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Hypothetical hypoxia-driven rapid disease progression in hepatocellular carcinoma post transarterial chemoembolization: A case report
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Abstract
BACKGROUND
Transarterial chemoembolization (TACE) is widely performed for intermediate-stage or unresectable hepatocellular carcinoma (HCC), but approximately half of patients do not respond to TACE treatment. We describe a case of rapidly progressing of HCC after TACE and provide a possible hypothesis for this condition. The finding may contribute to identifying patients who obtain less benefit from TACE, thus avoiding the unnecessary waste of medical resources and treatment during the golden hour window.

CASE SUMMARY
A 61-year-old woman had been diagnosed with chronic hepatitis B infection and HCC at Barcelona Clinic Liver Cancer stage B, which had been treated by segmental hepatectomy 14 mo ago. The tumor recurred in the two months after surgery. She received an initial TACE and then underwent systemic therapy with lenvatinib 8 mg daily due to an increased level of alpha-fetoprotein (AFP) after the first TACE. However, the tumor continued to progress with an increased level of AFP, and she underwent a second TACE, after which the tumor volume did not obviously decrease on the contrast-enhanced computed tomography image. One month later, she had a third TACE to control the residual HCC tumors. Two weeks after that, the HCC had increased dramatically with tea-colored urine and yellowish skin turgor. Eventually, the patient refused further treatment and went into hospice care.

CONCLUSION
Intense hypoxia induced by TACE can trigger rapid disease progression in infiltrative HCC patients with a large tumor burden
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Core Tip: We report an hepatocellular carcinoma (HCC) case with a large tumor burden and infiltrative tumor pattern who exhibited rapidly increased tumor volume within two weeks after undergoing a third trans-arterial chemoembolization (TACE). Although the Barcelona Clinic Liver Cancer staging system classifies multinodular HCC without portal invasion or extrahepatic spread in stage B, it appears that TACE is not suitable for those with a large tumor burden or infiltrative tumor pattern. In addition, hypoxia is an important factor for tumor development, metastasis, and drug resistance. Our case suggests that intense hypoxia induced by TACE may lead to the rapid progression of HCC.

INTRODUCTION
Primary liver cancer was the third-leading cause of cancer death globally in 2020, with an age-standardized incidence rate of 19.3 cases per 100000 people and an age-standardized mortality rate of 17.7 per 100000 people[1]. Hepatocellular carcinoma (HCC) is the most common type of liver cancer, accounting for approximately 75%–85% of cases. Clinically, trans-arterial chemoembolization (TACE) is used as the first-line treatment for patients with Barcelona Clinic Liver Cancer (BCLC) stage B and some unresectable HCC[2,3]. TACE injects cytotoxic agents into the arteries, followed by the embolization of tumor blood vessels, which induces strong cytotoxic and ischemic effects to destroy tumor cells. However, the response rate of intermediate-stage HCC patients receiving TACE is low for unclear reasons, with a pooled objective response rate of about 52%[4]. To our best knowledge, only a few studies have investigated the baseline characteristics of those not benefitting from TACE, such as large tumor volume, high tumor number, and poor performance status[5,6]. In our case, an intermediate-stage HCC patient underwent a third TACE and experienced rapid disease progression within two weeks. This case may provide information on the failure of and resistance to TACE in HCC treatment.

CASE PRESENTATION
Chief complaints
Progressive yellowish skin turgor and firm sensation over the epigastric area.

History of present illness
A 61-year-old woman had been diagnosed with HCC at BCLC stage B as well as chronic hepatitis B infection 14 mo earlier. Because the typical image of contrast-enhanced abdominal computed tomography (CT) showed three heterogeneous arterial enhancing lesions with delayed phase wash out in segments S4 and S8, with the largest measuring 7.3 cm, she received segmental hepatectomy and cholecystectomy on October 5, 2021 based on the extensive criteria of the University of California San Francisco[7]. Tumor recurrence emerged two months later, and we performed a TACE followed by systemic therapy of lenvatinib 8 mg daily due to an elevated alpha-fetoprotein (AFP) level after the TACE. The subsequent CT confirmed the progression of HCC volume, so we arranged a second course of TACE after the lenvatinib treatment.

History of past illness
The patient had a history of major depression with good medication control.

Personal and family history
The patient denied smoking, alcohol use, and betel nut use. She also denied any family history of malignancy. There was no family history of hepatitis B or hepatitis C.

Physical examination
The patient’s height and weight were 162 cm and 60 kg. Her vital signs were stable, with a body temperature of 37.5°C, pulse rate of 90 bpm, respiration rate of 17 breaths per minute, and blood pressure of 136/76 mmHg. A physical examination revealed icteric sclera on the day of admission. A palpable firm mass lesion was observed at the epigastric area.

Laboratory examinations
The laboratory data revealed mild anemia, including a low red blood cell count of 392 × 106 cells/μL and a high mean corpuscular hemoglobin of 32.7 pg. The hemoglobin, hematocrit, mean corpuscular volume, and mean corpuscular hemoglobin concentrations were within normal values. Coagulation tests showed a low platelet count of 126000 platelets/μL and a prothrombin time/international normalized ratio within the normal value. Alanine aminotransferase and aspartate aminotransferase were elevated at 273 U/L and 272 U/L, respectively, while total bilirubin was 4.7 mg/dL. The renal function tests and electrolyte tests were within normal ranges.

Imaging examinations
An abdominal contrast CT showed increased residual HCC volume (Figure 1A) after the second TACE course. The coronal view showed a patent portal vein and normal bile ducts (Figure 1B). Contrast-enhanced magnetic resonance imaging (MRI) was arranged taken two weeks after a third TACE course because of an episode of jaundice. It revealed rapidly progressing of HCC volume in a short time, with left intra-hepatic duct (IHD) and portal vein tumor invasions (Figure 2).

FINAL DIAGNOSIS
HCC with rapid, extensive progression and left IHD invasion after TACE.

TREATMENT
The abdominal enhanced CT still showed increased residual HCC volume and a high AFP level after the second TACE. Therefore, a third TACE was done one month later, after which a firm abdomen over the epigastric area, tea-colored urine, and yellowish skin turgor appeared within two weeks. Abdominal sonography showed dilated left IHDs and a greatly increased liver tumor burden, which were confirmed by a contrast-enhanced MRI. Although we hypothesized that mutations in hypoxia-related genes may contribute to the disease progression after TACE, we did not perform liver biopsies to confirm these mutations due to laboratory limitation in our hospital. We described an endoscopic retrograde cholangiopancreatography intervention for bile duct drainage and immunotherapy to the patient and her husband, which had previously been described in the outpatient clinic before the series of TACE, but she refused and opted for hospice care.

OUTCOME AND FOLLOW-UP
For personal and religious reasons, the patient decided to pursue hospice care and was referred for home hospice care.

DISCUSSION
TACE is considered a first-line treatment for unresectable, multinodular, or intermediate-stage HCC, according to the European Association for the Study of the Liver and the American Association for the Study of Liver Diseases[2,3]. A systematic review of TACE therapy’s efficacy for HCC found an objective response rate of 52.5% (95% confidence interval: 43.6-61.5), and overall survival was 70.3% at one year and 32.4% at five years[4]. However, approximately half of intermediate-stage HCC patients had a poor response to TACE, and the best window for other anticancer therapies was missed due to TACE. In this report, our patient with extensive multinodular HCC had a poor response to the second TACE and rapidly progressed to BCLC stage C HCC within two weeks after the third. Despite the probability of the natural course of the disease, it appeared that TACE stimulated the tumors and rapidly led to this upward stage of transition. In the past decade, several studies have revealed that hypoxia can cause tumor development, tumor angiogenesis, and drug resistance and even promote metastasis, which are mediated by hypoxia-markers including hypoxia-inducible factors (HIF), COX-2, AMP-activated protein kinase and glucose transporter[8-14]. It was reasonably hypothesized that the strong tumor hypoxia induced by TACE may cause drug resistance, rapid growth, invasion, angiogenesis, and metastasis of tumors instead of killing tumor cells. Therefore, these hypoxia-markers might serve as indicators of an unfavourable prognosis in patients who undergoing TACE. While we speculated that mutations in hypoxia-related gene could potentially contribute to an increased tumor burden and disease progression, the clinical use of tests to assess these hypoxia markers is still limited in most hospitals. This may tend to occur in multinodular, large HCC tumors because of multiple regions of intra-tumoral hypoxia and increased expression of HIF[12]. In the prospective study of Tsai et al[5], 746 newly diagnosed HCC patients were enrolled, including 624 who received TACE as the primary therapy and 122 who received the best supportive care. Of 624 patients, 102 had a poor response at three months[5]. Among them, 44 died within three months, and 58 patients with rapid disease progressions had contraindications a subsequent TACE for residual tumors, including a high serum bilirubin level, distant metastases, cachexia, main portal vein thrombosis, and regional extrahepatic invasion[5]. The patients with poor responses were of a higher proportion of performance status ≥ 1, albumin ≤ 3.8 g/dL, Child-Turcotte-Pugh class B, AFP > 40 ng/mL, total tumor volume > 65 cm3, and vascular invasion, than those without poor responses[5]. Furthermore, a retrospective study found that, among intermediate-stage HCC patients who received repeated TACE as the primary therapy, a multiple tumor number of ≥ 4 and a large tumor size of ≥ 5 cm were independent risks for a shorter time of progression from BCLC stage B to stage C than that of their counterparts[6]. Both studies showed that TACE may be ineffective for intermediate-stage HCC patients with a large tumor burden and may even lead to rapid disease progression, such as portal invasion, extrahepatic spread, and worse liver function. However, the mechanisms are still poorly understood and should be explored in future studies to improve the treatment outcomes of HCC.
Due to the nature of the case report, causality cannot be established and external validity is limited. However, it was unusual for tumors to grow so rapidly in two weeks, indicating that they were likely caused by the third TACE. Large cohort studies and clinical trials are required to explore this relationship. A strength of this study is that our case identified a potential causal relationship in which TACE stimulates tumors to grow rapidly with portal invasion, bile duct invasion, or extrahepatic spread—that is, the upward stage of transition—among specific intermediate-stage patients with a large tumor burden. This case may raise global awareness of the current limitations of the BCLC staging system and contribute to reducing the incidence of ineffective and even harmful TACE treatment in specific patients.

CONCLUSION
Several guidelines recommend TACE as the first-line treatment for intermediate-stage HCC patients. However, even without portal invasion or extrahepatic spread, cases with a large tumor burden and multi-foci tumor infiltration tends not to respond to TACE, and HCC may even increase dramatically.
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Figure Legends

Figure 1 Abdominal computed tomography scans following the second transarterial chemoembolization. A: Transverse plane showing multiple hepatocellular carcinoma nodules in the right lobe of the liver (red arrows); B: Coronal plane showing an unobstructed portal vein and typical bile ducts (red arrow).


Figure 2 Contrast-enhanced magnetic resonance imaging showed rapid progression of hepatocellular carcinoma volume with involvement of the left intra-hepatic duct and portal vein tumor invasions (red arrow) two weeks after the third transarterial chemoembolization. 
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