the timing of conversion to surgery are unknown. Therefore, it is necessary to collect more cases and perform further studies to clarify these points.

CONCLUSION
In conclusion, we have reported a case of recurrent HCC in which PR was obtained and conversion to surgery was achieved after lenvatinib administration. We believe that even for unresectable advanced and recurrent HCC, hepatectomy can be performed after administration of molecular targeted therapeutic drugs such as lenvatinib and can thus contribute to improvement of the prognosis.
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Figure Legends
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Figure 1 Preoperative computed tomography findings. Before lenvatinib administration, tumor stain was observed in the arterial phase and washout was observed in the portal phase. After lenvatinib administration, the tumor stain disappeared in the arterial phase, and the tumor size was found to have decreased slightly in the portal phase. A and B: Images of the arterial phase (A) and portal phase (B) before administration of lenvatinib; C and D: Images of the arterial phase (C) and portal phase (D) after lenvatinib administration. 
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Figure 2 Magnetic resonance imaging findings at 5 mo before the second operation. There was no evidence of the recurrent tumor on the magnetic resonance imagines. A: T1 image; B: T2 image.
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Figure 3 Preoperative fluorodeoxyglucose-positron emission tomography-computed tomography. A: The positron emission tomography-computed tomography scan revealed accumulation of fluorodeoxyglucose in the sternum. The diagnosis was bone metastases of hepatocellular carcinoma; B: Slight uptake was observed in the liver.

[image: ]
Figure 4 Perioperative tumor marker changes. The protein-induced vitamin K absence or antagonist II level before lenvatinib administration was high at 998 mAU/mL. The protein-induced vitamin K absence or antagonist II level decreased to 434 mAU/mL at 2 mo after lenvatinib administration, and further decreased to 20 mAU/mL at 1 mo after the second surgery. AFP: α-Fetoprotein; M: Month; PO: Post-operation; PIVKA-II: Protein-induced vitamin K absence or antagonist II.
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Figure 5 Surgical findings. Findings before (A) and after (B) the second hepatectomy.
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Figure 6 Macroscopic and pathological findings of the resected specimen. The findings revealed that 80% of the tumor was necrotic and the resected margin of the cut liver surface showed no cancer component. A: Macroscopic findings; B: Pathological findings. N: Necrotic lesion; V: Viable lesion.
image3.png




image4.png
PIVKA-II (mAU/mL) AFP (ng/mL)

1000 i
: {40

800 i

30
; Operation ’
600

. L 20
400 i

{10
200 | :

lenvatinib start lenvatinib 1M lenvatinib 2M PO 1M

PIVKA-Il  e= e = AFP




image5.png




image6.png




image1.png




image2.png




