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Vemlidy® Tablet (Equivalent to 25 mg Tenofovir alafenamide)
[PHARMACEUTICAL FORM] Yellow, round, film-coated tablets, debossed with "GSI" on one side of the tablet and "25" on the other side [INDICATION] This drug is indicated for the treatment of chronic hepatitis B in adults. [DOSAGE AND ADMINISTRATION] The recommended dosage of this drug is one tablet taken orally once daily, with or without food. 
[PRECAUTIONS IN USE] 1. Warnings 1) Severe Acute Exacerbation of Hepatitis B after Discontinuation of Treatment 2. Contraindication 1) Patients who are hypersensitive to this drug or other ingredients contained in this drug. 2) Patients with rare hereditary problems of galactose intolerance, the Lapp lactase deficiency, or glucose-galactose malabsorption. 3. 
Adverse Reaction 1) Clinical Trials: The safety assessment of this drug was based on Week 96 pooled data from 1298 subjects in two randomized, double-blind, active-controlled trials, Study 108 and Study 110, in adult subjects with chronic hepatitis B. A total of 866 subjects received one tablet of this drug once daily and the adverse reaction (all Grades) 
greater than or equal to 5% in this drug group was headache, abdominal pain, cough, back pain, fatigue, nausea, arthralgia, diarrhea, dyspepsia. (Refer to full PI for more safety information including renal laboratory tests, bone mineral density effects, laboratory abnormalities, and serum lipids, etc.) In further safety assessment based on pooled data 
from subjects who continued to receive TAF through Week 120 and additionally from subjects who received TAF from Week 96 through Week 120, the safety profile of this drug was similar to that at Week 96. Adverse reactions observed with this drug in randomized, double-blind, active-controlled trial for virologically suppressed adult subjects (Trial 4018) 
were similar to those in Trials 108 and 110. 2) Post-marketing experience: Angioedema, urticaria 4. General Precautions 1) Risk of Development of HIV-1 Resistance in Patients Coinfected with HBV and HIV-1. 2) New Onset or Worsening Renal Impairment. 3) Lactic Acidosis/ Severe Hepatomegaly with Steatosis. 4) This drug is not recommended for 
coadministration with drugs that contain any of the following: tenofovir alafenamide, tenofovir disoproxil fumarate, adefovir dipivoxil. 5) Resistance (Refer to full PI for more safety information) 5. Drug interactions
1) Potential for Other Drugs to Affect this drug: This drug is a substrate of P-glycoprotein (P-gp) and BCRP. Drugs that strongly affect P-gp and BCRP activity may lead to changes in tenofovir alafenamide absorption. 2) Drugs Affecting Renal Function: Because tenofovir is primarily excreted by the kidneys by a combination of glomerular filtration and active 
tubular secretion, coadministration of this drug with drugs that reduce renal function or compete for active tubular secretion may increase concentrations of tenofovir and other renally eliminated drugs and this may increase the risk of adverse reactions. 3) Established and Other Potentially Significant Interactions: Anticonvulsants, antimycobacterial, 
herbal products. 4) Drugs without Clinically Significant Interactions with this drug. (Refer to full PI for more information) 6. Use in Pregnant Women and Nursing Mothers 1) Pregnancy: This drug should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 2) Lactation: It is not known whether this drug and its 
metabolites are present in human breast milk, affect human milk production, or have effects on the breastfed infant. The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for this drug and any potential adverse effects on the breastfed infant from this drug or from the underlying maternal 
condition.7. Use in specific population 1) Safety and effectiveness of this drug in pediatric patients less than 18 years of age have not been established. 2) No dose adjustment is required in patients aged 65 years and older. 3) No dosage adjustment of this drug is required in patients with mild, moderate, or severe renal impairment. For patients on 
hemodialysis, on days of hemodialysis, this drug should be administered after completion of hemodialysis treatment. 4) No dosage adjustment of this drug is required in patients with hepatic impairment. [Storage Condition] Store in a tight container at room temperature (1-30° C) [Package Unit] 30 tablets [Manufacturer] Patheon, Inc. (2100 Syntex 
Court, Mississauga, Ontario, Canada L5N 7K9) Or Gilead Sciences Ireland UC (IDA Business and Technology Park, Carrigtohill, Co. Cork, Ireland) [Importer] Gilead Sciences Korea Ltd., West Tower 15F, Center 1, 26, Euljiro 5-gil, Jung-gu, Seoul, Korea (Representative phone: 02-6030-3300, Medical information: 0079-814-800-9172) [Date of Preparation] 
2021.04.02 (VEM-2104-01)

※  Please refer to full prescribing information (www.gilead.co.kr or nedrug.mfds.go.kr) before prescription for detailed information. This abridged PI might not include some latest information after the date below. 
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1. Murakami E, et al. Antimicrob Agents Chemother. 2015;59:3563-3569. 2. Ministry of Food and Drug Safety (MFDS). VEMLIDY® prescribing information (last update: 2021.03.31). 3. Agarwal K, et al. J Hepatol. 2018;68(4):672-681. 4. Buti M, et al. Lancet Gastroenterol Hepatol. 2016;1:196–206. 5. Lampertico P, et al. Lancet Gastroenterol Hepatol. 
2020;5(5):441-453. 6. Seto WK, et al. Clin Gastroenterol Hepatol. 2018 Jun 20; S1542-3565(18)30633-5. 7. Terrault NA, et al. Hapatology. 2018;67(4):1560-1599. 8. European Association for the Study of the Liver. J Hepatol. 2017;67(2):370-398. 9. KASL 2018 Chronic hepatitis B clinical practice guideline. 
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1) Size, Shape, and Other Physical Attributes of Generic Tablets and Capsules - Guidance for industry. (U.S. FDA, June 2015) 
2) Vervloet M, et al. J Am Med Inform Assoc 2012;19(5):696-704
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4) compared to the original as of date Jan 2021

helps with medication compliance
is 4 economical conducted naïve Phase Ⅲ clinical trials

[ Tenofovir disoproxil orotate ]

* Tablet size reduction
* Medication compliance packaging and application

.
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Restoration of Hepatic Mitochondrial Dysfunction 
by ��������������


	������������������ of ALT Level
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[제품명] 넥사바정 200밀리그램(소라페닙토실레이트(미분화)) [주성분] 소라페닙토실레이트(미분화) (별규) 274.0밀리그램(소라페닙으로서 200밀리그램) [효능·효과] - 이전의 cytokine 치료에 실패 경험이 있거나, 이러한 치료요법이 적절치 않은 진행성 신장세포암 - 간세포성 암 - 방사성 요오드에 
불응한, 국소 재발성 또는 전이성의 진행성 분화 갑상선 암 [용법·용량] 권장투여용량은 1회 400mg, 1일 2회이며, 공복상태(최소 식전 1시간 또는 식후 2시간째)에 복용한다. 본 약제는 환자에게 더 이상 임상적인 유익성이 없거나 수용할 수 없는 독성이 발생할 때까지 계속 투여해야 한다. 피부학적 독성에 
따른 권장용량의 예시는 제품설명서 전문을 확인해 주십시오.  [사용상의 주의사항] 1. 경고 이 약의 작용 기전 및 임상 사용량보다 훨씬 적은 용량을 투여한 동물시험에서의 관찰 사항에 근거할 때, 이 약을 임부에 투여했을 때 태아에 유해할 것으로 예측된다. 임산부에서는 이 약에 대한 적절한 임상연구를 
실시하지 않았다. 임신 가능성이 있는 여성은 이 약을 투여하는 동안에는 임신하지 않도록 해야 한다. 임신 가능성이 있는 환자에게는 중증의 기형(최기형성), 성장 장애, 태아 사망(배아독성)을 포함하여 이 약의 태아에 미치는 잠재적 위험성에 대해 알려주어야 한다. 이 약은 임신 중에는 투여하지 않는다. 
임신 중에 이 약을 사용하려면, 태아에 미치는 유익성이 위험성 보다 더 클 때에만 투여토록 한다. 이 약을 투여 받는 동안 수유를 중단해야 한다. 2. 다음 환자에는 투여하지 말 것 이 약의 주성분이나 부형제에 대해 중증의 과민증이 있는 환자 3. 주요 이상반응  (1) 간세포암 환자 297명과 신장세포암 환자 
451명과 분화갑상선암 환자 207명을 대상으로 하여 총 955명의 환자에 대한 위약 대조 시험한 임상연구의 결과 가장 흔한 이상반응: 설사, 피로, 탈모증, 감염, 수족피부반응, 발진 (2) 여러 임상연구 및 시판 후 조사로부터의 추가 안전성 데이터 중 매우 흔한 이상반응(10% 이상): 감염, 림프구 감소증, 
식욕부진, 저인산혈증, 출혈(위장관계, 호흡기계 및 뇌출혈 포함), 고혈압, 설사, 오심, 구토, 변비, 피부건조, 발진, 탈모증, 수족피부반응, 가려움, 홍반, 관절통, 피로, 통증(구강, 상복부, 뼈, 암 통증 및 두통 포함), 발열, 체중감소, 아밀라아제 증가, 리파아제 증가  [전문의약품] [수입 및 판매자] 바이엘코리아
㈜ [개정년월일]  2021. 12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 
바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.

[제품명] 스티바가정40밀리그램(레고라페닙) [주성분] 레고라페닙일수화물(별규) 41.49밀리그램(레고라페닙으로서 40.00밀리그램) [효능·효과] 1. 이전에 플루오로피리미딘 계열 약물을 기본으로 하는 항암 화학 요법과 항 VEGF 치료제, 항 EGFR 치료제(RAS 정상형 (wild type)의 경우)로 치료를 받은 
적이 있는 전이성 직장결장암 환자의 치료 2. 이전에 이매티닙과 수니티닙으로 치료 받은 적이 있는 전이성 또는 절제불가능한 국소진행성 위장관기질종양(GIST) 환자의 치료 3. 이전에 소라페닙으로 치료 받은 적이 있는 간세포암 환자의 치료 [용법·용량] 1일 권장 투여 용량은 레고라페닙으로서 160 
mg (이 약 40 mg 정제 4정에 해당)이며, 1일 1회 경구 복용한다. 투여 주기는 4주로, 3주 투약하고 1주 휴약한다. 이 약은 매일 같은 시간에 가벼운 식사 후 복용한다. 정제를 물과 함께 통째로 삼켜야 한다. 복용을 잊은 것을 기억하는 즉시 이 약을 복용하되, 전날의 투여량을 보충하기 위해 하루에 2회 용량을 
복용해서는 안된다. 이 약의 투여는 질병이 진행할 때까지 또는 수용할 수 없는 독성이 발생할 때까지 지속되어야 한다. 환자 개개인의 안전성 및 내약성에 따라, 일시적 투여 중단 및/또는 용량 감소가 필요할 수도 있다. 용량 변경은 40 mg 1정씩 적용한다. 최소 1일 권장 투여 용량은 80 mg이다. 최대 1일 
투여 용량은 160 mg이다. 용량 조절에 대한 자세한 내용은 제품설명서 전문을 참고해주시기 바랍니다. [사용상의 주의사항] 1. 경고 1) 임상시험에서 이 약으로 치료 받은 환자에서 치명적인 결과를 동반한 심각한 약물유발 간손상이 발생했다. 대부분의 사례에서, 간 기능 부전은 치료 시작 후 2개월 이내에 
발생했으며 간세포 손상 양상으로 특징지어졌다. 2) 임신한 여성에게 이 약 투여 시 태아에게 해로운 영향을 미칠 수 있다. 랫트 및 토끼에서 이 약은 사람의 권장 노출량보다 적은 용량에서 기형 및 배태자 독성을 유발하는 것으로 나타났다. 임신 가능성이 있는 여성 및 남성은 이 약 투여 중 및 투여 후 8
주까지 효과적인 피임법을 실시하여야 한다. 임신 중에 이 약을 사용하거나 이 약을 복용하는 동안 임신이 되면, 태아에 미치는 잠재적 위험에 대해 환자에게 알려주어야 한다. 2. 다음 환자에는 투여하지 말 것 1) 이 약 또는 이 약의 구성성분에 과민증인 환자 3. 다음 환자에는 신중히 투여 할 것 1) 간 기능 
장애 환자(1. 경고항 참조) 2) 감염 3) 출혈 4) 심장 허혈 및 경색 4. 이상반응 이 약의 가장 중대한 약물 이상 반응은 중증의 간 손상 및 출혈, 위장관 천공 및 감염이었다. 임상시험에서 매우 흔하게 나타난 약물이상반응(10% 이상): 감염, 저혈소판증, 빈혈, 식욕 및 음식섭취 감소, 출혈, 고혈압, 발성장애, 설사, 
구내염, 구토, 오심, 고빌리루빈혈증, 트랜스아미나아제 상승, 손발피부반응, 발진, 무력증/피로, 통증, 고열, 근육염증, 체중감소 흔하게 나타난 약물이상반응(1%이상 10%미만): 백혈구감소증, 갑상선기능저하증, 저칼륨혈증, 저인산혈증, 저칼슘혈증, 저나트륨혈증, 저마그네슘혈증, 고요산혈증, 탈수, 
두통, 떨림, 말초신경병증, 미각이상, 입안건조, 위식도역류질환, 위장염, 탈모, 피부건조, 박리성 발진, 근육 경련, 단백뇨증, 아밀라아제 상승, 리파아제 상승, INR치 비정상 [전문의약품] [수입 및 판매자] 바이엘코리아㈜  [개정년월일] 2021.12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, 
http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.
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[제품명] 넥사바정 200밀리그램(소라페닙토실레이트(미분화)) [주성분] 소라페닙토실레이트(미분화) (별규) 274.0밀리그램(소라페닙으로서 200밀리그램) [효능·효과] - 이전의 cytokine 치료에 실패 경험이 있거나, 이러한 치료요법이 적절치 않은 진행성 신장세포암 - 간세포성 암 - 방사성 요오드에 
불응한, 국소 재발성 또는 전이성의 진행성 분화 갑상선 암 [용법·용량] 권장투여용량은 1회 400mg, 1일 2회이며, 공복상태(최소 식전 1시간 또는 식후 2시간째)에 복용한다. 본 약제는 환자에게 더 이상 임상적인 유익성이 없거나 수용할 수 없는 독성이 발생할 때까지 계속 투여해야 한다. 피부학적 독성에 
따른 권장용량의 예시는 제품설명서 전문을 확인해 주십시오.  [사용상의 주의사항] 1. 경고 이 약의 작용 기전 및 임상 사용량보다 훨씬 적은 용량을 투여한 동물시험에서의 관찰 사항에 근거할 때, 이 약을 임부에 투여했을 때 태아에 유해할 것으로 예측된다. 임산부에서는 이 약에 대한 적절한 임상연구를 
실시하지 않았다. 임신 가능성이 있는 여성은 이 약을 투여하는 동안에는 임신하지 않도록 해야 한다. 임신 가능성이 있는 환자에게는 중증의 기형(최기형성), 성장 장애, 태아 사망(배아독성)을 포함하여 이 약의 태아에 미치는 잠재적 위험성에 대해 알려주어야 한다. 이 약은 임신 중에는 투여하지 않는다. 
임신 중에 이 약을 사용하려면, 태아에 미치는 유익성이 위험성 보다 더 클 때에만 투여토록 한다. 이 약을 투여 받는 동안 수유를 중단해야 한다. 2. 다음 환자에는 투여하지 말 것 이 약의 주성분이나 부형제에 대해 중증의 과민증이 있는 환자 3. 주요 이상반응  (1) 간세포암 환자 297명과 신장세포암 환자 
451명과 분화갑상선암 환자 207명을 대상으로 하여 총 955명의 환자에 대한 위약 대조 시험한 임상연구의 결과 가장 흔한 이상반응: 설사, 피로, 탈모증, 감염, 수족피부반응, 발진 (2) 여러 임상연구 및 시판 후 조사로부터의 추가 안전성 데이터 중 매우 흔한 이상반응(10% 이상): 감염, 림프구 감소증, 
식욕부진, 저인산혈증, 출혈(위장관계, 호흡기계 및 뇌출혈 포함), 고혈압, 설사, 오심, 구토, 변비, 피부건조, 발진, 탈모증, 수족피부반응, 가려움, 홍반, 관절통, 피로, 통증(구강, 상복부, 뼈, 암 통증 및 두통 포함), 발열, 체중감소, 아밀라아제 증가, 리파아제 증가  [전문의약품] [수입 및 판매자] 바이엘코리아
㈜ [개정년월일]  2021. 12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 
바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.

[제품명] 스티바가정40밀리그램(레고라페닙) [주성분] 레고라페닙일수화물(별규) 41.49밀리그램(레고라페닙으로서 40.00밀리그램) [효능·효과] 1. 이전에 플루오로피리미딘 계열 약물을 기본으로 하는 항암 화학 요법과 항 VEGF 치료제, 항 EGFR 치료제(RAS 정상형 (wild type)의 경우)로 치료를 받은 
적이 있는 전이성 직장결장암 환자의 치료 2. 이전에 이매티닙과 수니티닙으로 치료 받은 적이 있는 전이성 또는 절제불가능한 국소진행성 위장관기질종양(GIST) 환자의 치료 3. 이전에 소라페닙으로 치료 받은 적이 있는 간세포암 환자의 치료 [용법·용량] 1일 권장 투여 용량은 레고라페닙으로서 160 
mg (이 약 40 mg 정제 4정에 해당)이며, 1일 1회 경구 복용한다. 투여 주기는 4주로, 3주 투약하고 1주 휴약한다. 이 약은 매일 같은 시간에 가벼운 식사 후 복용한다. 정제를 물과 함께 통째로 삼켜야 한다. 복용을 잊은 것을 기억하는 즉시 이 약을 복용하되, 전날의 투여량을 보충하기 위해 하루에 2회 용량을 
복용해서는 안된다. 이 약의 투여는 질병이 진행할 때까지 또는 수용할 수 없는 독성이 발생할 때까지 지속되어야 한다. 환자 개개인의 안전성 및 내약성에 따라, 일시적 투여 중단 및/또는 용량 감소가 필요할 수도 있다. 용량 변경은 40 mg 1정씩 적용한다. 최소 1일 권장 투여 용량은 80 mg이다. 최대 1일 
투여 용량은 160 mg이다. 용량 조절에 대한 자세한 내용은 제품설명서 전문을 참고해주시기 바랍니다. [사용상의 주의사항] 1. 경고 1) 임상시험에서 이 약으로 치료 받은 환자에서 치명적인 결과를 동반한 심각한 약물유발 간손상이 발생했다. 대부분의 사례에서, 간 기능 부전은 치료 시작 후 2개월 이내에 
발생했으며 간세포 손상 양상으로 특징지어졌다. 2) 임신한 여성에게 이 약 투여 시 태아에게 해로운 영향을 미칠 수 있다. 랫트 및 토끼에서 이 약은 사람의 권장 노출량보다 적은 용량에서 기형 및 배태자 독성을 유발하는 것으로 나타났다. 임신 가능성이 있는 여성 및 남성은 이 약 투여 중 및 투여 후 8
주까지 효과적인 피임법을 실시하여야 한다. 임신 중에 이 약을 사용하거나 이 약을 복용하는 동안 임신이 되면, 태아에 미치는 잠재적 위험에 대해 환자에게 알려주어야 한다. 2. 다음 환자에는 투여하지 말 것 1) 이 약 또는 이 약의 구성성분에 과민증인 환자 3. 다음 환자에는 신중히 투여 할 것 1) 간 기능 
장애 환자(1. 경고항 참조) 2) 감염 3) 출혈 4) 심장 허혈 및 경색 4. 이상반응 이 약의 가장 중대한 약물 이상 반응은 중증의 간 손상 및 출혈, 위장관 천공 및 감염이었다. 임상시험에서 매우 흔하게 나타난 약물이상반응(10% 이상): 감염, 저혈소판증, 빈혈, 식욕 및 음식섭취 감소, 출혈, 고혈압, 발성장애, 설사, 
구내염, 구토, 오심, 고빌리루빈혈증, 트랜스아미나아제 상승, 손발피부반응, 발진, 무력증/피로, 통증, 고열, 근육염증, 체중감소 흔하게 나타난 약물이상반응(1%이상 10%미만): 백혈구감소증, 갑상선기능저하증, 저칼륨혈증, 저인산혈증, 저칼슘혈증, 저나트륨혈증, 저마그네슘혈증, 고요산혈증, 탈수, 
두통, 떨림, 말초신경병증, 미각이상, 입안건조, 위식도역류질환, 위장염, 탈모, 피부건조, 박리성 발진, 근육 경련, 단백뇨증, 아밀라아제 상승, 리파아제 상승, INR치 비정상 [전문의약품] [수입 및 판매자] 바이엘코리아㈜  [개정년월일] 2021.12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, 
http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.
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[제품명] 넥사바정 200밀리그램(소라페닙토실레이트(미분화)) [주성분] 소라페닙토실레이트(미분화) (별규) 274.0밀리그램(소라페닙으로서 200밀리그램) [효능·효과] - 이전의 cytokine 치료에 실패 경험이 있거나, 이러한 치료요법이 적절치 않은 진행성 신장세포암 - 간세포성 암 - 방사성 요오드에 
불응한, 국소 재발성 또는 전이성의 진행성 분화 갑상선 암 [용법·용량] 권장투여용량은 1회 400mg, 1일 2회이며, 공복상태(최소 식전 1시간 또는 식후 2시간째)에 복용한다. 본 약제는 환자에게 더 이상 임상적인 유익성이 없거나 수용할 수 없는 독성이 발생할 때까지 계속 투여해야 한다. 피부학적 독성에 
따른 권장용량의 예시는 제품설명서 전문을 확인해 주십시오.  [사용상의 주의사항] 1. 경고 이 약의 작용 기전 및 임상 사용량보다 훨씬 적은 용량을 투여한 동물시험에서의 관찰 사항에 근거할 때, 이 약을 임부에 투여했을 때 태아에 유해할 것으로 예측된다. 임산부에서는 이 약에 대한 적절한 임상연구를 
실시하지 않았다. 임신 가능성이 있는 여성은 이 약을 투여하는 동안에는 임신하지 않도록 해야 한다. 임신 가능성이 있는 환자에게는 중증의 기형(최기형성), 성장 장애, 태아 사망(배아독성)을 포함하여 이 약의 태아에 미치는 잠재적 위험성에 대해 알려주어야 한다. 이 약은 임신 중에는 투여하지 않는다. 
임신 중에 이 약을 사용하려면, 태아에 미치는 유익성이 위험성 보다 더 클 때에만 투여토록 한다. 이 약을 투여 받는 동안 수유를 중단해야 한다. 2. 다음 환자에는 투여하지 말 것 이 약의 주성분이나 부형제에 대해 중증의 과민증이 있는 환자 3. 주요 이상반응  (1) 간세포암 환자 297명과 신장세포암 환자 
451명과 분화갑상선암 환자 207명을 대상으로 하여 총 955명의 환자에 대한 위약 대조 시험한 임상연구의 결과 가장 흔한 이상반응: 설사, 피로, 탈모증, 감염, 수족피부반응, 발진 (2) 여러 임상연구 및 시판 후 조사로부터의 추가 안전성 데이터 중 매우 흔한 이상반응(10% 이상): 감염, 림프구 감소증, 
식욕부진, 저인산혈증, 출혈(위장관계, 호흡기계 및 뇌출혈 포함), 고혈압, 설사, 오심, 구토, 변비, 피부건조, 발진, 탈모증, 수족피부반응, 가려움, 홍반, 관절통, 피로, 통증(구강, 상복부, 뼈, 암 통증 및 두통 포함), 발열, 체중감소, 아밀라아제 증가, 리파아제 증가  [전문의약품] [수입 및 판매자] 바이엘코리아
㈜ [개정년월일]  2021. 12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 
바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.

[제품명] 스티바가정40밀리그램(레고라페닙) [주성분] 레고라페닙일수화물(별규) 41.49밀리그램(레고라페닙으로서 40.00밀리그램) [효능·효과] 1. 이전에 플루오로피리미딘 계열 약물을 기본으로 하는 항암 화학 요법과 항 VEGF 치료제, 항 EGFR 치료제(RAS 정상형 (wild type)의 경우)로 치료를 받은 
적이 있는 전이성 직장결장암 환자의 치료 2. 이전에 이매티닙과 수니티닙으로 치료 받은 적이 있는 전이성 또는 절제불가능한 국소진행성 위장관기질종양(GIST) 환자의 치료 3. 이전에 소라페닙으로 치료 받은 적이 있는 간세포암 환자의 치료 [용법·용량] 1일 권장 투여 용량은 레고라페닙으로서 160 
mg (이 약 40 mg 정제 4정에 해당)이며, 1일 1회 경구 복용한다. 투여 주기는 4주로, 3주 투약하고 1주 휴약한다. 이 약은 매일 같은 시간에 가벼운 식사 후 복용한다. 정제를 물과 함께 통째로 삼켜야 한다. 복용을 잊은 것을 기억하는 즉시 이 약을 복용하되, 전날의 투여량을 보충하기 위해 하루에 2회 용량을 
복용해서는 안된다. 이 약의 투여는 질병이 진행할 때까지 또는 수용할 수 없는 독성이 발생할 때까지 지속되어야 한다. 환자 개개인의 안전성 및 내약성에 따라, 일시적 투여 중단 및/또는 용량 감소가 필요할 수도 있다. 용량 변경은 40 mg 1정씩 적용한다. 최소 1일 권장 투여 용량은 80 mg이다. 최대 1일 
투여 용량은 160 mg이다. 용량 조절에 대한 자세한 내용은 제품설명서 전문을 참고해주시기 바랍니다. [사용상의 주의사항] 1. 경고 1) 임상시험에서 이 약으로 치료 받은 환자에서 치명적인 결과를 동반한 심각한 약물유발 간손상이 발생했다. 대부분의 사례에서, 간 기능 부전은 치료 시작 후 2개월 이내에 
발생했으며 간세포 손상 양상으로 특징지어졌다. 2) 임신한 여성에게 이 약 투여 시 태아에게 해로운 영향을 미칠 수 있다. 랫트 및 토끼에서 이 약은 사람의 권장 노출량보다 적은 용량에서 기형 및 배태자 독성을 유발하는 것으로 나타났다. 임신 가능성이 있는 여성 및 남성은 이 약 투여 중 및 투여 후 8
주까지 효과적인 피임법을 실시하여야 한다. 임신 중에 이 약을 사용하거나 이 약을 복용하는 동안 임신이 되면, 태아에 미치는 잠재적 위험에 대해 환자에게 알려주어야 한다. 2. 다음 환자에는 투여하지 말 것 1) 이 약 또는 이 약의 구성성분에 과민증인 환자 3. 다음 환자에는 신중히 투여 할 것 1) 간 기능 
장애 환자(1. 경고항 참조) 2) 감염 3) 출혈 4) 심장 허혈 및 경색 4. 이상반응 이 약의 가장 중대한 약물 이상 반응은 중증의 간 손상 및 출혈, 위장관 천공 및 감염이었다. 임상시험에서 매우 흔하게 나타난 약물이상반응(10% 이상): 감염, 저혈소판증, 빈혈, 식욕 및 음식섭취 감소, 출혈, 고혈압, 발성장애, 설사, 
구내염, 구토, 오심, 고빌리루빈혈증, 트랜스아미나아제 상승, 손발피부반응, 발진, 무력증/피로, 통증, 고열, 근육염증, 체중감소 흔하게 나타난 약물이상반응(1%이상 10%미만): 백혈구감소증, 갑상선기능저하증, 저칼륨혈증, 저인산혈증, 저칼슘혈증, 저나트륨혈증, 저마그네슘혈증, 고요산혈증, 탈수, 
두통, 떨림, 말초신경병증, 미각이상, 입안건조, 위식도역류질환, 위장염, 탈모, 피부건조, 박리성 발진, 근육 경련, 단백뇨증, 아밀라아제 상승, 리파아제 상승, INR치 비정상 [전문의약품] [수입 및 판매자] 바이엘코리아㈜  [개정년월일] 2021.12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, 
http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.
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[제품명] 넥사바정 200밀리그램(소라페닙토실레이트(미분화)) [주성분] 소라페닙토실레이트(미분화) (별규) 274.0밀리그램(소라페닙으로서 200밀리그램) [효능·효과] - 이전의 cytokine 치료에 실패 경험이 있거나, 이러한 치료요법이 적절치 않은 진행성 신장세포암 - 간세포성 암 - 방사성 요오드에 
불응한, 국소 재발성 또는 전이성의 진행성 분화 갑상선 암 [용법·용량] 권장투여용량은 1회 400mg, 1일 2회이며, 공복상태(최소 식전 1시간 또는 식후 2시간째)에 복용한다. 본 약제는 환자에게 더 이상 임상적인 유익성이 없거나 수용할 수 없는 독성이 발생할 때까지 계속 투여해야 한다. 피부학적 독성에 
따른 권장용량의 예시는 제품설명서 전문을 확인해 주십시오.  [사용상의 주의사항] 1. 경고 이 약의 작용 기전 및 임상 사용량보다 훨씬 적은 용량을 투여한 동물시험에서의 관찰 사항에 근거할 때, 이 약을 임부에 투여했을 때 태아에 유해할 것으로 예측된다. 임산부에서는 이 약에 대한 적절한 임상연구를 
실시하지 않았다. 임신 가능성이 있는 여성은 이 약을 투여하는 동안에는 임신하지 않도록 해야 한다. 임신 가능성이 있는 환자에게는 중증의 기형(최기형성), 성장 장애, 태아 사망(배아독성)을 포함하여 이 약의 태아에 미치는 잠재적 위험성에 대해 알려주어야 한다. 이 약은 임신 중에는 투여하지 않는다. 
임신 중에 이 약을 사용하려면, 태아에 미치는 유익성이 위험성 보다 더 클 때에만 투여토록 한다. 이 약을 투여 받는 동안 수유를 중단해야 한다. 2. 다음 환자에는 투여하지 말 것 이 약의 주성분이나 부형제에 대해 중증의 과민증이 있는 환자 3. 주요 이상반응  (1) 간세포암 환자 297명과 신장세포암 환자 
451명과 분화갑상선암 환자 207명을 대상으로 하여 총 955명의 환자에 대한 위약 대조 시험한 임상연구의 결과 가장 흔한 이상반응: 설사, 피로, 탈모증, 감염, 수족피부반응, 발진 (2) 여러 임상연구 및 시판 후 조사로부터의 추가 안전성 데이터 중 매우 흔한 이상반응(10% 이상): 감염, 림프구 감소증, 
식욕부진, 저인산혈증, 출혈(위장관계, 호흡기계 및 뇌출혈 포함), 고혈압, 설사, 오심, 구토, 변비, 피부건조, 발진, 탈모증, 수족피부반응, 가려움, 홍반, 관절통, 피로, 통증(구강, 상복부, 뼈, 암 통증 및 두통 포함), 발열, 체중감소, 아밀라아제 증가, 리파아제 증가  [전문의약품] [수입 및 판매자] 바이엘코리아
㈜ [개정년월일]  2021. 12  보다 자세한 사항은 제품설명서 전문 또는 바이엘 웹사이트, http://www.bayer.co.kr를 참고하시기 바랍니다. 부작용 또는 품질과 관련된 불만사항을 보고하고자 하는 경우 의약전문가(예: 의사 또는 약사), 식품의약품안전처 또는 한국의약품안전관리원에 연락하시기 
바랍니다. 혹은 바이엘코리아로도 보고하실 수 있습니다.

[제품명] 스티바가정40밀리그램(레고라페닙) [주성분] 레고라페닙일수화물(별규) 41.49밀리그램(레고라페닙으로서 40.00밀리그램) [효능·효과] 1. 이전에 플루오로피리미딘 계열 약물을 기본으로 하는 항암 화학 요법과 항 VEGF 치료제, 항 EGFR 치료제(RAS 정상형 (wild type)의 경우)로 치료를 받은 
적이 있는 전이성 직장결장암 환자의 치료 2. 이전에 이매티닙과 수니티닙으로 치료 받은 적이 있는 전이성 또는 절제불가능한 국소진행성 위장관기질종양(GIST) 환자의 치료 3. 이전에 소라페닙으로 치료 받은 적이 있는 간세포암 환자의 치료 [용법·용량] 1일 권장 투여 용량은 레고라페닙으로서 160 
mg (이 약 40 mg 정제 4정에 해당)이며, 1일 1회 경구 복용한다. 투여 주기는 4주로, 3주 투약하고 1주 휴약한다. 이 약은 매일 같은 시간에 가벼운 식사 후 복용한다. 정제를 물과 함께 통째로 삼켜야 한다. 복용을 잊은 것을 기억하는 즉시 이 약을 복용하되, 전날의 투여량을 보충하기 위해 하루에 2회 용량을 
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The role of transjugular intrahepatic portosystemic 
shunt in patients with portal hypertension: Advantages 
and pitfalls
Hae Lim Lee1,2 and Sung Won Lee1,2

1Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul; 2The Catholic University Liver Re-
search Center, College of Medicine, The Catholic University of Korea, Seoul, Korea 

Transjugular intrahepatic portosystemic shunt (TIPS) is an effective interventional procedure to relieve portal 
hypertension, which is a main mechanism for the development of complications of liver cirrhosis (LC), such as 
variceal hemorrhage, ascites, and hepatorenal syndrome. However, the high incidence of adverse events after TIPS 
implementation limits its application in clinical practice. Esophageal variceal hemorrhage is one of the major indications 
for TIPS. Recently, preemptively performed TIPS has been recommended, as several studies have shown that TIPS 
significantly reduced mortality as well as rebleeding or failure to control bleeding in patients who are at high risk of 
treatment failure for bleeding control with endoscopic variceal ligation and vasoactive drugs. Meanwhile, recurrent 
ascites is another indication for TIPS with a proven survival benefit. TIPS may also be considered as an effective treatment 
for other LC complications, usually as an alternative therapy. Although there are concerns about the development of 
hepatic encephalopathy and hepatic dysfunction after TIPS implementation, careful patient selection using prognostic 
scores can lead to excellent outcomes. Assessments of cardiac and renal function prior to TIPS may also be considered to 
improve patient prognosis. (Clin Mol Hepatol 2022;28:121-134)
Keywords: Transjugular intrahepatic portosystemic shunt; Liver cirrhosis; Hypertension, Portal; Portal pressure
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INTRODUCTION

Complications of decompensated liver cirrhosis (LC) can seri-

ously impair the quality of life and also increase the morbidity and 

mortality rates of patients. Although liver transplantation (LT) is 

the best way to reverse the clinical course of patients with decom-

pensated LC, only a limited number of the patients may undergo 

LT due to a persistent shortage of viable organs. Portal hyperten-

sion is the main pathologic mechanism driving the occurrence of 

LC complications. First-line treatments for such complications, 

which include sodium restrictions and the use of diuretics for asci-

tes or vasoactive drugs and endoscopic therapy for variceal bleed-

ing, do not aim to alleviate portal hypertension itself but instead 

manage symptoms; therefore, patients may still suffer from recur-

rent episodes of these LC complications.

Transjugular intrahepatic portosystemic shunt (TIPS) robustly re-

duces portal hypertension by establishing a shunt within the liver. 

The procedure is performed by creating an intrahepatic portosys-

temic shunt connecting the right or main portal vein to the hepat-

ic vein, aiming to reduce the porto-systemic pressure gradient 

(PPG) while maintaining adequate liver perfusion (Fig. 1). The 

most common indications of TIPS are uncontrolled bleeding from 

the esophageal varix and refractory or recurrent ascites. TIPS can 

also be considered in patients with gastric variceal hemorrhage, 

hepatic hydrothorax, Budd-Chiari syndrome (BCS), or noncirrhotic 

portal hypertension. In addition to the therapeutic purpose of LC 

complications, TIPS decompresses increased resistance of portal 

venous blood flow, leading to stabilization of the activated renin–

angiotension and sympathetic systems. Moreover, enhanced 

translocation of the gut microbiome and systemic inflammation in 

patients with portal hypertension decrease after TIPS implemen-

tation.1 Despite these advantages, however, there are non-negli-

Figure 1. Overview of TIPS. The main complications of TIPS and their countermeasures are presented. TIPS, transjugular intrahepatic portosystemic 
shunt; PPG, porto-systemic pressure gradient.

• Esophageal variceal hemorrhage
• Gastric variceal hemorrhage
• Refractory or recurrent ascites
• Refractory hepatic hydrothorax
• Budd-chiari syndrome
• Non-cirrhotic portal hypertension

Hepatic vein

Shunt (stent)

Portal vein
Renal dysfunction
-   Stable or improved renal function in 

about 90% of patients after TIPS
-   May not be beneficial for patients with 

intrinsic renal disease
→   Differentiation of intrinsic renal disease 

and renal dysfunction related to portal 
hypertension before TIPS is required

Cardiac dysfunction
- About 20% of patients after TIPS
→   Consider echocardiography before TIPS, 

especially in patients with underlying 
cardiac disease

Hepatic encephalopathy
- About 35% at 1 year after TIPS
→   Close monitoring of patients, 

especially those with pre-existing 
hepatic encephalopathy is 
recommended

Hepatic dysfunction
-   Usually between 1 and 3 months 

after TIPS
→   Close monitoring for at least for 

3 months is recommended

PPG reduction to below 12 mmHg
or by 50% or more of baseline value is 
recommended
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gible adverse events that may arise following TIPS, including he-

patic encephalopathy (HE) and hepatic or cardiac dysfunction, 

which limit the use of TIPS in LC patients.

Until 2000, TIPS was performed using bare metal stents, thus 

carrying a significant drawback of shunt dysfunction due to stent 

stenosis occurring in more than 50% of patients within 1 year, 

mainly by the proliferation of the intima.2,3 Among the remarkable 

advances in the TIPS procedure, the development of polytetrafluo-

roethylene (PTFE)-covered stents was the most outstanding 

achievement to date. PTFE can suppress the proliferation of inti-

ma, thus maintaining stent patency.4 The rate of primary patency 

of TIPS was significantly improved to 86% and 80% at 1 and 2 

years, respectively, compared to 47% and 19%, respectively, in 

the setting of TIPS with bare stent placement.4

TIPS is usually indicated as a rescue therapy in LC patients who 

have developed complications with no response to first-line treat-

ment, and sometimes as a bridging therapy for LT. However, prac-

tical clinicians often hesitate to decide whether to perform TIPS in 

LC patients due to the adverse effects of TIPS. In this review, we 

aimed to demonstrate the most suitable timing and candidates for 

performing TIPS in patients with LC complications. We also sum-

marized the main complications of TIPS, as well as their counter-

measures.

PROCEDURE

Since variceal bleeding or ascites usually occurs with a PPG of 

above 12 mmHg, TIPS is performed to reach a goal of reducing 

the PPG to below 12 mmHg or by 50% or more of the baseline 

value.2,5 However, complications following TIPS, such as HE or he-

patic dysfunction, usually occur when the PPG is adjusted to less 

than 5 to 10 mmHg; therefore, the targeted level is suggested to 

be higher than 10 mmHg with a narrow therapeutic window.3 

Technically, it is not easy to accurately relocate the target PPG to 

between 10 to 12 mmHg during the procedure. TIPS is generally 

performed by full or partial expansion of 8- or 10-mm stents.5,6 

Nowadays, a smaller 8-mm stent has been more commonly used, 

as it demonstrated similar efficacy to the 10-mm stent but a lower 

incidence of HE or hepatic dysfunction.7 In addition, a recent pro-

spective, multicenter study showed that TIPS with 8-mm stents 

led to significantly higher transplant-free survival rates compared 

to using 10-mm stents.6

PATENCY

Although the incidence of shunt dysfunction significantly de-

Figure 2. The main indications for TIPS are presented. CTP, Child-Turcotte-Pugh; EBL, endoscopic band ligation; NSBB, nonselective beta-blockers; 
GOV, gastroesophageal varices; IGV, isolated gastric varices; EVO, endoscopic variceal obliteration; BRTO, balloon occluded retrograde transvenous 
obliteration; PARTO, plug-assisted retrograde transvenous obliteration; TIPS, transjugular intrahepatic portosystemic shunt. *The survival benefit of TIPS 
was demonstrated in randomized controlled trials.

Portal hypertension

TIPS

Esophageal variceal hemorrhage: 
endoscopic therapy + vasoactive 

drugs + antibiotics

Uncontrolled 
bleeding or severe 
rebleeding within 

5 days

First line treatments 
(EBL+NSBB) fails to prevent 
rebleeding or patients are 

intolerant to NSBB

High risk for treatment failure*: 
CTP C (<14 points) or CTP B with 

active bleeding EVO or BRTO/PARTO

Gastric variceal bleeding: 
GOV2 or IGV1

- For bleeding control or 
preventing rebleeding

Recurrent* or 
refractory ascites

Refractory hepatic 
hydrothorax
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creased after using PTFE-covered stents, guidelines suggest per-

forming a doppler ultrasound to examine shunt patency at inter-

vals of 6 or 12 months after the procedure.8,9 Stenosis of the shunt 

is mainly caused by intimal proliferation; however, it can rarely re-

sult from thrombosis in patients with inadequate coverage of the 

stent, bile leakage into the stent, or a hypercoagulable condition, 

such as BCS.5,10,11 A previous study showed that prophylactic use 

of antiplatelet or anticoagulation medications for preventing stent 

thrombosis after TIPS reduced the rate of shunt stenosis, and 

some centers have adopted the prophylactic use of anticoagula-

tion as a strategy.12,13 However, evidence is insufficient to encour-

age the prophylactic use of antiplatelet or anticoagulant drugs in 

patients with TIPS.14

INDICATIONS

The optimal timing for TIPS in LC complications is schematically 

shown in Figure 2, and clinical indications for TIPS recommended 

in each guideline are summarized in Table 1.

Esophageal VH

Acute VH should be managed with endoscopic treatment within 

12 hours of admission, if the patient is hemodynamically stable, 

together with the administration of antibiotics and vasoactive 

drugs, such as somatostatin, octreotide, or terlipressin. The imple-

mentation of TIPS can be considered for uncontrolled VH or for 

secondary prevention of esophageal VH. TIPS as a preemptive 

therapy for patients at high risk of treatment failure with standard 

Table 1. Summary of current international guidelines 

AASLD9,14 EASL16 Baveno VI17 KASL20,88

Esophageal VH

Rescue therapy Recommended Strong (1) Recommended (B) Weak (2)

Secondary prevention* Recommended Strong (1) Recommended (B) Strong (1)

Preemptive therapy† Recommended Weak (2)
Debatable in patients with CTP B

Strongest (A) Weak (2)

Gastric VH: GOV2 or IGV1

Control of bleeding Recommended Strong (1)
Cf. BRTO; weak (2)

Preemptive TIPS for GOV2†, 
strongest (A)

Cf. EVO for IGV (A) and GOV2 (D)

TIPS or RTO, strong (1)‡

Secondary prevention Recommended
Cf. BRTO is also TOC

Strong (1) Weakest (D) Weak (2)§

Refractory/recurrent ascites Recommended Strong (1) No mention Weak (2)

Refractory/recurrent hepatic 
hydrothorax

Recommended Strong (1) No mention Weak (2)

Hepatorenal syndrome Insufficient data Insufficient data in HRS-AKI
HRS-NAKI, weak (2)

No mention Insufficient data

The recommendation level for each indication is shown in parentheses.
The grade of recommendations ranges from 1 (strong) to 2 (weak) in the guidelines of EASL and KASL, and from A (strongest) to D (weakest) in the BAVENO 
VI guideline. The AASLD guideline does not report levels of recommendation.
AASLD, American Association for the Study of Liver Disease; EASL, European Association for the Study of the Liver; KASL, Korean Association for the Study of 
the Liver; VH, variceal hemorrhage; CTP, Child-Turcotte-Pugh; GVO, gastroesophageal varices; BRTO, balloon-occluded retrograde transvenous obliteration; 
TIPS, transjugular intrahepatic portosystemic shunt; EVO, endoscopic variceal obliteration; IGV, isolated gastric varices; RTO retrograde transvenous obliteration; 
TOC, treatment of choice; HRS, hepatorenal syndrome; AKI, acute kidney injury; NAKI, non-acute kidney injury.
*For secondary prevention of esophageal VH, guidelines suggest TIPS if the first-line treatment (endoscopic band ligation [EBL] + non-selective beta-blockers 
[NSBB]) fails or if patients are intolerant to NSBB. 
†Preemptive TIPS (placed within 72 hours after initial endoscopy) is recommended in patients at high risk of treatment failure with endoscopic therapy and 
vasoactive drugs for esophageal variceal hemorrhage. Patients with CTP class C (<14 points) or those with CTP class B and active bleeding at endoscopy are 
at high risk of treatment failure.
‡KASL recommends EVO as the first-line line treatment for gastric VH; strong (1). TIPS or RTO (BRTO or PARTO) can be performed instead of EVO.
§KASL recommends EVO or BRTO as well as TIPS for secondary prevention of gastric VH (GOV2 or ICG1); weak (2).
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treatment (e.g., endoscopic therapy, vasoactive drugs, and antibi-

otics) is nowadays highly recommended. TIPS is not indicated for 

primary prevention of esophageal VH.

Preemptive TIPS
Considering the high risk of liver decompensation or death after 

treatment failure for acute VH, the use of preemptive TIPS (pTIPS) 

was suggested in terms of early application of effective treat-

ment.15 The pTIPS refers to performing the procedure within 72 

hours of initial endoscopy in patients with acute VH at high risk of 

treatment failure and poor outcome despite standard treatments 

consisting of vasoactive drugs, antibiotics, and endoscopic thera-

py.15 Three randomized controlled trials (RCTs) and several obser-

vational studies have proven the efficacy of pTIPS in reducing re-

bleeding of the esophageal varix and mortality. Based on these 

results, recent guidelines recommend performing pTIPS in patients 

who are at high risk, such as those with Child-Turcotte-Pugh (CTP) 

C (<14 points) or CTP B with active bleeding after initial pharma-

cological and endoscopic therapy.9,16,17

In the first RCT for pTIPS, LC patients who were admitted for 

acute VH and a hepatic venous pressure gradient (HVPG) greater 

than 20 mmHg were defined as a high-risk group for treatment 

failure and randomly allocated to undergo pTIPS (within 24 hours 

after admission) or not. Preemptive TIPS significantly reduced the 

treatment failure, in-hospital, and 1-year mortality rates compared 

to medical treatment. However, interpretation of the results 

should consider the limitations inherent with using medical treat-

ment different from the current standard therapy and when using 

bare stents, recently exchanged for PTFE-covered stents.18 In an-

other European multicenter RCT, using PTFE-covered stents, LC 

patients with acute VH were enrolled to evaluate the efficacy of 

pTIPS. Patients with CTP C (10–13 points) or those with CTP B 

and active bleeding at initial endoscopy after admission were de-

fined as a high-risk group for treatment failure and randomly as-

signed to pTIPS or standard treatment (vasoactive drugs + endo-

scopic treatment) groups. The incidence of remaining free from 

treatment failure within 1 year was significantly higher in the 

pTIPS group than that in the standard treatment group (97% and 

50%, respectively; P<0.001). The 1-year survival rate was also 

significantly high at 86% in the pTIPS group versus 61% in the 

standard treatment group (P<0.001). There was no significant dif-

ference in the incidence of post-TIPS HE between the two 

groups.15 Unlike other RCTs, the most recent RCT enrolled LC pa-

tients with CTP B regardless of active bleeding at endoscopy or 

CTP C (<14 points) and set survival benefit as the primary out-

come. In this study, pTIPS independently reduced mortality (ad-

justed hazard ratio [aHR], 0.44; 95% confidence interval [CI], 

0.22–0.88; P=0.02] and treatment failure (aHR, 0.25; 95% CI, 

0.12–0.54; P<0.0001) compared to standard treatment. The inci-

dence of post-TIPS HE was similar (35% vs. 36%; P=1.00) be-

tween the two groups.19 Therefore, all three RCTs consistently 

demonstrated that pTIPS not only reduced variceal rebleeding but 

also improved survival. There was no difference in the incidence 

of post-TIPS HE between the pTIPS and standard treatment 

groups. However, this is not because pTIPS is relatively safe from 

this complication; the reason is that, if pTIPS is not performed, the 

increased risk of esophageal VH and combined other complica-

tions may precipitate the development of HE. Based on these re-

sults, the Baveno VI consensus states that pTIPS should be con-

sidered in patients at high risk for treatment failure (CTP C [<14 

points] or CTP B with active bleeding) after initial pharmacological 

and endoscopic therapy.17

However, some observational studies have demonstrated no 

survival benefit from pTIPS; therefore, guidelines of the American 

Association for the Study of Liver Diseases (AASLD), European As-

sociation for the Study of the Liver (EASL), and Korean Associa-

tion for the Study of the Liver all recommend pTIPS, with the ca-

veat that further studies are needed.9,16,20-22 There are also 

concerns regarding the definition of high-risk patients, such as 

whether CTP B patients with active bleeding should be classified 

into this group.23 A recent meta-analysis confirmed the efficacy of 

pTIPS in terms of reducing mortality to 56% compared to stan-

dard treatments in patients with CTP C (<14 points) or CTP B with 

active bleeding, but not in subgroup of patients with a CTP score 

of 7 points due to their good prognosis.24

Regarding the timing of pTIPS, the procedure was usually per-

formed within 3 days of index bleeding in previous studies, but 

the same effects have also been demonstrated when pTIPS was 

performed within 5 days of index bleeding.25 However, there was 

no survival benefit when TIPS was performed for secondary pre-

vention within 6–15 days after index bleeding, although clinical 

indications were somewhat different.26,27 Considering that the ef-

fect of pTIPS is predominantly to reduce early rebleeding,19 it is 

recommended to perform pTIPS at the earliest time after VH. 

Rescue therapy or secondary prevention
Although RCTs are still lacking, current guidelines recommend 

TIPS as a rescue therapy for patients who experience persistent 

bleeding or severe rebleeding despite standard treatment within 

the first 5 days after admission for acute VH, which occurs in 10 
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to 15% of the patients.9,16,17

Rebleeding of esophageal VH is accompanied by a significant 

mortality rate of up to 33%; thus, nonselective beta-blockers 

(NSBB) in combination with endoscopic band ligation (EBL) are 

recommended for secondary prevention in patients who experi-

enced a first episode of VH.9,17 Performing TIPS in order to prevent 

rebleeding compared to standard treatments (EBL + NSBB) has 

been evaluated in previous studies. TIPS with an uncovered stent 

significantly reduced the rebleeding rate compared to medical 

treatments, but the incidence of HE was significantly higher in pa-

tients who underwent TIPS.28 A recent RCT with PTFE-covered 

stents investigated the role of TIPS compared to elective EBLs 

with NSBB in patients who were hemodynamically stabilized after 

initial treatment for a first or second occurrence of esophageal or 

gastric VH. TIPS significantly reduced the rate of rebleeding but 

increased the incidence of post-TIPS HE by 35% within 1 year 

compared to standard treatment. However, during a long-term 

follow-up period, the difference in the incidence of post-TIPS HE 

disappeared (38% vs. 23%; P=0.121). Also, the survival rate was 

not significantly different between the two groups.26 Another 

large randomized study, which enrolled patients with a mean CTP 

score of 7 points and model for end-stage liver disease (MELD) 

score of 10 points and who experienced VH more than 5 days 

ago, compared the effect of TIPS with an 8-mm covered stent to 

HVPG-guided medical treatment (NSBB therapy). Here, the TIPS 

group had significantly reduced rebleeding rate compared to the 

medical treatment group (P=0.002), but the survival rate was not 

different. In this study, patients in the TIPS group had a slightly 

greater 2-year incidence of HE (18% vs. 8%; P=0.05), but the 

quality of life was not different.27 Collectively, TIPS for secondary 

prevention definitely reduced the risk of rebleeding with a slight 

increase in HE incidence compared to medical treatment. Never-

theless, there was no difference in the survival rate. Recent guide-

lines have recommended NSBB be combined with EBL as a first-

line therapy for secondary prevention of esophageal VH; however, 

if the first-line treatment (NSBB + EBL) fails or patients are intol-

erant to NSBB, TIPS should be considered.9,16,17,20

Gastric VH

Acute bleeding from gastroesophageal varices type 1 (GOV1) 

can be controlled by endoscopic therapy, either by EBL or cyano-

acrylate glue injection. In the case of bleeding from cardiofundal 

varices (GOV2 or isolated gastric varices type 1), the guidelines of 

AASLD and EASL recommend TIPS as a treatment of choice for 

the control of acute bleeding and the prevention of rebleeding 

from cardiofundal varices.9,16 A RCT evaluating the role of TIPS in 

the prevention of rebleeding from gastric varices showed that 

TIPS was more effective than endoscopic cyanoacrylate injection, 

with similar survival and complication rates.29 Balloon occluded 

retrograde transvenous obliteration (BRTO) or technically modified 

methods, such as plug-assisted retrograde transvenous oblitera-

tion or coil-assisted retrograde transvenous obliteration, can also 

be used instead of TIPS with similar efficacy. A recent RCT dem-

onstrated the high efficacy of BRTO in reducing the rebleeding 

rate of gastric varices compared to endoscopic cyanoacrylate in-

jection, with similar complication rates or aggravation of esopha-

geal varices.30 In addition, a meta-analysis showed that the post-

procedure rebleeding rate was significantly lower in patients 

treated with BRTO compared to those treated with TIPS (odds ra-

tio [OR], 0.27; 95% CI, 0.09–0.81; P=0.02).31 BRTO has the ad-

vantage of being able to preserve blood flow to the liver; howev-

er, portal hypertension can be aggravated, leading to worsening 

of ascites in 9.2% of patients or the recurrence of esophageal 

varices in 33.3% of patients who received BRTO.32 In summary, 

TIPS is recommended for the control of acute bleeding and the 

prevention of rebleeding from gastric varices. BRTO can also be 

used instead of TIPS with a similar or higher efficacy rate in reduc-

ing the rebleeding rate,31 although more data are needed for de-

termining the best candidate.

Refractory or recurrent ascites

Although large-volume paracentesis (LVP) is the first-line treat-

ment for uncontrolled ascites despite high-dose diuretics and salt 

restriction, TIPS can be considered an effective alternative in pa-

tients who require LVP at frequent intervals.16 In previous RCTs 

comparing TIPS and LVP in patients with refractory or recurrent 

ascites, TIPS significantly improved ascites compared to LVP, but 

the incidence of post-TIPS HE increased and survival outcomes 

were inconsistent.33-37 However, the role of TIPS for refractory or 

recurrent ascites needs to be reassessed, since these studies used 

bare stents for TIPS. In a meta-analysis of patients with variceal 

bleeding, mainly including patients who used PTFE-covered 

stents, TIPS improved the occurrence of ascites by 74% without 

increasing the risk of post-TIPS HE.24 To date, the survival benefit 

of TIPS in patients with refractory ascites has not been identified. 

Instead, a recent RCT evaluating the effects of TIPS with PTFE-

covered stents compared to LVP with albumin therapy in patients 

with recurrent ascites demonstrated that TIPS independently im-
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proved the 1-year transplant-free survival rate (HR, 2.1; 95% CI, 

1.1–4.0). There was no difference in the incidence of post-TIPS 

HE, which was 35% in both groups.38

In patients with refractory or recurrent ascites, TIPS can also 

improve sarcopenia due to increased absorption of intestinal nu-

trients by relieving portal hypertension and decreased protein loss 

by paracentesis.39 Although the timing of TIPS for recurrent or re-

fractory ascites has not yet been determined, a study which dem-

onstrated 1-year survival benefit from TIPS in patients with recur-

rent ascites enrolled patients who required LVP at least two times 

within 3 months, while excluding patients who required more 

than six times during the same period;38 this strategy of patient 

selection for early TIPS boasted a degree of cost-effectiveness 

compared to LVP with albumin therapy.40 Another study showed 

that a high frequency of LVP (OR, 1.2; 95% CI, 1.3–2.4) and ele-

vated creatinine level (OR, 2.6; 95% CI, 1.2–6.6) were significant-

ly associated with TIPS failure for controlling ascites.41 Therefore, 

performing early TIPS before patients suffer from highly frequent 

LVP that impairs their quality of life might improve clinical progno-

sis and also enhance the effectiveness of TIPS.

Hepatic hydrothorax

About 5–10% of patients with LC suffer from hepatic hydrotho-

rax, and 20–25% of them have refractory hepatic hydrothorax 

that does not respond to salt restriction or high-dose diuretics.42,43 

In these patients, repeated thoracentesis is required, but proce-

dure-related complications frequently accompany this procedure, 

such as pneumothorax, bleeding, or infection. For the same rea-

sons, chronic drainage of pleural effusion is not recommended. 

Although pleurodesis can be considered for refractory hepatic hy-

drothorax, it is rarely used in practice due to its complication rate 

of about 82%.44 Although there has been limited evidence to 

support the efficacy of TIPS for refractory hepatic hydrothorax, 

especially when using PTFE-covered stents, complete or partial 

resolution of hepatic hydrothorax after TIPS was reported to 

range from 59% to 81% in case series.45-50 In addition, a recent 

study that compared TIPS using PTFE-covered stents with other 

modalities (i.e., medical treatment, thoracentesis, and catheter 

drainage) in patients with hepatic hydrothorax showed no differ-

ence in mortality among the various treatment groups.51 There-

fore, TIPS is the preferred alternative treatment in patients who 

require repeated thoracentesis due to refractory hepatic hydrotho-

rax. Further investigation is required to disclose the efficacy of 

TIPS using PTFE-covered stents in refractory hepatic hydrothorax.

Others

Hepatocellular carcinoma (HCC)
Although HCC is a relative contraindication to TIPS, it can be 

considered if anatomically accessible and clinically necessary.14,52 

A few studies have evaluated the effect of TIPS implementation 

on HCC patients. A previous study including 209 HCC patients 

who underwent TIPS before or after an HCC diagnosis reported 

that TIPS successfully decreased HVPG, leading to an improve-

ment in portal hypertension symptoms, such as esophageal VH or 

refractory ascites.53 In a small number of HCC patients with re-

fractory ascites, TIPS implementation improved CTP scores in 

78% of the study population, mainly by controlling ascites. Im-

provements in CTP scores increase the chance of receiving treat-

ments for HCC, which leads to a survival benefit.54 TACE, a major 

treatment modality for HCC, can cause hepatic ischemia through 

arterial embolization; therefore, liver perfusion can be further re-

duced after TACE in patients with TIPS, which diverts the portal 

venous inflow. A previous study showed that TACE with drug-

eluting beads in HCC patients with TIPS significantly reduced the 

incidence of hepatotoxicity after TACE and improved the overall 

survival rate compared to conventional TACE.55 However, there 

are still concerns regarding the occurrence of hepatic dysfunction 

or HE after TIPS, which deprives patients of the opportunity to re-

ceive treatments for HCC or tumor dissemination during the pro-

cedure. TIPS implementation in HCC patients should be decided 

while considering each patient’s individual situation.

Hepatorenal syndrome (HRS)
There has been no RCT that compared the use of TIPS to medi-

cal treatment (i.e., vasoconstrictors and albumin) in patients with 

HRS. To date, the role of TIPS in HRS remains controversial. TIPS 

can alleviate circulatory and neurohormonal derangement by re-

ducing portal hypertension; therefore, theoretically, TIPS can be 

beneficial for patients with HRS. In patients with type 1 or 2 HRS 

who received TIPS, limited data showed that renal function was 

improved.56,57 In addition, a recent study using a large population 

cohort demonstrated a survival benefit from TIPS in patients with 

LC and HRS relative to non-TIPS (adjusted OR, 0.43; 95% CI, 

0.30–0.62; P<0.001).58 However, TIPS is rarely indicated in pa-

tients with HRS, a complication of end-stage liver disease, as 

these individuals frequently have severe hepatic dysfunction and 

TIPS can further deteriorate their renal function due to reduced 

systemic arterial pressure.
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BCS and noncirrhotic portal hypertension
Regarding BCS, current guidelines recommend TIPS to be per-

formed in symptomatic patients if anticoagulation therapy or he-

patic vein interventions, such as stenting or angioplasty, have 

failed.8,59 Portal hypertensive complications resolved in more than 

70% of BCS patients who received TIPS, and the 5-year survival 

rate was greater than 70%.8 TIPS can also be used in patients 

with noncirrhotic portal hypertension with indications similar to 

those of LC patients.8 The 1-year rebleeding rate range was 

5–11% and the 5-year survival rate was nearly 90% in patients 

with noncirrhotic portal hypertension who underwent TIPS for re-

current VH.60,61

CONTRAINDICATIONS

General contraindications for TIPS, as stated in guidelines, are 

as follows: congestive heart failure, pulmonary hypertension (ab-

solutely contraindicated when pulmonary pressure is above a 

mean value of 45 mmHg), progressive renal failure, HE of grade 2 

or higher according to the West Haven criteria, uncontrolled sys-

temic infection, severe thrombocytopenia, or coagulopathy  

(Table 2).14,16 TIPS implementation increases blood flow to the 

central circulation, which can cause serious problems in patients 

with underlying cardiopulmonary diseases and worsen renal func-

tion in patients with underlying renal disease. TIPS implementa-

tion should be decided cautiously in patients aged over 65 years, 

as these patients are more prone to developing HE.8 Existing 

guidelines suggest TIPS to be performed at experienced centers.16 

Medical centers that have performed TIPS at least 20 times per 

year had a significantly lower inpatient mortality rate compared to 

those that did not (adjusted OR, 2.5; P=0.04).62

TIPS is relatively contraindicated in patients with severe hepatic 

dysfunction, such as a serum bilirubin level of greater than 4 mg/dL 

or MELD score of greater than 15 to 18 points.14 However, it is un-

clear whether the effects of TIPS outweigh the risk of complica-

tions that can develop after TIPS in these patients. A few studies 

showed that pTIPS contributed to improving the prognosis in pa-

tients with severe hepatic dysfunction. A previous study of three 

French hospitals, which enrolled patients with a mean MELD 

score of 29 points and CTP score of 13, showed that 6-week and 

1-year survival rates were significantly improved in patients treat-

ed with pTIPS compared to those treated with standard treat-

ment: the 6-week survival rates were 76.5% and 35.3% in the 

pTIPS and control groups (P=0.023), respectively, and the 1-year 

survival rates were 76.5% and 23.5% (P=0.005), respectively.63 

In patients with acute on chronic liver failure (ACLF) due to acute 

VH, pTIPS was associated with a reduced 1-year mortality rate 

compared to standard treatments (22.7% vs. 56.5%; P=0.002). 

Preemptive TIPS also achieved survival benefit in patients with 

ACLF and a bilirubin level of greater than 5 mg/dL.64 In a meta-

analysis, the survival rate of the pTIPS group was significantly 

higher than that in the standard treatment group among patients 

with bilirubin levels of above 5 mg/dL or even those with levels of 

above 10 mg/dL.24 However, these studies only included a small 

number of patients, and additional studies are needed to recom-

mend TIPS in patients with severe hepatic dysfunction. Careful 

patient selection for TIPS is important to balance the benefits of 

TIPS over the occurrence of complications after TIPS. 

Table 2. Absolute and relative contraindications for TIPS

Absolute Relative

Primary prevention of variceal hemorrhage Age >65 years

Hepatic encephalopathy (grade ≥2)*, recurrent or persistent MELD score >15–18

Uncontrolled systemic infection or sepsis Total bilirubin >3–4 mg/dL

Severe pulmonary hypertension (>45 mmHg) Severe thrombocytopenia or coagulopathy

Congestive heart failure Progressive renal failure

Severe tricuspid regurgitation Anatomical problems (such as central tumor, polycystic liver disease)

Unrelieved biliary obstruction

TIPS, transjugular intrahepatic portosystemic shunt; MELD, model for end-stage liver disease.
*The grade of hepatic encephalopathy was according to the West Haven criteria.
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PROGNOSIS 

Hepatic dysfunction

Hepatic dysfunction can develop after TIPS, since the portal 

blood flow bypasses intrahepatic circulation and travels directly to 

the inferior vena cava through a portosystemic shunt. The liver 

can also be affected by hypotension during the procedure. A pre-

vious study reported a significant incidence of hepatic failure 

(death, LT, or MELD score >18 points) within 3 months after TIPS 

as 9.3% among patients with baseline MELD scores of 9.6 points 

(range, 6–12). In these patients, MELD scores of 11–12 points, 

low hemoglobin concentrations, and low platelet counts were in-

dependently associated with the development of early hepatic 

failure. However, the relatively high rate of hepatic failure might 

be due to the fact that this study enrolled patients who under-

went TIPS between 1999 and 2012 at a single center.65

The deterioration of hepatic function is usually a transient event 

after TIPS, and is manifested by the elevation of bilirubin level.5 In 

a recent RCT for evaluating the role of pTIPS in acute VH, serum 

bilirubin level, international normalized ratio, and MELD score 

were slightly increased at 1 and 3 months and improved at 6 

months after TIPS. In addition, the effect of pTIPS was evident in 

reducing liver-related mortality compared to standard treat-

ments.19 Therefore, although concerns about hepatic dysfunction 

after TIPS still exist, hepatic failure is not a common event if TIPS 

is performed according to indications. Close monitoring of hepatic 

function is warranted, at least for a short period of time, after 

TIPS.

HE

HE is the most concerning complication that may develop after 

TIPS; therefore, guidelines do not recommend TIPS implementa-

tion in patients on recurrent or persistent overt HE (grade ≥2 ac-

cording to the West Haven criteria).16 For patients with covert HE, 

there are differences in suggestions according to the guidelines. A 

recent guideline does not recommend TIPS in patients with covert 

HE, while the AASLD guideline suggests avoiding TIPS only when 

the HE is uncontrollable with standard therapy.8,14 Post-TIPS HE 

was more common in patients with minimal HE, and there was no 

case of recurrent overt HE after TIPS in patients with no history of 

overt HE and no current minimal HE diagnosed with the critical 

flicker frequency.66 However, several prospective studies which 

evaluated the effect of TIPS in LC patients excluded only patients 

with overt HE and 1-year incidence of HE after TIPS was about 

35%, similar to that in patients who received standard thera-

py.7,38,66 Strict criteria in patients with HE might limit candidates 

for TIPS since the procedure is restricted to patients with decom-

pensated LC. Therefore, although TIPS is not recommended for 

patients with overt HE, those with covert HE can receive TIPS, 

with close monitoring for the occurrence of post-TIPS HE.

A significant proportion of LC patients have sarcopenia and are 

at an increased risk of developing HE, as the role of muscle in the 

disposal of ammonia is enhanced in LC patients.67 Previously, sar-

copenia was identified as a predictor for the development of HE in 

patients who underwent TIPS.68 However, in a recent study, al-

though the risk of post-TIPS HE was significantly reduced in pa-

tients with a higher skeletal muscle index (SMI) used for evaluat-

ing sarcopenia in LC patients, sarcopenia itself was not associated 

with post-TIPS HE. Furthermore, SMI improved after TIPS in LC 

patients.39 An average SMI increased as 17% after a mean 10 

months of TIPS.69 Therefore, although close monitoring of the de-

velopment of HE after TIPS is important in patients with sarcope-

nia, performing TIPS in patients with sarcopenia should not nec-

essarily be avoided. 

A previous RCT showed that prophylactic use of rifaximin or 

lactitol was not effective in reducing the development of post-

TIPS HE.70 Therefore, guidelines do not recommend routine pro-

phylactic treatment for HE in patients who underwent TIPS.71 

However, the most recent RCT evaluating the role of rifaximin as 

a prophylactic treatment for post-TIPS HE demonstrated that the 

incidence of overt HE after TIPS was significantly lower in patients 

who received rifaximin compared to that in patients who received 

placebo during a follow-up period of 6 months (34% vs. 53%, re-

spectively; P=0.012).72 A possible reason for the relatively high in-

cidence of HE in this study could be that PPG after TIPS was too 

low, at 6 mmHg. Further study of prophylactic treatments for the 

development of post-TIPS HE is required to gather long-term data.

Cardiac dysfunction

LC patients are in a vulnerable state for developing cardiac dys-

function. The prevalence of cirrhotic cardiomyopathy, which refers 

to cardiac dysfunction in LC patients without known cardiac dis-

ease, ranges from 26% to 81%, according to existing studies.73,74 

Although TIPS implementation can have the positive effects of in-

creasing the cardiac preload and output as the portal flow directly 

enters the inferior vena cava through the shunt, sudden hemody-

namic changes caused by TIPS can overwhelm the hearts of LC 



130 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0239

Volume_28  Number_2  April 2022

patients and lead to severe cardiac decompensation.

Several previous studies have focused on predicting cardiac 

complications after TIPS. In a retrospective study, 50.4% of LC 

patients had abnormal findings on echocardiography performed 

before TIPS, but the results of the exam did not predict mortality. 

However, this study was limited in that the predictive role of 

echocardiography for the development of cardiac complications 

after TIPS was not evaluated.75 A recent prospective study showed 

that cardiac decompensation occurred in 20% of LC patients 

treated with TIPS. Brain natriuretic peptide (BNP), NT-proBNP lev-

el, and echocardiography before TIPS implementation discriminat-

ed patients at high risk for such. Cardiac decompensation did not 

occur in patients with a BNP level of less than 40 pg/mL and NT-

proBNP level of less than 120 pg/mL before TIPS insertion, but 

developed in 51.4% of patients with echocardiographic findings, 

suggesting diastolic dysfunction.76 Collectively, a significant pro-

portion of LC patients have combined cardiac dysfunction, and 

many of them can develop cardiac decompensation after TIPS. To 

date, there is no consensus regarding the use of echocardiography 

to predict cardiac complications after TIPS. The EASL guideline 

recommends performing routine echocardiography before elective 

TIPS, while the AASLD guideline does not take a clear stance on 

the role of the examination.14,16 A recent guideline suggests per-

forming echocardiography if abnormal findings are found in pre-

procedure evaluations, such a 12-lead electocardiogram or cardiac 

markers, including NT-proBNP.8 Further research is needed to 

evaluate the role and cost-effectiveness of echocardiography be-

fore performing TIPS in LC patients.

Renal function

TIPS restores hemodynamic and neurohormonal derangement, 

increasing natriuresis within 4 weeks, which may lead to an im-

provement in renal function.77,78 TIPS implementation for LC pa-

tients with refractory ascites and an estimated glomerular filtra-

tion rate (eGFR) of less than 60 mL/min/1.73 m2 at baseline 

significantly improved the eGFR (the expected change in eGFR af-

ter 90 days, TIPS vs. serial LVP as reference, 21; 95% CI, 13–29; 

P<0.001), while there was no change in the eGFR level in patients 

with an eGFR of 60 mL/min/1.73 m2 or greater.79 Other studies 

have also demonstrated an improvement in renal function after 

TIPS.80,81 However, TIPS might not be beneficial in patients who 

already have intrinsic renal disease.82 A high creatinine level was 

significantly associated with post-TIPS HE.83 In addition, the con-

trast agents used when performing TIPS can also worsen renal 

function in these individuals. A recent study that enrolled 673 pa-

tients who underwent TIPS showed that 10% of the patients ex-

perienced deterioration in renal function at 30 days after TIPS. 

Patients with nonalcoholic fatty liver disease and diabetes who 

were susceptible to having intrinsic renal disease were at high risk 

of post-TIPS renal impairment.81 A recent guideline does not rec-

ommend performing TIPS in patients with intrinsic renal disease 

of stage 4 or 5.8 Collectively, although renal dysfunction caused 

by portal hypertension usually improves after TIPS, performing 

TIPS should be carefully decided in patients with intrinsic renal 

disease.

PROGNOSTIC SCORES AND PATIENT SELEC-
TION

Several prognostic scores for predicting survival after TIPS have 

been developed, such as the CTP, MELD, or MELD-Na scores.84,85 

A bilirubin-platelet model was developed for LC patients with re-

fractory ascites and introduced in the EASL guideline.16 The 1-year 

survival rate was significantly lower at 31.2% in patients with a 

platelet count of less than 75×109/L or a bilirubin level of greater 

than 3 mg/dL compared to 73.1% in patients with a platelet count 

of greater than 75×109/L and a bilirubin of less than 3 mg/dL.86 

Recently, a new score of the Freiburg index of post-TIP survival 

(FIPS) using age and bilirubin, albumin, and creatinine levels was 

introduced to improve the prognostic predictability for patients 

undergoing elective TIPS implementation. FIPS indicated that the 

median overall survival was significantly shorter as 3.1–5.0 

months in patients in the high-risk group compared to the low-

risk group.87 However, the result should be validated in future 

studies. 

CONCLUSIONS

Although clinicians may have concerns about performing TIPS 

due to the non-negligible complications, recent studies have 

shown high efficacy of TIPS compared to other treatments and 

presented an acceptable complication rate, albeit not different 

from when TIP was not performed. Moreover, the survival benefit 

of pTIPS was proved in patients who are at high risk for treatment 

failure of esophageal VH. Early TIPS before patients suffer from 

repeated LVP for refractory or recurrent ascites showed improved 

quality of life and cost-effectiveness compared to LVP, as well as a 
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significantly higher 1-year transplant-free survival. In the context 

of organ shortage for LT, the role of TIPS needs to be actively con-

sidered in clinical practice. However, to achieve the benefits of 

TIPS, proper timing and patient selection are crucial.
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INTRODUCTION

Over 296 million people worldwide currently live with chronic 

hepatitis B, which causes liver damage, liver cirrhosis and hepato-

cellular carcinoma (HCC).1 Approximately 900,000 people each 

year die from hepatitis B-related disease. The World Health Orga-

nization estimate that only 10.5% of people with chronic hepatitis 

B virus (HBV) infections are aware of their status and only 16.7% 

of those diagnosed are on treatment.1

Current therapies in the form of nucleos(t)ide analogues (NA; 

such as entecavir, tenofovir disoproxil or tenofovir alafenamide) 

suppress viral replication and can prevent disease progression and 

subsequent HCC development.2,3 However, such treatments need 

to be taken indefinitely as they do not affect the HBV covalently 

closed circular (ccc) DNA, the template for all viral transcripts that 

stably persists in the host cell nucleus.4 Moreover, the incurability 

and high risk of liver disease mortality associated with chronic 

hepatitis B cause multiple psychosocial impacts, e.g., fear, stigma 
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and discrimination.5 The complete elimination of cccDNA from the 

liver would represent a cure for chronic hepatitis B, preventing 

ongoing disease impacts. As such, the induction of cccDNA clear-

ance is a major goal of therapeutic drug development.6,7

There are many barriers to achieving clearance of cccDNA, one 

of which is the technical difficulty associated with sensitively, ac-

curately, and precisely quantifying cccDNA levels. This review aims 

to discuss the importance and challenges of cccDNA quantifica-

tion, and explore the current molecular methods used for measur-

ing levels in a research environment.

HBV REPLICATION CYCLE

Hepatitis B is caused by infection with the HBV, a blood-borne, 

hepatotropic virus belonging to the genus Orthohepadnavirus  of 

the Hepadnaviridae family. The virion is composed of a small (3.2 

kbp) partially double stranded (ds) DNA genome encapsidated in a 

viral nucleocapsid that enveloped by a host-derived membrane 

studded with viral envelope proteins (HBV surface antigen [HBsAg]).

The HBV replication cycle begins with a reversible non-specific 

interaction between the viral HBsAg on the viral surface to cellu-

lar heparan sulphate proteoglycans, particularly glypican 5.8-10 The 

HBsAg on the virus surface then engages in strong irreversible in-

teractions with the cellular sodium taurocholate co-transporting 

polypeptide (NTCP), expressed only on the basolateral membrane 

of hepatocytes and conveying liver-specific tropism of the virus. 

Multiple other co-receptors and host factors also contribute to ef-

ficient viral entry. NTCP is localised to the cell membrane through 

interaction with E-cadherin,11 and complexes with epidermal 

growth factor receptor in order to mediate viral entry through 

clathrin-dependent endocytosis.12-14 Low-density lipoprotein re-

ceptor has also recently been implicated in HBV entry, likely by as-

sisting viral attachment via binding to HBV-associated apolipopro-

tien E.15 It is probable that additional unknown host factors assist 

in viral entry. The virus nucleocapsid is released into the cyto-

plasm and transported to the nucleus along microtubules, where 

the viral relaxed circular (rc) DNA is released.16

In the nucleoplasm, rcDNA is repaired by numerous host factors 

(including TDP2, Pol-K, PCNA, the RFC complex, POLδ, FEN-1 and 

LIG117-20) and is converted to cccDNA. cccDNA is complexed with 

histones4 and acts as a transcriptional template for the five viral 

transcripts sufficient for efficient production of virions: 1) the HBx 

mRNA, translated the viral transcriptional trans-activator (HBV X 

protein); 2) the PreS and S mRNAs, encoding for HBsAg (large, 

medium, and small versions); 3) the pregenomic (pg) RNA, which 

can be translated into the capsid subunit HBV core protein (HBc); 

4) the viral polymerase (pol); and 5) the precore RNA, which 

codes for the secreted protein preCore/core(HBe).

Expression of these transcripts can be affected by acetylation 

status of histones bound to the cccDNA molecules,21 its chromatin 

organisation,22 and viral variants that develop over the course of a 

chronic infection (e.g., mutations in the basal core promoter and 

precore regions23-25).

Transcribed pgRNA and translated pol binds to pgRNA, which 

triggers encapsidatation by multiple subunits of HBc forming an 

immature nucleocapsid containing viral RNA.26,27 HBV pol initiates 

and carries out reverse transcription of the pgRNA27-29 through a 

complicated series of molecular events.30 Briefly, pol binds to the 

5’-epsilon region of the pgRNA and uses this as a template to 

synthesise a three nucleotide oligonucleotide.31 This complex 

translocates to a direct repeat 1 region on the 3’ end of the 

pgRNA and initiates reverse transcription producing a negative-

sense single stranded (ss) DNA strand. During reverse transcrip-

tion, pol hydrolyses the pgRNA with its ribonuclease H activity 

18nt behind the site of reverse transcription.32 Upon reaching the 

end of the pgRNA, the pol produces a looped negative sense 

DNA strand and an 18nt RNA fragment remaining from the 

pgRNA,33 the latter of which acts as the primer for the synthesis 

of the positive-sense ssDNA.34 In 90% of nucleocapsids, the 

primer translocates to the 5’ end of the ssDNA leading to the syn-

thesis of rcDNA. However in 10% of cases, it remains bound to 

the 3’ end of the ssDNA, leading to the formation of double 

stranded linear (dsl) DNA.35 The mature nucleocapsids (containing 

HBV DNA) are subsequently enveloped and secreted out of the 

cell as virions through yet-uncharacterised signals.36

HBV-infected cells also secrete HBV e antigen (HBeAg) and HB-

sAg. HBeAg is produced from cccDNA and can be neutralised by 

host antibodies during robust antiviral response in later phases of 

infection. On the other hand, HBsAg can be expressed from either 

cccDNA or integrated HBV DNA (formed when HBV dslDNA is in-

serted into the host DNA, previously reviewed by Tu et al.37). In 

addition to forming the envelope of virions, HBsAg is also secret-

ed as two forms of non-infectious sub-viral particles: 25 nm diam-

eter spheres, and 22 nm diameter filaments of variable length. 

Sub-viral particles are produced in excess to virions (by a factor of 

1,000- to 100,000-fold) and therefore comprise the major form of 

HBsAg in the serum.38
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IMPORTANCE OF AND CHALLENGES OF MEA-
SURING cccDNA

Given it is sufficient and necessary for viral replication (and 

therefore maintaining viral persistence), HBV cccDNA is key to 

overcoming chronic HBV infections.18 Elimination of cccDNA is 

considered a complete cure for HBV infection, and allows for the 

cessation of therapy without the risk of viral rebound. Under-

standing of HBV cccDNA biology and the development novel ther-

apeutics inducing its clearance have been hindered by the lack of 

a simple, specific, sensitive, precise, and high-throughput assay 

for cccDNA quantification.39 These technical challenges should 

each be addressed to improve cccDNA quantification and facili-

tate ongoing HBV cure research.

Specificity

cccDNA has an identical DNA sequence to all other intracellular 

and extracellular forms of HBV DNA, including rcDNA, dslDNA, 

and ssDNA.40 These different structural forms of HBV DNA pres-

ent a high risk for false positives. These other forms are present in 

excess infected cells at ~100–1,000 copies per cell compared to 

cccDNA at 1–10 copies per infected cell.41

Sensitivity

In some instances, only small numbers of infected cells are pres-

ent (e.g., HBeAg-negative patients) or can be isolated from pa-

tients (e.g., fine needle aspirates). Given cccDNA can be present 

at very low levels (<1 cccDNA molecule per 1,000 cells),42 high 

sensitivity is necessary for assays to be broadly applicable.42

Precision/accuracy

Intrinsic to its covalently closed structure, cccDNA resists heat 

denaturation and thus can be difficult to quantify precisely and 

accurately by polymerase chain reaction (PCR) or hybridisation 

methods due to different detection efficiencies.4

Throughput

Finally, assays with higher throughput are useful for the purpos-

es of drug screening, monitoring patients in trials, and for con-

ducting experiments with multiple conditions.

Table 1. Indirect biomarkers used in cccDNA quantification

Analyte Advantage Disadvantage Assays used Ref.

Secreted HBV 
DNA

Good correlation with cccDNA levels 
(r=0.664, P<0.001) 

Undetectable in patients under NA therapy
Lengthy: 7 hours

qPCR 100-102

HBsAg Reasonable indicator of cccDNA levels 
in HBeAg-positive patients (r=0.54, 
P=0.004) 

Little to no correlation with cccDNA in HBeAg-
negative patients (r=-0.27, P=0.15)

Can be produced from integrated HBV
Low specificity 

CLEIA, ECLEIA 53,102-107

HBeAg Used as a cccDNA specific reporter in 
vitro for screening of cccDNA drugs

In patients, HBeAg is neutralised by host 
antibodies 

Pre-core nonsense or pre-mature stop 
mutations in HBeAg-negative patients

ELISA, CLEIA 59,61,62,108

HBcrAg Good correlation with cccDNA (r=0.70, 
P<0.0001)

Low sensitivity: undetectable in 35% of HBeAg-
negative patients

CLEIA 54,65

Serum HBV 
RNA

Reasonable measure of cccDNA 
transcriptional activity (r=0.58, P=0.001)

Low specificity
No standardised method in the field

qPCR 65,71,100,102

All indirect 
biomarkers

Non-invasive/non-destructive to cells
High throughput

Can only measure transcriptionally-active 
cccDNA

Inhibition of viral replication steps downstream 
of cccDNA formation may affect marker levels

cccDNA, covalently closed circular DNA; Ref., reference; HBV, hepatitis B virus; NA, nucleos(t)ide analogues; qPCR, quantitative polymerase chain reaction; 
HBsAg, HBV surface antigen; CLEIA, chemiluminescence enzyme immunoassay; ECLEIA, electrochemiluminescence immunoassay; HBeAg, HBV e antigen; 
ELISA, enzyme-linked immunoassay; HBcrAg, hepatitis B core related antigen.
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cccDNA INDIRECT QUANTIFICATION

Indirect quantification of cccDNA can be carried out by measur-

ing the levels of secreted virus gene products (Table 1, Fig. 1). 

These approaches serve an important role in monitoring levels of 

HBV patients, as these assays are non-invasive and do not require 

a traditional core liver biopsy (unlike direct quantification of cccD-

NA). These viral markers have been linked to disease progression 

and the development of HCC, suggesting a role for cccDNA levels 

and clinical outcomes.43 They have also been used as a high-

throughput method to determine cccDNA levels in reporter cell 

lines and other in vitro systems. In general, however, these indi-

rect cccDNA measures can lack specificity and accuracy for total 

cccDNA, as they are strongly affected by transcriptional activity of 

the cccDNA, antiviral therapy, host immune response, and viral 

factors.

SECRETED HBV DNA 

Secreted HBV DNA (in the form of HBV virions) generally corre-

lates with cccDNA, as virions can only be produced by cells con-

taining cccDNA. However, any factor that inhibits replication steps 

downstream from cccDNA formation will affect HBV DNA levels. 

This is seen most obviously with NA therapy, which inhibits re-

verse transcription and dramatically reduces circulating HBV DNA 

levels, despite not affecting cccDNA levels significantly.44 The 

same is true for experimental agents that affect cccDNA transcrip-

tion, translation, or secretion. Thus, total HBV DNA is not specific 

enough for many experimental applications. Secreted HBV DNA is 

currently detected using real-time quantitative PCR (qPCR).45

HBsAg

Serum HBsAg is an important marker for diagnosis of HBV in-

fection. HBsAg is currently detected using automated chemilumi-

nescence enzyme immunoassay (CLEIA) or electrochemilumines-

cence immunoassay,46 however can also be detected using a 

standard enzyme-linked immunoassay (ELISA).47

HBsAg has been shown to correlate with intrahepatic cccDNA 

levels in some studies.48-50 Moreover, serum HBsAg decline during 

NA therapy has been associated with reduced levels of intrahe-

patic cccDNA.42 Other studies, however, have also reported either 

weak or no correlation with cccDNA levels.51-54

These disparate findings are potentially be explained by HBsAg 

originating from the non-replicative integrated form of HBV DNA, 

making its association with cccDNA unreliable.54 While the rela-

tive level of integration-derived HBsAg is negligible in HBeAg-

positive patients (leading to good correlation to cccDNA), a com-

bination of lower cccDNA levels and increased frequency of HBV 

DNA integrations in later phases55,56 mean that the majority of 

HBsAg can be encoded by integrated HBV DNA in HBeAg-nega-

tive patients.25,57

Moreover, it has been reported that HBsAg levels remain rela-

tively static in response to combined peg-interferon (IFN) and la-

mivudine therapy while cccDNA levels decreased, indicating that 

there may be a compensatory mechanism related to an increased 

production of subviral products.58 Thus, HBsAg cannot be consid-

ered an accurate marker for cccDNA levels in HBeAg-negative pa-

tients or patients on peg-IFN therapy.

Secreted markers

HBV DNA

HBsAg

HBeAg

HBcrAg

HBV RNA

Assay
simplicity

SpecificityThroughput

SensitivityPrecision

Figure 1. Relative strengths and weaknesses of indirect biomarkers for 
cccDNA quantification. Radar charts comparing strengths and weak-
nesses of secreted biomarkers for cccDNA quantification (HBV DNA, HB-
sAg, HBeAg, HBcrAg and HBV RNA) are plotted on five axes representing: 
assay simplicity, specificity, sensitivity, precision and throughput. HBV, 
hepatitis B virus; HBsAg, HBV surface antigen; HBeAg, HBV e antigen; HB-
crAg, hepatitis B core related antigen; cccDNA, covalently closed circular 
DNA.
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HBeAg

HBeAg is used as a clinical marker for HBV infection. Serocon-

version to an anti-HBe state indicates active host immune clear-

ance. During the natural history of the infection, HBeAg levels 

drop due to both a neutralising antibody response against the an-

tigen and reduction in intrahepatic cccDNA levels as infected cells 

are cleared by a cell-mediated antiviral immune response. More-

over, under this immune selection, HBV cccDNA variants that 

cease to express HBeAg can emerge and become fixed in the he-

patocyte population. Due to the multiple factors associated with 

free circulating HBeAg levels, they are poor indicators of cccDNA 

levels.

In the absence of the complications of an immune system, 

HBeAg has been used as a reporter for cccDNA in in vitro sys-

tems. HepAD38 cells contain an over-length replication-compe-

tent HBV DNA transgene, whereby the expression of HBV precore 

mRNA (and by extension secretion of its translational product 

HBeAg) is dependent both on cccDNA levels and the activation of 

the transgene by a tetracycline-controlled promoter.59,60 To im-

prove the specificity of this system, the HepDE19 cell line was de-

veloped so that the HBeAg ORF and its 5’ RNA leader are sepa-

rated on the transgene, and only become complete following 

formation of cccDNA.61 Detection of HBeAg by ELISA therefore 

would indicate cccDNA levels, useful for high throughput screen-

ing of cccDNA targeting drugs.61 However, a complicating feature 

came from the high homology between HBeAg and hepatitis B 

core antigen (HBcAg), the latter of which is secreted in a cccDNA-

independent manner by the integrated transgene. To address this, 

an additional modification to these cells was made: HepBHAe82 

were developed to introduce a human influenza hemagglutinin 

(HA) tag into the precore region, thereby encoding a secreted HA-

tagged HBeAg specifically detectable by CLEIA and eliminating 

interference from HBcAg.62 HepBHAe82 now can provide the ba-

sis of a relatively high-throughput platform to screen for com-

pounds that affect levels of transcriptionally-active cccDNA. 

HEPATITIS B CORE RELATED ANTIGEN (HBcrAg)

HBcrAg is a relatively new biomarker detecting the 149 base 

pair sequence shared between HBcAg, HBeAg and core related 

protein, p22.63 Levels of HBcrAg can be detected using a CLEIA, 

which is relatively inexpensive and simple compared to PCR for 

serum HBV DNA. 

HBcrAg has the advantage of remaining detectable in many pa-

Table 2. Direct methods of cccDNA quantification

Method Advantage Disadvantage Ref.

Southern blot Specific and well-established method for 
cccDNA quantification

Complex and lengthy
Insensitive: ~106 copies required (~105-fold more 

than other assays)
Lack of genomic DNA to use for normalisation

77

FISH Can visualise location of cccDNA Time consuming and complex
Not specific to cccDNA (can detect nuclear rcDNA)

78

qPCR Simple
Sensitive
Cheap

Nonspecific detection of HBV intermediate forms
Lack of genomic DNA to use for normalisation

79,82

qPCR + plasmid safe 
DNase

Effective against dslDNA Not effective in removing rcDNA and integrated 
linear DNA 

Lack of genomic DNA to use for normalisation

82

qPCR + T5 exonuclease Very effective removal of HBV DNA 
intermediate forms

Possible over-digestion and loss of cccDNA 
Lack of genomic DNA to use for normalisation

82

qPCR + exonuclease I + 
exonuclease III

Very effective removal of HBV DNA 
intermediate forms

Retains closed minus strand rcDNA
Lack of genomic DNA to use for normalisation

82,85

cinqPCR Highly sensitive and specific
Can standardise to cellular reference genes in 

duplex PCR reaction 

Limited to detection of “Galibert” lab strain of HBV 73

cccDNA, covalently closed circular DNA; Ref., reference; FISH, fluorescence in situ  hybridisation; rcDNA, relaxed circular DNA; qPCR, quantitative polymerase 
chain reaction; HBV, hepatitis B virus; dslDNA, double stranded linear DNA; cinqPCR, cccDNA inversion qPCR; PCR, polymerase chain reaction.
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tients with undetectable levels of serum HBV DNA due to NA 

therapy (106/124 [85%] detectable HBcrAg compared to 36/124 

[29%] detectable HBV DNA).54 HBcrAg levels have been shown to 

correlate reasonably well with cccDNA levels.64,65 However, the 

standard assay used (Lumipulse G® HBcrAg assay by Fujirebio Eu-

rope, Gent, Belgium) has a narrow quantifiable range of 3.0 log10 

to 6.8 log10 U/mL, and is therefore somewhat insensitive. In a 

population of 1,409 untreated HBV patients in the USA, HBcrAg 

level of many study participants fell below the lower limit of quan-

tification (516/1,409; 36.6%) or had a level higher than the upper 

limit (318/1,409; 22.6%), which prevented quantification.65 Sam-

ples can be diluted with reagent and retested however, this slows 

the process down and mitigates the benefit of having a high-

throughput system.66

Considering the main component of HBcrAg is HBeAg, patients 

in HBeAg-negative phase have lower levels of HBcrAg compared 

to HBeAg-positive patients.67 HBcrAg levels are undetectable in 

many HBeAg-negative patients using current assays (33/94 [35%] 

undetectable with CLEIA66). Correlation with cccDNA levels is de-

pendent on HBeAg levels, with HBcrAg having a good correlation 

in HBeAg positive patients (r=0.80, P<0.0001) , but middling to 

none in HBeAg-negative patients (r=0.47, P=0.05 in chronic in-

fection patients; r=0.25, P=not significant in chronic hepatitis pa-

tients).66

SERUM HBV RNA

Serum HBV RNA (in the form of secreted virus particles contain-

ing immature nucleocapsids) has been investigated as a potential 

biomarker for intrahepatic cccDNA transcriptional activity as de-

tected by qPCR.68 As NA therapy has no effect on cccDNA tran-

scriptional activity, HBV pgRNA-containing virus particles contin-

ue to be secreted by hepatocytes with active cccDNA68 and makes 

it a superior biomarker compared to serum HBV DNA in patients 

undergoing treatment, even when HBsAg loss occurs.69

Serum HBV RNA correlates with intrahepatic HBV-RNA (r=0.73, 

P<0.001), as well as to the ratio of intrahepatic HBV-RNA to 

cccDNA (r=0.58, P=0.001). However, HBV RNA is poorly associ-

ated with the intrahepatic cccDNA pool (missing 5.62–40.23% of 

total cccDNA), indicating that some cccDNA forms, e.g., transcrip-

tionally-inactive forms, are undetectable by this method.70,71 This 

suggests that serum HBV RNA cannot be used to detect the copy 

numbers of intrahepatic cccDNA, but can be used to measure 

cccDNA transcriptional activity. 

DRAWBACKS OF INDIRECT METHODS

Despite the usefulness of these surrogate markers, indirect 

measurements of cccDNA are not perfect replacements for direct 

Figure 2. Relative strengths and weaknesses of direct methods for cccDNA quantification. Radar chart comparing relative merits of several approach-
es to direct cccDNA quantification. Hybridisation methods (green) include Southern blot hybridisation, and fluorescence in situ hybridisation (FISH). 
qPCR based methods (blue) include qPCR only, or prior enzymatic digestion with plasmid safe DNase (PSD), T5 exonuclease (T5 Exo), and exonuclease 
1 and 3 (ExoI/III). Another approach involves serial restriction enzyme digestion and ligation steps prior to qPCR (cccDNA inversion quantitative PCR, 
cinqPCR). Relative strengths and weaknesses are plotted on the axes as per Figure 1. qPCR, quantitative polymerase chain reaction; cccDNA, covalently 
closed circular DNA.
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measurement. These markers measure transcriptional activity of 

cccDNA and the rate of conversion from transcriptionally inactive 

to active forms of cccDNA is still unknown. Therefore, indirect 

methods cannot give an indication of the actual cccDNA pool size 

within the liver or determine the potential for viral reactivation.

Another issue which some markers face is their suppression by 

various therapies that target viral replication downstream of cccD-

NA formation. Total serum HBV DNA is suppressed by current NA 

therapies, due to their inhibition of reverse transcription just di-

rectly upstream of HBV DNA. In a similar fashion, siRNA-mediated 

transcriptional suppression silences viral antigens expression, and 

therefore prevent their detection (despite cccDNA not being af-

fected).72 Likewise, core protein allosteric modulators reduce de-

tected HBeAg signals by interfering with assembly or secretion of 

HBV capsids, but do not affect cccDNA levels.73

cccDNA DIRECT QUANTIFICATION

Many techniques have been developed to detect and quantify 

cccDNA itself (including transcriptionally-inactive forms), making 

them more sensitive and accurate compared to indirect methods 

(Table 2, Figs. 2, 3). These types of assays however are more in-

vasive in patients or animal models (requiring sampling of the liv-

er) and more destructive in cell culture models (killing the cell to 

extract DNA or otherwise detect cccDNA). Moreover, direct quan-

tification assays generally take more time to process compared to 

indirect methods, affecting throughput.

DNA SAMPLE ENRICHMENT

Several techniques have been used to enrich for HBV cccDNA 

Figure 3. Pathways to directly quantify cccDNA. Several potential technological strategies can be used in combination to directly quantify cccDNA. 
First, sample enrichment for HBV cccDNA: cells are lysed, and proteins are digested, DNA is purified by precipitation or binding to silica membrane, 
separating out protein and RNA. Analysis of enriched DNA can then be quantified by Southern blot hybridisation (separation of HBV DNA based on 
electrophoretic motility through an agarose gel, followed by transfer onto a nitrocellulose membrane and hybridisation with a ssDNA probe). Alterna-
tively, qPCR can be used to quantify cccDNA directly from total DNA, enriched DNA, or after enzymatic digestion (plasmid-safe DNase [PSD], T5 exo-
nuclease, exonuclease I/III, or through cinqPCR). As a third approach, cccDNA can be directly detected by fluorescence in situ hybridisation (FISH): sam-
ple cells are fixed and mounted before processing to hybridise DNA with fluorescently marked probes, visualised by immunofluorescent microscopy. 
Figure created with BioRender.com. cinqPCR, cccDNA inversion quantitative polymerase chain reaction; qPCR, quantitative polymerase chain reaction; 
cccDNA, covalently closed circular DNA; HBV, hepatitis B virus; ssDNA, single stranded DNA.
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(away from other forms of HBV DNA) and improve specificity prior 

to its detection with the assays described below. Total DNA is 

generally extracted by lysing the cell and digesting proteins in the 

solution, followed by separation of DNA from RNA and protein 

(e.g., by phenol chloroform extraction or binding to silica mem-

branes).6 By omitting digestion with proteinase K, protein-bound 

DNA (including HBV rcDNA) is selectively removed during the ex-

traction process.72

The Hirt DNA extraction procedure is another method of DNA 

extraction that selectively isolates low-molecular weight, protein-

free (PF) DNA,74,75 including cccDNA and deproteinated rcDNA (an 

intermediate HBV DNA form produced during the conversion of 

rcDNA to cccDNA in the nucleus). This method involves lysing cells 

in a detergent lysis/salt precipitation buffer without proteinase K 

and extracting the DNA from the supernatant with phenol: 

chloroform, followed by ethanol precipitation of the DNA. The 

original Hirt procedure has also been modified to use a silica 

membrane column for purification of the supernatant.76 This 

method, while effective, is laborious and time-consuming even 

with spin column-based modifications.

Moreover, there is an unknown reduction in cellular DNA ex-

tracted for all of these enrichment methods, complicating normali-

sation and compromising assay precision. Finally, these techniques 

generally require large amounts of DNA input (microgram range), 

reducing sensitivity and limiting the source tissues able to be 

measured. 

SOUTHERN BLOT HYBRIDISATION

Southern blot hybridisation is considered the “gold standard” in 

cccDNA detection as it unambiguously separates out the different 

forms of HBV DNA out based on electrophoretic motility through 

an agarose gel.77 Given the relative low abundance of cccDNA in 

human infection systems, samples analysed by Southern blot hy-

bridisation are usually first enriched using the Hirt DNA extraction 

procedure.74,75 After gel electrophoresis and transfer onto a hy-

bridisation membrane, ssDNA oligonucleotides are used to probe 

for and visualise HBV DNA.

Southern blot assays are complex, lengthy (~3 days), and insensi-

tive (lower limit of detection ~105–106 copies of cccDNA) compared 

to PCR-based assays. Moreover, only a dozen samples can be run 

on the same gel simultaneously. These drawbacks prevent this 

method from being used in a high throughput settings, though it is 

seen as a reliable method for the confirmation of other assays.6

FLUORESCENT IN SITU HYBRIDISATION (FISH)

FISH-based assays have been used to detect nuclear HBV DNA 

in cell lines.78 Using this method, the frequency distribution of nu-

clear HBV DNA (presumably cccDNA, but may include deprotein-

ated-rcDNA) was shown to average between 8 and 11 molecules 

per cell in HepAD38 cells. This method of detecting cccDNA can 

visualise copy numbers of nuclear HBV DNA at a single cell scale, 

however is time-consuming, labour-intensive, and low-throughput 

as image analysis requires specialist software. These drawbacks 

limit its use for methods such as drug screening, but can be a 

powerful technique for understanding spatial and frequency dis-

tribution of HBV cccDNA.

qPCR

Many variations of qPCR have been used to quantify cccDNA, 

which is simpler, faster and higher throughput compared to hy-

bridisation-based methods.79 Conventional qPCR was first used by 

Köck and Schlicht80 in 1993 using cccDNA-specific primers which 

span the gap region of rcDNA, preventing rcDNA amplification 

due to elongation termination at the 5’ end. However, homology 

between rcDNA and cccDNA-derived products during PCR ampli-

fication results in a substantial decrease in specificity, particularly 

in the presence of excess rcDNA. To resolve this issue, qPCR has 

been combined with several approaches to enrich for cccDNA 

over non-cccDNA templates (see “DNA SAMPLE ENRICHMENT” 

above).

Enzymatic digestion of DNA (either total or Hirt extracted) with 

exonucleases can be used to remove excess replicative intermedi-

ates based on their exposed DNA termini that are absent in cccD-

NA forms. This approach can be effective, but they risk either: 1) 

over-digestion and destruction of cccDNA nicked during the ex-

traction procedure; or 2) under-digestion, leading to lower speci-

ficity from retention of replicative intermediates. Identifying how 

long to digest input DNA can be difficult in some instances (e.g., 

in the presence of high levels of HBV replicative intermediates or 

when low amounts of total DNA are available). In addition, diges-

tion with these enzymes hydrolyse cellular DNA, and thus compli-

cates precise quantification due to the lack of reliable housekeep-

ing genes for normalisation.73
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Plasmid safe DNase + qPCR

Plasmid safe DNase is an enzyme originally used for removing 

bacterial chromosomal DNA from plasmid preparations. It prefer-

entially hydrolyses dslDNA, but is less effective against linear and 

closed circular ssDNAs, and is poorly active against closed circular 

supercoiled DNA and nicked circular double-stranded DNA.81 

Thus, hydrolysis will retain cccDNA, but also result in incomplete 

digestion of rcDNA, retaining up to 90% of rcDNA.82-84 Thus, the 

specificity of plasmid safe DNase pre-treatment combined with 

qPCR can be low.

T5 exonuclease digestion + qPCR

T5 exonuclease has been reported to degrade rcDNA for cccD-

NA purification, showing complete digestion of HBV DNA inter-

mediates, unlike plasmid safe DNase.82 T5 exonuclease initiates at 

5’ termini and degrades both ssDNA and dsDNA in the 5’ to 3’ di-

rection, which allows it to act on nicked dsDNA.82 Caution is 

therefore advised for using T5 exonuclease as nicks can be intro-

duced into cccDNA during the DNA extraction process. In addi-

tion, care must be taken not to leave T5 exonuclease incubating 

for too long, as a previous report showed that 16 hours incubation 

of 5 U T5 exonuclease results in a 60% decrease in supercoiled 

DNA, while digestion for 60 minutes showed no such effect.82

Exonuclease I/III digestion + qPCR

A combination of exonuclease I and exonuclease III can be used 

in order to remove HBV DNA intermediates, with similar efficacy 

to T5 exonuclease.82 Both enzymes act in the 3’ to 5’ direction, 

however exonuclease I specifically degrades ssDNA while exonu-

clease III is dsDNA specific, preferentially attacking blunt or re-

cessed 3’-protuding termini. These exonucleases lack the single 

strand endonuclease function of T5 exonuclease, thereby preserv-

ing circular ssDNA. This theoretically prevents hydrolysis of cccD-

NA nicked during the extraction process, increasing accuracy. 

However, digestion with exonuclease I and exonuclease III also 

preserves PF-rcDNA intermediates, including a newly discovered 

HBV DNA form with a covalently closed minus strand with an 

open plus strand.85,86 It is currently unknown whether these are 

true replicative intermediates in formation of cccDNA,85 or if they 

are simply stable by-products of its generation.86 Existence of 

these DNA forms suggests that repair of each DNA strand during 

cccDNA formation is an independent event.18

cccDNA INVERSION QUANTITATIVE PCR 
(cinqPCR)

cinqPCR is a qPCR-based method for detecting cccDNA from 

total DNA extracts without complete hydrolysis of cellular DNA, 

allowing normalisation to host genes.73 Using a series of restric-

tion enzyme digestion and ligation steps,87 HBV cccDNA is con-

verted into an inverted linear form which is efficiently amplified 

using PCR. Other forms of HBV DNA however are not inverted 

due to the presence of nicks in a specific region of the viral ge-

nome. Together, this means cinqPCR has high accuracy, precision 

and sensitivity. Our group has now quantified cccDNA in as few 

as 5 cell equivalents of input DNA and regularly run this assay on 

a 96-well format. However, this assay is more complicated than 

the exonuclease-based methods described above and is restricted 

to detection of the “Galibert” lab strain of HBV, preventing analy-

sis of clinical samples.73

Due to its high precision, this assay could identify the limited 

role of HBc on cccDNA levels. We found that wild-type HBV pro-

duced similar levels of cccDNA compared to replication-deficient 

HBV mutant, indicating de novo HBc synthesis was not important 

for maintaining the cccDNA pool in HBV-infected hepatoma cell 

lines and primary hepatocytes.88 Our group had also confirmed 

the mode of action of different therapeutics (e.g., late treatment 

with capsid inhibitors does not affect cccDNA levels).73

OPEN QUESTIONS REGARDING cccDNA

Many key questions concerning cccDNA biology remain unan-

swered due to the current limitations of cccDNA quantification. If 

a highly accurate, precise, and versatile assay were available how-

ever, it is possible that cccDNA may be more fully understood and 

open up novel approaches to remove it thereby curing chronic 

HBV.

cccDNA HALF-LIFE

The intrinsic lifespan or half-life of cccDNA is of key interest to 

treating a chronic HBV infection. As new cccDNA formation can 

be markedly suppressed by current and upcoming therapies, the 

life-span of cccDNA in the liver determines how effective thera-

pies need to be and how long they must be administered to in-

duce an eventual cure. An ideal cccDNA assay would be able to 
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identify the lifespan of cccDNA by consistent monitoring of cccD-

NA levels.

Duck HBV models have been combined with mathematical 

models to estimate cccDNA half-life,89-91 however cccDNA half-life 

in the human liver is yet to be formally established. Indeed, 

whether cccDNA decays during therapy or if it even conforms to 

exponential decay (as implied by the commonly-used term “cccD-

NA half-life”) has not been shown. 

Moreover, partial survival of woodchuck hepatitis virus cccDNA 

has also been reported. In six out of 10 woodchucks with waning 

or undetectable surface antigen levels, intrahepatic cccDNA was 

detected even several years after functional cure.92 This indicates 

that either there is low level replication of cccDNA or that cccDNA 

is highly stable in the liver. Both may be the case: immunosup-

pression of these woodchucks induced new replication and viral 

recrudesce.92

Recent mathematical modelling has indicated that “cccDNA 

half-life” may vary over the course of infection, depending on 

host and viral factors. High viral load was associated with a lon-

ger and more stable cccDNA half-life of 61 days, while a low viral 

load was associated with a lower half-life of 26 days.89 Given this 

data, it seems unlikely that cccDNA itself has an intrinsic decay 

rate, but instead its loss is likely mediated by host and viral factors 

(e.g., cytolytic and non-cytolytic immune responses against HBV-

infected cells, cell mitosis, HBV replication and reinfection of he-

patocytes). This is consistent with non-dividing in vitro infection 

models, in which cccDNA levels remained static over 9 weeks.88 

However, this is different to the calculated half-life of duck HBV 

(3–5 days in culture),91 suggesting differences between hepadna-

viruses of different hosts. 

cccDNA DESTABILISATION

Our group and others have shown that cccDNA is highly stable 

in infected cells not undergoing mitosis.88,91,93 For example, we 

found that cccDNA levels were not significantly different between 

infections with a replication-deficient mutant HBV compared to 

infections with replication-competent HBV in Huh-7-NTCP, 

HepG2-NTCP, HepaRG-NTCP and primary human hepatocytes.88 

This strongly suggested that no renewal of cccDNA levels occurs 

over time within a given infected cell. Thus, direct induction of 

cccDNA loss (and not inhibition of de novo cccDNA formation) is 

likely the most efficient approach for complete cure.

Further, chimpanzee studies combined with mathematical mod-

elling have suggested that purely cytopathic methods of cccDNA 

eradication are unlikely to successfully clear virus.94 In this model 

of acute infection, modelling predicted ~11 livers turnovers was 

required for the observed cccDNA loss, but only ~3 liver turnovers 

had occurred based on PCNA staining of the liver. To explain the 

inconsistency, the authors suggested that CD8+ T cells produce 

IFN-γ within the liver, destabilising cccDNA. An ideal cccDNA as-

say could possibly identify if or when this process occurred and 

perhaps even differentiate full-length cccDNA from the destabi-

lised fragments.

Understanding and therapeutically inducing the destabilisation 

of cccDNA is an intriguing strategy to curing chronic HBV. Interfer-

on-mediated degradation of cccDNA (possibly through regulation 

of HIF1α) has been reported to induce cccDNA loss.95,96 Other 

groups have reported that approaches such as gene editing or 

epigenetic silencing could also target cccDNA directly and induce 

its degradation, replication deficiency or transcriptional-silenc-

ing.97,98

MITOTIC LOSS

Mitosis of host cells has been suggested to deplete episomal 

cccDNA,83 although this has been challenged by other studies in-

dicating the survival of cccDNA in the daughter cells.99 Reaiche-

Miller et al.99 reported that duck HBV cccDNA could partially sur-

vive mitosis based on mathematical models and experimentally 

derived cccDNA levels in growing duck HBV-infected ducks on NA 

therapy. Woodchuck models have also shown evidence for some 

cccDNA molecules being distributed to daughter cells.93 In con-

trast, human liver chimeric mice seeded with HBV-infected cells 

have shown dramatic reductions of cccDNA during cell mitosis, 

consistent with complete cccDNA loss.83 Such disparate findings 

in different animal models must be resolved in order to answer 

the question on the fate of cccDNA following mitosis of the host 

cell. A highly-sensitive and -specific cccDNA assay could quantify 

cccDNA on a single-cell level to directly determine if loss, unequal 

partitioning, or survival of cccDNA occurs in daughter cells upon 

mitosis.

CONCLUSION/SUMMARY

HBV cccDNA is central to the maintenance of chronic infection 

and key questions in cccDNA biology still remain unanswered. To 
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improve our knowledge and facilitate HBV cure research, cccDNA 

must be accurately quantified and monitored over time, either 

through indirect biomarkers or via direct measurement. All current 

methodologies have strengths and weaknesses, with indirect 

measures being generally faster and less invasive but less accu-

rate, and direct methods slower and more precise. Open ques-

tions on cccDNA biology will remain until more advanced meth-

ods of quantification can be developed.
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INTRODUCTION

Liver disease is highly prevalent in the Asia-Pacific region, ac-

counting for over 60% of global liver-related deaths.1,2 The main 

causes of liver-related mortality are liver cirrhosis and liver cancer. 

The Asia-Pacific region accounts for approximately half of deaths 

due to cirrhosis and three-quarters of deaths due to liver cancer 

globally.1 Thus, treatment of liver disease should be a focus for 

improving health in the Asia-Pacific region.3-5

During the past four decades, great progress has been made in 

the prevention and treatment of viral hepatitis.6 Universal infant 

hepatitis B virus (HBV) vaccination has significantly reduced the 

prevalence of hepatitis B virus surface antigen (HBsAg).7 

Nucleos(t)ide analogs suppress HBV replication and increase the 

rate of HBsAg seroclearance with favorable clinical outcomes, in-

cluding a reduction in the incidence of hepatocellular carcinoma 
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(HCC).8 Likewise, the nucleic acid test for hepatitis C virus (HCV) 

has contributed tremendously to the prevention of transfusion 

transmission,9 while all-oral direct-acting antivirals (DAAs) for 

HCV have resulted in high cure rates in Asia-Pacific patients in 

general clinical practice settings, including elderly patients and 

those with decompensated cirrhosis.10 The World Health Organi-

zation published the Global Health Sector Strategy on viral hepa-

titis and aims to eliminate viral hepatitis by 2030 by reducing new 

viral hepatitis infections and reducing deaths due to viral hepati-

tis.11 As a result, the prevalence of viral hepatitis is expected to 

rapidly decrease in the Asia-Pacific region.

Concomitantly, a rapid increase has been observed in the preva-

lence of fatty liver disease, estimated at approximately 30% of 

the Asia-Pacific population.12-17 Consequently, fatty liver is both a 

major etiology of chronic liver disease and will be an increasing 

cause of liver-related death in the future.13,18 As in Western coun-

tries, obesity and type 2 diabetes mellitus are the dominant risk 

factors for clinical progression and adverse outcomes in patients 

with fatty liver disease in the Asia-Pacific region.19-22

Fatty liver in this region also has distinctive features. First, non-

obese fatty liver accounts for approximately 40% of cases of fatty 

liver.23 While metabolic dysfunction is associated with the devel-

opment of fatty liver in non-obese individuals,24,25 there are no 

standardized diagnostic criteria. Second, fatty liver is often seen 

in patients with viral hepatitis.26,27 However, the exclusion of viral 

hepatitis from non-alcoholic fatty liver disease (NAFLD) limits the 

investigation of any coexisting fatty liver, while also reducing 

awareness both at the patient and clinician levels. Third, with re-

gard to HCC, fatty liver disease is generally categorized as non-B 

non-C or non-viral HCC.28-31 Therefore, precise information and 

therapeutic strategies are still lacking for this entity. Fourth, rapid 

population aging is seen in the Asia-Pacific region,32,33 and it is 

important to develop a practical, low-intensity exercise program 

that is suitable even for elderly patients with poor cardiorespirato-

ry fitness. Fifth, most patients and non-specialized healthcare 

professionals remain unaware of the significance of fatty liver dis-

ease.34,35 This lack of awareness has significant negative impacts 

on lifestyle intervention, patient-reported outcomes, and the eco-

nomic burden on patients and healthcare systems. We contend 

that the diagnostic term used for fatty liver should be based on 

these regional characteristics.

METABOLIC DYSFUNCTION-ASSOCIATED 
FATTY LIVER DISEASE (MAFLD)

Recently, an international expert panel proposed a new defini-

tion of fatty liver disease, MAFLD.36 MAFLD is not simply a renam-

ing of NAFLD but represents a new concept for understanding liv-

er disease related to metabolic dysregulation.37 A diagnosis of 

MAFLD is made based on evidence of fatty liver in patients who 

are overweight/obese or have type 2 diabetes mellitus. In addi-

tion, MAFLD can be diagnosed in lean/normal-weight people with 

the criteria requiring evidence of fatty liver and at least two meta-

bolic abnormalities.36 The prevalence of MAFLD is approximately 

80% in patients with fatty liver and 30% to 40% of the general 

population in Asia.38-41

According to the new criteria, the MAFLD definition excludes 

patients with fatty liver and no metabolic abnormalities, with the 

corollary result of its predictive ability for clinical events being 

higher for MAFLD than for NAFLD. In fact, in contrast to NAFLD, 

MAFLD better identifies patients with hepatic fibrosis, a high risk 

of atherosclerotic cardiovascular disease (ASCVD), chronic kidney 

disease, colorectal polyps, and all-cause mortality.40-48 Another 

important distinction is that MAFLD is independent of alcoholic 

intake or other liver diseases, including viral hepatitis. Therefore, 

patients with dual (or more) etiologies of liver disease can be di-

agnosed with “MAFLD and alcoholic liver disease” or “MAFLD 

and chronic hepatitis B (CH-B).”49,50 Therefore, MAFLD allows us 

to investigate the impact of coexisting fatty liver in patients with 

viral hepatitis. Such assessments will also impact studies of viral 

hepatitis and MAFLD in their contribution to HCC development.

VALIDITY OF THE MAFLD DEFINITION FOR 
PEOPLE WHO ARE LEAN/NORMAL WEIGHT

Patients with fatty liver who are a healthy weight are often 

metabolically unhealthy. Several studies have reported that the 

incidence of advanced fibrosis and liver-related events in these 

patients is similar to or worse than that in patients with fatty liver 

who are overweight/obese.51-53 In addition, a higher risk for AS-

CVD and higher all-cause mortality has been reported in patients 

with fatty liver in the context of normal weight than that in pa-

tients who are overweight/obese.53-55

Patients with lean/normal weight fatty liver have been reported 

to progress to advanced liver disease, ASCVD, and liver-related 

mortality, independent of PNPLA3 genotype.56 No significant dif-
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ference has been reported in the prevalence of visceral adiposity, 

hypertension, and dyslipidemia between patients with lean/nor-

mal weight and those with overweight/obese fatty liver.57,58 Meta-

bolic syndrome has been reported to be associated with the de-

velopment of advanced hepatic fibrosis in patients with lean/

normal weight fatty liver.24,25 Recently, Francque and Wong59 not-

ed that metabolic dysfunction may be the main risk factor that is 

associated with an increased risk of hepatic fibrosis among lean 

patients with MAFLD. Park et al.60 also reported that diabetes 

mellitus is the strongest risk factor for hepatic fibrosis in lean pa-

tients. Furthermore, lifestyle intervention is effective for these pa-

tients.61,62 These previous findings suggest that various metabolic 

abnormalities may be involved in the development and progres-

sion of fatty liver in lean/normal-weight individuals.

The international expert panel proposed a definition of lean/

normal weight MAFLD in Asian patients (body mass index [BMI] 

<23 kg/m2), which requires the presence of fatty liver with a com-

bination of at least two of the following metabolic abnormalities: 

visceral adiposity, hypertension, dyslipidemia, pre-diabetes, insu-

lin resistance, or an elevation of serum high-sensitivity C-reactive 

protein level (Fig. 1).36 The prevalence of lean/normal weight 

MAFLD has been reported to be 16% to 18% of patients with 

MAFLD in the Asia-Pacific region.40,63

Several studies have used the lean/normal-weight MAFLD defi-

nition. Ciardullo et al.64 demonstrated that a high prevalence of 

significant fibrosis is seen in patients with lean/normal-weight 

MAFLD. Sohn et al.65 investigated the difference in hepatic fibrosis 

among subgroups of MAFLD and showed that the prevalence of 

significant fibrosis in lean/normal-weight MAFLD was similar to 

that in obese (BMI >25.0) MAFLD and was higher than that in 

overweight (BMI 23.0–24.9) MAFLD. Liu et al.66 investigated the 

impact of MAFLD on liver-related events using a large-scale UK 

Biobank database (n=160,979). They reported that lean/normal 

weight MAFLD was associated with an increased risk of liver-re-

lated events independent of the five genetic variants (PNPLA3 

rs738409 C/G, TM6SF2 rs58542926 C/T, GCKR rs1260326 T/C, 

MBOAT7 rs641738 C/T, and HSD17B13 rs72613567 T/TA).66 Lin et 

al.67 evaluated the impact of MAFLD on the recurrence of HBV-re-

lated HCC after curative resection and found that lean/normal 

weight MAFLD was a risk factor for tumor recurrence among pa-

tients with MAFLD (hazard ratio [HR], 2.030; 95% confidence in-

terval [CI], 1.117–3.690; P=0.020) (Table 1). Fukunaga et al.42 in-

vestigated the impact of MAFLD on the prevalence of colorectal 

adenoma in health check-up examinees. The authors demonstrat-

ed that lean/normal-weight MAFLD was the sole independent 

factor associated with the presence of colorectal adenoma (odds 

ratio [OR], 3.351; 95% CI, 1.589–7.262; P≤0.001). Lean/normal 

weight MAFLD was also the most important classifier for the 

presence of colorectal adenoma in data-mining analysis.42 Sem-

mler et al.68 investigated the relevance of MAFLD for mortality 

and demonstrated that lean/normal-weight MAFLD had the worst 

survival rates. Although the number of studies in lean/normal-

weight MAFLD is limited, this avalanche of publications in such a 

short time supports the validity of the lean/normal-weight MAFLD 

definition.

Figure 1. Definition of lean/normal weight MAFLD in the Asia-Pacific region. The definition requires ① the presence of fatty liver, ② BMI <23, and  
③ at least two of the metabolic abnormalities. BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insu-
lin resistance; CRP, C-reactive protein; MAFLD, metabolic dysfunction-associated fatty liver disease.
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IMPORTANCE OF MULTIPLE ETIOLOGIES OF 
LIVER DISEASE: MAFLD, VIRAL HEPATITIS, 
AND ALCOHOLIC INTAKE

HBV and HCV infection rates are high in the Asia-Pacific region. 

In patients with viral hepatitis, fatty liver is observed in 30% to 

40%,26,27 and co-existing fatty liver has been reported to be asso-

ciated with a higher risk of HCC in patients with HBV infection.69 

The presence of fatty liver has also been reported to increase the 

risk of HCC even in patients with HCV infection who achieve a 

cure with DAA therapy.70 In addition, alcoholic liver disease is a 

common cause of chronic liver disease in the Asia-Pacific region.71 

Co-existing alcoholic liver disease and hyperalimentation-associ-

ated fatty liver shows synergistic interaction, resulting in the pro-

gression of liver disease.72 These findings imply that assessment of 

fatty liver is important for the clinical management of patients 

with viral hepatitis and alcohol intake, especially in the Asia-Pa-

cific region (Fig. 2).

A unique feature of the MAFLD definition is that a diagnosis of 

MAFLD can be made irrespective of the diagnosis of any other liv-

er disease, including viral hepatitis. This allows clinicians to inves-

tigate the interaction between viral hepatitis and MAFLD. Mak et 

Table 1. The interaction between MAFLD and HBV infection

Study Number Study design Prevalence of MAFLD
Mean age 

(years)
Main outcome

Lin et al.67  
(2021)

812 Retrospective 
cohort study

45.4% of the patients 
with chronic 
hepatitis B-related 
hepatocellular 
carcinoma (296/1,076)

MAFLD: -56.2
Non-MAFLD: 

-56.2

Lean MAFLD (BMI <23 kg/m2) was a relative risk factor 
for tumor recurrence (HR, 2.03) among patients with 
MAFLD

Mak et al.73  
(2020)

2,370 Retrospective 
cross-sectional 
study

45.7% of the patients 
with chronic hepatitis 
B (1,083/2,370)

MAFLD: -57.5
Non-MAFLD: 

-51.5

The patients with chronic hepatitis B plus MAFLD had 
a higher prevalence of severe steatosis compared 
to the patients with chronic hepatitis B plus NAFLD 
outside the MAFLD criteria (62.0% vs. 35.3%).

The patients with chronic hepatitis B plus MAFLD had 
a higher prevalence of advanced fibrosis/cirrhosis 
compared to the patients with chronic hepatitis B 
plus NAFLD outside the MAFLD criteria (22.6% vs. 
11.8%).

van Kleef et al.74  
(2021)

1,076 Retrospective 
cohort study

27.5% of the patients 
with chronic hepatitis 
B (296/1,076)

MAFLD: -43.6
Non-MAFLD: 

-36.7

MAFLD was independently associated with the 
poor event-free (adjusted HR, 2.00), hepatocellular 
carcinoma-free (adjusted HR, 1.93), and transplant-
free (adjusted HR, 1.80) survival rates.

Among the patients with MAFLD, no significant 
difference was seen in the event-free survival 
between the patients with and without 
steatohepatitis or between the patients with an 
NAFLD activity score <3 and those with an NAFLD 
activity score ≥3.

Wang et al.75  
(2021)

417 Retrospective 
cross-sectional 
study

All the subjects had 
MAFLD

MAFLD: -41.5 Among the patients with MAFLD, hepatitis B virus 
infection was associated with a significantly lower 
grade of hepatic steatosis (OR, 0.088), but higher 
levels of inflammation (OR, 4.059), and fibrosis (OR, 
3.016) after adjusting for age, gender, and other 
metabolic parameters

Huang et al.76  
(2021)

185 Retrospective 
cross-sectional 
study

84.9% of the patients 
with biopsy-
proven fatty liver or 
cryptogenic cirrhosis 
(157/185)

MAFLD-only: 
-51.9

NAFLD-only: 
-44.1

Advanced fibrosis was associated with the presence of 
hepatitis B virus infection and metabolic diseases

MAFLD, metabolic dysfunction-associated fatty liver disease; HBV, hepatitis B virus; BMI, body mass index; HR, hazard ratio; OR, odds ratio.
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al.73 investigated the impact of MAFLD in patients with HBV infec-

tion (Table 1). They found that 45.7% of patients (1,083/2,370) 

fulfilled the criteria of both CH-B and MAFLD. Patients with CH-B 

plus MAFLD had a higher prevalence of advanced fibrosis/cirrhosis 

compared to patients with CH-B alone (22.6% vs. 11.8%).73 Like-

wise, van Kleef et al.74 investigated the impact of MAFLD on ad-

verse clinical outcomes in patients with HBV infection (Table 1). 

MAFLD was independently associated with poor event-free (ad-

justed HR, 2.00; 95% CI, 1.26–3.19), HCC-free (adjusted HR, 1.93; 

95% CI, 1.17–3.21), and transplant-free (adjusted HR, 1.80; 95% 

CI, 0.98–3.29) survival rates.74 In other studies, Wang et al.75 

demonstrated that HBV infections were associated with a signifi-

cantly lower grade of hepatic steatosis in patients with MAFLD 

(OR, -0.088; 95% CI, -0.027 to 0.291), but higher inflammation 

(OR, -4.059; 95% CI, -1.403 to 11.742), and fibrosis (OR, -3.016; 

95% CI, -1.087 to 8.370) rates after adjusting for age, gender, 

and other metabolic parameters. Huang et al.76 also showed that 

advanced hepatic fibrosis was associated with the presence of 

both HBV infections and metabolic disease. Therefore, there is a 

clinically meaningful interaction between MAFLD and HBV infec-

tion.

Similar data are available for patients with HCV infection. In pa-

tients with HCV infection, DAAs are currently the standard of care 

and achieve high cure rates in real-world settings.10 Treatment 

with DAAs reduces liver stiffness; however, this is negatively as-

sociated with an increase in the severity of fatty liver.77,78 Co-exist-

ing fatty liver is also a risk factor for HCC after cure in patients 

with HCV infection.79,80 Furthermore, Peleg et al.81 demonstrated 

that fatty liver is a major predictor of all-cause mortality in pa-

tients who achieve a sustained virological response following 

DAA treatment, regardless of fibrosis stage. Thus, MAFLD should 

be treated and managed on its own merits, even in patients with 

cured HCV infection. Fouad et al.82 proposed the importance of a 

holistic and multidisciplinary approach for the management of the 

growing number of patients with treated HCV who achieved cure, 

since the global prevalence of previous/current infection is likely 

well in excess of 150 million. To date, no study employed MAFLD 

to examine the impact of fatty liver with metabolic dysfunction on 

clinical outcomes in patients with HCV infection after cure. How-

ever, previous studies have indicated that MAFLD is useful for as-

sessing the morbidity and mortality of patients with HCV infection 

who have achieved this endpoint.

Alcoholic liver disease is also a common cause of liver disease in 

the Asia-Pacific region.71 In this population, heterozygosity for the 

aldehyde dehydrogenase 2×2 allele, which results in lower enzy-

matic activity, is highly prevalent, with the incidence reaching 

45% in East Asia.71,83 Whereas, in India, 96.3% of patients with 

alcoholic liver disease have at least one component of metabolic 

syndrome and 53.0% has three or more components of metabolic 

syndrome, suggesting the high prevalence of co-existence of alco-

holic liver disease and hyperalimentation-associated fatty liver.84,85 

Patients with both alcoholic and NAFLD have higher serum levels 

of aminotransferases and a high prevalence of advanced fibrosis 

than in patients with NAFLD.86 Harmful effect of mild-to-moder-

ate alcohol intake on hepatic fibrosis was seen in patients with 

metabolic syndrome, but not in patients with no metabolic syn-

Figure 2. MAFLD accelerates the progression of liver disease in patients with HBV/HCV infection. Co-existing MAFLD is a higher risk for liver cirrhosis 
and HCC in patients with HBV and HCV infection. HBV, hepatitis B virus; HCV, hepatitis C virus; MAFLD, metabolic dysfunction-associated fatty liver dis-
ease; HCC, hepatocellular carcinoma.
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drome.87 In patients with MAFLD, even modest alcohol intake has 

been reported to be associated with significant hepatic fibrosis in 

Asia.40 Thus, previous studies suggest that alcohol intake exacer-

bates the progression of liver disease in patients with MAFLD. Fu-

ture research may be focused on the effects of MAFLD on life-

threatening events and prognosis in patients with alcoholic liver 

disease, and vice versa.

MAFLD-RELATED HCC: A PROPOSED NEW 
CLASSIFICATION FOR THE ETIOLOGY OF HCC

Fatty liver causes lipotoxicity and oxidative stress in the liver; 

both are well-established drivers of hepatocarcinogenesis, while 

hepatic steatosis is recognized as an independent risk factor.88-92 

Fatty liver has been frequently categorized in the Asia-Pacific re-

gion as non-B non-C or non-viral HCC, probably because fatty liv-

er represents a minor etiological cause of HCC in the region.28-31 

Non-B non-C HCC includes not only fatty liver but also other liver 

diseases, such as alcoholic liver disease, autoimmune liver diseas-

es, and genetic liver diseases. Moreover, non-B non-C HCC is sep-

arate from HBV/HCV-related HCC, and co-existing fatty liver is not 

considered in the current etiological classification of HCC (Fig. 3).

Non-B non-C HCC is now becoming the leading cause of HCC 

in many countries of the Asia-Pacific region following the control 

and treatment of viral hepatitis.30,53,93-96 Eighty-five percent of pa-

tients with non-B non-C HCC have at least one risk factor for 

MAFLD, suggesting that it is the dominant etiology for non-B 

non-C HCC.97 The prevalence of fatty liver-related HCC is estimat-

ed to increase by 47% in Japan and 86% in China by 2030.98 In 

addition, HCC often occurs in patients with fatty liver who do not 

have cirrhosis99,100 and tends to be diagnosed at an advanced 

stage.28,101 Therefore, these patients require a different screening 

strategy.

No cohort studies have demonstrated that MAFLD is associated 

with a higher HCC risk. Furthermore, it remains unclear whether 

MAFLD-related HCC cells have specific pathological features in-

cluding a steatohepatitic phenotype. In addition, there is insuffi-

cient evidence to modify the treatment of HCC patients according 

to the HCC etiology. However, accumulated evidence demon-

strates that obesity, type 2 diabetes, and metabolic syndrome are 

risk factors for HCC in patients with fatty liver, all embodied in the 

MAFLD definition.19-22,102-106 Moreover, co-existing fatty liver is a 

risk factor for HCC in patients with HBV/HCV infection.69,70,79,107,108 

Recently, Pfister et al.109 performed a meta-analysis and demon-

strated that non-viral HCC is less responsive to immunotherapy. 

Non-viral HCC does not equal MAFLD-related HCC. However, 

there was an increase in the number of CD8+PD1+T cells in the liv-

er of a NASH-related HCC mouse model.109 Additionally, the 

CD8+PD1+T cells showed high thymocyte selection-associated 

high mobility group box protein expression levels,109 which re-

duced the degradation of PD-1 and promoted its translocation to 

Figure 3. MAFLD renovates the etiological classification of HCC. The clinical features of HCC differ depending on its etiology. MAFLD should be cate-
gorized as an independent single etiology for HCC rather than mixing up as non-B non-C. MAFLD also allows for mixed etiology of HCC, which is fre-
quent in the Asia-Pacific region. HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; MAFLD, metabolic dysfunction-associated 
fatty liver disease; AIH, autoimmune hepatitis; PBC, primary biliary cholangitis.

HCC

MAFLD allows for mixed aetiology of HCC, 
which is frequent in the Asia-Pacific region.

Fatty liver was categorized as non-B non-C HCC. 
Co-existing fatty liver in HBV/HCV HCC was not considered.

HCC

HBV HCV MAFLD Alcohol AIH/PBC HBV HCV Non-B Non-C



156 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0310

Volume_28  Number_2  April 2022

the surface of the T cells, leading to an impairment of the immune 

surveillance.109,110 Therefore, the efficacy of immunotherapy for 

MAFLD-related HCC may be limited compared to the other HCC 

etiologies. Although robust evidence is lacking, MAFLD could be 

categorized as an independent etiological cause of HCC, especial-

ly in the immunotherapy era (Fig. 3). This new classification will 

promote the development of novel context-specific strategies for 

the prevention and treatment of HCC in the Asia-Pacific region.

SARCOPENIA AND A LOW-INTENSITY EXER-
CISE PROGRAM FOR MAFLD

Physical inactivity causes loss of skeletal muscle, a major organ 

that determines resting energy expenditure.111,112 In patients with 

MAFLD, Chun et al.113 investigated the impact of sarcopenia on 

hepatic fibrosis and ASCVD risk using a large, population-based 

cohort. They found that sarcopenia was associated with signifi-

cant hepatic fibrosis and risk of ASCVD in patients with MAFLD. 

Whereas, O’Gorman et al.114 performed a non-randomized con-

trolled trial and found that 12 weeks of moderate-to-vigorous in-

tensity aerobic exercise reduced fibrosis and hepatocyte balloon-

ing by one stage in 58% and 67% of patients, respectively, in the 

absence of clinically significant weight loss. Thus, exercise is an 

important treatment for patients with MAFLD.

A reduction in physical activity is seen in approximately 50% of 

patients with fatty liver in Asia.115 In addition, patients with 

MAFLD are at high risk for ASCVD. Therefore, moderate-to-vigor-

ous intensity exercise may be impracticable in many patients. Re-

cently, a low-intensity resistance exercise program was developed 

based on the results of a meta-analysis of exercise for patients 

with fatty liver (Fig. 4).116 This low-intensity resistance exercise 

program was feasible even for subjects with no exercise habits. 

The program altered the expression of microRNA (miR)-630, miR-

5703, and fractalkine, which are associated with the inhibition of 

cancer cell proliferation.117-119 Therefore, even low-intensity exer-

cise may exert beneficial effects through alterations in miR and 

fractalkine expression in humans. A practicable exercise program 

is an unmet medical need for patients with MAFLD in the Asia-

Pacific region. Future research should be focused on better low-

intensity exercise for patients with MAFLD.

MAFLD IMPROVES DISEASE AWARENESS

NAFLD is diagnosed based on the amount of alcohol intake and 

the exclusion of other causes of hepatic steatosis. In these pa-

tients, lifestyle intervention is one of the cornerstones of current 

management.12,120,121 However, the effect of mild-to-moderate al-

cohol intake differs based on individual characteristics, including 

body weight, sex, and genetic polymorphisms in enzymes of alco-

hol metabolism.122-124 In addition, patient understanding is the first 

Figure 4. Scheme for a low-intensity resistance exercise program based on a meta-analysis. The exercise consists of six types of exercises such as (A) 
stepping, (B) good-morning exercises, (C) towel lat pulldowns, (D) squats, (E) calf raises, and (F) triceps surae stretching. The figure is adopted from an 
article by Hashida et al.116 with permission from John Wiley and Sons.
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step toward improving their lifestyle, and most patients are un-

able to understand the meaning of “non-alcoholic.”34 Similarly, 

most non-specialist physicians lack awareness of the importance 

of fatty liver35 and are unfamiliar with the difference between 

NAFLD and non-alcoholic steatohepatitis.125 Furthermore, Muslims 

are widely distributed in the Asia-Pacific region, in particular West 

Asia. Islam prohibits alcohol consumption, and there is still a stig-

ma associated with the term “non-alcoholic.”126

MAFLD is independent of alcohol intake and clearly indicates 

the etiology of fatty liver to be “metabolic dysfunction.” Fouad et 

al.35 recently performed a survey in Egypt showing that 73.3% of 

physicians reported that they became more familiar with fatty liver 

disease after the name changed from NAFLD to MAFLD. More-

over, Méndez-Sánchez et al.127 from Mexico reported that 65.7% 

of participants became more familiar with fatty liver disease fol-

lowing the redefinition to MAFLD. Furthermore, MAFLD has had a 

positive impact on nurses and allied health personnel’s ability to 

motivate patients to undertake lifestyle changes.128 In addition, an 

international expert panel recently proposed a definition of 

MAFLD for children.129 Accordingly, MAFLD may help improve dis-

ease awareness of patients, doctors, medical staff, and various 

stakeholders. This improvement will contribute to the develop-

ment of prevention and treatment strategies, including pharmaco-

therapies, resulting in an improvement in patient-reported out-

comes and a reduction in healthcare costs.130 Several associations 

and expert panels have published consensus/position statements 

to endorse “MAFLD” as the official term.126,131-134

ISSUES TO BE RESOLVED

One of the issues with the MAFLD definition is the exclusion of 

fatty livers in the absence of metabolic dysfunction. Therefore, fu-

ture studies should focus on the impact of the new criteria on in-

tra- and extra-hepatic outcomes and prognoses by comparing the 

NAFLD criteria. Caution should also be used when managing pa-

tients who have fatty livers but not metabolic dysfunction, as they 

may be consuming alcohol surreptitiously, they may have an un-

discovered cause of the excess liver fat or another disease that 

has not been tested for (e.g., lysosomal acid lipase deficiency), or 

they may develop MAFLD over time. Additionally, there is no re-

quirement to exclude other contributing liver disease etiologies 

when diagnosing a patient with MAFLD. In clinical practice, however, 

it is important to test for other diseases, as they may exist con-

comitantly with MAFLD and thus should be managed appropriately.

CONCLUSION

In this review, we described the distinctive characteristics of fat-

ty liver in the Asia-Pacific region. We also summarized the many 

advantages of using the definition of MAFLD in this regional con-

text (Fig. 5). Although studies using the MAFLD criteria are in 

their infancy, a more precise definition of MAFLD in lean/normal-

weight people will help standardize and promote the clinical and 

translational investigation of this unique phenotype. The concept 

Figure 5. Scheme for MAFLD enhances clinical practice for liver disease in the Asia-Pacific region. HBV, hepatitis B virus; HCV, hepatitis C virus; MAFLD, 
metabolic dysfunction-associated fatty liver disease; HCC, hepatocellular carcinoma.
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of MAFLD is also particularly useful to disentangle the impact of 

concomitant fatty liver in patients with viral hepatitis, which is 

prevalent in the Asia-Pacific region. MAFLD will likewise recon-

struct the etiological classification of and therapeutic strategies 

for HCC. The term MAFLD highlights the impact of metabolic dys-

function on pathogenesis and the importance of lifestyle interven-

tions, including exercise. Last but not least, the term “MAFLD” it-

self may increase disease awareness, leading to improvements in 

natural history and clinical outcomes, patient-reported outcomes, 

and the economic burden to patients and national healthcare sys-

tems.
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NATURAL HISTORY OF HEPATITIS C VIRUS 
(HCV) INFECTION

HCV infections represent a substantial global medical and eco-

nomic burdens, with an estimated 58 million people living with 

chronic HCV infections in 2021 worldwide.1 Although the intro-

duction of HCV screening among blood donors in 1992 has de-

creased the rate of HCV transmission in South Korea,2 HCV re-

mains the second-most common cause of chronic liver diseases in 

South Korea.3 Although the epidemiological transition patterns 

associated with HCV infection have varied in the past few de-

cades,4 the prevalence of HCV infections in South Korea ranges 

from 0.6% to 0.78%, and its incidence increases with age.5-8 The 

Korea National Health and Nutrition Examination Survey reported 

that the prevalence of anti-HCV antibodies among Koreans ≥10 

years old was 0.66%, whereas among those ≥20 years old, the 

Cost-effectiveness of chronic hepatitis C screening and 
treatment
Hye Won Lee1,2,3,*, Hankil Lee4,*, Beom Kyung Kim1,2,3, Young Chang5, Jae Young Jang5, and Do Young Kim1,2,3
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prevalence was 0.71% between 2012 and 2016.5 In a nationwide 

epidemiological study, 0.78% of participants tested positive for 

anti-HCV antibodies after adjustment for age, sex, and area of 

residence.6 Additionally, 30.5–46.5% of the population with anti-

HCV antibodies had detectable HCV RNA.5,9 Risk factors for HCV 

infections include older age, needle-stick injuries, dental proce-

dures, multiple sexual partners, blood transfusions before 1991, 

and surgeries.10 A prospective multicenter cohort study found that 

drug abuse, needle-stick injuries, blood transfusions before 1995, 

tattoos, and age were independent risk factors for HCV infections.11 

HCV DISEASE BURDEN

HCV infections are often asymptomatic, but disease progression 

over time can result in the development of complications, such as 

ascites, variceal bleeding, and liver cancer. Symptoms typically 

only appear during the advanced stages of hepatitis C, at which 

point the disease-related damage is difficult to reverse, resulting 

in considerable medical expenses.12 Chronic hepatitis C (CHC) may 

progress to cirrhosis over 20–30 years, and the annual incidences 

of hepatocellular carcinoma (HCC) and hepatic decompensation 

are 1–7% and 3–6%, respectively, among individuals with CHC.13 

A study using data obtained from the Korean National Health In-

surance showed that the total costs (both direct and indirect) as-

sociated with hepatitis C in South Korea increased from USD 

501.4 million in 2008 to USD 607.8 million in 2011. Data obtained 

from the Korean National Health Insurance database for 181,768 

CHC patients in 2013 revealed an all-cause healthcare cost asso-

ciated with CHC of USD 997 per patient per year.14 By contrast, in 

the USA, the economic burden of CHC exceeds USD 10 billion an-

nually,15 and a study of 34,597 CHC patients older than 18 years 

reported an all-cause healthcare cost of USD 19,665 per patient 

per year from 2002 to 2013.16 Another study conducted in the 

USA reported a mean lifetime cost for CHC of approximately USD 

64,490.17 Differences in healthcare systems and national econo-

mies between countries contribute to these cost disparities. 

Healthcare costs were also found to increase markedly with in-

creasing liver disease severity, and in 2013, the annual per-patient 

costs were USD 895 for CHC; USD 1,873 for cirrhosis; USD 6,495 

for HCC; and USD 67,359 for the first year following liver trans-

plantion.18 Another study reported an increase in the mean health 

care cost per month with disease progression from CHC (USD 

77±80) to compensate cirrhosis (CC; USD 98±94), decompensat-

ed cirrhosis (DC; USD 512±1,115), or HCC (USD 504±717).19

HCV ELIMINATION

Before the introduction of direct-acting antivirals (DAAs) in the 

mid-2010s, HCV infections were treated using pegylated interfer-

on (IFN) and ribavirin, which were often associated with adverse 

events, low response rates, and long treatment durations. DAAs 

enabled physicians to treat patients with HCV infection refractory 

to IFN/ribavirin therapy. Due to an increased sustained virologic 

response (SVR), fewer adverse events, and short treatment dura-

tions, international guidelines recommend the use of DAA therapy 

in patients with HCV viremia over other treatment options. The 

World Health Organization (WHO) previously proposed the elimi-

nation of hepatitis B and C viral infections by 2030 which would 

require reducing the numbers of new infections and mortality by 

90% and 65%, respectively. To achieve this goal, many countries, 

including the USA, Japan, Australia, and Taiwan, have attempted 

to devise political and administrative strategies to promote HCV 

elimination. However, barriers to HCV elimination remain. Be-

cause HCV-infected patients are generally asymptomatic until 

progression to advanced cirrhosis or HCC, many patients are un-

aware of their disease status. According to a telephone survey in 

South Korea, only 9.1% (91/1,003) of participants reported receiv-

ing an HCV test.20 The most common reasons reported for HCV 

testing included routine check-ups, physician’s recommendations, 

and elevated liver enzymes. In this survey, 75.1% of the respon-

dents agreed that an anti-HCV antibody test should be included 

in the National Health Examination. Lack of awareness regarding 

HCV infections among healthcare workers may also contribute to 

delayed diagnosis and treatment. The active screening of asymp-

tomatic individuals is necessary because untreated patients can 

potentially spread HCV.

SCREENING FOR HCV INFECTION

The anti-HCV antibody test has limited application in diagnosis 

of HCV infections, but can serve as a useful screening test due to 

high sensitivity and specificity (≥ 99%).14 Universal HCV screening 

has not been included in the Korean National Health Program due 

to the low prevalence of HCV infections in South Korea and the 

lack of validation regarding the cost-effectiveness of universal 

HCV screening in South Korea. However, global attitudes toward 

HCV screening are changing, and both the WHO and the USA 

Centers for Disease Control and Prevention (CDC) recommend the 

performance of HCV screening regardless of HCV infection preva-
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lence. The CDC recommends HCV screening at least once per life-

time in all adults, except in locations where the prevalence of 

HCV infection is <0.1%.21

The methodology and modeling used in various studies to as-

sess the cost-effectiveness of HCV screening in South Korea are 

described below.

INTERPRETATION OF COST-EFFECTIVENESS 
STUDIES

Cost-effectiveness analysis (CEA) compares the economic feasi-

bility of an intervention with that of a comparator (or an alterna-

tive) and is typically used interchangeably with economic evalua-

tion (EE). Unlike the cost of illness or outcomes research, CEA is 

able to assess the costs associated with both inputs and out-

comes simultaneously (Fig. 1), and the results are reported as the 

incremental cost-effectiveness ratio (ICER).22 ICER is derived as 

follows:

7 
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Types of EE

Four types of EE have been established, distinguished by the 

outcome measurement methods: cost-minimization analysis 

(CMA), cost-benefit analysis (CBA), CEA, and cost-utility analysis 

(CUA).22 CMA can be performed when the outcome is equivalent 

between two alternatives, with the alternative with the lower in-

put cost regarded as being more economical. CBA can be used for 

outcomes are expressed in monetary units. Although CBA can be 

used. CBA has been criticized due to the ethical and methodologi-

cal issues associated with converting health outcomes into mone-

tary values, this type of analysis can be useful for assessing the 

performance of large-scale health care programs.23 In CEA, the 

outcomes are estimated using natural units. For example, when 

assessing the outcomes of CHC treatments, the number of HCC 

cases averted or life-years gained (LYG) can be used to perform 

CEA. Thus, CEA is preferred by clinicians because the results of 

CEA are readily comprehensible for application to clinical prac-

tice.24 Numerous government health care agencies recommend 

performing CUA, which measures outcomes in quality-adjusted 

life-years (QALYs), a combination of quantity of life (i.e., LYG) and 

quality of life (QoL, for which death and perfect health are repre-

sented by values of 0 and 1, respectively).25 For example, if one 

patient lives for 1 year with perfect health (quantity of life × QoL 

= 1 × 1), but another patient lives for 2 years with a value of 0.5 

for QoL (2 × 0.5), the result is 1 QALY for both cases. Because 

outcomes are represented by a single measure (i.e., QALY), CUA 

can be used to compared different types of interventions (i.e., 

treatments for CHC vs. anticancer agents). Therefore, government 

agencies recommend the performance of CUA to determine opti-

mal treatment strategies.

Principles of CEA and study perspectives

The performance of CEA requires data regarding the compara-

tive effectiveness, costs, and utility weights for an intervention 

and a comparator. Meta-analysis and systematic review provide 

the highest level of evidence for the comparative effectiveness of 

two alternatives. Costs are commonly estimated from real-world 

data, such as electronic medical records or insurance claims. How-

ever, cost estimates vary depending on the perspective of the es-

timators, as payers, the health care system, and overall society 

are likely to evaluate different variables. For example, from the 

payer’s perspective, costs related to productivity are not relevant, 

whereas these indirect costs should be included in cost estimates 

performed from a societal perspective. Utility values are measured 

directly among cohorts of patients or the general public using val-

idated QoL assessment tools (e.g., EQ-5D or SF-36) or extracted 

from previous studies.

Decision-analytic modeling

Most CEA studies use decision-analytic models, which are con-

Figure 1. The concept of cost-effectiveness analysis. Cost-effectiveness 
analyses simultaneously assess both costs and outcomes of an interven-
tion and a comparator. Subscripted I refers to the intervention variables, 
whereas subscripted C refers to the comparator variables. Reused from 
Drummond et al.22 
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OutcomesC

CostsC

Comparator



167

Hye Won Lee, et al. 
Cost-effectiveness in chronic hepatitis C

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0193

structed to reflect relevant evidence, link intermediate and final 

endpoints, extrapolate long-term outcomes, and aid decision-

making in real-world settings.22 Decision trees and Markov mod-

els are two commonly used model types. The decision tree model 

is commonly employed to evaluate a discrete event within a short 

period, whereas the Markov model is used to evaluate long-term 

or chronic illnesses that persist until death. These models consider 

several health states and should be simple while simultaneously 

reflecting the natural history of the disease.26 Assume that the 

Markov model shown in Supplementary Figure 1 was constructed 

to perform a CEA or two CHC treatment alternatives (a new medi-

cine, I vs. an existing medicine, C). The hypothetical model in-

cludes seven health states, each represented as bubbles: CHC, 

SVR, CC, DC, HCC, liver transplantation, and death. The CEA was 

performed by constructing a hypothetical cohort of 1,000 patients 

that entered the CHC state. Based on this model, when the cycle 

length is set to 1 year, 70% (transition probability: 0.7) of the 

starting cohort will progress to SVR, 7% will transition to CC, and 

3% will transition to HCC after 1 year using the new medicine. 

With repeated analyses, the distribution of the cohort changes 

according to the transition probability. After cycle 1,200 patients 

remain in the CHC state (1,000 × 0.2), whereas after cycle 2, only 

40 patients (200 × 0.2) remain in the CHC state (Supplementary 

Fig. 1). This process can be repeated for all health states via tran-

sition probabilities until the end of the time horizon (analysis peri-

od), after which the costs and outcomes are calculated according 

to the distribution of the cohort associated with each health state.

ICER

ICER is calculated from CEA or CUA and is defined as the differ-

ence in costs divided by the difference in outcomes between two 

alternatives. ICER indicates the costs required to gain an addition-

al outcome (number of cases averted or QALY), when using the 

intervention compared with the comparator. Although the accept-

ability of the additional cost depends on the individual standards, 

1 × gross domestic product (GDP) is generally considered to be 

the threshold of willingness to pay (WTP) for 1 QALY.

IS HCV SCREENING COST-EFFECTIVE IN SOUTH 
KOREA?

According to prior studies performed in South Korea, the per-

formance of one-time HCV screening and treatment is highly cost-

effective, and significantly reducing the morbidity and mortality 

rates associated with hepatitis C.27,28 Table 1 summarizes the cur-

rent research examining the cost-effectiveness of CHC screening 

and treatment in Korea.

Kim et al.27 investigated the cost-effectiveness of a one-time 

HCV screening and treatment program among individuals 40–70 

years of age using a Markov model in conjunction with a screen-

ing and treatment decision tree model. Patients were divided into 

cohorts according to age: 40–49, 50–59, and 60–69 years, and 

the prevalence of infection was estimated to be 0.60%, 0.80%, 

and 1.53%, respectively, for each age group. An estimated 71.7% 

of individuals were screened, and 39.4% of patients were treated 

with DAA over 5 years. Screening resulted in the detection of 

43,635 new cases across all cohorts. The model predicted that 

17,193 patients would require DAA treatments after screening 

(40–49 years: 31.0%, 50–59 years: 30.5%, and 60–69 years: 

38.4%). For screening, the HCV antibody test cost USD 3.49; the 

HCV quantitative RNA test cost USD 147.33; and the ultrasound 

cost USD 61.43. The estimated medical costs for the treatment of 

different disease stages were USD 972.73 for CHC; USD 1,238.02 

for CC; USD 6,468.01 for DC; and USD 6,366.94 for HCC. Predict-

ed ICER values ranged from USD 5,714 to USD 8,889 per QALY 

gained for all patients. Screening and treatment were expected to 

be highly cost-effective across all patients aged 40–69 years, 

based upon a WTP threshold of USD 27,512. Incremental costs as-

sociated with screening and treatment ranged from USD 156.47 

to USD 181.85 million. An important finding of this study was that 

anti-HCV antibody testing was the most cost-effective for individ-

uals aged 40–49 years, which is likely due to reduced disease 

progression associated with the early diagnosis and treatment of 

HCV in younger individuals, resulting in lower overall lifetime 

costs. 

Kim et al.28 also investigated the cost-effectiveness of screening 

and DAA treatment among individuals aged 40–65 years. The 

prevalence of HCV infections was estimated to be 0.38–0.53% 

among individuals aged 40–49 years, 0.63–0.91% among indi-

viduals aged 50–59 years, and 0.80–1.32% among individuals 

aged 60–69 years. The cost for the HCV antibody test was USD 

3.40, whereas the HCV quantitative RNA test cost USD 81.50. 

The annual healthcare costs were estimated at USD 744.40 for 

CHC; USD 947.80 for CC; USD 6,113.40 for DC; and USD 6,017.60 

for HCC. Screening an estimated 14,103,806 South Koreans iden-

tified 82,394 individuals with anti-HCV positivity, among which 

38,313 presented with HCV RNA positivity, and 31,608 were di-

agnosed with CHC. Finally, 20,134 individuals were treated with 
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DAA over 3 years. Screening and treatment increased QALYs by 

0.0015 at the cost of USD 11.27 (ICER: USD 7,435 per QALY 

gained). The probability that this screening strategy would be 

cost-effective was assessed as 98.8% at a WTP of USD 27,205, 

and this strategy was predicted to prevent 32 HCV-related deaths, 

19 cases of HCC, and 15 cases of DC per 100,000 screened indi-

viduals. The assessment of low ICER values, despite the low prev-

alence of HCV in South Korea, indicates that the cost of HCV 

screening and treatment is very low. Therefore, a one-time HCV 

screening and DAA treatment program is likely to be highly cost-

effective for reducing HCV-related morbidity and mortality. How-

ever, non-medical costs (e.g., lost working days) that may further 

increase the cost-effectiveness of screening strategies were not 

investigated.

Two studies have previously investigated whether a “screen all” 

strategy would be cost-effective compared with no screening; 

however, these studies did not include new DAA regimens, such 

as ledipasvir/sofosbuvir (LDV/SOF) for genotype (GT) 2 patients, 

which has been a reimbursed treatment in South Korea starting in 

June 2019. To reflect changes in treatment, Kim et al.9 investigat-

ed the cost-effectiveness of increased screening with subsequent 

DAA treatment for all CHC patients ≥40 years (screening and 

DAA treatments were offered again at 65 years if the participant 

initially refused screening prior to 65 years compared with the 

current practice of screening only high-risk patients). The preva-

lence of HCV infections was estimated at 0.38% among individu-

als aged 40–49 years, 0.63% among individuals aged 50–59 

years, 1.08% among individuals aged 60–69 years, and 1.64% 

among individuals aged ≥70 years. The HCV antibody test cost 

USD 3.14; the HCV quantitative RNA test cost USD 31.70; and ul-

trasound exams cost USD 125.13. The annual costs for DC were 

estimated at USD 6,161.70, whereas HCC was estimated at USD 

6,065.40. The standard high-risk screening strategy led to the 

screening of 2,546,832 patients, resulting in the identification of 

6,539 HCV RNA positive patients and the DAA treatment of 4,165 

patients. A screen-all-individuals-once scenario led to the screen-

ing of 15,818,833 patients, resulting in the identification of 

40,614 HCV RNA-positive patients and the DAA treatment of 

25,871 patients. A screen-all-individuals-twice scenario led to the 

screening of 4,429,273 additional patients after the age of 65 

years. Using a Markov disease progression model, the screen-all-

individuals-twice scenario led to the lowest rates of advanced liver 

disease compared with the screen-all-individuals-once and high-

risk-only screening approaches. A screen-all-individuals-once 

strategy increased QALYs by 49,612 compared with the high-risk-

only screening strategy, whereas a screen-all-individuals-twice 

strategy increased QALYs by an additional 5,075. Using the same 

LDV/SOF treatment for GT1 and 2, the ICER values for the screen-

all-individuals-once and screen-all-individuals-twice strategies 

were USD 4,535.96 and USD 4,636.33, respectively, compared 

with the high-risk-only screening strategy. When screen-all-indi-

viduals-twice was compared with screen-all-individuals-once, the 

ICER value for the screen-all-individuals-twice strategy was USD 

3,558.18. Thus, the authors of this study concluded that screening 

all individuals twice, followed by treatment as necessary, would 

be more cost-effective than the current high-risk-only screening 

approach.

Another study demonstrated the necessity of increased National 

Health Insurance coverage for hepatitis C screening and DAA 

treatment.29 The estimated prevalence rate of hepatitis C antibody 

in South Korea is 0.7%, and the costs for the HCV antibody and 

HCV quantitative RNA tests were reported to be USD 20 and USD 

150, respectively. Estimated annual treatment costs were USD 

10,000 for CHC; USD 2,064 for CC; USD 6,146 for DC; and USD 

8,000 for HCC. This study estimated that in 2016, approximately 

46% of South Koreans with chronic HCV infections and 16% with 

HCV antibodies received DAA treatment. This study used a com-

partmental age-sex structured model of HCV progression to ana-

lyze the cost-effectiveness of increased HCV screening and treat-

ment with DAAs. The policy scenarios that were analyzed in the 

study included status quo, population screening starting at age 

60 years, population screening starting at age 40 years, and pop-

ulation screening starting at age 20 years. All alternative strate-

gies were found to be cost-effective compared with no treatment 

for preventing infections. Increased screenings among populations 

aged ≥60 years and those aged ≥40 were estimated to avoid 

15,231 and 17,374 HCV infections, respectively, in addition to 

preventing 5,310 and 5,798 deaths, respectively, for the period 

from 2017 to 2050.

HCV SCREENING: EXPERIENCES IN OTHER 
COUNTRIES

Approximately 2.7 million people in the USA have CHC.30 

Among HCV-infected persons, 81% were born between 1945 and 

1965. In the USA, high-risk groups (i.e., intravenous drug abusers, 

patients who received a blood transfusion before 1992, hemodi-

alysis patients, inmates, babies of HCV-infected mothers, and in-

dividuals with tattoos) and birth cohorts born from 1945 through 
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1965 (cohorts with a high prevalence of HCV infection) are 

screened and treated for HCV.31 When a birth cohort was 

screened for treatment with IFN/ribavirin, the ICER value was USD 

15,700 QALY compared with the high-risk group. When pegylated 

IFN/ribavirin/DAA therapy was used, the ICER value was USD 

35,700/QALY; therefore, screening and treatment among birth co-

horts were reported as cost-effective, and the CDC recommends 

screening all individuals born between 1945 and 1965.32 Because 

treatment outcomes have significantly improved with the intro-

duction of DAAs, in 2020, the CDC recommended that all individ-

uals aged ≥18 years should undergo at least one screening test 

during their lifetimes.33 Recently, Eckman et al.34 analyzed the 

cost-effectiveness of universal one-time screening for HCV infec-

tion in the USA in the era of pan-genotypic DAA therapy, com-

pared with the current standard of birth cohort screening strategy. 

Using the Markov state transition model, universal one-time 

screening of the general USA population, assuming a prevalence 

of HCV antibody greater than 0.07%, resulted in a reduced cost 

equal to USD 50,000/QALY than the no screening strategy. The 

model also showed that, compared with one-time birth cohort 

screening, universal one-time screening and treatment with pan-

genotypic DAAs cost USD 11,378/QALY increase. This study high-

lighted the importance of HCV screening among young persons in 

the USA. 

HCV infection is the leading cause of cirrhosis and liver cancer 

in Japan, where approximately 2 million individuals were estimat-

ed to be living with HCV infection in the year 2000.35 According 

to a cost-effectiveness study based on the national HCV screening 

program, the rates of HCV infections among the general popula-

tion and among high-risk groups were 0.36% and 0.81%, respec-

tively.36 Screening for HCV is reportedly cost-effective in both 

high-risk groups and among the general population (USD 749 to 

USD 2,297 and USD 848 to USD 4,825, respectively). Due to the 

high prevalence of HCV infection, nationwide HCV screening was 

initiated in Japan in 2002. A recent study compared the cost-ef-

fectiveness of screening plus IFN-free therapy, no screening, and 

Table 2. Cost-effectiveness studies of screening and treatment for hepatitis C in other countries

Study Screening scenario Analysis model Results ICER

Eckman et al.34  
(2019; USA)

Screen all once (over 18 years)
Birth-cohort screening (born from  

1945 through 1965)

Markov model Universal screening was cost-
effective compared with 
birth cohort screening when 
antibody positivity was greater 
than 0.07%

Compared with birth 
cohort screening, 
universal 1-time 
screening and treatment 
cost $11,378/QALY gained

Nagai et al.37  
(2020; Japan)

Population aged 45 years
Population aged 55 years
Population aged 65 years
Population aged 75 years
Population aged 85 years

Markov model Screening followed by IFN-free 
DAA therapy was cost-effective 
in all age subpopulations, 
except for the population aged 
85 years, when willingness to 
pay was $45.163 per QALY

$1,736
$3.127
$6,718
$18,580
$65,199

Williams et al.40  
(2019; UK)

Born from 1950 through 1954
Born from 1955 through 1959
Born from 1960 through 1964
Born from 1965 through 1969
Born from 1970 through 1974
Born from 1975 through 1979

Markov model Birth cohort screening is likely to 
be cost-effective for younger 
birth cohorts 

$33,411
$21,243
$14,415
$10,990
$10,458
$11,207

Wong et al.42  
(2015; Canada)

No screening
One-time screening (age 25–64 years)
One-time screening (age 45–64 years)

Markov model A selective one-time HCV 
screening program for people 
25–64 or 45–64 years of age in 
Canada would likely be cost-
effective

REF
$34,359
$44,034

Deuffic-Burban et 
al.41 (2018; France)

Screening risk population
One-time screening (age 18–59 years)
One-time screening (age 40–59 years)
One-time screening (age 40–80 years)
Universal screening (age 18–80 years)

Markov model Universal screening is the most 
effective screening strategy for 
HCV

REF
Dominated
Dominated
$43,829
$17,520

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; IFN, interferon; DAA, direct-acting antivirals; HCV, hepatitis C virus; REF, reference.
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screening plus IFN-based therapy.37 The base-case model involved 

screening all Japanese individuals aged 40–89 years. Screening 

plus IFN-free therapy was more cost-effective than no screening 

or screening plus IFN-based therapy under a WTP of USD 45,163 

per QALY gained in the base-case model, with ICER values of USD 

10,157/QALY relative to no screening and USD 9,802/QALY rela-

tive to screening plus IFN-based therapy. Importantly, in the age 

subgroup analysis, ICER values were lower for the younger popu-

lation (Table 2). Except among the population aged 85 years and 

older, screening plus IFN-free therapy was the most cost-effective 

option under the WTP setting. These results suggest that popula-

tion-based HCV screening of all adults aged below 85 years in Ja-

pan represents a reasonable option.

According to a systematic review performed in Europe, the cost 

of prolonging survival by 1 year through HCV screening ranged 

between USD 2,856 and USD 17,520,38 suggesting that screening 

is cost-effective only in areas with a high prevalence of HCV infec-

tion. Unlike the USA and Japan, the prevalence of HCV infection 

in England is relatively low, with only 143,000 people estimated 

to be living with HCV infection in 2015.39 Another study evaluated 

the cost-effectiveness of a one-time HCV screening intervention 

for individuals born between 1950 and 1979, as part of a National 

Health Service health check.40 The base-case ICER values ranged 

from USD 10,408 to USD 33,411, with the lowest ICER observed 

for people born between 1970 and 1974 and the highest ICER ob-

served for people born between 1950 and 1954. Thus, birth co-

hort screening in England is likely to be the most cost-effective 

option for younger birth cohorts; however, whether HCV screen-

ing will be cost-effective for other birth cohorts remains uncertain.

France has one of the most extensive HCV screening programs 

worldwide. A health economic study from France evaluated the 

cost-effectiveness of five screening scenarios:41 S1, the current 

strategy targeting at-risk populations; S2, S1 plus all men aged 

18–59 years; S3, S1 plus all individuals aged 40–59 years; S4, S1 

plus all individuals aged 40–80 years; and S5, all individuals aged 

18–80 years (universal screening). Universal screening was found 

to be more effective and cost-effective (USD 36,446/QALY) than 

targeting individuals aged 40–80 years. However, this strategy is 

only cost-effective if treatment is initiated during an early stage of 

infection but not if treatment is started after advanced stages of 

fibrosis has developed.

The prevalence of HCV seroprevalence in Canada is estimated 

to be 0.3–0.9%. Despite being neighboring countries, the epide-

miology of HCV and the health care system in Canada differ from 

those in the USA. A Canadian study analyzed the cost-effective-

ness of one-time HCV screening among individuals aged 25–64 

and those aged 45–64 years.42 The ICER values ranged from USD 

34,359 to USD 44,034 per QALY gained, compared with no 

screening, depending on the age group screened and the antiviral 

therapy administered. The authors concluded that a one-time pro-

gram to screen for and treat HCV infection in Canada, targeted at 

birth cohort populations (25–64 years of age or 45–64 years of 

age), is likely to be cost-effective and suggested that increased 

treatment success rates would further enhance the cost-effective-

ness of all HCV screening programs. 

FUTURE PERSPECTIVES

The Global Health Sector Strategy on Viral Hepatitis (2016–

2021), published by the WHO, calls for all countries to establish 

firm targets for the elimination of viral hepatitis.43 Successful HCV 

elimination requires the establishment and maintenance of all 

steps in the care cascade, starting with decrease awareness and 

continuing through treatment. National screening is likely the 

most important of these steps, and national health policies should 

establish HCV screening programs to reduce the HCV-related dis-

ease burden.

HCV screening should be performed as part of routine screen-

ing among individuals with progressive liver disease starting at 

the age of 40 years. In a 2019 Korean survey of the general pub-

lic, more than 75% of respondents indicated their belief that 

screening for HCV is necessary.20 Because of its low prevalence, 

HCV screening has not been included in national screening pro-

grams. However, the findings across multiple studies highlight the 

importance of HCV screening, supporting its inclusion in national 

health policy. 
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Very early hepatocellular carcinoma (HCC) is usually regarded as 

a single tumor <2 cm in diameter without vascular invasion. Bar-

celona Clinic Liver Cancer (BCLC) stage 0 or modified Union for 

International Cancer Control (UICC) stage I falls into this category. 

Approximately, 5–10% of patients in the West and 15% of pa-

tients in Korea are diagnosed at this stage.1-4 Very early or early 

HCC can be treated using ablation, surgical resection, or trans-

plantation.5 

In this issue of Clinical and Molecular Hepatology, Lee et al.6 

evaluated the long-term outcomes of surgical resection and radio-

frequency ablation (RFA) for single HCC ≤3 cm in patients with 

well-preserved liver function (Child-Pugh class A). This multicenter 

retrospective study of 391 patients compared the surgical resec-

tion with RFA for a sufficient follow-up time of more than 5 years. 

After adjusting for covariates, the estimated cumulative overall 

survival rate was slightly higher in patients who underwent RFA 

than in those who underwent surgical resection (97.0% vs. 

95.8% at 2 years, 92.3% vs. 89.2% at 4 years, 85.3% vs. 79.7% 

at 6 years, and 80.9% vs. 73.8% at 8 years, respectively) without 

statistical significance. However, cumulative recurrence-free sur-

vival rate was significantly higher in patients who underwent sur-

gical resection than in those who underwent RFA (78.5% vs. 

66.3% at 2 years, 62.1% vs. 44.5% at 4 years, 53.3% vs. 34.4% 

at 6 years, and 48.6% vs. 29.4% at 8 years, respectively). A sub-

group analysis suggested that the difference of recurrence-free 

survival rate between RFA and surgical resection was statistically 

significant in patients without cirrhosis, whereas recurrence-free 

survival was comparable between patients with cirrhosis who un-

derwent surgical resection and those with cirrhosis treated with 

RFA.

The pattern of recurrence after RFA is usually categorized into 

intrahepatic local recurrence, intrahepatic distant recurrence, and 

extrahepatic distant metastasis. Incomplete ablation or tumor ag-

gressiveness may lead to intrahepatic local recurrence.7 Risk fac-

tors for intrahepatic local recurrence include larger tumor size  

(>3 cm), insufficient safety margin, and tumor location (adjacent 

to the major blood vessels).7,8 On the other hand, distant recur-

rence may result from a combination of tumor metastasis and de 
novo carcinogenesis.7 Risk factors for intrahepatic distant metas-
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tasis also include larger tumor size, tumor multiplicity, and high 

serum alpha-fetoprotein level as well as portal hypertension.7,8

In the present study, a plausible reason for the difference in the 

recurrence-free survival rates between RFA and surgical resection 

would be that local factors, such as insufficient safety margin, are 

more likely to contribute to the higher recurrence of RFA than host 

factors, such as the presence of cirrhosis. The insufficient ablative 

margin of less than 5 mm is associated with higher recurrence af-

ter RFA.9 Tumor location is also one of the most critical factors to 

predict local recurrence for RFA.10 Unfavorable location such as 

periportal or subphrenic location as well as tumor size ≥2.0 cm are 

closely associated with local tumor progression in RFA.10 Non-sub-

capsular and non-perivascular tumors or tumors located in pos-

terosuperior liver portions showed similar local tumor progression 

rates between RFA and laparoscopic surgical resection.11 Although 

the present study did not investigate the association of the tumor 

location and the recurrence, the authors demonstrated that recur-

rence-free survival rate was comparable for HCC ≤2 cm. Surgical 

resection provides better recurrence-free survival and comparable 

overall survival; however, it is accompanied by higher postopera-

tive morbidity and longer hospital stay.12 Recently, laparoscopic liv-

er resection showed better perioperative and survival outcome 

compared to open liver resection.13 For small HCCs located in the 

anterolateral segments of the liver, laparoscopic liver resection was 

associated with similar complication and overall survival rates, and 

better recurrence-free survival rate compared with RFA.14

Underlying chronic liver disease can contribute to the de novo 

development of liver cancer after surgical resection.15,16 The mode 

of surgical resection may also affect the recurrence rate after cu-

rative resection. Anatomic resection involves the removal of a he-

patic segment or subsegment, which includes tumor-bearing por-

tal tributaries as major branches of the portal vein and hepatic 

artery.17 Non-anatomic resection preserves non-tumor hepatic pa-

renchyma and offers less extensive liver resection. Anatomic re-

section provides better tumor control than non-anatomical resec-

tion.17 A retrospective study using propensity score matching 

methods compared RFA with non-anatomical surgical resection 

for HCC ≤3 cm without vascular invasion. The 5-year cumulative 

intrahepatic distant recurrence and disease-free survival rates did 

not differ between patients treated with RFA and those treated 

with non-anatomic surgical resection (47.0% vs. 40.2%, P=0.240; 

and 48.9% vs. 54.4%, P=0.201, respectively).18 Non-anatomic 

surgical resection might not be significantly better in effectiveness 

compared with RFA in terms of preventing recurrence.

To decrease the intrahepatic local recurrence after RFA, new 

ablative techniques may play a role by improving the efficacy and 

size of ablation.7 Different ablation modes such as multi-bipolar 

ablation with no-touch technique or microwave ablation may lead 

to effective ablation and extend the indications of local ablation.7 

Different approaches also enable safe treatment of tumors pres-

ent in difficult locations. To minimize recurrence, it is important to 

predict tumor aggressiveness. High tumor markers, arterial peritu-

mor enhancement, or hepatobiliary peritumoral hypointensity on 

magnetic resonance imaging showed the association with micro-

vascular invasion.19 In case of HCC with a high probability of mi-

crovascular invasion, surgical resection offered better results in 

terms of recurrence when compared with RFA.19

Recently, a multicenter, phase 3 clinical trial comparing surgical 

resection and RFA for HCC ≤3 cm and ≤3 nodules was conduct-

ed.20 Interestingly, 150 patients in the surgery group and 152 pa-

tients in the RFA group were enrolled between 2009 and 2015 

after confirming that all patients could be treated using either 

surgery or RFA. In both groups, 90% of the patients had solitary 

HCC. The 5-year overall survival rate was comparable between 

the two groups (surgery group, 74.6%; RFA group, 70.4%; 

P=0.828). The 5-year recurrence-free survival rates were 54.7% 

and 50.5% in the surgery and RFA groups, respectively (P=0.498). 

Although the final report has not been published yet, balances 

between the modes of each treatment (e.g., application of newer 

ablation techniques or anatomic resection), tumor biology, or lo-

cation should also be incorporated into the interpretation of results. 

Presence of solitary HCC ≤3 cm is one of the earlier stages of 

HCC and can even be regarded as the easiest stage. However, tu-

mor biology (aggressiveness), location, and hepatic reserves are 

ascribed to the heterogeneity of this stage. Surgical resection 

generally offers a lower risk of recurrence at the cost of potential 

complications or a longer hospital stay. RFA shows a comparable 

recurrence rate or overall survival rate in case of some favorably 

located tumors, but high recurrence rates for other unfavorably 

located tumors.1,21,22 For HCC ≥2 cm or located in the subphrenic 

or perivascular area, surgical resection would be the better op-

tion; while RFA could show similar outcomes with surgical resec-

tion for HCC <2 cm or non-subphrenic or non-perivascular HCC. 

Although substantial advances have been made in both surgical 

resection and local ablation, the risk of recurrence should still be 

weighed over the risk of potential complications. 
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Sarcopenia is frequently seen in patients with liver cirrhosis and 

an independent risk factor for poor prognosis.1-5 Sarcopenia is an 

important therapeutic target. However, its pathogenesis remains 

unclear, and a therapeutic strategy has not been established in 

patients with liver cirrhosis.1,5 A recent study by Han et al.6 investi-

gated the association of liver cirrhosis-related systemic inflamma-

tion with sarcopenia in a rat model of liver cirrhosis. They found 

that tumor necrosis factor-α (TNF-α) was associated with the ex-

pression of intestinal tight junction proteins, muscular myostatin, 

and sarcopenia in a rat model of liver cirrhosis. Furthermore, they 

reported that treatment with rifaximin caused muscle hypertrophy 

with a reduction in both serum TNF-α levels and expression of 

muscular myostatin in a rat model of liver cirrhosis. Thus, they re-

vealed that 1) TNF-α is involved in the pathogenesis of sarcope-

nia, and 2) rifaximin is a possible therapeutic strategy for liver cir-

rhosis-related sarcopenia through the downregulation of TNF-α.

Aging and physical inactivity are the main mechanisms underly-

ing the development of sarcopenia.1 Besides these factors, various 

liver-related metabolic dysfunctions are involved in the pathogen-

esis of sarcopenia in patients with liver cirrhosis.1,5,7 The metabolic 

dysfunctions are depletion of branched-chain amino acids, carni-

tine, vitamin D, testosterone, and hyperammonemia.1,5,7 In pa-

tients with liver cirrhosis, chronic inflammation is associated with 

development of various complications including ascites. However, 

information is limited on the association between inflammatory 

cytokines and sarcopenia. Han et al.6 found a significant negative 

correlation of serum TNF-α level with muscle weight and myofiber 

diameter in a rat model of liver cirrhosis. Furthermore, they found 

that serum TNF-α levels were significantly higher in patients with 

sarcopenia than in those without sarcopenia.6 Shiraki et al.8 previ-

ously reported that, in patients with liver cirrhosis, elevated serum 

TNF-α levels were associated with malnutrition. In addition, 

TNF-α has been reported to promote myosin heavy-chain degra-

dation and apoptosis of muscle fibers, leading to muscle atro-

phy.9,10 These findings suggest that upregulation of TNF-α is im-

portant in the pathogenesis of sarcopenia in patients with liver 

cirrhosis.

In the liver, TNF-α is mainly released from Kupffer cells and he-

patic stellate cells by stimulation of intestinal bacteria and their 

products, including lipopolysaccharide.11 Therefore, increased in-

testinal permeability seems to be an upstream event for the up-
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regulation of serum TNF-α levels in patients with liver cirrhosis. In 

fact, a variety of basic and clinical studies have implicated that 

gut dysbiosis affects the intestinal epithelial barrier and leads to 

translocation of gut contents to the liver and beyond.12,13 Intestinal 

permeability is regulated by intercellular adhesion complexes 

called tight junctions.14 Han et al.6 demonstrated that expression 

of tight junction proteins such as occludin and zonula occludens-1 

(ZO-1) in the intestine were inversely correlated with serum TNF-α 

levels in a rat model of liver cirrhosis. These findings are in line 

with results of previous studies. Intestinal expression of claudin-1 

and occludin, tight junction proteins, has been reported to be as-

sociated with endotoxin levels in a rat model of liver cirrhosis.15 

Intestinal expression of claudin-1 has also been reported to be re-

duced and inversely correlated with endotoxin concentrations in 

patients with liver cirrhosis.16 Furthermore, Han et al.6 first dem-

onstrated that intestinal expression levels of occludin and ZO-1 

were positively correlated with muscle weight and myofiber diam-

eter. Taken together, disruption of the intestinal tight junction may 

be responsible for the influx of lipopolysaccharide into the liver. 

Lipopolysaccharide stimulates Kupffer cells and hepatic stellate 

cells, leading to releasing TNF-α. Upregulated TNF-α causes sar-

copenia in patients with liver cirrhosis (Fig. 1).

Hyperammonemia is also a risk factor for sarcopenia in patients 

with liver cirrhosis.17 Rifaximin suppresses ammonia-producing co-

lonic bacteria and improves hyperammonemia.18 In addition, rifax-

imin alters the gut microbiome composition (Lactobacillus, Strepto-
coccus, Veillonella), which contributes to reducing hyperammonemia 

and endotoxemia in cirrhosis.18 Furthermore, rifaximin has been 

reported to increase circulating saturated and unsaturated fatty 

acids and to modulate the metabolism of the host.19,20 Ammonia-

lowering treatment, including rifaximin, has been reported to re-

verse sarcopenia in a rat model of hyperammonemia by restoring 

skeletal muscle proteostasis.21 Han et al.6 demonstrated that 

treatment with rifaximin increased muscle mass and myofiber di-

ameter in a rat model of cirrhosis. However, no reduction in blood 

ammonia levels was observed in rifaximin-treated rats compared 

to control rats. In contrast, rifaximin significantly reduced serum 

TNF-α levels and muscular expression of myostatin. Rifaximin has 

been reported to upregulate ZO-1 and reduce portal endotoxin 

levels in a rat model of liver cirrhosis.22 Rifaximin has also been 

reported to reduce endotoxin activity and improve intestinal per-

meability, as evaluated by serum soluble CD163 and mannose re-

ceptors in patients with liver cirrhosis.23 Accordingly, rifaximin may 

tighten the intestinal barrier and suppress serum TNF-α levels, 

leading to an improvement in sarcopenia with downregulation of 

myostatin expression.

The study by Han et al. showed that TNF-α is involved in the 

pathogenesis of sarcopenia in a rat model of liver cirrhosis. They 

Figure 1. A proposed gut-liver-muscle axis of liver cirrhosis-related sarcopenia. Disruption of the intestinal tight junction causes an influx of lipopoly-
saccharide into the liver. Lipopolysaccharide stimulates Kupffer cells and hepatic stellate cells and releases TNF-α. Then, TNF-α causes sarcopenia. LPS, 
lipopolysaccharide; TNF-α, tumor necrosis factor-α.
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also showed that rifaximin reduced serum TNF-α levels and im-

proved sarcopenia in a rat model of liver cirrhosis. However, this 

study had some limitations. First, the pathogenesis of an increase 

in intestinal permeability remains unclear. Rifaximin is a non-sys-

temic antibiotic that has been reported to alter the gut microbiota 

components in patients with liver cirrhosis.18 Gut microbiota com-

ponents are associated with various metabolites that regulate in-

testinal permeability and inflammatory cytokines.11,24 Therefore, it 

is important to evaluate the impact of alterations in gut microbio-

ta components and their metabolites on intestinal permeability. 

Second, it remains unclear whether rifaximin has an additive ef-

fect on nutritional and exercise therapies for sarcopenia. Third, it 

also remains unclear whether improvement of sarcopenia sup-

presses disease progression, development of life-threatening com-

plications, and mortality in patients with liver cirrhosis. Further 

studies should focus on the effects of the combination of nutri-

tional/exercise therapies and rifaximin treatment on long-term 

outcomes in patients with liver cirrhosis.

Alterations in intestinal permeability and inflammatory cyto-

kines are crucial in the pathogenesis of sarcopenia in patients 

with liver cirrhosis. Further elucidation of the gut-liver-muscle axis 

may serve as a therapeutic strategy for sarcopenia.
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Most chronic hepatitis B (CHB) patients need to stay in indefi-

nite nucleos(t)ide analogue (NA) treatment to reduce hepatitis B 

virus (HBV)-related complications as HBV could only be contained 

but not cured by NA.1 Tenofovir disoproxil fumarate (TDF) and te-

nofovir alafenamide (TAF) are two potent NAs and TAF is favored 

over TDF due to less renal and bone toxicities.2 However, deterio-

ration of lipid profile has been shown after switching from TDF- to 

TAF-containing antiretroviral regimens in human immunodeficien-

cy virus (HIV) infected patients in both clinical trials and real-

world data.3,4 Since dyslipidemia is associated with cardiovascular 

disease and metabolic/non-alcoholic associated fatty liver disease, 

and the latter could increase hepatocellular carcinoma risks, it 

should be clarified whether TAF therapy alone deteriorates lipid 

profile in CHB patients. 

In this study, Jeong et al.5 applied propensity score-matching to 

compare the changes of lipid profile among CHB patients receiv-

ing TAF or TDF, inactive CHB, and non-HBV infected control 

groups in a follow-up period of 48 weeks. The results showed a 

significant decrease of serum total cholesterol (TC) level in the 

TDF group when compared with TAF (156.7±27.7 vs. 176.3±32.9, 

P<0.001) and non-HBV infected (156.2±28.3 vs. 175.0±29.5, 

P<0.001) group. In contrast, comparable lipid profiles were iden-

tified among TAF group, inactive CHB, and non-HBV infected 

control groups. The authors concluded that TAF is a lipid-neutral 

agent as the alterations of lipid profile were comparable between 

TAF and control groups. In contrast, TDF is potentially associated 

with lipid-lowering effect.

Jeong et al.5 further postulated that the higher circulating teno-

fovir concentration in TDF users than that in TAF users might ex-

plain the results. Their theory was supported by another paper 

from Canada in which lower lipids were observed in TDF group 

when compared with the entecavir group in CHB patients.6 How-

ever, the underlying mechanism remains unclear.

Although this study shows that TAF may be lipid-neutral in CHB 

patients without dyslipidemia, several issues need to be ad-

dressed. First, the effect of TAF on CHB patients with dyslipidemia 

remains unknown as they were excluded in this study. In a retro-
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spective, observational, multicenter study targeting HIV patients, 

no significant increment of TC level was found in TAF group if the 

patient had underlying hyperlipidemia.7 More studies are needed 

to address the issue. Nevertheless, physicians should keep a close 

eye on patients with lipid levels near the upper limit of normal 

when switching from TDF to TAF. Second, even if switching from 

TDF to TAF causes more patients developing dyslipidemia, there 

are multiple potent lipid-lowering agents available. The benefit of 

lipid-lowering effect of TDF should not outweigh the risks of well-

documented bone and kidney adverse events.

In summary, this well-designed study indicates that TAF itself 

could be a lipid-neutral rather than a lipid-increasing agent. Physi-

cians should monitor the lipid profile more closely in their patients 

when switching their TDF with TAF. Future studies with longer fol-

low-up periods and broader patient inclusion criteria to explore 

cardiovascular outcomes, together with the findings of this re-

search, may impact the way CHB patients are managed.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is shown to be closely 

associated with metabolic dysfunction including insulin resistance 

(IR), dyslipidemia, and obesity.1 NAFLD comprises a spectrum of 

diseases, ranging from simple steatosis to varying degrees of 

fibrosis and cirrhosis.2 In the last decade, more than one-quarter 

of the global population is suffering from the disease.3 and an 

effective pharmacotherapy has yet to be approved. The metabolic 

dysfunction in fatty liver disease arises from multiple factors, with 
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genes acting as important modifiers. In recent years, multiple 

large genetic studies have enriched our understanding of the 

genetic determinants of fatty liver disease.4 For instance, the 

patatin-like phospholipase domain containing 3 (PNPLA3 ) 

rs738409 C>G variant (p.I148M) has been identified as a major 

genetic determinant contributing to hepatic fat accumulation and 

liver fibrosis.4,5 The potential value of genetic modifiers not only 

lies in understanding of the pathogenesis of fatty liver disease but 

also in the designs of new therapeutics.

Klotho, also known as alpha-Klotho, is a well-documented anti-

aging protein. It mediates various physiological functions 

including maintenance of phosphate and calcium homeostasis, 

attenuation of oxidative stress, suppression of inflammation, and 

regulation of energy metabolism.6 It is primarily expressed in the 

kidney, parathyroid gland, brain, and adipose tissue as a single-

pass transmembrane glycoprotein and serves as co-receptor for 

fibroblast growth factor 23 (FGF23).7 There are at least two 

isoforms of Klotho, a transmembrane form and a soluble form, 

named soluble Klotho (sKL) in the blood circulation.8 A previous 

study using animal models observed that Klotho-knockout mice 

experienced extreme leanness and a significant reduction of he-

patic fat accumulation,9 suggesting a possible direct role in the 

pathophysiology of fatty liver disease. Analyses of human Klotho 

(KL ) gene polymorphisms revealed their impact on bone density,10 

metabolic syndrome,11 chronic kidney disease,12 cardioembolism,13 

and coronary artery diseases.14 Recently, KL  rs495392 intronic 

variant has been suggested to be associated with a decreased risk 

of atheromatosis and vascular calcification in patients with 

chronic kidney disease.15,16 The pathophysiology of atheromatosis 

is an accumulation and swelling in artery walls made up of 

macrophage cells, or debris, and contain, among others, lipids 

(cholesterol and fatty acids). The single nucleotide polymorphism 

(SNP) rs495392 locates in an intronic region of the KL gene; thus, 

no variations in the Klotho protein sequence are expected. 

However, rs495392 has been shown to affect the KL  gene 

expression in blood in previous expression quantitative trait loci 

(eQTL) data.17 Given the possibility of altering KL expression and 

the role in lipid accumulation, the KL  rs495392 polymorphism 

may have an impact on the susceptibility to fatty liver disease. 

Therefore, it is pivotal to explore the effect of rs495392 in liver 

disease.

Vitamin D exerts diverse physiological effects on calcium and 

phosphate homeostasis, insulin sensitivity, anti-inflammation, and 

anti-fibrosis.18 Some studies have suggested that serum vitamin D 

status was associated with the severity of fatty liver disease and 

its supplementation could improve insulin sensitivity in patients 

with fatty liver disease.19-21 It has been shown that active vitamin 

D can upregulate the expression of the KL gene through vitamin 

D-responsive elements, while Klotho/FGF23 axis suppresses the 

activation of vitamin D.22 Therefore, it is also important to 

speculate whether KL rs495392 polymorphism alters the effect of 

vitamin D on fatty liver disease.

The aims of this study were: 1) to explore the association of KL 

rs495392 polymorphism with hepatic steatosis in patients with 

NAFLD, 2) to clarify whether the role of vitamin D on NAFLD is 

different under the KL gene variant, and 3) to discern if there is 

any interaction between the PNPLA3 rs738409 and KL rs495392 

gene polymorphisms.

MATERIALS AND METHODS

Design and study population

The study population was individuals recruited from the PERSONS 

project (January 2017 to September 2020). The diagnostic criteria 

for NAFLD have been described previously.23 Briefly, patients with 

biopsy-confirmed fatty liver without a secondary liver disease 

(including alcohol use disorder, viral hepatitis, autoimmune 

hepatitis, hepatocellular carcinoma, etc.) have been included. A total 

of 531 Chinese patients with biopsy-confirmed NAFLD were enrolled. 

Clinical data and laboratory examinations 

Medical history, former drug use information and other clinical 

information is recorded at the baseline. Biochemical data were 

collected from all patients within 24 hours of liver biopsy. Body 

mass index (BMI) was calculated as weight (kg) divided by the 

square of height (m). IR was estimated according by the 

homoeostasis model assessment (commonly referred to as HOMA).24 

The threshold for IR was defined as HOMA-IR (homeostasis model 

assessment-insulin resistance) score ≥2.73.25 Diagnosis of diabetes 

was based on criteria of the American Diabetes Association.26 Se-

rum level of 25-hydroxyvitamin D [25(OH)D] was measured to show 

vitamin D status and defined as: vitamin D sufficiency ≥75 nmol/L, 

insufficiency 50–75 nmol/L, and deficiency <50 nmol/L.

Histological assessment of the liver 

Liver biopsies were performed using a 16-gauge needle under 



186 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0301

Volume_28  Number_2  April 2022

ultrasound guidance. The histology was reviewed by a single liver 

pathologist (X.D.W.) who was blinded to the clinical and 

biochemical data. Histological parameters were defined based on 

the NAFLD Activity Score (NAS) system by Kleiner et al.27 Severe 

steatosis, severe ballooning, severe lobular inflammation, and 

significant fibrosis were defined if their scores were ≥2.

Immunohistochemistry (IHC) staining

IHC staining was carried out on liver samples to observe the 

presence of Klotho protein. First, the sections were treated with a 

citric acid antigen retrieval buffer for antigen retrieval. After 

blocking endogenous peroxidase activity, sections were incubated 

with primary antibodies in a washing buffer for 12 hours at 4°C 

Then, tissue slides were washed thrice with phosphate buffered 

saline, and an appropriate secondary antibody was added. Finally, 

the sections were treated with streptavidin-horseradish peroxi-

dase complex and diaminobenzidine solution, and counterstained 

with hematoxylin. The primary antibody was against sKL (Abcam, 

Cambridge, MA, USA). Images of the sections were acquired by 

light microscopy, using a Adimec Q-12A-180Fc microscope (Ad-

imec, Eindhoven, the Netherlands). The semiquantitative analysis 

of Klotho expression was measured by Image Pro-Plus v. 6.0 soft-

ware (Media Cybernetics, Bethesda, MD, USA).

SNP genotyping

The genotyping of KL  rs495392 C>A and PNPLA3 rs738409 

C>G variants was performed using the MassARRAY (Agena Bio-

sciences, San Diego, CA, USA) according to the manufacturer’s 

protocol. For the purpose of genotyping, each sample used ap-

proximately 20 ng of genomic DNA. The primer sequences were 

the following: forward 5’–ACGTTGGATGGGAGGAAGAAATACTT-

GAGAC–3’, reverse 5’–ACGTTGGATGTAATTGTAACACCCTTGT-

GC–3’ (rs495392); forward 5’–ACGTTGGATGTCTCCTTTGCTTTCA-

CAGGC–3’, reverse 5’–ACGTTGGATGCTGAAGGAAGGAGGGA 

TAAG–3’ (rs738409).

Statistical analysis

Statistical analyses were performed using R software (v3.5.2; R 

Foundation for Statistical Computing, Vienna, Austria), SPSS (ver. 

20.0; SPSS Inc., Armonk, NY, USA). Continuous variables are ex-

pressed as means±standard deviations for those with a normal 

distribution and as medians (p25–p75) for those with a non-nor-

mal distribution. Categorical variables are expressed as frequency 

(%). Comparisons between groups were done using t test, Mann-

Whitney test, and chi-squared test, respectively. The Hardy-Wein-

berg equilibrium (HWE) was assessed using the one tailed chi-

square test. Multivariate logistic regression models were performed 

to test the association between the SNP and liver histology fea-

tures. Due to the relatively low frequency of the minor allele, the 

impact of rs495392 on histological damage was modelled under 

a dominant inheritance model. The SNP-SNP interactions were 

analyzed by generalized multifactor dimensionality reduction 

(GMDR). A post-hoc  power analysis for the logistic regression 

models were undertaken to assess the statistical power in present 

study. A sample size (N) of 531 achieves 73.4% of power (1-β) for 
KL  rs495392 variant and hepatic steatosis analysis. A P -value 

<0.05 was considered to be statistically significant.

The replication cohort from the Rotterdam Study (RS)

The RS was used as replication cohort. The RS is a prospective 

cohort study of individuals aged ≥40 years living in the Ommoord 

district of Rotterdam, the Netherlands. The objectives, design and 

methods of the RS have been described in detail elsewhere.28 In 

1990, the first cohort of study (RS-I) comprised 7,983 persons 

aged ≥55 years. In 2000, the second cohort (RS-II) was extended 

to include an additional 3,011 participants who moved into the 

study district or had become 55 years of age. A further extension 

of the cohort (RS-III) formed in 2006 and include 3,932 partici-

pants living in the research area and aged ≥45 years. In 2016, the 

recruitment of another extension (RS-IV) started that targeted 

participants aged ≥40 years. All participants in the study provided 

written inform consent to participate and to obtain information 

from their treating physicians. 

Genotyping was performed using Human Core-24 BeadChip 

Marker information, and the quality control procedures were ap-

plied to the genotype data. Data were imputed using the second 

release of the Haplotype Reference Consortium (realizes 1.1 2016) 

by mean Michigan Imputation Server. We extracted genotype 

dosage for rs495392 with a high imputation quality (Rsq 

score=0.98).

For the current study, 4,307 participants from the RS-I, RS-II, 

and RS-III sub-cohorts who had information on the KL rs495392 

polymorphism and fatty liver index (FLI) were included. Then, the 

participants with excessive alcohol consumption, medicine use 

that cause steatosis, other viral hepatitis or data missing were 

excluded, leaving 3,830 participants included as the main 
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Table 1. Baseline characteristics of 531 Chinese patients with biopsy-confirmed NAFLD according to Klotho (KL) rs495392 C>A genotype

CC (n=366) CA+AA (n=165) P-value

Clinical parameter

Age (years) 41.0±12.4 44.2±13.3 0.007

Male sex 268 (73.2) 113 (68.5) 0.262

Diabetes 121 (33.1) 59 (35.8) 0.543

Hypertension 145 (39.6) 72 (43.6) 0.383

BMI (kg/m2) 26.8±3.5 26.7±3.2 0.603

Laboratory parameter

Hemoglobin A1c (%) 6.2±1.4 6.3±1.5 0.427

HOMA-IR score 5.94±10.56 5.71±8.03 0.801

Insulin resistance 254 (69.59) 110 (67.07) 0.563

Platelet count (109/L) 251±64 244±58 0.207

Albumin (g/dL) 4.62±0.37 4.57±0.38 0.141

AST (U/L) 57 (31–96) 48 (28–73) 0.030

ALT (U/L) 36 (25–56) 31 (25–49) 0.079

ALP (U/L) 88±38 86±32 0.509

GGT (U/L) 51 (32–82) 51 (29–85) 0.862

Creatinine (μmol/L) 67.7±14.7 66.0±13.3 0.197

Uric acid (μmol/L) 395.9±109.4 383.0±98.8 0.198

TC (mmol/L) 5.11±1.13 5.13±1.25 0.845

TG (mmol/L) 2.36±2.03 2.32±1.79 0.826

HDL-C (mmol/L) 1.00±0.22 1.05±0.26 0.021

LDL-C (mmol/L) 3.07±0.88 3.00±0.97 0.425

25(OH)D (nmol/L) 58.0±19.1 63.5±19.8 0.032

Liver histology feature

Steatosis score 1.82±1.03 1.59±1.07 0.021

Hepatocyte ballooning score 1.21±0.64 1.15±0.60 0.320

Lobular inflammation score 1.20±0.52 1.14±0.52 0.241

Fibrosis score 1.03±0.84 1.03±0.93 0.998

NAS score 4.23±1.52 3.88±1.49 0.016

Severe steatosis (≥2) 213 (58.2) 76 (46.1) 0.009

Severe ballooning (=2) 122 (33.3) 44 (26.7) 0.125

Severe inflammation (≥2) 81 (22.1) 31 (18.8) 0.382

Significant fibrosis (≥2) 84 (23.0) 43 (26.1) 0.437

Values are presented as mean±standard deviation for those with a normal distribution, medians (p25–p75) for those with a non-normal distribution, or 
number (%).
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; HOMA-IR, homeostasis model assessment-insulin resistance; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; 25(OH)D, 25-hydroxyvitamin D; NAS, NAFLD Activity Score.
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population for analysis (Supplementary Fig. 1). The definitions of 

NAFLD and fibrosis for the participants were based on FLI and 

liver stiffness measurement (LSM), respectively. According to the 

previous studies, a FLI ≥60 was consider as hepatic steatosis,29 

while a LSM >6.9 kPa was consider as significant fibrosis.30

Ethics

Ethical approval for the PERSONS project was obtained from 

the Ethics Committee of the First Affiliated Hospital of Wenzhou 

Medical University (2016-246, 1 December 2016). All procedures 

performed in studies involving human participants were in accor-

dance with the ethical standards of the institutional research com-

mittee and with the 1964 Helsinki declaration and its later 

amendments.

The RS has been approved by the Medical Ethics Committee of 

the Erasmus MC (registration number MEC 02.1015) and by the 

Dutch Ministry of Health, Welfare and Sport (Population Screen-

ing Act WBO, license number 1071272-159521-PG). 

Written informed consent was obtained from all participants in-

cluded in the study. 

Table 2. Association between Klotho (KL) rs495392 polymorphism and liver histology features in patients with NAFLD

Severe steatosis Severe ballooning Severe inflammation Significant fibrosis

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Crude model

CC Ref. - Ref. - Ref. - Ref. -

CA+AA 0.61 (0.42–0.89) 0.010 0.73 (0.48–1.09) 0.126 0.81 (0.51–1.29) 0.383 1.18 (0.77–1.81) 0.437

Adjusted model*

CC Ref. - Ref. - Ref. - Ref. -

CA+AA 0.66 (0.45–0.98) 0.040 0.75 (0.50–1.13) 0.171 0.85 (0.53–1.36) 0.493 1.17 (0.75–1.81) 0.493

NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; CI, confidence interval; Ref., reference.
*Adjusted for age, sex, body mass index, presence of diabetes.

BA

Figure 1. The expression of soluble Klotho (sKL) in liver samples according to the Klotho (KL) rs495392 gene polymorphism. (A) It showed the expres-
sion of sKL in liver samples with genotype CC and genotype AA using immunohistochemistry staining (×22.5). (B) It presented the semiquantitative 
analysis result of Klotho expression in liver samples. The liver samples with genotype AA showed a non, but borderline, significant lower level of sKL 
compared with the genotype CC (P=0.078).
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RESULTS

Genotype distribution 

A total of 531 genotyped patients (from the PERSONS project) 

were included in this study. The frequency distribution of KL 
rs495392 was in HWE (P>0.05). The minor allele frequency for KL 

rs495392 was 0.168 in our Chinese cohort, similar to that (0.188) 

reported for the general East Asian population of the 1000 

genomes project.31 The genotype distribution of rs495392 CC, 

CA, and AA was 68.9%, 28.6%, and 2.4%, respectively.

Patient characteristics

The characteristics of patients with biopsy-confirmed NAFLD 

stratified by carriage of KL rs495392 A allele are depicted in Table 1. 

The comparison of the characteristics according to the rs495392 

genotypes showed that the group with genotype CA+AA had 

older average age, lower serum level of aspartate aminotransferase, 

and higher serum levels of high-density lipoprotein cholesterol 

(HDL-C) than the group with CC genotype (all, P<0.05).

Impact of KL rs495392 polymorphism on the liver 
histology features

The impact of carriage of KL rs495392 A allele on the liver his-

tology features is presented in Table 1. The carriers of the A allele 

(CA+AA) had significantly lower hepatic steatosis score, NAS and 

prevalence of severe steatosis, compared to the C allele carriers 

(all, P<0.05).

To further estimate the effects of rs495392 on histological dam-

age, logistic regression models were performed in Table 2. In 

crude analysis, carriage of the A allele was related to a lower risk 

of severe hepatic steatosis with an odds ratio (OR) of 0.61 

(CA+AA vs. CC, 95% confidence interval [CI], 0.42–0.89; 

P=0.010). After adjusting for age, sex, BMI, and presence of dia-

betes, the A allele still showed a protective effect against severe 

steatosis with an OR of 0.66 (CA+AA vs. CC; 95% CI, 0.45–0.98; 

P=0.040). However, there was no significant association between 

rs495392 and hepatocyte ballooning, lobular inflammation, and 

fibrosis.

Hepatic sKL protein expression

To determine whether KL  protein is expressed differentially in 

liver according to the genotypes, 12 homozygous liver samples 

Table 3. Replication of the impact of the Klotho (KL) rs495392 variant and the severity of steatosis in participants from the Rotterdam Study

60≤ FLI <78* FLI ≥78†

OR (95% CI) P-value OR (95% CI) P-value

All (n=3,830)

CC Ref. - Ref. -

CA 0.95 (0.75–1.21) 0.700 0.81 (0.57–1.15) 0.240

AA 0.82 (0.53–1.25) 0.364 0.36 (0.17–0.73) 0.006

LSM ≤6.9 kPa (n=2,428)

CC Ref. - Ref. -

CA 0.90 (0.66–1.21) 0.479 0.71 (0.43–1.17) 0.182

AA 0.83 (0.50–1.36) 0.467 0.17 (0.05–0.49) 0.002

LSM >6.9 kPa (n=370)

CC Ref. - Ref. -

CA 1.26 (0.57–2.82) 0.565 1.84 (0.71–4.93) 0.210

AA 0.77 (0.11–4.29) 0.781 1.13 (0.11–8.76) 0.910

FLI, fatty liver index; OR, odds ratio; CI, confidence interval; Ref., reference; LSM, liver stiffness measurement.
*60≤ FLI <78 non-alcoholic fatty liver disease (NAFLD) vs. non-NAFLD participants, adjusted for age, sex, cohort, body mass index (BMI), hypertension and 
type 2 diabetes.
†FLI ≥78 NAFLD vs. non-NAFLD participants, adjusted for age, sex, cohort, BMI, hypertension, and type 2 diabetes.
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underwent IHC staining (six from the genotype CC patients and 

six from the genotype AA patients with matched age, sex and 

presence of diabetes). According to the instructions of KL anti-

body, only soluble form of the protein can be detected. As shown 

in Figure 1A, a reduced expression of sKL seemed to present in 

the genotype AA group compared with the CC group. After quan-

tifying sKL expression, we found that the liver samples from the 

genotype AA showed a non, but borderline, significant lower level 

of sKL (Fig. 1B; P=0.078). Considering the limited sample size and 

low statistical power, it is possible that the KL rs495392 polymor-

phism may downregulate the sKL expression.

Replication of the impact of KL rs495392 
polymorphism on hepatic steatosis in the RS

To validate the effect of KL rs495392 polymorphism in an external 

cohort, we obtained data from the prospective, population-based 

RS cohort. The characteristics of participants from the RS are shown 

A B C

Figure 2. Association analysis between serum vitamin D level and liver histology features according to the Klotho (KL) rs495392 gene polymorphism. 
The serum 25(OH)D level is negatively associated with severity of steatosis and lobular inflammation in patients with NAFLD (A). After stratified into 
rs495392 CC and CA+AA groups, only patients with genotypes CA or AA show significant associations with liver histology features (C), while no asso-
ciation is observed in genotype CC (B). 25(OH)D, 25-hydroxyvitamin D; OR, odds ratio; CI, confidence interval; NAFLD, non-alcoholic fatty liver disease.
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Table 4. Best models to predict severe steatosis by generalized multifactor dimensionality reduction

Training accuracy (%) Testing accuracy (%) Sign test (P-value)
Cross-validation 

consistency

rs738409 57.8 57.9 10 (0.0010) 10/10

rs495392 55.1 55.2 10 (0.0010) 10/10

rs495392 × rs738409 59.1 59.1 10 (0.0010) 10/10

A B C D

Figure 3. The liver histology features according to PNPLA3 rs738409 and Klotho (KL) rs495392 genotypes in patients with NAFLD. The prevalence of 
severe steatosis stepwise decreased according to the comprehensive effects of rs738409 and rs495392 polymorphisms (P for trend <0.001) (A). No sig-
nificant difference is observed in severe ballooning, severe inflammation and significant fibrosis (B-D). PNPLA3, patatin-like phospholipase domain 
containing 3; NAFLD, non-alcoholic fatty liver disease.
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in Supplementary Table 1. As shown in Supplementary Figure 1, a 

total of 1,143 NAFLD and 2,687 non-NAFLD participants of the 

European ancestry were included. The median value of FLI was 78 

in the NAFLD participants. As demonstrated in Table 3, the 

genotype AA was negatively associated with higher FLI (OR, 0.36; 

95% CI, 0.17–0.73; P=0.006), indicating a protective effect of the 

A allele against having higher FLI score. After stratifying by 

severity of liver fibrosis, the protective effect of A allele was only 

observed in participants with less fibrosis (OR, 0.17; 95% CI, 

0.05–0.49; P=0.002). In addition, the KL rs495392 A allele was 

also associated with a reduced risk of type 2 diabetes in this 

Caucasian cohort (Supplementary Table 1).

The role of vitamin D in NAFLD under the KL 
rs495392 polymorphism

To investigate whether KL  rs495392 polymorphism influences 

the association of vitamin D with NAFLD, the serum levels of 

25(OH)D were measured according to the rs495392 genotype in 

our Chinese patient cohort. As shown in Table 1, the patients car-

rying the A allele (CA+AA) had significant higher serum levels of 

25(OH)D, compared to the patients with the CC genotype 

(58.0±19.1 vs. 63.5±19.8 nmol/L, P=0.032, respectively). Further-

more, patients were classified into three groups according to the 

serum 25(OH)D levels (deficiency [<50 nmol/L] vs. insufficiency 

[50–75 nmol/L] vs. sufficiency [≥75 nmol/L]). The prevalence of 

severe steatosis and severe inflammation was stepwise deceased 

from deficient to sufficient status of vitamin D (all P<0.05; P for 

trend <0.05) (Supplementary Fig. 2). Our results suggested that a 

serum level of 25(OH)D could be negatively associated with the 

severity of NAFLD. After stratification for the rs495392 geno-

types, the association between serum level of 25(OH)D and liver 

damage was only evident in patients who were carrying the A al-

lele, CA or AA genotype (OR, 0.72; 95% CI, 0.56–0.92; P=0.010 

for severe steatosis and OR, 0.66; 95% CI, 0.47–0.92; P=0.014 

for severe inflammation) (Fig. 2).

Interaction between PNPLA3 rs738409 and KL 
rs495392 polymorphisms

The PNPLA3  rs738409 polymorphism is known as a main 

genetic determinant of fatty liver disease.5 Therefore, we next 

explored the interaction between PNPLA3  rs738409 and KL 

rs495392 variants on the liver damage. The results of the GMDR 

model analysis of the SNP-SNP interactions are showed in Table 4. 

The best model for predicting severe steatosis was the two-locus 

model, a combination of PNPLA3 rs738409 and KL  rs495392, 

with the highest testing accuracy (TA) and perfect cross-validation 

consistency (CVC) (TA, 59.1%; P=0.001; CVC, 10/10). The prevalence 

of severe steatosis according to the rs738409/rs495392 genotypes 

were 61.7% for CG+GG/CC, 54.9% for CG+GG/CA+AA, 48.1% 

for CC/CC, 25.0% for CC/CA+AA (P for trend <0.001) (Fig. 3). The 

prevalence of severe steatosis stepwise changed according to the 

comprehensive effects of rs738409 and rs495392 polymorphism. 

To further investigate these interactions, logistic regression 

models were used according to rs738409 and rs495392 

genotypes (Table 5). Using patients with wildtype genotype as 

reference, patients with the rs495392 A allele had a lower risk of 

severe steatosis with an OR of 0.38 (95% CI, 0.17–0.84; 

P=0.016), while patients with rs738409 G allele had an increased 

risk of severe steatosis with an OR of 1.68 (95% CI, 1.04–2.72; 

P=0.035). Patients with both alleles of rs495392 A allele and 

rs738409 G allele showed no significant difference compared 

with the wildtype alleles (OR, 1.39; 95% CI, 0.79–2.44; 

P=0.249). Thus, it might be possible that the KL rs495392 A allele 

attenuates the detrimental impact of the PNPLA3 rs738409 G 

Table 5. Logistic regression analysis for interaction of PNPLA3 rs738409 and Klotho (KL) rs495392 gene polymorphisms in histology features of NAFLD

Genotype
Severe steatosis Severe ballooning Severe inflammation Significant fibrosis

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

rs738409/rs495392

CC/CC Ref. - Ref. - Ref. - Ref. -

CC/CA+AA 0.38 (0.17–0.84) 0.016 0.76 (0.36–1.60) 0.477 1.34 (0.56–3.24) 0.514 1.24 (0.55–2.82) 0.607

CG+GG/CC 1.68 (1.04–2.72) 0.035 0.82 (0.50–1.32) 0.402 1.42 (0.79–2.57) 0.241 1.20 (0.69–2.09) 0.524

CG+GG/CA+AA 1.39 (0.79–2.44) 0.249 0.65 (0.37–1.16) 0.148 0.96 (0.47–1.95) 0.902 1.35 (0.71–2.56) 0.357

Adjusted for age, sex, body mass index, presence of diabetes.
PNPLA3, patatin-like phospholipase domain containing 3; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; CI, confidence interval; Ref., reference.
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variant on hepatic fat accumulation in patients with NAFLD. 

However, no interactions between rs738409 and rs495392 were 

observed on other histology features of NAFLD (Table 5).

DISCUSSION

In this study, we examined the impact of a polymorphism at the 

KL  locus, namely the rs495392 C>A intronic variant previously 

associated with cardiometabolic traits,15,16 on liver damage in a 

cohort of Chinese patients with biopsy-confirmed NAFLD and an 

external European population-based cohort, the RS. Our results 

suggest that the rs495392 A allele has a protective impact on the 

severity of hepatic steatosis. In further analysis, rs495392 variant 

modulated the association of vitamin D with hepatic steatosis and 

lobular inflammation in NAFLD. Furthermore, we also found that 

the rs495392 A allele may attenuate the detrimental impact of 

PNPLA3 rs738409 G allele, one of the main genetic determinants 

of fatty liver disease,4 on the risk of severe steatosis. 

Recent studies have identified a role of Klotho, known as an 

antiaging gene, in energy metabolism6,32,33 and observed a 

therapeutic potential in cell and animal models with metabolic 

disorders.34,35 In vitro studies, Klotho has been detected in adipo-

genic cell and identified as an adipogenesis promoting factor, 

which promote adipocyte differentiation.36 In parallel with the 

findings, the Klotho-knockout mice experienced extreme leaness. 

Even in leptin-deficient mice, eliminating Klotho function resulted 

in significant reduction of hepatic fat accumulation and the whole 

body weight.9 Inhibition of Klotho expression presented inspiring 

benefit in improving lipid accumulation and obesity. However, the 

physiological effects of Klotho in metabolism are complicated and 

controversial. Gu et al.37 observed that the increased serum lipid 

profiles and hepatic lipid content in sKL deficient type 2 diabetes 

mice. Nevertheless, the overexpression of sKL reversed these phe-

nomena.37 Rao et al.35 found administration of Klotho resulted in 

decreased fat mass, increased lean mass and reduced lipid accu-

mulation in liver of obese mice. In addition to hepatic lipid accu-

mulation, IR also plays a crucial role in fatty liver disease.38,39 In-

terestingly, Klotho overexpressing mice experience IR but without 

hyperglycemia and obesity. Mice with deficient Klotho gene ex-

pression showed increased insulin sensitivity, and experienced 

many aging-associated disease phenotypes.40,41 Despite the 

prominent roles of Klotho in peripheral metabolism, studies dem-

onstrated a central function of Klotho in cerebrospinal fluid (CSF). 

The CSF Klotho regulates energy balance and intracerebroventric-

ular administration of Klotho suppressed food intake, improved 

glucose profiles, and reduced body weight in mice.42,43 The molec-

ular mechanisms of Klotho have not been fully elucidated so far, 

while peroxisome proliferator-activated receptor (PPAR) family 

highly involves in Klotho gene expression. PPAR family is recog-

nized as an important regulator of energy metabolism over the 

past decades.44 The Klotho gene contains a non-canonical PPAR-

response element in its 5ʹ-flanking region, and the binding of 

PPAR-γ to this element induces Klotho gene expression.45 More-

over, PPAR-α was also reported to mediate the regulation of sKL 

on hepatic lipid metabolism in mice.37

Genetic polymorphisms of Klotho gene were associated with 

various pathophysiological processes and diseases.10-13 In our 

Chinese cohort, carriage of the KL rs495392 A allele was related 

to a lower risk of severe steatosis in patients with NAFLD, without 

affecting body mass nor IR. In replication cohort, the RS from the 

Netherlands, we observed that rs495392 A allele was not only 

associated with lower FLI, but also a reduced risk of type 2 

diabetes (Supplementary Table 1), indicating the different effects 

of the variant between Chinese and European populations. 

Rs495392 locates in an intronic region of the KL gene. Notably, 

intronic variants have been reported to affect gene expression 

and play a role in, for example, alternative splicing of the mRNA.46 

For instance, another intronic variant in KL  rs650439 was 

suggested to be associated with plasma Klotho concentration.47 

In addition, previous large eQTL meta-analysis in whole blood 

suggested the SNP rs495392 as cis-eQTL signal for the expression 

of KL gene.17 Although the present study does not have the 

information on serum Klotho concentrations, the expression of 

sKL in liver tissues was examined. The protection of KL rs495392 

variant against hepatic steatosis seemed to be related to a 

downregulation of sKL expression. Nevertheless, the statistical 

power of the results is low and further investigation is required.

Moreover, we conducted the analysis of interaction between 

PNPLA3  rs738409 and KL  rs495392 variants. PNPLA3 is a 

481-residue protein and mainly expressed in the liver. It has lipase 

activity towards triglycerides in hepatocytes and retinyl esters in 

hepatic stellate cells. The PNPLA3 gene is associated with hepatic 

steatosis and regarded as the main genetic factor for fatty liver 

disease.4 In this work, we noted that KL  rs495392 A allele may 

attenuate the risk effect of PNPLA3 rs738409 G allele on hepatic 

steatosis. Based on current data, the underlying mechanism of the 

interaction between rs495392 and rs738409 remains unclear, 

and therefore further experimental studies are needed.

The interactions between Klotho and Vitamin D are complicat-



193

Wen-Yue Liu, et al. 
Klotho rs495392 and NAFLD

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0301

ed. Briefly, Klotho-FGF23 axis can suppress synthesis of 1,25-di-

hydroxyvitamin D [1,25(OH)2D] from 25(OH)D, while 1,25(OH)2D 

positively regulates KL gene expression.48 A recent study has re-

viewed the efficacy of serum vitamin D and its supplementation in 

fatty liver disease and suggested inconclusive conclusions.19 Four 

cross-sectional studies from Italian, Chinese, and Korean showed 

the significant relationships between vitamin D and severity of 

fatty liver disease.49-52 However, two meta-analyses concluded 

that there was no association between vitamin D level and fatty 

liver disease.53,54 In terms of vitamin D supplementation, animal 

and cell experiments showed benefits in improving NAFLD-like 

symptoms, whereas most of the clinical trials failed in treatment 

of patients with fatty liver disease.55 In our cohort, the KL 

rs495392 variant increased serum vitamin D expression. Impaired 

vitamin D status was associated with advanced hepatic steatosis 

and lobular inflammation and these effects were inconsistent ac-

cording to the KL rs495392 genotypes. Hence, the inclusive con-

clusions of vitamin D in fatty liver disease may be partly attributed 

to the differential impact of vitamin D status in patients with dif-

ferent genetic background.

The strengths of our study are large sample size, two different 

population cohorts. Replication in external cohort from different 

ancestries allowed us to improve the robustness of the findings. 

However, our study has some limitations. The present work lacks 

information of serum sKL concentration. Although the IHC 

staining of liver tissues underwent, the sample size was limited 

and only non-significant trend was observed. Furthermore, the 

replication cohort from the RS lacks histology data and the 

methodology used for assessing NAFLD is not the same as the 

cohort from China. However, it would be too difficult to use liver 

biopsy as a diagnostic method for participants of epidemiological 

studies, and at the population level. Moreover, the form of vita-

min D measured in this study is 25(OH)D rather than 1,25(OH)2D. 

The inactive form of vitamin D is more stable in circulation, but in-

directly represents the active form of vitamin D.

In conclusion, this study indicates that the KL  rs495392 poly-

morphism had a protective effect against severe hepatic steatosis 

in patients with NAFLD. These data suggest that Klotho may 

represent a therapeutic target for the fatty liver disease that 

warrant further investigation.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) has become a major 

global concern since its emergence as a dominant cause of chron-

ic liver disease.1 In the Republic of Korea, various studies have re-

ported that the prevalence of NAFLD ranges from 15% to 50%.2-4 

A recent study noted that the prevalence of NAFLD in the Korean 

adult population is rising, and is predicted to reach 44% by 

2035.5 This has increased the awareness of the risk of NAFLD in 

the Korean society. NAFLD is defined as the accumulation of fat in 

the liver in the absence of alcohol consumption. The prevalence of 

NAFLD is higher in patients with diabetes mellitus or obesity com-

pared to the general population.6 Moreover, the awareness of its 

association with metabolic disorders has also increased, and the 

term “metabolic-associated fatty liver disease (MAFLD)” has re-

cently been described in an international consensus.7,8 MAFLD is 

diagnosed by “positive criteria,” which do not preclude an alcohol 

consumption history. The proposed positive criteria are based on 

the evidence of hepatic steatosis with any of the following: type 2 

diabetes mellitus, obesity, or other metabolic dysregulations.

Regarding the NAFLD prognosis, a meta-analysis of 11 studies 

which performed paired liver biopsies revealed that the annual fi-

brosis progression rates were 0.07 and 0.14 stages in NAFLD and 

NASH patients, respectively.9 In our institute, a study involving a 

national population-based cohort demonstrated that NAFLD had 

a significantly higher hazard ratio for the incidence of gastrointes-

tinal tract malignancies.10 A recent Swedish study demonstrated 

that the mortality rate in young patients with NAFLD was five 

times higher than that in the general population, thereby empha-

sizing the importance of NAFLD development at a young age.11

There have been several studies on the prevalence and comor-

bidities of NAFLD in the Korean population.12-15 However, the co-

hort sizes in some of these studies were insufficient to represent 

the entire population. Moreover, most of the enrolled participants 

were limited to the elderly, and no study has yet explored the 

prevalence of NAFLD in young adults aged under 30 years. 

In Korea, men in their early 20s are obligated to serve in the 

armed forces and are forbidden from consuming alcohol in the 

military facilities. We accessed the Korean military database to 

evaluate the prevalence of NAFLD in conscripted young male indi-

viduals. To evaluate liver steatosis, we used the hepatic steatosis 

index (HSI). Developed by a Korean study group, the HSI repre-

Background/Aims: Non-alcoholic fatty liver disease (NAFLD) has become a major concern in Korea since its emergence 
as a dominant cause of chronic liver disease. However, no study has explored its prevalence in adults under 30 years of 
age. Therefore, we performed a cross-sectional study to investigate the prevalence of NAFLD in Korean men in their early 
20s.
Methods: We collected data of 596,359 Korean soldiers who participated in a health examination between January 
2015 and July 2021. A total of 571,872 individuals were analyzed after excluding those with missing data and hepatitis 
B antigen positivity. Hepatic steatosis was determined using the hepatic steatosis index (HSI). Participants with HSI >36 
were considered to have NAFLD.
Results: All participants were men, and the mean age was 20.9±1.3 years. Of the 571,872 participants screened, 77,020 
(13.47%) were classified as having NAFLD. The prevalence of NAFLD consistently increased from 2015 to 2021 (10.66% vs. 
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sents a non-invasive modality for assessing hepatic steatosis.16 It 

has a high predictive value for NAFLD, as validated in the original 

and subsequent studies.17,18

We performed the present cross-sectional study in a Korean 

military population consisting of 596,359 men in their early 20s. 

Our study can be considered as a nearly complete enumeration 

survey of men in their early 20s, since almost all men in Korea are 

required to serve in the military. We aimed to determine the 

trends in the prevalence of NAFLD over the last 7 years in this 

population and the association of NAFLD with other metabolic 

disorders, such as dyslipidemia, hypertension, and hyperglycemia.

MATERIALS AND METHODS 

Study population 

In Korea, young men aged between 18 and 31 years are obli-

gated to serve in the military for 19–23 months; and when pro-

moted to the rank of a corporal, soldiers are required to undergo 

medical examinations. Data collected at these examinations are 

recorded in the Korean armed forces database (new defense med-

ical information system, NDEMIS). In this study, we extracted the 

medical data of 596,359 men, which were recorded in the NDE-

MIS between January 2015 and July 2021. After excluding the 

subjects who were positive for the hepatitis B surface antigen and 

those with missing data, 571,872 men were included in this cross-

sectional study (Fig. 1). This study was approved by the Institu-

tional Review Board of the Korean Armed Forces Medical Com-

mand (AFMC-202106-HR-041-01). Informed consent was not 

required due to the retrospective nature of this study.

Measurements

With the participants barefoot and wearing light clothing, the 

height and weight were measured to the nearest 0.1 cm and 

0.1 kg, respectively. The body mass index (BMI; kg/m2) was calcu-

lated from the measured height and weight. The systolic blood 

pressure (SBP) and diastolic blood pressure (DBP) were measured 

to the nearest 2 mmHg using a sphygmomanometer (BPBIO330N; 

InBody Co. Ltd., Seoul, Korea) after 5 minutes of rest. Blood sam-

ples were collected from the antecubital vein after overnight fast-

ing. The levels of aspartate aminotransferase (AST), alanine ami-

notransferase (ALT), gamma-glutamyl transpeptidase (γGTP), 

triglycerides (TG), total cholesterol (TC), low-density lipoprotein 

(LDL), high-density lipoprotein (HDL), glucose, and creatinine were 

measured using a TBA-2000 FR Chemistry Analyzer (Toshiba, To-

kyo, Japan). The complete blood count, hemoglobin level, hema-

tocrit, and platelet count were measured using an XN-1000TM He-

matology Analyzer (Sysmex, Kobe, Japan). Hepatitis B surface 

antigen and antibody levels were analyzed using electrochemilu-

minescence immunoassays with a Cobas 6000 analyzer (Roche 

Diagnostics, Basel, Switzerland). 

Definitions

Hepatic steatosis was determined using the HSI, which was cal-

culated by the following formula: HSI = 8 × (ALT/AST) + BMI (kg/m2) 

(+2, if female; +2, if having diabetes mellitus). Participants with 

HSI >36 were considered to have liver steatosis. Since the popula-

tion enrolled in this study served in the armed forces, they were 

prohibited from drinking alcohol in the military facilities, where 

they spent most of their time during the period of service. There-

fore, considering the circumstances wherein access to alcohol was 

extremely limited, NAFLD was defined as the presence of hepatic 

steatosis without any evidence of viral hepatitis in this study. Hy-

percholesterolemia and hypertriglyceridemia were defined in ac-

cordance with the Korean guidelines for management of dyslipid-

emia (4th edition).19 Accordingly, hypercholesterolemia was 

defined as TC ≥240 mg/dL, while hypertriglyceridemia was de-

fined as TG ≥200 mg/dL. Dyslipidemia was diagnosed if any of 

the following criteria were met: TC ≥240 mg/dL, TG ≥200 mg/dL, 

HDL <40 mg/dL, and LDL ≥160 mg/dL. Hypertension was defined 

as either SBP ≥140 mmHg or DBP ≥90 mmHg, in accordance with 

596,359 participants
from 2015 to 2021

571,872 enrolled

Missing data
(n=24,318)

HSI >36
(n=77,020)

30≤ HSI ≤36
(n=201,946)

HSI <30
(n=292,906)

HBsAg(+)
(n=169)

Figure 1. Flow chart of patient selection. HBsAg, hepatitis B surface an-
tigen; HSI, hepatic steatosis index.
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the 2018 guidelines20 of the Korean Society of Hypertension. Par-

ticipants who had impaired fasting glucose levels or diabetes mel-

litus were considered as having hyperglycemia; an 8-hour fasting 

glucose level >100 mg/dL was considered for the diagnosis.

The fibrosis-4 (FIB-4) index and the AST-to-platelet ratio index 

(APRI) were used to evaluate fibrosis among those who were clas-

sified as having NAFLD.21,22 The FIB-4 index is a widely used non-

invasive predictive score for hepatic fibrosis. It is based on sero-

logic tests, and is calculated using the following formula: (age × 

AST level in IU/L) / (platelet counts in 109/L × ALT level in IU/L). 

An FIB-4 index of 1.3 was considered as the cut-off for excluding 

hepatic fibrosis. The APRI was calculated using the variables AST 

level, the upper normal limit of AST, and the platelet count. The 

upper normal limit of AST was set at 32 U/L by a previous study 

on a Korean population.23 The APRI was calculated as follows: 

APRI = (AST level in IU/L) / (the upper normal limit of AST in IU/L) 

/ (platelet counts in 109/L). An APRI score >1.0 was considered to 

indicate severe fibrosis.24

Statistical analyses

All statistical analyses were performed using SPSS version 23.0 

(IBM Corp., Armonk, NY, USA) and R version 4.0.3 (R Foundation 

Inc.; http://cran.r-project.org). Continuous variables were ex-

pressed as means with standard deviations (SDs). The standard-

ized mean difference (SMD), which is the difference between two 

means divided by a pooled SD, was calculated when comparing 

two different groups with continuous variables. Student’s t-test 

was performed to compare the continuous variables between two 

different groups, while an analysis of variance was performed to 

compare the continuous variables between three or more differ-

ent groups. Categorical variables were compared using the chi-

Table 1. Baseline characteristics of entire participants

Non-NAFLD cohort (n=494,852) NAFLD cohort (n=77,020) SMD P-value

Sex, male/female 494,852 (100.0)/0 (0.0) 77,020 (100.0)/0 (0.0)

Age (years) 20.9±1.3 21.0±1.4 0.120 <0.001

Height (cm) 174.3±5.6 174.4±5.8 0.017 <0.001

Weight (kg) 69.7±8.3 86.7±11.2 1.725 <0.001

BMI (kg/cm2) 22.9±2.3 28.4±3.1 2.066 <0.001

SBP (mm/Hg) 118.2±12.0 125.7±12.5 0.613 <0.001

DBP (mm/Hg) 69.7±9.0 75.0±9.8 0.563 <0.001

Lipid profile

Total cholesterol (mg/dL) 168.9±28.0 184.8±33.0 0.520 <0.001

HDL-cholesterol (mg/dL) 55.0±10.5 48.9±9.5 0.602 <0.001

LDL-cholesterol (mg/dL) 101.5±24.0 117.9±28.0 0.629 <0.001

Triglyceride (mg/dL) 79.1±45.7 125.9±84.9 0.687 <0.001

Fasting glucose (mg/dL) 90.4±8.1 92.3±8.9 0.228 <0.001

WBC (1,000/μL) 6.6±1.6 7.2±1.7 0.384 <0.001

Hemoglobin (g/dL) 15.5±0.9 15.9±0.9 0.393 <0.001

Hematocrit (%) 45.6±2.5 46.5±2.5 0.356 <0.001

Platelet (109/L) 241.9±45.4 258.2±49.4 0.344 <0.001

Creatinine (mg/dL) 0.96±0.13 0.94±0.13 0.142 <0.001

AST (IU/L) 23.8±18.7 28.9±16.6 0.292 <0.001

ALT (IU/L) 18.8±10.8 46.1±38.9 0.958 <0.001

γGTP (IU/L) 17.9±8.2 33.4±23.4 0.885 <0.001

Values are presented as mean±standard deviation or number (%). 
NAFLD, non-alcoholic fatty liver disease; SMD, standardized mean difference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γGTP, 
gamma-glutamyl transpeptidase.
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square test. The Cochran-Armitage trend test was performed to 

confirm the trends in NAFLD prevalence over time. Moreover, to 

measure the annual percent change (APC) and the average annu-

al percent changes (AAPC) of prevalence during the 7-year exami-

nation period, the joinpoint model was applied using Joinpoint 

Regression Program version 4.9.0.0 (Statistical Methodology and 

Applications Branch, Surveillance Research Program; National 

Cancer Institute, Rockville, MD, USA). Statistical significance was 

set at P<0.05.

RESULTS

Characteristics of study participants

A total of 571,872 participants, whose medical data were regis-

tered in the NDEMIS from January 2015 to July 2021, were includ-

ed in the analysis. Table 1 shows the characteristics of the study 

participants. Among them, 77,020 participants were classified as 

having NAFLD and were included in the NAFLD cohort. All of the 

participants were men. The mean ages were 20.9±1.3 and 

21.0±1.4 years in the non-NAFLD and NAFLD cohorts, respective-

ly (P<0.001). The mean BMI was higher in the NAFLD cohort (28.4 

kg/m2) than in the non-NAFLD cohort (22.9 kg/m2). The mean SBP 

and DBP were also higher in the NAFLD cohort than in the non-

NAFLD cohort (mean SBP, 125.7 vs. 118.2 mmHg; mean DBP, 75.0 

vs. 69.7 mmHg; P<0.001). Regarding the lipid profile, the mean 

TC, LDL-cholesterol, and TG levels were higher in the NAFLD co-

hort than in the non-NAFLD cohort (TC, 184.8 vs. 168.9 mg/dL; 

LDL-cholesterol, 117.9 vs. 101.5 mg/dL; TG, 125.9 vs. 79.1 mg/dL; 

P<0.001 for all). Conversely, the mean HDL-cholesterol level was 

higher in the non-NAFLD cohort than in the NAFLD cohort (HDL-

cholesterol, 55.0 vs. 48.9 mg/dL; P<0.001). A comparison of 

blood test results revealed higher white blood cell (WBC) counts, 

Figure 2. Comparison of estimated non-alco-
holic fatty liver disease (NAFLD) prevalence 
over the study period. 
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Table 2. Comparison of baseline characteristics by year

2015 
(n=91,911)

2016 
(n=93,469)

2017 
(n=96,738)

2018 
(n=85,999)

2019 
(n=82,672)

2020 
(n=74,776)

2021 
(n=46,707)

P-value

BMI (kg/m2) 23.3±2.9 23.5±3.0 23.6±2.9 23.8±3.1 23.8±3.2 23.8±3.1 23.9±3.1 <0.001

ALT (U/L) 21.4±17.4 21.3±18.1 21.6±18.1 22.4±19.7 23.4±23.4 24.0±20.9 24.9±21.6 <0.001

FBS (mg/dL) 90.8±8.6 89.9±8.1 90.1±8.2 90.5±8.4 91.2±8.5 90.8±7.7 91.9±7.9 <0.001

TC (mg/dL) 169.7±28.8 171.7±29.2 171.0±28.8 170.6±29.0 169.9±29.2 171.7±29.7 174.3±30.1 <0.001

TG (mg/dL) 85.7±55.2 85.3±54.9 85.1±55.3 86.7±56.2 87.8±57.6 83.3±52.8 82.4±51.3 <0.001

WBC (1,000/μL) 6.9±1.7 6.8±1.7 6.8±1.6 6.7±1.6 6.5±1.6 6.5±1.6 6.5±1.5 <0.001

PLT (109/L) 239.1±45.1 240.4±45.6 241.9±46.0 242.9±46.2 247.4±46.7 250.7±46.4 251.9±46.9 <0.001

Values are presented as mean±standard deviation.
BMI, body mass index; ALT, alanine aminotransferase; FBS, fasting blood sugar; TC, total cholesterol; TG, triglycerides; WBC, white blood cell; PLT, platelet. 
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hemoglobin levels, hematocrit, and platelet count in the NAFLD 

cohort compared to the non-NAFLD cohort. The AST, ALT, and 

γGTP levels were also significantly higher in the NAFLD cohort 

than in the non-NAFLD cohort (P<0.001 for all).

Year-wise comparison of NAFLD prevalence

The prevalence of NAFLD from 2015 to 2021 is presented in 

Figure 2. The overall prevalence of NAFLD over the entire study 

period was 13.47% (77,020/571,872 participants evaluated as 

having NAFLD). In 2015, the prevalence was estimated to be 

10.66% (9,798/91,911 participants). It continued to rise over the 

years, with the prevalence rate being reported as 11.81% in 2016 

(11,040/93,469 participants), 12.09% in 2017 (11,698/96,378 

participants), 14.42% in 2018 (12,345/85,599 participants), and 

15.75% in 2019 (13,022/83,483 participants). In 2020, the preva-

lence seemed to slightly decline at 15.30% (11,439/74,776 partic-

ipants); however, the upward trend was recovered in 2021 at 

16.44% (7,678/46,707). The prevalence of NAFLD showed a ten-

dency to increase over the years, with P for trend <0.001. The ab-

solute change in the prevalence over the 7-year period was 

5.78%, indicating an annual increase of approximately 0.83%.

Year-wise comparison of baseline characteristics in 
the entire cohort

The baseline characteristics of the cohorts in each year are pre-

sented in Table 2. The mean BMI, ALT, TC, and platelet count kept 

rising until 2021; their values were the lowest in 2015 and the 

highest in 2021 (BMI, 23.3 vs. 23.9 kg/m2; ALT, 21.4 vs. 24.9 mg/dL;  

TC, 169.7 vs. 174.3 mg/dL; platelet count, 239.1×103/L vs. 

251.9×103/L; P<0.001 for all). The fasting glucose levels were also 

the highest in 2021. However, the mean TG levels and WBC 
Figure 3. Linear plot on prevalence of metabolic disorder (2015–2017 vs. 
2018–2021). HTN, hypertension.
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counts were the lowest in 2021 (TG, 85.7 mg/dL in 2015 vs. 82.4 

mg/dL in 2021; WBC, 6.9×103/L in 2015 vs. 6.5×103/L in 2021; 

P<0.001 for both).

Comparison of the prevalence of metabolic 
dysfunctions between 2015–2017 and 2018–2021

We categorized the participants into group A (n=282,118; medi-

cal data collected during 2015–2017) and group B (n=289,754; 

medical data collected during 2018–2021) to ensure that the 

group sizes were matched. The prevalence of metabolic dysfunc-

tion was compared between these two groups (Fig. 3). The preva-

lence of hypertriglyceridemia did not significantly differ between 

group A (3.69%) and group B (3.64%) (P=0.282). Conversely, the 

prevalence of hypertension was significantly higher in group B 

(3.00%) than in group A (2.42%) (P<0.001). Hyperglycemia was 

significantly more prevalent in group B (9.99%) than in group A 

(8.69%) (P<0.001). The prevalence of hypercholesterolemia was 

significantly higher in group B (2.08%) than in group A (1.89%) 

(P<0.001). Overall, the prevalence of hypertension, hyperglyce-

mia, and hypercholesterolemia increased over time.

NAFLD prevalence by subgroups

We compared the NAFLD prevalence between the presence and 

absence of comorbidities. Figure 4 is a bar plot graph that shows 

the subgroup-wise prevalence of NAFLD. The number of partici-

pants with and without hypertension was 15,501 (hypertension 

group, 2.71%) and 556,371 (non-hypertension group, 97.29%), 

respectively. The prevalence of NAFLD was higher in the hyper-

tension group (38.9%) than in the non-hypertension group 

(12.8%) (P<0.001). The number of participants with and without 

hyperglycemia was 53,456 (hyperglycemia group; 9.35%) and 

518,416 (non-hyperglycemia group; 90.65%) respectively. The 

prevalence of NAFLD was higher in the hyperglycemia group 

(18.8%) than in the non-hyperglycemia group (12.9%) (P<0.001). 

The numbers of participants with and without dyslipidemia were 

71,117 (dyslipidemia group) and 500,755 (non-dyslipidemia 

group), respectively. The prevalence of NAFLD was higher in the 

dyslipidemia group (33.6%) than in the non-dyslipidemia group 

(10.6%) (P<0.001).

Evaluation of fibrosis using serologic tools

First, using the FIB-4 index, the prevalence of fibrosis among 

patients with NAFLD was found to be only 0.08% (61/77,020) 

with cut-off values of 1.3. Then, using the APRI, the prevalence of 

severe fibrosis among patients with NAFLD was found to be 

1.64% (1,261/77,020); these patients had an APRI >1.0. Further-

more, we used the same serologic indices to estimate the preva-

lence of fibrosis among patients without NAFLD. The prevalence 

was estimated to be 0.69% (3,443/494,852) and 0.98% 

(4,833/494,852) using the FIB-4 index and the APRI, respectively. 

Future prediction of NAFLD prevalence using the 
joinpoint model 

We used the joinpoint regression analysis to calculate the APC 

and the AAPC of prevalence. The APC was 10.1% from 2015 to 

2019 and 1.9% from 2019 to 2021. Overall, the AAPC in the 

NAFLD prevalence during the study period was 7.9% (4.9–10.9%, 

95% confidence interval) per year. We predicted the future preva-

lence of NAFLD among young men using a formula driven from 

the joinpoint regression analysis as follows: in (prevalence) =  

-150.129 + Year × 0.07569.

Using the aforementioned formula, the estimated prevalence in 

year 2030 was calculated to be 33.91% (Fig. 5).

Discussion

The current study analyzed the data of young men in Korea 

(mean age, 20.9 years), and found that the prevalence of NAFLD 

increased over time from 10.66% in 2015 to 16.44% in 2021 (an-

Figure 5. Future prediction of non-alcoholic fatty liver disease (NAFLD) 
prevalence using the joinpoint model. APC, annual percent change; 
AAPC, average annual percent changes.
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nual increase: approximately 0.83%). This trend was statistically 

significant (P<0.001). Using the joinpoint model, the AAPC of 

NAFLD prevalence was 7.9%, and the prevalence was expected 

to reach 33.91% by 2030 using the aforementioned model. The 

prevalence of metabolic dysfunctions (hypercholesterolemia, hy-

perglycemia, and hypertension) also increased from 2015 to 2021. 

The BMI also showed a clear tendency to increase. 

These results and the observed tendency were in line with the 

findings of previous studies conducted in Korea and other parts of 

the world. Kang et al.5 showed that the prevalence of NAFLD has 

increased over time (with an annual increase rate of 2.3%), and is 

predicted to reach 43.8% by 2035. Many studies in Korea have 

also reported an increase in NAFLD prevalence over time.25-27 Out-

side Korea, Arshad et al.28 investigated 4,654 young adults (aged 

12–29 years) from the USA; they also reached a similar conclusion 

that the prevalence of NAFLD among individuals aged 18–24 

years increased during 2007–2016.

Our study also showed that the prevalence of NAFLD tended to 

be higher among patients with metabolic dysfunctions, such as 

hyperglycemia, dyslipidemia, and hypertension. The NAFLD preva-

lence was 38.5% in the hypertension group and 12.8% in the 

non-hypertension group. Although lower than in the hypertension 

group, the prevalence of NAFLD was higher in the hyperglycemia 

and dyslipidemia groups than in the non-hyperglycemia and non-

dyslipidemia groups, respectively. In line with our findings, the as-

sociation between the metabolic syndrome and NAFLD has been 

widely reported.29,30 Furthermore, the recently proposed term 

“MAFLD” encompasses metabolic dysfunctions as criteria for di-

agnosis, implying that it is crucial to consider metabolic dysfunc-

tions while treating NAFLD.

As the majority of individuals aged >30 years are willing to un-

dergo health examinations, sufficient data have been reported on 

the prevalence of NAFLD in this age group. However, little is 

known concerning the prevalence of NAFLD in younger adults not 

only in Korea, but also worldwide, due to a lack of need for medi-

cal surveys. To the best of our knowledge, this study is the first to 

present the prevalence of NAFLD and metabolic dysfunction in 

Korean young adults with a sufficiently large sample size. As most 

Korean men in their early 20s are required to serve in the military, 

it can be assumed that our study has a credibility close to that of 

a full-scale survey.

Considering the findings of previous studies, an increase in 

populations with NAFLD might pose a severe threat to the soci-

ety. The all-cause mortality was up to five times higher in young 

adults with NAFLD, and there have been reports that NAFLD 

might be associated with compromised reproductive health in 

both men and women.31 Furthermore, NAFLD is also known to be 

associated with many other extra-hepatic comorbidities, such as 

cardiovascular disease and chronic kidney disease.32-35 Based on 

these reports, our findings can be crucial to the society, as they 

indicate that the national health status can be threatened by 

NAFLD complications in the near future.

Recently, the Korean society underwent rapid changes in life-

style and social behaviors. According to the Korea National Health 

and Nutrition Examination Survey, Koreans showed a clear ten-

dency of consuming more high-fat foods and were less likely to 

perform high-intensity exercise in the last decade.36 The increas-

ing prevalence of NAFLD may be partly elucidated by the forego-

ing facts. Nevertheless, the participants in this study were serving 

in the military, where strict lifestyle is required, raising the ques-

tion regarding the nutritional balance within the Korean army. 

Convenience stores in military bases provide various types of 

food, including instant meals and high-fat food, which might pro-

voke nutritional imbalance and metabolic disorders.37 Therefore, 

we propose a routine Korean military nutritional survey, as the 

Korea National Health and Nutrition Examination Survey has done 

for decades with Korean populations, to stratify possible risk fac-

tors regarding nutrition and to intervene in dietary patterns fol-

lowing the outcomes of the survey. By improving the nutritional 

balance of young men serving in the military, the Republic of Ko-

rea Armed Forces may contribute to the Korean society by lower-

ing the estimated prevalence of NAFLD, which is predicted to 

reach 33.91% by the year 2030.

This study had some limitations. First, it used a non-invasive 

method, the HSI, to determine liver steatosis. Although the HSI is 

primarily designed for Korean populations and has been well-vali-

dated in other studies, ultrasonography and biopsy are preferable 

for defining fatty liver with a higher reliability. Second, we only 

used serologic tools for evaluating fibrosis. The FIB-4 index and 

the APRI are among the most commonly used serologic tools for 

detecting hepatic fibrosis. However, several previous studies have 

noted that the FIB-4 index had a low predictive value for hepatic 

fibrosis in patients aged <35 years, and advised using it with cau-

tion.38 In addition, in the case of APRI, it reportedly has a low 

predictive efficiency for fibrosis in those aged <30 years.39 Con-

sidering the low predictive value and the discrepancy between the 

results from these tools, further studies using biopsy or magnetic 

resonance elastography are required to better predict the preva-

lence of significant fibrosis in patients with NAFLD. Third, selec-

tion bias cannot be ruled out. Although most Korean men are re-
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quired to serve in the military, some with physical disabilities are 

advised not to. In order to receive military exemption for fatty liv-

er, advanced fibrosis must be proven through biopsy, which is 

very difficult in real-life practice. Finally, insufficient data were 

provided to discriminate other chronic liver diseases, such as alco-

holic fatty liver and chronic hepatitis C. There was no question-

naire asking regarding alcohol consumption, although we can 

presume that extremely low percentage of participants would 

have alcoholic fatty liver disease, given the fact that their mean 

age was only 21 and that time of examination was 1 year after 

enlistment. Regarding HCV infection, only selected participants 

who showed elevated ALT or AST levels were tested for HCV se-

rology, although none of them were positive for HCV antibody. In 

contrast, according to data from the Korean National Health and 

Nutritional Examination Survey, only 0.2% of Koreans in their 20s 

had hepatitis C, which implies that there would be only little por-

tion of participants are HCV antibody-positive.36 Although such 

possibilities of having chronic liver diseases are low, complete ex-

clusion of the aforementioned disease would be preferable in 

evaluating the prevalence of NAFLD. 

In conclusion, we used the HSI and showed that the prevalence 

of NAFLD among young Korean men increased in the last 7 years. 

The prevalence of metabolic dysfunctions has also increased. 

These results are critically important, as they imply an increase in 

socio-economic disease burden for young men with NAFLD.40 

Therefore, the Korean society should remain alert for an increase 

in NAFLD prevalence and continuously undertake efforts to re-

duce its complications. In this context, although efficient treat-

ment options are important, active screening of patients with 

metabolic disorders should also be considered. Further longitudi-

nal studies are required to demonstrate the possible risk and so-

cio-economic costs of NAFLD in young adults.
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INTRODUCTION

Hepatocellular carcinoma (HCC) was the sixth most common 

malignancy and the third most common cause of cancer-related 

death in 2020.1 The HCC treatment options depend on many fac-

tors, such as tumor characteristics (size, number, or location), the 

presence or absence of liver cirrhosis (LC), liver function, portal 

vein invasion, comorbidity, performance status, and the presence 

or absence of an extrahepatic metastasis.2

The Barcelona clinic liver cancer system classifies HCC into five 

categories, including very early, early, intermediate, advanced, 

and terminal stage.3 Surgical resection (SR) is the first-line treat-

ment for very early and early-stage patients who not only have 

solitary HCC unaccompanied by LC, but also have cirrhosis with 

sufficient hepatic functional reserve.4 Liver transplantation (LT) is 

the primary treatment choice for patients with single tumor ≤5 cm 

or those with small multinodular tumors (≤3 nodules ≤3 cm) and 

advanced liver dysfunction.5 On the other hand, SR or LT cannot 

be applied to very early or early HCC patients in some cases due 

to associated diseases or shortage of donor livers.5 In these cases, 

radiofrequency ablation (RFA) has been performed as an effective 

nonsurgical curative treatment.5 Based on many guidelines from 

America, Europe, and Asia, RFA can be used for Child-Turcotte-

Pugh (CTP) class A or B patients with very early or early-stage 

HCC who are ineligible for SR.4-6

However, until now, comparative results of the overall survival 

(OS) and recurrence-free survival (RFS) between SR and RFA in 

CTP class A patients with single small HCC according to the pres-

ence of LC remain unclear, particularly for those who are suitable 

candidates for SR. The results from studies that examined the out-

comes of RFA and SR for small HCC have been inconsistent and 

had several limitations.7-10 Huang et al.7 reported that SR provides 

superior survival and lower recurrence rates than RFA in HCC pa-

tients within the Milan criteria (single tumor with diameter ≤5 cm 

or up to 3 tumors, each with diameter ≤3 cm). On the other hand, 

the study was not double-blinded, and the tumor size between 

Background/Aims: We compared the post-treatment overall survival (OS) and recurrence-free survival (RFS) between 
patients with Child-Turcotte-Pugh (CTP) class-A and single small (≤3 cm) hepatocellular carcinoma (HCC) treated by 
surgical resection (SR) and radiofrequency ablation (RFA). 
Methods: We retrospectively analyzed 391 HCC patients with CTP class-A who underwent SR (n=232) or RFA (n=159) as 
first-line therapy for single small (≤3 cm) HCC. Survival was compared according to the tumor size (≤2 cm/2–3 cm) and 
the presence of cirrhosis. Inverse probability of treatment weighting (IPW) method was used to estimate the average 
causal effect of treatment. 
Results: The median follow-up period was 64.8 months (interquartile range, 0.1–162.6). After IPW, the estimated OS 
was similar in the SR and RFA groups (P=0.215), and even in patients with HCC of ≤2 cm (P=0.816) and without cirrhosis 
(P=0.195). The estimated RFS was better in the SR group than in the RFA groups (P=0.005), also in patients without 
cirrhosis (P<0.001), but not in those with HCC of ≤2 cm (P=0.234). The weighted Cox proportional hazards model with 
IPW provided adjusted hazard ratios (95% confidence interval) for OS, and the RFS after RFA versus SR were 0.698 (0.396–
1.232) (P=0.215) and 1.698 (1.777–2.448) (P=0.005), respectively. 
Conclusions: SR was similar for OS compared to RFA, but was better for RFS in patients with CTP class-A and single 
small (≤3 cm) HCC. The RFS was determined by the presence or absence of cirrhosis. Hence, SR rather than RFA should 
be considered in patients without cirrhosis to prolong the RFS, although there is no OS difference. (Clin Mol Hepatol 
2022;28:207-218)
Keywords: Hepatocellular carcinoma; Operation; Radiofrequency ablation; Survival

Study Highlights
1. SR showed a similar OS compared to RFA in patients with CTP class A and single small (≤3 cm) HCC, regardless of the presence of cirrhosis, but pro-
vided a better RFS than RFA, particularly in those without cirrhosis. 
2. RFS was determined by the presence or absence of cirrhosis rather than the tumor size. 
3. SR rather than RFA should be considered in non-cirrhotic patients with CTP class A and single small (≤3 cm) HCC to prolong RFS.
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the SR and RFA groups was different. In addition, the considerable 

loss to follow-up was significantly different between the SR group 

(15.6%) and RFA group (6.1%).7 Feng et al.8 reported that SR was 

more effective in the treatment of small HCCs than RFA, but the 

median follow-up duration was also only 3 years, and there were 

considerable post-RFA residual tumors. Fang et al.9 reported that 

RFA had similar efficacy in local tumor control, but the outcome 

was also reported just as a 3-year survival. A prospective random-

ized trial conducted by Chen et al.10 showed that local ablative 

therapy was as effective as SR in small solitary HCC. Nevertheless, 

approximately 20% of patients withdrew from local ablative ther-

apy, and the study only reported relatively short-term outcomes 

(median follow-up duration of 2 years).10 Therefore, it is still diffi-

cult to confirm whether RFA could be a first-line treatment for CTP 

class A patients with single small (≤3 cm) HCC, regardless of the 

presence of LC. Moreover, no study has compared the long-term 

survival outcomes after SR and RFA in those with and without cir-

rhosis, respectively.

Therefore, this multicenter retrospective cohort study compared 

the long-term therapeutic effectiveness of SR and RFA as a first-

line treatment in patients with CTP class A cirrhosis or non-cirrho-

sis and single small (≤3 cm) HCC by analyzing the post-treatment 

long-term OS and RFS.

MATERIALS AND METHODS

Study subjects

Between January 2005 and December 2015, 651 consecutive 

patients with an initial diagnosis of primary HCC at four university 

hospitals were analyzed respectively. HCC was histologically prov-

en or diagnosed based on the criteria issued by the Korean Liver 

Cancer Study Group and National Cancer Center Korea Practice 

Guideline for the Management of HCC.11 None of the patients had 

been treated previously for HCC. Patients who met the following 

criteria were enrolled in the present study: single tumor ≤3 cm in 

the largest diameter; well-preserved liver function with CTP class 

A; good health status (Eastern Cooperative Oncology Group Per-

formance Status 0); no vascular invasion or extrahepatic metasta-

sis; and first-line treatment with SR or RFA. Those with combined 

other malignancies, CTP class B or C, or aged <18 years were ex-

cluded, and those with HCC sized >3 cm or multiple HCCs, as well 

as extrahepatic, vascular, or lymph node metastasis, were also 

excluded. Of the 651 patients, those who underwent treatments 

other rather than SR or RFA were excluded. Finally, the data of 

391 patients with CTP class A and single small (≤3 cm) HCC, but 

without vascular/lymphatic/extrahepatic metastasis treated by SR 

or RFA were enrolled in this retrospective cohort study. 

The tumor size was recorded as the longest diameter of the tu-

mor lesions in at least one dimension on liver dynamic computed 

tomography (CT) or magnetic resonance imaging (MRI) scans. LC 

was clinically diagnosed based on clinical evidence of portal hy-

pertension (HTN) (encephalopathy, esophageal varices, ascites, or 

splenomegaly), a low platelet count (<100,000/mm3), or radiolog-

ic findings. Of these 391 patients, 232 and 159 patients under-

went SR and RFA, respectively. The Institutional Review Board of 

each hospital approved this study (approval number: 2021-10-

013).

Initial treatment and follow-up after initial 
treatments

SR was carried out under general anesthesia. The surgical ex-

tent was determined anatomically, aiming to remove all macro-

scopic HCC considering the reserved liver function, the subse-

quent remnant liver volume, and tumor-free resection margins of 

at least 1 cm. Percutaneous RFA procedure was performed under 

local anesthesia or conscious sedation using ultrasonographic or 

computed tomographic guidance. Single electrode with a 2–3 cm 

exposed tip (COVIDIEN Valleylab, Boulder, CO, USA) or multitined 

expandable electrode (LeVeen needle Electrode; Boston Scientific, 

Marlborough, MA, USA) was used for tumor ablation. The radio-

frequency current was emitted with a 100–200 W generator set 

for 12 or 15 minutes to deliver the maximum power using the au-

tomatic impedance control method. The RFA procedure was per-

formed to ablate the visible HCC covering a larger area than the 

tumor. The whole course of the surgery and RFA procedures was 

performed by two expert surgeons and two intervention radiolo-

gists, respectively, at each institution, who had at least 5–10 

years of professional experience in conducting the procedures. 

Patients who underwent SR or RFA were followed up regularly 

by liver dynamic CT or MRI at 1 to 3-month intervals for the first 6 

months, and subsequently, at 3 to 6-month intervals for 2 years, 

and then, every 6 to 12 months, if HCC did not recur. The follow-

ups after initial treatments continued until the date of death, re-

currence, last follow-up, or December 31, 2019. SR or RFA is a cu-

rative-intent treatment, but patients were considered to be cured 

if the resection margin was free of tumor or if there was no evi-

dence of enhanced lesions on the liver dynamic CT or MRI scans 
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performed immediately after or 1 month after the treatments.

Statistical analyses 

The primary endpoint of this study was the difference in the OS 

rates in patients with CTP class A and single small (≤3 cm) HCC 

and without vascular/lymphatic/extrahepatic metastasis according 

to the treatment types (SR vs. RFA). The secondary endpoint was 

the RFS differences according to the treatment types (SR vs. RFA). 

The OS and RFS between the two treatment groups were also as-

sessed according to the presence or absence of LC and the tumor 

size (≤2 cm or 2–3 cm), respectively. The prognostic factors asso-

ciated with the OS or RFS in these patients were evaluated. Ad-

verse events (AEs) of each treatment were compared.

The following variables were obtained: age, gender, weight and 

height, comorbidity of HTN or diabetes mellitus (DM), HCC etiolo-

gy, aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), albumin, total bilirubin, prothrombin time (PT), alpha-feto-

protein (AFP), CTP class, tumor size, and treatment types. This 

study examined the potential relationships between these factors 

and the primary and secondary outcomes. For evaluation of AE, 

data on abdominal pain, fever, infection, bleeding, blood pressure 

(BP) drop, care at the intensive care unit (ICU), and post-treatment 

death were also collected. Severe AE (SAE) was defined as ab-

dominal pain ≥grade 3–4, fever ≥38°C, bleeding requiring trans-

fusion, systolic BP drop (SBP <90 mmHg) requiring vasopressor, 

Table 1. Baseline characteristics of all study subjects before IPW

Variable SR group (n=232) RFA group (n=159) P-value*

Age (years) 0.002

≥65 40 (17.24) 49 (30.82)

<65 192 (82.76) 110 (69.18)

Sex, male 169 (72.84) 120 (75.47) 0.561

BMI (kg/m2) 24.1±2.9 24.5±3.0 0.229

HTN, presence 75 (32.33) 63 (39.62) 0.138

DM, presence 57 (24.57) 39 (24.53) 0.993

Etiology <0.001

HBV 197 (84.91) 105 (66.04)

HCV 10 (4.31) 20 (12.58)

Others, reference 25 (10.78) 34 (21.38)

Albumin (g/dL) 4.1±0.5 3.8±0.5 <0.001

Bilirubin (mg/dL) 0.8±0.4 0.9±0.4 0.523

PT, INR 1.1±0.1 1.1±0.1 0.114

AST (IU/L) 60.2±92.4 69.6±53.7 0.248

ALT (IU/L) 63.3±136.8 49.0±41.9 0.202

PLT (×103/uL) 139.6±51.9 114.9±48.9 <0.001

LC, presence 116 (50.00) 109 (68.55) <0.001

AFP (ng/dL) 129.2±357.0 101.1±284.9 0.409

Tumor size (cm) <0.001

≤2 108 (46.55) 137 (86.16)

>2 and ≤3 124 (53.45) 22 (13.84)

FU duration (months) 69.0 (0.1–162.6) 62.1 (1.2–153.9) 0.118

Values are presented as mean±standard deviation, median (range), or number (%).
IPW, inverse probability of treatment weighting; SR, surgical resection; RFA, radiofrequency ablation; BMI, body mass index; HTN, hypertension; DM, diabetes 
mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; INR, international ratio; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; PLT, platelet; LC, liver cirrhosis; AFP, alpha-fetoprotein; FU, follow-up.
*P-values were calculated using the t-test for continuous variables and the chi-square test for categorical variables. 
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ICU care, or post-treatment death within 30 days.

Baseline characteristics of the study subjects and HCCs are ex-

pressed as the mean (±standard deviation) for continuous vari-

ables, and as number (percentage) for categorical variables. The 

differences between groups were analyzed using the Student’s t-
test for continuous variables or the chi-square test for categorical 

variables. The average causal effect of treatment was estimated 

by generating the inverse probability of treatment weighting (IPW) 

method based on the propensity score (PS) analysis.12,13 An at-

tempt was made to minimize imbalances of the distributions of 

baseline characteristics between the two treatment groups using 

the stabilized IPW. After using IPW, the distribution between 

groups was well-balanced using the absolute standardized differ-

ences. The balance was considered to be achieved when the ab-

solute standardized difference between the groups was ≤0.1. The 

weighted Cox proportional hazards model was performed using 

IPW after adjusting the variables with the absolute standardized 

difference greater than 0.1. This model was used to estimate the 

hazard ratios (HRs) and 95% confidence intervals (CIs) for mortal-

ity. The two-tailed P-values of <0.05 were considered significant. 

Statistical analyses were performed using SAS ver. 9.4 (SAS Insti-

tute Inc., Cary, NC, USA) and SPSS ver. 19.0 (SPSS Inc, Chicago, 

IL, USA). 

RESULTS 

Baseline characteristics of the study subjects 

Table 1 lists the baseline characteristics of the study subjects 

before IPW. Before IPW, 232 and 159 patients were enrolled in 

the SR and RFA groups, respectively. Compared to the RFA group, 

the SR group showed the following: a higher frequency of young-

er (age <65 years) patients (P=0.002) and hepatitis B virus (HBV) 

infection (P<0.001); higher albumin level (P<0.001) and platelet 

count (P<0.001); less frequency of LC (P<0.001) and smaller (≤2 

cm) HCC (P<0.001). On the other hand, sex, body mass index, 

presence of HTN or DM, serum bilirubin, PT, AST, ALT, and AFP 

level were similar in the SR and RFA groups. The median follow-

up duration of the SR and RFA groups was 69.0 months (inter-

quartile range [IQR], 0.1–162.6) and 62.1 months (IQR, 1.2–

153.9), respectively (P=0.118) (Table 1). 

OS rates of single small HCC patients between SR vs. 
RFA

Before IPW, 43 (18.5%) and 30 (18.9%) patients in the SR and 

RFA groups died, respectively, during the corresponding median 

follow-up of 69 and 62 months. The cumulative OS rates at 2, 4, 

6, and 8 years were 94.9%, 89.6%, 83.0%, and 78.2%, respec-

tively, in the SR group, and 95.5%, 88.0%, 76.6% and 72.1%, re-

spectively, in the RFA group (Fig. 1A). The estimated OS was simi-

Figure 1. OS of patients before and after IPW. The estimated OS was similar in the SR and RFA groups before (P=0.632) (A) and after IPW (P=0.215) (B). 
OS, overall survival; SR, surgical resection; RFA, radiofrequency ablation; IPW, inverse probability of treatment weighting.
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lar in the SR and RFA groups (P=0.632) (Fig. 1A).

The baseline characteristics of the two treatment groups were 

balanced using IPW to evaluate the OS rates of the two treatment 

groups under the same conditions (Table 2). After IPW, the cumu-

lative OS rates at 2, 4, 6, and 8 years in the SR group were 

95.8%, 89.2%, 79.7%, and 73.8%, respectively, in the SR group, 

and 97.0%, 92.3%, 85.3%, and 80.9%, respectively, in the RFA 

group. The estimated OS was similar in the SR and RFA groups 

(Fig. 1B). Subgroup analysis was performed to determine if a 

smaller (≤2 cm) tumor size or an absence of LC affects the post-

treatment OS in the two treatment groups (Fig. 2). Between the 

RFA and SR groups, the OS was comparable for patients with HCC 

of ≤2 cm (P=0.816) (Fig. 2A) and without LC (P=0.195) (Fig. 2B). 

No difference was observed even in those with HCC of 2–3 cm or 

those with LC (data not shown).

The weighted Cox proportional hazards model using IPW for all 

patients and those with HCC of ≤2 cm or 2–3 cm, those with or 

without LC, and those aged <65 or ≥65 years showed that the 

HR was 0.698 (95% CI, 0.396–1.232) (P=0.215), 0.925 (95% CI, 

0.483–1.774) (P =0.816) or 0.215 (95% CI, 0.042–1.114) 

(P=0.067), 0.648 (95% CI, 0.349–1.205) (P=0.170) or 0.531 

(95% CI, 0.204–1.381) (P=0.195), and 0.603 (95% CI, 0.297–

1.224) (P=0.161) or 0.783 (95% CI, 0.254–2.415) (P=0.670), re-

spectively, after RFA vs. SR therapy (Table 3).

Table 2. Baseline clinical characteristics of all study subjects after IPW

Variable SR group (n=232) RFA group (n=159) P-value* SD

Age (years) 0.678 0.0427

≥65 42.80 (18.67) 32.51 (20.37)

<65 186.44 (81.33) 127.11 (79.63)

Sex, male 171.81 (74.95) 111.47 (69.84) 0.265 -0.1145

BMI (kg/m2) 24.3±2.9 24.4±3.1 0.578 0.0571

HTN, presence 80.52 (35.12) 51.51 (32.27) 0.559 -0.0604

DM, presence 52.16 (22.76) 32.74 (20.51) 0.599 -0.0544

Etiology 0.940 0.0360

HBV 179.89 (78.47) 125.16 (78.42)

HCV 14.80 (6.46) 11.58 (7.25)

Others, reference 34.54 (15.07) 22.87 (14.33)

Albumin (g/dL) 4.0±0.5 4.0±0.5 0.622 0.0513

Bilirubin (mg/dL) 0.8±0.4 0.8±0.4 0.553 -0.0607

PT, INR 1.1±0.1 1.1±0.1 0.913 0.0114

AST (IU/L) 63.7±84 61.2±51.3 0.744 -0.0352

ALT (IU/L) 57.1±112.8 56.4±45.5 0.937 -0.0087

PLT (×103/uL) 130.5±49.5 123.3±47.3 0.156 -0.1471

LC, presence 131.57 (57.39) 92.23 (57.78) 0.939 0.0078

AFP (ng/dL) 113.9±319.8 125.6±296.5 0.716

Tumor size (cm) 0.751 -0.0327

≤2 143.26 (62.49) 102.27 (64.07)

>2 and ≤3 85.98 (37.51) 57.35 (35.93)

FU duration (months) 69.0 (0.1–162.6) 62.1 (1.2–153.9) 0.118

Values are presented as mean±standard deviation, median (range), or number (%).
IPW, inverse probability of treatment weighting; SR, surgical resection; RFA, radiofrequency ablation; SD, standardized difference; BMI, body mass index; HTN, 
hypertension; DM, diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; INR, international ratio; AST, aspartate aminotransfer-
ase; ALT, alanine aminotransferase; PLT, platelet; LC, liver cirrhosis; AFP, alpha-fetoprotein; FU, follow-up. 
*P-values were calculated using the t-test for continuous variables and the chi-square test for categorical variables. 



213

Jungnam Lee, et al. 
 Single small (≤3 cm) HCC

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0294

Figure 2. OS of patients with HCC of ≤2 cm or without cirrhosis after IPW. The estimated OS was comparable for patients with HCC of ≤2 cm 
(P=0.816) (A) and the absence of LC (P=0.195) (B) after IPW. OS, overall survival; SR, surgical resection; RFA, radiofrequency ablation; HCC, hepatocellular 
carcinoma; IPW, inverse probability of treatment weighting; LC, liver cirrhosis.
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Table 3. OS between groups by weighted Cox proportional hazards regression analysis using IPW

Variable Event HR (95% CI)* P-value*

OS between groups in all patients (n=391)

SR group (n=232) Ref. Ref.

RFA group (n=159) 73 (18.67) 0.698 (0.396–1.232) 0.215

OS between groups with HCC (≤2 cm) (n=245)

SR group (n=108) Ref. Ref.

RFA group (n=137) 43 (17.55) 0.925 (0.483–1.774) 0.816

OS between groups with HCC (>2 and ≤3 cm) (n=146)

SR group (n=124) Ref. Ref.

RFA group (n=22) 30 (20.55) 0.215 (0.042–1.114) 0.067

OS between groups in patients with LC (+) (n=225)

SR group (n=116) Ref. Ref.

RFA group (n=109) 51 (22.67) 0.648 (0.349–1.205) 0.170

OS between groups in patients without LC (n=166)

SR group (n=116) Ref. Ref.

RFA group (n=50) 22 (13.25) 0.531 (0.204–1.381) 0.195

OS between groups in patients with age <65 years (n=302)

SR group (n=192) Ref. Ref.

RFA group (n=110) 48 (15.89) 0.603 (0.297–1.224) 0.161

OS between groups in patients with age ≥65 years (n=89)

SR group (n=40) Ref. Ref.

RFA group (n=49) 25 (28.09) 0.783 (0.254–2.415) 0.670

Event: death during follow-up in each group.
OS, overall survival; IPW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; SR, surgical resection; Ref., references; RFA, ra-
diofrequency ablation; HCC, hepatocellular carcinoma; LC, liver cirrhosis.
*Weighted Cox proportional hazards model using IPW.
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RFS rates of single small HCC patients between SR 
vs. RFA

After the initial treatments, 221 (95.3%) and 148 (93.1%) pa-

tients were identified as being cured in the SR and RFA groups, 

respectively, and the RFS was analyzed for these patients using 

IPW (Supplementary Table 1). Of these patients, 106 (48.0%) and 

86 (58.1%) patients of the SR and RFA groups showed HCC recur-

rence, respectively, during a median follow-up of 49.0 and 33.8 

months, respectively. 

Before IPW, the cumulative RFS rates at 2, 4, 6, and 8 years 

were 74.7%, 59.9%, 48.8%, and 45.2%, respectively, in the SR 

group; and 69.6%, 42.1%, 32.7%, and 32.9%, respectively, in the 

RFA group (Fig. 3A). The estimated RFS was similar in the SR and 

RFA groups (P=0.381) (Fig. 3A). After IPW, the cumulative RFS 

rates at 2, 4, 6, and 8 years were 78.5%, 62.1%, 53.3%, and 

Figure 4. RFS of patients with HCC of ≤2 cm or without cirrhosis after IPW. The estimated RFS was comparable for patients with HCC of ≤2 cm 
(P=0.234) (A), but was higher in the SR group than in the RFA group among patients without cirrhosis (P<0.001) (B) after IPW. RFS, recurrence-free sur-
vival; SR, surgical resection; RFA, radiofrequency ablation; HCC, hepatocellular carcinoma; IPW, inverse probability of treatment weighting.
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Figure 3. RFS of patients before and after IPW. The estimated RFS was similar in the SR and RFA groups before IPW (P=0.381) (A), but was better in the 
SR group than in the RFA group after IPW (P=0.005) (B). RFS, recurrence-free survival; SR, surgical resection; RFA, radiofrequency ablation; IPW, inverse 
probability of treatment weighting.
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48.6%, respectively, in the SR group, and 66.3%, 44.5%, 34.4%, 

and 29.4%, respectively, in the RFA group (Fig. 3B). The estimat-

ed RFS were slightly better in the SR group than in the RFA group 

(P=0.005) (Fig. 3B). Subgroup analysis was performed to deter-

mine if a smaller (≤2 cm) tumor size or an absence of LC affects 

the post-treatment RFS of the two treatment groups (Fig. 4). Be-

tween the RFA and SR groups, the RFS was comparable for pa-

tients with HCC of ≤2 cm (P=0.234) (Fig. 4A), but was higher in 

the SR group than in the RFA group among patients without LC 

(P<0.001) (Fig. 4B). No differences were noted in patients with 

HCC of 2–3cm or those with LC (data not shown).

The weighted Cox proportional hazards model using IPW for all 

patients and those without LC showed that the HR of the RFS was 

1.698 (95% CI, 1.777–2.448) (P=0.005) and 2.850 (95% CI, 

1.692–4.801) (P<0.001), respectively, after RFA vs. SR therapy 

(Table 4). On the other hand, the weighted Cox proportional haz-

ards model using IPW for patients with HCC of ≤2 cm or 2–3 cm, 

those with LC, and those aged <65 or ≥65 years showed that the 

HR was 1.293 (95% CI, 0.847–1.973) (P=0.234) or 1.051 (95% 

CI, 0.404–2.738) (P =0.918), 1.129 (95% CI, 0.682–1.870) 

(P=0.638), 1.478 (95% CI, 0.955–2.289) (P=0.079), and 1.329 

(95% CI, 0.446–3.959) (P=0.609), respectively, after RFA vs. SR 

therapy (Table 4). 

AEs

Between the SR and RFA groups, overall AE was more common 

in the SR group (P<0.001), but the frequency of SAE was compa-

rable (P=0.218) (Supplementary Table 2). The frequency of severe 

abdominal pain (≥grade 3–4) was higher in the SR group 

(P=0.027), but the frequency of other AEs, such as fever ≥38°C 

infection requiring antibiotics use >7 days, bleeding requiring 

Table 4. RFS between groups by weighted Cox proportional hazards regression analysis using IPW

Variable Event HR (95% CI)* P-value*

RFS between groups in all patients (n=369)

SR group (n=221) Ref. Ref.

RFA group (n=148) 192 (52.03) 1.698 (1.177–2.448) 0.005

RFS between groups with HCC (≤2 cm) (n=230)

SR group (n=103) Ref. Ref.

RFA group (n=127) 117 (50.87) 1.293 (0.847–1.973) 0.234

RFS between groups with HCC (>2 and ≤3 cm) (n=139)

SR group (n=118) Ref. Ref.

RFA group (n=21) 75 (53.96) 1.051 (0.404–2.738) 0.918

RFS between groups in patients with LC (+) (n=213)

SR group (n=109) Ref. Ref.

RFA group (n=104) 118 (55.4) 1.129 (0.682–1.870) 0.638

RFS between groups in patients without LC (n=156)

SR group (n=112) Ref. Ref.

RFA group (n=44) 74 (47.44) 2.850 (1.692–4.801) <0.001

RFS between groups in patients with age <65 years (n=283)

SR group (n=182) Ref. Ref.

RFA group (n=101) 142 (50.18) 1.478 (0.955–2.289) 0.079

RFS between groups in patients with age ≥65 years (n=86)

SR group (n=39) Ref. Ref.

RFA group (n=47) 50 (58.14) 1.329 (0.446–3.959) 0.609

Event: death during follow-up in each group.
RFS, recurrence-free survival; IPW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; SR, surgical resection; Ref., references; 
RFA, radiofrequency ablation; HCC, hepatocellular carcinoma; LC, liver cirrhosis.
*Weighted Cox proportional hazards model using IPW.



216 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0294

Volume_28  Number_2  April 2022

transfusion, BP drop (SBP <90 mmHg) requiring vasopressor, ICU 

care, or post-treatment death, was comparable between the two 

groups (P-values for all >0.05). However, the mean hospital stay 

(days) was longer in the SR group compared to the RFA group 

(16.5 vs. 7.7 days, P<0.001) (Supplementary Table 2).

DISCUSSION

Our multicenter study analyzed the post-treatment long-term 

OS and RFS of patients with CTP class A and single small (≤3 cm) 

HCC using the IPW method. In the present study, the long-term 

OS was comparable between the SR and RFA groups, regardless 

of the presence of LC or tumor size (≤2 cm or 2–3 cm). On the 

other hand, RFS was better in the SR group than in the RFA 

group, particularly in those without LC. Interestingly, the differ-

ence in RFS between the two treatment groups was determined 

by LC rather than the tumor size in the enrolled patients. There-

fore, in the non-cirrhotic patients with CTP-class A and single 

small (≤3 cm) HCC, SR is better than RFA as a first-line treatment 

to increase the RFS, even though there was no difference in OS. 

The present study is distinctive in that it attempted to avoid relat-

ed confounding variables by selectively analyzing patients who 

met the same criteria (single small HCC sized 3 cm or less) among 

the well-known indications between SR and RFA, even in those 

with and without cirrhosis. Moreover, the long-term treatment OS 

and RFS between SR and RFA treatments were compared using 

the multicenter data and with the IPW method based on PS anal-

ysis to minimize the shortcomings of retrospective observational 

studies. 

SR has been the primary treatment option in many guidelines 

for patients with small HCCs, and it can be preferred in patients 

without severe portal HTN, with peripheral tumors, or with tu-

mors located near other organs, in which thermal ablation may be 

less effective.4-6,14,15 On the other hand, SR for small tumors may 

require resection of a significant portion of normal liver parenchy-

ma, contributing to an increase in treatment-related complica-

tions.14 RFA can be preferred in patients with severe portal HTN or 

centrally located tumors. Moreover, RFA has recently gained pop-

ularity owing to its ease of use, safety, effectiveness, and minimal 

invasiveness for the treatment of small HCC.8 Therefore, the 

choice between SR and RFA as a first-line treatment for single 

small HCC still remains controversial.

The previous studies that examined the survival benefits of SR 

and RFA in the treatment of small HCC reported inconsistent re-

sults.8,14 Feng et al.8 reported that the SR and RFA groups had 

similar OS or RFS for patients with HCC sized less than 4 cm and 

no more than two tumor nodules. However, there was no analysis 

on whether the presence or absence of LC affects the OS or RFS. 

Moreover, unlike the present study, CTP-class B patients consti-

tuted approximately 50% of the enrolled patients, and the medi-

an follow-up duration was only 3 years, which is relatively short.8 

Pompili et al.14 reported that RFA could provide similar OS and RFS 

rates compared to SR in treating patients with single small (≤3 

cm) HCC and compensated LC. These were similar to the results 

of the present study, but the previous study included only cirrhotic 

patients with CTP-class A. Hence, it could not reveal the data for 

those without cirrhosis,14 unlike the current study. The present 

study enrolled patients with CTP class A and single small (≤3 cm) 

HCC, which are tumor characteristics that can be applied equally 

to SR and RFA treatments.4-6 This was different from the registra-

tion criteria of the previous study,8 and may help maintain the ho-

mogeneity of the patient selection criteria between the SR and 

RFA groups.

Some studies reported that the SR group had a better OS and 

RFS compared to the RFA group.7,16 In a previous study, HCC pa-

tients within the Milan criteria were enrolled. As a result, patients 

with HCC >3 cm in size underwent RFA, which is beyond the usu-

al criteria for applying RFA to HCC patients.7 In addition, solitary 

tumors sized <3 cm were more common in the SR group than in 

the RFA group (44/115 vs. 27/115, P=0.021).7 These factors may 

have affected the superiority of the SR group. In another study, 

the therapeutic effects between the two treatments were not 

evaluated in each patient with and without LC, even though the 

study reported that the presence of LC was a poor prognostic fac-

tor for OS or RFS.16 Moreover, the previous study enrolled only pa-

tients with single HCC of <2 cm, without including those with 

HCC of 2–3 cm,16 even though these patients could also be candi-

dates for SR or RFA treatment. Another meta-analysis reported 

that patients in the SR group provided better 5-year OS and were 

less likely to develop recurrence than those in the RFA group for 

small HCC, but it showed similar 1-year and 3-year OS between 

the two treatment groups.17 In addition, the enrollment criteria of 

the meta-analysis were patients within the Milan criteria, includ-

ing those with CTP class A or B.17 This study concluded that the 

indication for RFA as a first-line treatment for early-stage HCC pa-

tients for whom SR is appropriate is unclear.17 Therefore, the pres-

ent study aimed to elucidate the factors affecting the OS or RFS 

by evaluating patients with the same characteristics in the two 

treatment groups.
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The therapeutic choice between SR and RFA in non-cirrhotic 

patients with CTP class A and single small HCC has not been well-

established, likely due to the rarity of the disease. Unlike the pre-

vious studies,7-10,14,16 the current study revealed a prolonged RFS 

with SR compared to RFA, but it did not show a benefit in OS in 

these patients with or without LC. The lack of difference in the OS 

rates between the treatment groups in the present study may be 

due to the fact that additional treatments were actively performed 

for recurred HCC even after the RFA treatment, potentially result-

ing in an overestimation of the effectiveness of RFA. Regarding 

RFS, it is believed that tumor recurrence may be affected more by 

a cirrhotic liver itself if the SR or RFA procedure was performed 

successfully with curative intent, resulting in a similar outcome 

between the two treatment groups in cirrhotic patients. On the 

other hand, in patients with non-cirrhotic liver background, SR or 

RFA procedure may affect the tumor recurrence. For example, it 

may be difficult to sufficiently widen the ablation range with RFA 

as much as the SR range for HCC.18 Therefore, it may be reason-

able to apply SR rather than RFA as first-line treatment for pa-

tients with CTP class A and single small (≤3 cm) HCC to improve 

the RFS, particularly in non-cirrhotic patients. On the other hand, 

for cirrhotic patients with CTP class A, RFA may be a comparable 

first-line treatment option to SR. 

According to the current guidelines of HCC management, RFA 

could be an effective treatment option for single nodular HCC ≤3 

cm in diameter.4-6 Previous studies that compared SR and RFA 

based on the tumor size reported varying results.7,19-21 Some stud-

ies reported that SR was better in patients with HCC sized >2 

cm,19,20 or even in those with HCC ≤2 cm,7,21 whereas there were 

no differences between the two groups for HCC sized <2 cm.20 

On the other hand, these results were obtained by analyzing sub-

jects such as patients with HCC >3 cm in diameter or two or more 

tumors, or those with CTP class B or C.7,19-21 Therefore, these data 

may not be applied accurately to patients with CTP class A and 

single HCC ≤3 cm in diameter. In the present study, subgroup 

analysis was performed for patients with HCC of ≤2 cm or 2–3 

cm in size, respectively, and the study found that RFS was unaf-

fected by the tumor size, but by the presence or absence of LC. 

This suggests that when applying SR or RFA in patients with CTP 

class A and single small (≤3 cm) HCC, the presence of LC rather 

than the tumor size should be considered more important.

The present study had several limitations. First, due to the ret-

rospective nature of this study, some confounding factors might 

still be unavoidable even after minimizing the influence of the 

variables using IPW based on PS analysis. A direct comparison 

between SR and RFA in a well‐designed prospective randomized 

controlled trial (RCT) would be the best way. On the other hand, 

RCT would be a challenge for patients with CTP class A and single 

small (≤3 cm) HCC, due to the requirement of a long follow-up 

period until death and a large sample size. Nevertheless, our re-

sults could offer useful data for conducting future prospective 

RCTs. Second, LC was not diagnosed pathologically in all of the 

patients. Unlike patients who underwent SR, it was difficult to 

obtain pathologic tissue from all patients undergoing RFA; and in 

these patients, LC had to be diagnosed clinically. Third, in the 

present study, approximately 85% and 66% of patients in the SR 

and RFA groups, respectively, were infected with HBV. Given that 

the leading cause of HCC is related to the hepatitis C virus (HCV) 

in the Western population,22 unlike South Korea,23 where HBV is 

the main cause of HCC, these results may not be generalized to 

the HCV-endemic areas.

In conclusion, SR showed similar OS rates compared to RFA in 

patients with CTP class A and single small (≤3 cm) HCC regard-

less of the presence of cirrhosis, but provided a better RFS than 

RFA, particularly in those without cirrhosis. RFS was determined 

by the presence or absence of cirrhosis rather than the tumor size. 

Therefore, SR rather than RFA should be considered in non-cir-

rhotic patients with CTP class A and single small (≤3 cm) HCC to 

prolong the RFS, even if there is no difference in the OS.
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INTRODUCTION

Sarcopenia is defined as muscle atrophy and depletion, and it is 

prevalent in elderly individuals. Sarcopenia is associated with de-

creased protein intake1 and reduced levels of growth hormone and 

cortisol.2 In addition, chronic low-grade inflammation, as indicated 

by the increased levels of inflammatory cytokines such as interleu-

kin (IL)-6 and tumor necrosis factor-α (TNF-α),3-5 is also associated 

with sarcopenia. More importantly, sarcopenia is a risk factor for 

mortality in elderly people.6 Sarcopenia is prevalent in patients 

with liver cirrhosis (LC), affecting 40–70% of LC patients,7 and it is 

associated with increased LC complications.8 Emerging evidence 

has suggested that sarcopenia is an independent prognostic factor 

in LC patients.9,10 It is a major risk factor for mortality in LC pa-

tients regardless of the degree of liver function deterioration.11 As 

sarcopenia was also correlated with poor liver function, the inclu-

sion of sarcopenia in the model for end-stage liver disease (MELD) 

could effectively predict mortality in patients with LC.12 Therefore, 

identifying the mechanism of sarcopenia and how it can be modu-

lated might provide clinical benefits to patients with LC.

The mechanism of sarcopenia in LC is not fully understood. Hy-

perammonemia, which is considered to be a main contributor to 

hepatic encephalopathy (HE), is one of the causes of sarcopenia in 

LC.13,14 Several previous studies reported that hyperammonemia 

reduces the synthesis of muscle protein and induces dysfunction 

in mitochondria, which might exacerbate muscle damage through 

oxidative stress.15,16 In addition, a previous study showed that re-

ducing ammonia levels with rifaximin was associated with im-

provements in sarcopenia in a rat model.17 In LC patients, inflam-

matory cytokines such as IL-6 and TNF-α, which play roles in the 

development of sarcopenia in elderly individuals,3 are increased.18 

However, their roles in LC-related sarcopenia remain unclear.

In the present study, we investigated the association between 

inflammatory cytokines and sarcopenia using a thioacetamide 

(TAA)-induced rat model of LC and data from patients with 

chronic liver disease (CLD). We also examined the effect of rifaxi-

Background/Aims: Sarcopenia is an independent prognostic factor of liver cirrhosis (LC). However, the association 
between LC-related systemic inflammation and sarcopenia is unclear.
Methods: Sprague-Dawley rats were treated with thioacetamide (TAA) or saline as a control. Rifaximin was administered 
to TAA-induced LC rats. Enzyme-linked immunosorbent assay was performed to measure inflammatory mediators in 
rat serum. RT-PCR was performed to measure the molecular expression in tissues. Hematoxylin and eosin (H&E) staining 
and immunohistochemistry were performed to investigate tissue pathology. Serum tumor necrosis factor-α levels, liver 
stiffness (LS), and the L3 skeletal muscle index (L3SMI) were measured in 60 patients with chronic liver disease.
Results: LC and sarcopenia were successfully induced by TAA. Serum TNF-α levels were increased in LC rats and 
correlated with myostatin expression, muscle weight, and myofiber diameter. The expression of intestinal occludin 
and zona occludens-1 was reduced in LC rats and associated with serum TNF-α levels and sarcopenia. In patients with 
LS ≥7 kPa or sarcopenia, serum TNF-α levels were significantly increased, which was also confirmed when we raised 
the LS cutoff to 10 kPa. The L3SMI was inversely correlated with serum TNF-α levels in patients with LS ≥7 kPa. TNF-α 
was reduced by rifaximin, which might have resulted in reduced expression of muscular MuRF1 and myostatin and 
improvements in myofiber diameters within muscle tissues.
Conclusions: These results suggest that serum TNF-α is associated with LC-related sarcopenia. Rifaximin might be 
effective in reducing serum TNF-α levels and improving sarcopenia in LC, but these results need to be validated in future 
studies. (Clin Mol Hepatol 2022;28:219-231)
Keywords: Sarcopenia; Liver cirrhosis; Tumor necrosis factor-alpha; Rifaximin

Study Highlights
LC causes systemic inflammation, but its association with sarcopenia is still unclear. In the present study, we found that serum TNF-α was increased 
in LC rats, and significantly correlated with the degree of sarcopenia, and validated this association between serum TNF-α and sarcopenia in patients’ 
cohort. Furthermore, rifaximin was effective in the decrease of the systemic inflammation, which resulted in the improvement of sarcopenia. Impor-
tantly, these findings suggest that the mechanism of rifaximin in restoring sarcopenia is not restricted to the ammonia lowering, but also it improves 
sarcopenia by decreasing systemic inflammation in LC.
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min, an antibiotic that reduces the levels of ammonia-producing 

intestinal bacteria, on the levels of both inflammatory cytokines 

and sarcopenia.

MATERIALS AND METHODS

Rats

Sprague-Dawley rats (6-week-old males) were purchased from 

DBL Inc. Rats in the LC and rifaximin groups were intraperitoneally 

injected with 4% TAA (Sigma-Aldrich, St. Louis, MO, USA) at a 

dose of 200 mg/kg three times per week for 10 weeks. Rats in the 

control group were intraperitoneally injected with saline at a dose 

of 10 mL/kg of body weight three times per week for 10 weeks. 

After 10 weeks of injections, the rats were rested for 3 weeks to 

avoid analyzing the direct effects of the TAA. Rifaximin (50  

mg/kg/day) was administered daily for 6 weeks by oral gavage 

starting at 7 weeks after initiation of TAA injections. Six rats were 

used for the control, LC, and LC plus rifaximin groups. Among 

them, two rats in the LC group were excluded from the subse-

quent analyses because of death during the TAA injection period. 

The rats were sacrificed, and blood samples from the abdominal 

aorta and liver, intestine (terminal ileum), and calf muscle (gas-

trocnemius and soleus muscles) tissue samples were collected. To 

measure aspartate aminotransferase (AST), alanine aminotransfer-

ase (ALT), albumin, and total bilirubin levels in serum, we used an 

AU480 analyzer (Beckman Coulter, Seoul, Korea). For histologic 

examinations, muscle, liver, or intestinal tissues were fixed with 

10% formalin and embedded in paraffin. After sectioning at a thick-

ness of 4 μm, the samples were stained with hematoxylin and eo-

sin (H&E). Myofiber diameters were measured at ×200 magnifica-

tion, and the average minimal diameter of five myofibers was used 

for analyses. Liver tissues were examined at each magnification. 

Sirius red (Abcam, Cambridge, UK) staining of liver tissues was 

performed according to the manufacturer’s instructions.

Immunohistochemistry (IHC)

IHC was performed using mouse- and rabbit-specific HRP/DAB 

detection IHC kits (Abcam) according to the manufacturer’s in-

structions. Briefly, following deparaffinization and blocking, pri-

mary antibodies for each molecule were applied. After the sam-

ples were washed, anti-mouse or rabbit antibodies were applied 

and incubated at room temperature for 10 minutes, followed by 

streptavidin peroxidase and DAB substrate application. Antibod-

ies against occludin, zona occludens (ZO)-1, and myostatin were 

all purchased from Abcam. Each protein was quantified by auto-

mated scoring using ImageJ software version 1.53 (NIH, Bethes-

da, MD, USA) as previously described.19

Real-time quantitative polymerase chain reaction 
(RT-PCR)

RNA was extracted and isolated from rat liver, intestine, and 

muscle tissues using TRIzol® reagent (Sigma-Aldrich) according to 

the manufacturer’s protocol. RNA was reverse-transcribed into 

cDNA using a PrimeScript RT reagent kit (Takara, Shiga, Japan). 

PCR was performed using qPCR 2× premix (Enzynomics, Daejeon, 

Korea) and a Light Cycler 2.0 system (Roche, Mannheim, Germa-

ny). The relative expression of each gene was normalized to that 

of GAPDH. Information about the primers is presented in Table 1.

Enzyme-linked immunosorbent assay (ELISA)

Serum levels of ammonia, lipopolysaccharide (LPS), IL-6, and 

TNF-α were analyzed using ELISA kits from R&D Systems (Minne-

apolis, MN, USA) according to the manufacturer’s protocol. Opti-

cal density values were determined at 450 nm using a VersaMax 

ELISA microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Table 1. Primers’ sequences used for RT-PCR in the present study

Forward Reverse

Myostatin CCTGGAAACAGCGCCTAACA CGTCACTGCTGTCATCCCTC

MuRF1 ACATCTTCCAGGCTGCCAAT GTTCTCCACCAGCAGGRRCC

Occludin AAGACGATGAGGTGCAGAAG GTGAAGAGAGCCTGACCAAA

ZO-1 GGAGAGGTGTTTCGTGTTGT ACTGCTCAGCCCTGTTCTTA

GAPDH GGCACAGTCAAGGCTGAGAATG ATGGTGGTGAAGACGCCAGTA

RT-PCR, real-time quantitative polymerase chain reaction.
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Figure 1. Rat model of liver cirrhosis (LC) and sarcopenia. (A) Summary of the rat model of LC. Six-week-old Sprague-Dawley rats were intraperitone-
ally administered thioacetamide (200 mg/kg) or saline control three times per week for 10 weeks, and tissues from each organ of interest and blood 
were collected at 13 weeks. (B) Examples of gross, hematoxylin and eosin (H&E)-stained, and Sirius red-stained livers from the control and LC groups. 
(C) Comparison of calf muscle weights in the control (n=6) and LC (n=4) groups. (D, E) Comparison of myofiber diameters in the control (n=6) and LC 
(n=4) groups. H&E staining (D) and the graph (E). (F) Comparison of myostatin expression in the calf muscles of control (n=6) and LC (n=4) rats were 
measured by RT-PCR. (G, H) Comparison of myostatin staining in the calf muscles of control (n=6) and LC (n=4) rats were measured by immunohisto-
chemistry (IHC). Histological findings (G) and the graph (H). TAA, thioacetamide; IP, intraperitoneal. *P<0.05. **P<0.01.
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Study patients

We included 198 patients with chronic hepatitis or LC who visit-

ed Seoul St. Mary’s Hospital, The Catholic University of Korea be-

tween January 2018 and December 2019 and underwent labora-

tory tests, including serum cytokine panels, and retrospectively 

analyzed the data. Among them, 74 patients without transient 

elastography, 14 patients with hepatocellular carcinoma (HCC) 

stage 3 or 4 by modified Union for International Cancer Control 

staging, and 50 patients without computed tomography (CT) 

scans were excluded. All patients with HCC were treatment naïve. 

Therefore, 60 patients were analyzed in the present study. Data 

including age, sex, height, etiology of liver disease, liver stiffness 

(LS), serum IL-6, and TNF-α levels were collected from medical re-

cords. Transient elastography, CT scans, and cytokine levels were 

measured within a 3-month period. LS was examined using Fi-

broScan® (Echosense, Paris, France) and presented as kPa, as pre-

viously described.20 An LS of 7 kPa was used as the cutoff value 

of fibrosis because patients with 7 kPa predicted significant fibro-

sis over F2 in a previous report.21 An LS of 10 kPa was also used 

as a secondary cutoff because it reflects advanced liver fibrosis 

over F3.22 Serum TNF-α levels were examined using a MILLPLEX 

MAP human cytokine panel (Millipore, Billerica, MA, USA) and 

Luminex 200 (Luminex, Austin, TX, USA) as previously de-

scribed.23

L3 skeletal muscle index (L3SMI)

Skeletal muscle area was calculated on abdominal CT scans at 

the L3 vertebra level using the BMI_CT program as previously de-

Figure 2. Inflammatory mediators of liver cirrhosis (LC) and sarcopenia. (A, B) Enzyme-linked immunosorbent assay was performed to determine the 
serum levels of lipopolysaccharides (LPS), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α). (A) Serum LPS levels were compared between the 
control (n=6) and LC (n=4) groups. Serum IL-6 levels were compared between the control (n=4) and LC (n=4) groups. (B) Serum TNF-α levels were 
compared between the control (n=4) and LC (n=4) groups. (C-E) Correlation analyses were performed between serum TNF level and myostatin ex-
pression (C, n=8), muscle weight (D, n=8), and myofiber diameter (E, n=8). n.s, not significant. *P<0.05.
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scribed.24 The L3SMI was calculated by dividing the skeletal mus-

cle area at the L3 vertebra level by the squared height and pre-

sented as cm2/m2. Sarcopenia was defined as L3SMI ≤52.4 cm2/m2 

in males and ≤38.5 cm2/m2 in females.24

Statistical analysis

GraphPad Prism 6 (GraphPad, San Diego, CA, USA) was used 

for all statistical analyses. Mann-Whitney tests were used to com-

pare two unpaired groups. Spearman’s rank correlation tests were 

used to examine the correlations between groups.

Ethics approval

This research protocol was approved by the Institutional Review 

Board of St. Vincent’s Hospital, Suwon, Republic of Korea and 

Seoul St. Mary’s Hospital, Seoul, Republic of Korea.

RESULTS

The development of LC correlated with sarcopenia 
in a rat model

We induced LC in Sprague-Dawley rats by 3 TAA injections per 

week for 10 weeks, and we sacrificed the animals at week 13  

(Fig. 1A). When we measured liver sizes, the TAA-injected rats 

had significantly smaller livers than the saline controls (Fig. 1B, 

Supplementary Fig. 1A). Furthermore, H&E staining showed re-

generative nodules with significant fibrosis in TAA-induced rats, 

and this result was confirmed by Sirius red staining, suggesting 

that LC was successfully induced in these rats (Fig. 1B). LC rats 

had significantly lower body weights (Supplementary Fig. 1B), but 

serum levels of AST, ALT, albumin, and total bilirubin were not 

different between the two groups (Supplementary Fig. 1C). Next, 

we measured the weights of the gastrocnemius and soleus mus-

cles and found that the rats with TAA-induced LC had lower mus-

cle weights than the controls (Fig. 1C). In addition, the myofiber 

diameters in the calf muscles of the LC rats were significantly low-

er than those of the control rats (Fig. 1D, E), indicating that our 

Table 2. Patient’s characteristics

LS <7 (n=17) LS ≥7 (n=43) P-value LS <10 (n=27) LS ≥10 (n=33) P-value

Age (years) 60.5±9.2 61.4±11.3 0.759 61.1±7.5 61.2±12.8 0.979

Female gender 10 (58.8) 31 (72.1) 0.492 18 (66.7) 23 (69.7) >0.999

Underlying liver disease 0.242 0.485

HBV 15 (88.2) 30 (69.8) 22 (81.5) 23 (69.7)

Alcohol 0 (0.0) 8 (18.6) 2 (7.4) 6 (18.2)

Unknown 2 (11.8) 4 (9.3) 3 (11.1) 3 (9.1)

HCV 0 (0.0) 1 (2.3) 0 (0.0) 1 (3.0)

HCC 12 (70.6) 28 (65.1) 0.919 19 (70.4) 21 (63.6)

mUICC >0.999 0.785

Stage 1 7 (58.3) 16 (57.1) 10 (52.6) 13 (61.9)

Stage 2 5 (41.7) 12 (42.9) 9 (47.4) 8 (38.1)

LC 5 (29.4) 40 (93.0) <0.001 12 (44.4) 33 (100.0) <0.001

LS (kPa) 5.6±1.1 27.5±20.6 <0.001 6.7±1.8 33.3±20.3 <0.001

MELD 5.0±4.6 6.5±5.7 0.267 4.3±3.9 7.6±6.1 0.014

TNF-α (pg/mL) 14.6±8.7 30.2±49.5 0.029 14.0±7.4 35.4±55.6 0.035

L3SMI (cm2/m2) 50.1±11.3 53.1±9.4 0.308 50.9±10.0 53.4±10.0 0.337

Sarcopenia 4 (23.5) 14 (32.6) 0.708 7 (25.9) 11 (33.3) 0.734

Values are presented as mean±standard deviation or number (%).
LS, liver stiffness; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; mUICC, modified Union for International Cancer Control; LC, 
liver cirrhosis; MELD, model for end stage liver disease; TNF-α, tumor necrosis factor-α; L3SMI, L3 skeletal muscle index.
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model effectively induced sarcopenia. Myostatin expression in the 

calf muscle, which correlates with the degree of sarcopenia,25 

tended to increase in LC rats (Fig. 1F). In addition, immunohisto-

chemical analysis of myostatin in the calf muscle showed stronger 

staining in LC rats than in control rats (Fig. 1G, H). Finally, liver 

size and muscle weight were significantly correlated (Supplemen-

tary Fig. 1D). These findings suggest that our model effectively in-

duced both LC and sarcopenia and that these factors correlated 

with each other.

Serum TNF-α levels were associated with sarcopenia

Next, we hypothesized that inflammatory mediators associated 

with sarcopenia would be increased in LC rats. Serum level of LPS, 

which can induce multiple inflammatory molecules, did not differ 

significantly between the LC and control groups (Fig. 2A). Similar-

ly, serum level of IL-6, which is a representative inflammatory cy-

tokine associated with LC and sarcopenia, did not differ signifi-

cantly between the two groups (Fig. 2A). However, serum level of 

TNF-α, another representative inflammatory cytokine in both LC 

and sarcopenia, was significantly higher in LC rats than in control 

rats (Fig. 2B). Next, we examined  whether this increase in TNF-α 

was associated with sarcopenia. We found that myostatin expres-

sion (Fig. 2C), muscle weight (Fig. 2D), and myofiber diameter (Fig. 

2E) in calf muscle correlated with serum TNF-α levels.

We validated these findings in human subjects with CLD, such 

as chronic hepatitis or LC. Patient characteristics according to high 

(≥7 kPa) and low (<7 kPa) LS are presented in Table 2. The high 

Figure 3. Association of tumor necrosis factor-α (TNF-α) and sarcopenia in human subjects. TNF-α levels in the serum of patients with chronic liver 
disease were determined by Luminex assays. (A) Comparison of serum TNF-α levels between patients with liver stiffness (LS) <7 (n=17) and patients 
with LS ≥7 (n=43). (B) Comparison of serum TNF-α levels between patients without sarcopenia (n=42) and patients with sarcopenia (n=18). (C) Com-
parison of serum TNF-α levels among the LS <7/sarcopenia (-) (n=13), LS <7/sarcopenia (+) (n=4), LS ≥7/sarcopenia (-) (n=29), and LS ≥7/sarcopenia (+) 
groups (n=14). (D) Patients with LS ≥7 were analyzed. The L3SMI was calculated using the BMI_CT program. Correlation between serum TNF-α levels 
and the L3SMI in male subjects (n=31) (left) and correlation between serum TNF-α levels and the L3SMI in female subjects (n=12) (right). L3SMI, L3 skel-
etal muscle index. *P<0.05. **P<0.01. ***P<0.001.
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LS group included more LC patients (40/43, 93.0%) than the low 

LS group (5/17, 29.4%) (P<0.001), although the MELD score was 

not different between the two groups (Table 2). As observed in 

rats, there was no difference in serum IL-6 levels between the 

high and low LS groups (Supplementary Fig. 2). Importantly, we 

found that patients with high LS (n=43) had significantly higher 

serum TNF-α levels than those with low LS (n=17) (Table 2,  

Fig. 3A). Moreover, patients with sarcopenia (n=18) had signifi-

cantly higher serum TNF-α levels than those without sarcopenia 

(n=42) (Fig. 3B). We further divided patients into LS ≥10 kPa 

(n=33) and LS <10 kPa groups (n=27), and serum TNF-α levels 

were also significantly higher in patients with LS ≥10 kPa (Table 

2). Furthermore, we compared serum TNF-α levels among the LS 

<7 kPa/sarcopenia (-) (n=13), LS <7 kPa/sarcopenia (+) (n=4), LS 

Figure 4. Intestinal tight junctional molecules, tumor necrosis factor-α (TNF-α), and sarcopenia in liver cirrhosis (LC). (A) The expression of occludin and 
zona occludens (ZO)-1 in the intestines (terminal ileum) of control (n=6) and LC (n=4) rats was measured by RT-PCR. (B) Correlation analyses between 
serum TNF-α levels and occludin or ZO-1 expression (n=8). (C) Correlation analysis between calf muscle weight and occludin or ZO-1 expression (n=10). 
(D) Correlation analysis between calf muscle myofiber diameter and occludin or ZO-1 expression (n=10). (E, F) The expression of occludin and ZO-1 in 
the intestines (terminal ileum) of control (n=6) and LC (n=4) rats was measured by immunohistochemistry (IHC). Histological findings (E) and the 
graphs (F). RT-PCR, real-time quantitative polymerase chain reaction. *P<0.05. **P<0.01.
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Figure 5. Effects of rifaximin on tumor necrosis factor-α (TNF-α) and sarcopenia. (A, B) Enzyme-linked immunosorbent assay was performed to ana-
lyze the serum of liver cirrhosis (LC) (n=4) and rifaximin-treated LC (n=6) rats. Serum ammonia (A) and TNF-α (B) levels were compared between the 
groups (A). (C, D) RT-PCR was performed to analyze the calf muscle tissues of LC (n=4) and rifaximin-treated LC (n=6) rats. MuRF1 (C) and myostatin (D) 
expression in calf muscles was compared between the groups, as measured by RT-PCR. (E, F) Immunohistochemistry (IHC) was performed to analyze 
myostatin in the calf muscles of LC (n=4) and rifaximin-treated LC (n=6) rats. Histological findings (E) and the graph (F). (G, H) Hematoxylin and eosin 
(H&E) analysis of calf muscles in LC (n=4) and rifaximin-treated LC (n=6) rats (G) and graphs (H) comparing myofiber diameter (left) and ratio of myofi-
ber diameter: total body weight (right). n.s, not significant; RT-PCR, real-time quantitative polymerase chain reaction. *P<0.05.

40

45

50

55

60

65

M
yo

�b
er

 d
ia

m
et

er
 (μ

m
)

*

6.0

6.5

7.0

7.5

8.0

TNF-α (serum)

Se
ru

m
 c

on
ce

nt
ra

tio
n

(μ
M

)

LC
(n=4)

0

5

10

15

20

LC
+rifaximin

(n=6)

LC
(n=4)

LC
+rifaximin

(n=6)

LC
(n=4)

LC
+rifaximin

(n=6)

LC
(n=4)

LC
+rifaximin

(n=6)

LC
(n=4)

LC
+rifaximin

(n=6)

LC
(n=4)

LC
+rifaximin

(n=6)

LC
(n=4)

LC
+rifaximin

(n=6)

*n.s

Ammonia (serum)

Se
ru

m
 c

on
ce

nt
ra

tio
n

(μ
M

)

0.08

0.10

0.12

0.14

0.16

0.18
*

M
yo

�b
er

 d
ia

m
et

er
 (μ

m
)

/ T
ot

al
 b

od
y 

w
ei

gh
t (

g)

Myo�ber diameter Myo�ber diameter:
total body weight ratio

0

5

10

15

20

25

MuRF1 (muscle)

*

Re
la

tiv
e 

ex
pr

es
sio

n
No

rm
al

ize
d 

to
 G

AP
DH

Re
la

tiv
e 

ex
pr

es
sio

n
No

rm
al

ize
d 

to
 G

AP
DH

Myostatin (muscle)

0

1

2

3

4
*

LC
LC+

Rifaxim
in

Myostatin (muscle, ×400)

0

10

20

30

40

%
 IH

C 
st

ai
ne

d 
ar

ea
 

*

Myostatin (muscle)

H&E (muscle, ×400)

LC
LC+

Rifaxim
in

100 μm

100 μm
G

C

A

H

D

B

E F



228 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0082

Volume_28  Number_2  April 2022

≥7 kPa/sarcopenia (-) (n=29) and LS ≥7 kPa/sarcopenia (+) 

groups (n=14). The LS ≥7 kPa/sarcopenia (+) group showed sig-

nificantly higher serum TNF-α levels than the other groups, includ-

ing the LS ≥7 kPa/sarcopenia (-) group (Fig. 3C). Importantly, the 

L3SMI value was inversely correlated with serum TNF-α levels in 

male patients with an LS ≥7 kPa (n=31), whereas there was mar-

ginal significance in female patients (n=12), which might be due 

to the small sample number (Fig. 3D). These findings suggested 

that the LC-associated increase in TNF-α was associated with sar-

copenia.

Altered expression of intestinal tight junction 
molecules correlated with TNF-α-associated 
sarcopenia

Because previous reports suggested that increased serum TNF-α 

levels are associated with altered intestinal tight junctions,26,27 we 

measured the expression of intestinal occludin and ZO-1, which 

maintain the integrity of intestinal tight junctions.28 Compared 

with the controls, rats with LC showed significantly lower expres-

sion of occludin and ZO-1 (Fig. 4A). When we examined the cor-

relation between the expression of these tight junctional mole-

cules and serum TNF-α levels, we found significant negative 

correlations (Fig. 4B), suggesting that alterations in intestinal tight 

junctions are linked to systemic inflammation. Next, we examined 

the correlation between the expression of tight junctional mole-

cules and sarcopenia. Both occludin and ZO-1 expression in the 

intestine correlated with muscle weight (Fig. 4C). Moreover, oc-

cludin expression was associated with myofiber diameter, al-

though ZO-1 expression was not (Fig. 4D). When we separately 

analyzed the correlation between occludin or ZO-1 expression and 

muscle weight or diameter in control and LC rats, we could not 

find significant correlations, which might be due to the small sam-

ple number (Supplementary Fig. 3). We also performed immuno-

histochemical analysis of occludin and ZO-1 in the intestinal tis-

sues of each group and found that their levels tended to be lower 

in LC rats than in the controls (Fig. 4E, F). These findings suggest 

that alterations in tight junctions are linked to systemic inflamma-

tion and sarcopenia.

Rifaximin improved TNF-α-associated sarcopenia

Rifaximin has been reported to improve sarcopenia that occurs 

with cirrhosis because of its ammonia-lowering effect.17 Therefore, 

we first tested whether rifaximin affected the ammonia levels in 

our LC model, and we did not find any significant difference in se-

rum ammonia levels between the rifaximin-treated and untreated 

groups (Fig. 5A). Previous reports suggested that rifaximin could 

improve systemic inflammation in LC.29,30 When we compared se-

rum level of TNF-α between the groups, we observed a significant 

decrease in the rifaximin-treated group (Fig. 5B). We also evaluat-

ed whether sarcopenia in the LC model could be improved by ri-

faximin treatment. MuRF1 expression in muscle tissue, which is 

associated with muscle atrophy caused by cirrhosis,31 was signifi-

cantly lower in the rifaximin-treated group than in the LC group 

(Fig. 5C). Similarly, muscular myostatin expression was signifi-

cantly lower in the rifaximin-treated group than the LC group (Fig. 

5D), which was conf irmed at the protein level by IHC  

(Fig. 5E, F), suggesting that the expression of molecules associat-

ed with LC-related sarcopenia was reversed by rifaximin treat-

ment. Next, we also performed IHC to analyze occludin and ZO-1 

in the intestinal tissues in the two groups, but only ZO-1 tended 

to be increased in rifaximin-treated LC rats (P=0.067) (Supple-

mentary Fig. 4A). When we measured myofiber diameters, we 

found significant improvements in the rifaximin-treated group  

(Fig. 5G, H). Furthermore, although the total body weight and 

muscle weight of LC rats were not significantly increased by rifaxi-

min (Supplementary Fig. 4B), the ratio of myofiber diameter to to-

tal body weight was significantly increased (Fig. 5H). These find-

ings suggested that rifaximin can improve LC-related sarcopenia, 

which is associated with systemic inflammation.

DISCUSSION

In the present study, we showed that sarcopenia was effectively 

induced in rats with TAA-induced LC. In addition, serum TNF-α 

levels were increased in LC rats compared with controls, and this 

increase correlated with sarcopenia, which was also verified in 

human subjects with CLD. Furthermore, rifaximin improved TNF-

α-associated sarcopenia in LC. Inflammatory cytokines such as IL-1, 

IL-6, and TNF-α have been regarded as catabolic mediators of 

skeletal muscles.8 In addition, these inflammatory cytokines were 

significantly increased in serum of LC patients,18 although their as-

sociations with sarcopenia remain unclear. To our knowledge, this 

pilot study is the first to demonstrate a relationship between se-

rum TNF-α levels and sarcopenia in an animal model and human 

subjects. Furthermore, we showed that rifaximin treatment im-

proves both serum TNF-α levels and sarcopenia, which intensifies 

the possibility of using rifaximin therapeutically to treat LC-related 
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sarcopenia.

Proinflammatory cytokines such as TNF-α, IL-1, and IL-6 are in-

creased in the sera of patients with LC. These cytokines suppress 

muscle synthesis, induce protein catabolism and muscle wasting, 

and are associated with reduced growth hormone levels. More-

over, they are also associated with the recruitment of various im-

mune cells and the activation of the inflammatory pathway, which 

is an important mechanism of muscle atrophy.32 However, the as-

sociation between systemic inflammation and sarcopenia in LC 

has not been clearly elucidated. In the present study, we found a 

significant correlation between serum TNF-α levels and both mus-

cle weight and myofiber diameter, which suggests that targeting 

systemic inflammation might improve LC-related sarcopenia in an 

animal model. Importantly, we showed that serum TNF-α levels 

were increased in patients with higher LS and correlated with the 

L3SMI, which suggests that serum TNF-α might be a target for 

improving sarcopenia in patients with LC.

Furthermore, we found associations among the expression of 

intestinal tight junctional molecules, serum TNF-α, and sarcope-

nia, suggesting that alterations in epithelial barrier integrity are 

linked to LC-related sarcopenia. A previous report suggested that 

intestinal barrier dysfunction triggers the release of proinflamma-

tory cytokines, including TNF-α, which is consistent with our re-

sults.33 Indeed, a previous in vitro  study showed that the TNF-α 

pathway induced LPS-derived inhibition of myogenic differentia-

tion.34 Therefore, further detailed studies are needed to investi-

gate the association between gut-derived systemic inflammation 

and sarcopenia. Rifaximin is an oral antibiotic that acts on aero-

bic/anaerobic and gram-positive/negative bacteria. In patients 

with LC, it is used to prevent recurrent HE. Rifaximin has been 

thought to reduce the urease-producing bacterial species that are 

an important source of ammonia, which is one of the most impor-

tant neurotoxins in HE.35 Hyperammonemia reduces protein syn-

thesis in skeletal muscle and induces muscular autophagy by  

increasing eIF2a phosphorylation and impairing mTORC1 signal-

ing.36,37 Furthermore, lowering ammonia concentrations using ri-

faximin reversed the skeletal muscle phenotype, function, and 

molecular deterioration due to sarcopenia in a rat model of cirrho-

sis.17 In this study, rifaximin treatment did not significantly de-

crease the ammonia level. Instead, serum TNF-α level, a represen-

tative inflammatory cytokine associated with LC, was decreased 

significantly by rifaximin treatment. In addition, rifaximin treat-

ment improved the myofiber diameter. These findings suggest 

that lowering the levels of inflammatory cytokines might be an 

important mechanism by which rifaximin improves LC-related sar-

copenia, in addition to its ammonia-lowering effect. In fact, rifaxi-

min might alter inflammation through its direct bactericidal ef-

fects or the activation of genes associated with detoxification and 

the elimination of foreign chemicals.35,38

In the present study, we also showed the correlation between 

intestinal tight junctional molecules and muscle diameter or mus-

cle weight. Furthermore, ZO-1 expression tended to be increased 

by rifaximin treatment. The role of rifaximin in altering gut integri-

ty in LC is still unclear but has been well described previously in a 

mouse model of irritable bowel syndrome (IBS).39 Consistent with 

our study, rifaximin improved gut permeability and the molecules 

associated with intestinal tight junctions, including occludin and 

ZO-1, which might be linked to the TNF-α-NF-κB pathway.39 In 

another study using an IBS mouse model, rifaximin also altered 

intestinal bacteria and gut inflammation, which resulted in an im-

proved intestinal barrier.40 This improvement in gut integrity by ri-

faximin might further improve the systemic inflammation caused 

by LC, which can potentiate the amelioration of sarcopenia. How-

ever, the detailed effect of rifaximin on intestinal tight junctions in 

LC and its association with sarcopenia need to be elucidated in 

future studies.

This study has some limitations. First, the mechanism of TNF-α-

induced sarcopenia in LC was not presented in detail. Second, 

study patients were analyzed retrospectively, and the sample size 

was small. Third, the role of rifaximin in the regulation of intesti-

nal tight junctional molecules in LC and its impact on improve-

ments in sarcopenia need to be investigated in future studies. 

Nevertheless, we first showed that elevated serum TNF-α levels 

were associated with sarcopenia in an animal model and human 

subjects with LC, which suggests that targeting TNF-α is a possi-

ble strategy to improve sarcopenia in LC, although future mecha-

nistic and clinical studies are needed.

In conclusion, our study is the first to show an association be-

tween systemic inflammation and sarcopenia using a rat model of 

LC and patients with liver fibrosis. Importantly, rifaximin reduced 

TNF-α expression, thereby improving sarcopenia in an animal 

model with LC. Although further mechanistic and clinical studies 

are needed, inflammatory cytokines could be candidate therapeu-

tic targets for treating sarcopenia associated with LC. In addition, 

rifaximin could be considered a treatment option to improve sar-

copenia in LC patients.
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INTRODUCTION 

Cirrhosis is associated with several cardiovascular disturbances. 

These disturbances include cardiac contractile dysfunction when 

challenged, and decreased peripheral vascular resistance and ar-

terial pressure. Despite the baseline increase in cardiac output, 

cardiac function in patients with cirrhosis is abnormal in several 

respects. Patients show attenuated systolic and diastolic contract-

ile responses to stress stimuli, electrophysiological repolarization 

changes including prolonged QT interval, and enlargement or hy-

pertrophy of cardiac chambers. This constellation of cardiac ab-

normalities is termed cirrhotic cardiomyopathy.1,2

The mechanisms underlying impaired cardiac contractile respon-

siveness to stressful stimuli in cirrhotic cardiomyopathy remain in-

completely clarified. Galectin‐3, a beta‐galactoside‐binding lectin, 

is predominantly expressed by activated macrophages. We previ-

ously showed that macrophages/monocytes are increased in the 

murine cirrhotic heart.3 Galectin‐3 is significantly increased in pa-

tients with cirrhosis4 and fibrotic/cirrhotic animal models.5 Numer-

ous studies implicate a potential pathogenic role of galectin-3 in 

noncirrhotic forms of heart failure and cardiac dysfunction, as well 

as being a possible biomarker of cardiac diseases.6-10 However, a 

possible role of galectin-3 in pathogenesis of cirrhotic cardio-

myopathy has not previously been examined. We therefore aimed 

to investigate the effects of galectin-3 on a rat model of cirrhotic 

cardiomyopathy. 

MATERIALS AND METHODS

Reagents and enzymes

Rabbit polyclonal anti-galectin-3 antibody, goat polyclonal anti-

COL I antibody, rabbit polyclonal anti-COL III antibody and rabbit 

anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) anti-

body were purchased from Santa Cruz Biotechnology (Santa Cruz, 

Background/Aims: Galectin-3 plays a key pathogenic role in cardiac hypertrophy and heart failure. The present study 
aimed to investigate the effects of galectin-3 on cardiomyopathy – related factors and cardiac contractility in a rat model 
of cirrhotic cardiomyopathy. 
Methods: Rats were divided into two sets, one for a functional study, the other for cardiac contractile-related protein 
evaluation. There were four groups in each set: sham operated and sham plus N-acetyllactosamine (N-Lac, a galectin-3 
inhibitor; 5 mg/kg); bile duct ligated (BDL) and BDL plus N-Lac. Four weeks after surgery, ventricular level of galectin-3, 
collagen I and III ratio, tumor necrosis factor alpha (TNFα), and brain natriuretic peptide (BNP) were measured either 
by Western blots or immunohistochemistry or enzyme-linked immunosorbent assay. Blood pressure was measured by 
polygraph recorder. Cardiomyocyte contractility was measured by inverted microscopy. 
Results: Galectin-3 and collagen I/III ratio were significantly increased in cirrhotic hearts. TNFα and BNP were significantly 
increased in BDL serum and heart compared with sham controls. Galectin-3 inhibitor significantly decreased galectin-3, 
TNFα, and BNP in cirrhotic hearts but not in sham controls. N-Lac also significantly improved the blood pressure, and 
systolic and diastolic cardiomyocyte contractility in cirrhotic rats but had no effect on sham controls. 
Conclusion: Increased galectin-3 in the cirrhotic heart significantly inhibited contractility via TNFα. Inhibition of 
galectin-3 decreased the cardiac content of TNFα and BNP and reversed the decreased blood pressure and depressed 
contractility in the cirrhotic heart. Galectin-3 appears to play a pathogenic role in cirrhotic cardiomyopathy. (Clin Mol 
Hepatol 2022;28:232-241)
Keywords: Cardiomyopathy, cirrhosis; Galectin-3; Tumor necrosis factor alpha; Heart failure 

Study Highlights
• Galectin-3 inhibits cardiac contractility. 
• Galectin-3 is increased in patients and rat models with cirrhosis. 
• Galectin-3 inhibition improved cardiac contractility in cirrhotic hearts.  
• Galectin-3 is a potential therapeutic target in cirrhotic cardiomyopathy. 
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CA, USA). Donkey anti-goat immunoglobulin (horseradish peroxi-

dase conjugated, HRP) and goat anti-rabbit immunoglobulin (HRP) 

were from Santa Cruz and were used as a secondary antibody. 

Isoproterenol was purchased from Sigma (St. Louis, MO, USA). 

Other reagents were purchased from Sigma, Bio-Rad (Hercules, 

CA, USA), or Fisher Scientific (Waltham, MA, USA) and were the 

highest available grade.

Animal model

Male Sprague-Dawley rats between 200 and 250 g, bred by 

Charles River (St Laurent, Canada), were used in the present 

study. The protocol was approved by the Faculty of Medicine Ani-

mal Experimentation Committee in the University of Calgary Cum-

ming School of Medicine in accordance with guidelines estab-

lished by the Canadian Council on Animal Care. Cirrhosis was 

induced according to previously described methods.3,11 Briefly, af-

ter anesthetized by isoflurane inhalation, the common bile duct of 

the rat was exposed after the abdominal midline incision and 

doubly ligated with 4-0 silk suture and cut between the ligatures. 

The muscle and skin were separately closed with 3-0 silk. Immediately 

after surgery, rats were administered 30,000 U penicillin G intra-mus-

cularly to prevent infection and buprenorphine (0.03 mg/kg)  

for analgesia. Rats were relocated to an individual cage for recov-

ery. Rats for sham-operated controls received the same laparot-

omy except that the bile duct was not ligated nor sectioned. Our 

previous study demonstrated that 4 weeks after bile duct ligation, 

rats display typical biliary cirrhotic changes in histology.11 We 

therefore performed all experiments 4 weeks after surgery.

Two sets of rats were used in this study, one to study cirrhotic 

cardiomyopathy – related protein changes and another for a func-

tional study. There were four groups (n=6 in each group) in each 

set: sham operation and sham plus galectin-3 inhibitor (N-acetyl-

lactosamine [N-Lac], 5 mg/kg, every other day at week 4); bile 

duct ligation (BDL) and BDL plus N-Lac. Four weeks after surgery, 

the rats were sacrificed and the blood and hearts were collected; 

plasma and tissues were stored at -80°C for further use. Cardiac 

protein expression of galectin-3, GAPDH (internal control), colla-

gen I and III were semi-quantitated by Western blots. Heart and 

serum tumor necrosis factor alpha (TNFα) were measured by en-

zyme-linked immunosorbent assay (ELISA). The functional study 

(cardiac contractility) was carried out under IonOptix microscopy 

(cell-shortening video system; IonOptix Corporation, Milton, MA, 

USA) with isolated cardiomyocytes. 

Expression of galectin-3, collagen I and collagen III 
quantified by Western blotting

Western blots were performed as previously described.12 Briefly, 

ventricular tissues were homogenized with a Kinamatica homoge-

nizer (Brinkmann Instruments, Rexdale, Canada) in a buffer con-

taining 20 mM Tris HCl (pH 7.2), 0.2 mM phenylmethylsulfonyl 

fluoride, and 1 mM dithiothreitol. The supernatants from 2,000 g 

centrifugation were collected. The protein concentrations were 

determined with the Bio-Rad protein assay using bovine serum al-

bumin as a standard. The proteins were denatured with sample 

buffer at 100°C for 5 minutes. Equal amounts (30 μg) of the de-

natured proteins per lane were loaded and separated on sodium 

dodecyl sulfate-12% polyacrylamide gels by electrophoresis. Pro-

teins in gel were transferred to nitrocellulose membrane by wet 

electroblotting at 4°C for 2.5 hours. Nitrocellulose membrane 

with proteins were blocked for 1.5 hours at room temperature 

with 10% skim milk in 0.1% Tween Tris-buffered saline buffer 

(TBS-T) at pH 7.5 containing 20 mM Tris base, 137 mM NaCl, and 

0.1% Tween 20. The membranes were washed with TBS-T (3 

times, 10 minutes each) and then incubated at 4°C overnight with 

goat polyclonal anti-COL I antibody, rabbit polyclonal anti-COL III, 

rabbit polyclonal anti-galectin-3 (1:1,000). Rabbit polyclonal anti-

GAPDH was used as internal controls. After three times washing 

with TBS-T, the membranes were subsequently incubated with 

anti-goat or anti-rabbit horseradish peroxidase-linked immuno-

globin (1:1,000). The blots were detected with the enhanced che-

miluminescence method (enhanced chemiluminescence Western 

blot kit from Thermo Scientific; Rockford, IL, USA). The relative 

expressions of galectin-3/GAPDH, collagen I/III were quantified by 

computerized optical densitometric scanning of the images using 

a Hewlett-Packard Scan Jet IIc scanner, DeskScan II software, and 

analyzed with the NIH Image program.13 The morphology of the 

liver was evaluated by haematoxylin and eosin (HE) and Masson 

stains.

Immunohistochemistry of galectin-3

Hearts embedded in paraffin were cut to 7 μm sections which 

were de-paraffined by xylene and graded concentrations of alcohol. 

Antigens were retrieved by citrate buffer. H2O2 (3%) was used to 

eliminate the endogenous peroxidase activity. After washing, the 

sections were blocked with 5–10% normal goat serum. Subse-

quently, the slices were incubated with rabbit anti-rat antibody at 

4°C overnight. Following the wash in phosphate buffered saline, 
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slices were incubated with goat anti-rabbit, biotin-labelled second-

ary antibody for one hour at room temperature. After an additional 

wash with PBS, slices were incubated with Vectastain ABC Elite kit 

(Vector Laboratories, Burlingame, CA, USA). The color was devel-

oped with DAB reagent (Vector Laboratories), hematoxylin was 

used for counterstain. Spleen was used as a positive control.

Serum and ventricular TNFα and brain natriuretic 
peptide (BNP) measurement

TNFα and BNP were measured by ELISA using a commercially 

available kit (Biosource, Camarillo, CA, USA for TNFα and Novus 

Biologicals, Littleton, CO, USA for BNP). The serum was used di-

rectly; left ventricles were homogenized in ice-cold phosphate-

buffered saline and centrifuged at 2,000 g, 4°C for 10 minutes. 

The supernatants were placed on ice. Protein concentration was 

determined with Bio-Rad protein assay using bovine serum albu-

min as standard. The assay of TNFα and BNP for serum and super-

natants from left ventricles was performed as follows. Samples and 

standard (50 μL) were pipetted into wells precoated with rat TNFα-

specific antibody. Biotinylated anti-TNFα or anti-BNP solution (50 

μL) was added to each well, plate was covered and incubated at 

room temperature for 1.5 hours (BNP, 2 hours). The liquid was then 

discarded, and the wells were washed with washing buffer for four 

times. Streptavidin-peroxidase (100 μL) was added to each well 

and incubated at room temperature for 45 minutes (for BNP, SP 

conjugate, 50 μL), and the washing process was repeated four 

times. Subsequently, 100 μL stabilized chromogen was added to 

each well in a dark room and incubated for 20 minutes (50 μL for 

BNP, incubation time was 25 minutes). Finally, 100 μL stop solution 

(50 μL for BNP) was added and the wells were read at 450 nm 

with a spectrometer (Molecular Devices, Menlo Park, CA, USA).

Blood pressure measurement

Under isoflurane anesthesia, a polygraph recorder (Grass Instru-

ments, West Warwick, RI, USA) was used to measure blood pres-

sure via a femoral artery cannula. The blood pressure was mea-

sured twice, 3 weeks and 4 weeks after surgery. We adjusted the 

isoflurane concentration to record the highest mean blood pressure.

Cardiomyocyte isolation

Ventricular myocytes were isolated using methods that have 

been described previously.14 Briefly, animals were sacrificed by de-

capitation, and the heart was removed, and the aorta was cannu-

lated and retrogradely perfused at a rate of 10 L/min using a stan-

dard Langendorff apparatus. The heart was initially perfused for 5 

minutes with standard Tyrode solution containing 1 mmol/L CaCl2, 

then subsequent 5‐minute perfusion was performed with Ca2+ free 

Tyrode solution. Tyrode solution with collagenase (0.02 mg/mL), 

protease (0.004 mg/mL; type XIV) and CaCl2 (50 mmol/L) was used 

to perfuse the heart for about 7 minutes. The soft left ventricular 

free wall was cut and minced in 10 mL of Tyrode solution con-

taining collagenase (0.5 mg/mL), protease (0.1 mg/mL), bovine 

serum albumin (5 mg/mL) and CaCl2 (50 mmol/L). This tissue was 

gently agitated in a shaking water bath for 10–20 minutes at 37°C. 

The tissue-cell mixture was monitored under microscopy until there 

were free healthy cells. Cardiomyocytes were washed to eliminate 

the collagenase and protease, and kept in storage solution with the 

calcium concentration gradually adjusted to 1.1 mM. 

Cardiomyocyte systolic and diastolic contractility

The protocol of measuring systolic and diastolic contractility of 

isolated cardiomyocytes was performed as previosly described.14 

Briefly, unloaded cell shortening was quantified using a video sar-

comere detector. The standard Tyrode solution was composed of 

140 mmol/L NaCl, 5.4 mmol/L KCl, 1 mmol/L MgCl2, 1 mmol/L 

Na2HPO4, 5 mmol/L HEPES, and 10 mmol/L glucose. pH was ad-

justed to 7.4 with 1 mol/L NaOH and continuously gassed with 

100% O2. Left ventricular myocytes were loaded into the record-

ing chamber which were continuously field‐stimulated at a rate of 

1 Hz. The contractile response to this stimulation was used as the 

baseline value. Cardiomyocytes were allowed to equilibrate to this 

stimulus for a minimum of 10 minutes before further stimulating 

with isoproterenol (10-5 mol/L). Calibrated output of the video 

sarcomere detector was digitized for off‐line analysis. Maximal 

systolic contractile velocity and diastolic relaxation velocity, time 

from basal length to 50% of peak contractility and time from 

peak contraction to 50% of basal length in the diastolic relaxa-

tion phase were recorded and analysed. 

Statistical analysis

Results are expressed as means±standard deviation. For analy-

sis of two independent groups, a Student’s t-test was used. For 

analysis of three or more independent groups, one-way ANOVA 

with post hoc Newman-Keuls testing was used to compare group 

means. Statistical analyses were done using GraphPad Prism soft-
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ware, version 5.02 for Windows (GraphPad, San Diego, CA, USA). 

The significance level was set at P<0.05.

RESULTS

Left ventricular protein expression of galectin-3, 
collagen I, and collagen III

Ventricular galectin-3 protein expression in each group was 

confirmed by immunohistochemistry (Fig. 1). Sham-controls  

(Fig. 1A) showed scant galectin staining. In contrast, BDL cardio-

myocytes (Fig. 1B) displayed significant cardiomyocyte cytoplas-

mic staining, and N-Lac treated BDL myocytes (Fig. 1C) showed 

attenuated amounts of staining.

Western blot analysis also showed that the expression of galec-

tin-3 in left ventricular tissue was significantly increased in BDL 

rats compared with sham rats (galectin-3/GAPDH, 0.2±0.05 vs. 

0.82±0.18, P<0.01). Galectin-3 inhibitor N-Lac significantly de-

creased galectin-3 expression in left ventricles from BDL rats 

Figure 1. Representative immunohistochemistry of galectin-3 protein expression in hearts (×200). (A) Sham. (B) BDL. (C) BDL+N-Lac. (D) Spleen was 
used as positive control. (A) Scant staining is visible in cardiomyocytes. (B) Significantly increased galectin-3 staining is predominantly in cardiomyocyte 
cytoplasm, although a few macrophages also stain. (C) N-Lac significantly decreased galectin-3 staining in BDL heart. N-Lac did not affect galectin-3 
postive staining in heart from sham operated controls (data not shown). (D) Spleen shows expected heavy galectin-3 staining, as a positive control. 
Sham, sham operated; BDL, bile duct ligation; N-Lac, N-acetyllactosamine.
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Figure 2. (A) Representative Western blot analysis of galectin-3 protein 
expression in hearts. From left, 1st and 2nd lanes, sham-operated con-
trols; 3rd and 4th lanes, sham+N-Lac, 5th and 6th lanes, BDL, 7th and 8th 
lanes, BDL+N-Lac. (B) Computerized optical densitometry showed that 
galectin-3 protein expression was significant increased in BDL heart, N-
Lac significantly decreased galectin-3 protein expression in BDL, N-Lac 
did not affect galectin-3 protein expression in sham operated rats (n=6 in 
each group, *P<0.01 compared with sham; †P<0.01 compared with BDL). 
Sham, sham operated; N-Lac, N-acetyllactosamine; BDL, bile duct ligation.
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Figure 3. (A) Representative Western blot analysis of collagen I/III pro-
tein expressions in hearts. From left, 1st and 2nd lanes, sham-operated 
controls; 3rd and 4th lanes, sham+N-Lac, 5th and 6th lanes, BDL, 7th and 
8th lanes, BDL+N-Lac. (B) Computerized optical densitometry showed 
that the ratio of collagen I/III was shifted from collagen III dominant to 
collagen I dominant in BDL heart, N-Lac had the tendency to decrease  
the ratio of collagen I/III in cirrhotic heart (n=6 in each group, *P<0.01 
compared with sham). Sham, sham operated; N-Lac, N-acetyllactos-
amine; BDL, bile duct ligation.
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(0.82±0.18 vs. 0.59±0.16, P<0.05), whereas N-Lac had no signif-

icant impact on galectin-3 expression in sham operated rats (Fig. 2). 

Collagen I was significantly increased, and collagen III signifi-

cantly decreased in cirrhotic left ventricles; the ratio of collagen I/

III was significantly increased from 0.44±0.04 in sham operated 

rats to 1.83±0.28 (P<0.01). N-Lac did not change the expression 

of collagen I/III in either sham-operated or cirrhotic rats (Fig. 3). 

HE and Masson stains (Supplementary Figs. 1 and 2) showed that 

N-Lac did not change the fibrosis extent or pattern in the liver of 

BDL rats.

TNFα levels in left ventricles and serum 

TNFα levels in cardiac homogenates showed significant increas-

es in the BDL cirrhotic rats compared with those of sham-operat-

ed controls (310.4±33.5 vs. 189.9±20.9 pg/mg, P<0.01). N-Lac 

significantly decreased TNFα levels in left ventricles of BDL rats 

(310.4±33.5 vs. 191.3±32.5 pg/mg, P<0.01). N-Lac had no sig-

nificant effects on sham-operated rats. The changes of serum 

TNFα tended to be similar to those in left ventricles (Fig. 4).

BNP levels in left ventricles and serum 

BNP levels in cardiac homogenates showed significant increases 

in the BDL cirrhotic rats compared with those of sham-operated 

controls (18.6±3.8 ng/g vs. 10.6±5.0 ng/g, P<0.05). N-Lac signif-

icantly decreased BNP levels in left ventricles of BDL rats 

(18.6±3.8 vs. 12.5±3.6 ng/g, P<0.05). N-Lac had no significant 

effects on sham-operated rats. The changes of serum BNP tended 

to be similar to those in left ventricles (Fig. 5). 
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Figure 4. The concentrations of TNFα in serum (A) and heart (B). From left, 1st and 2nd lanes, sham-operated controls; 3rd and 4th lanes, sham+N-Lac, 
5th and 6th lanes, BDL, 7th and 8th lanes, BDL+N-Lac. The concentrations of TNFα in serum and heart were significantly increased in BDL, N-Lac signifi-
cantly decreased TNFα concentrations in both serum and heart from cirrhotic rats (n=6 in each group, *P<0.01 compared with sham; †P<0.01 com-
pared with BDL). TNFα, tumor necrosis factor alpha; Sham, sham operated; N-Lac, N-acetyllactosamine; BDL, bile duct ligation.
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Systolic and diastolic contractility

The isolated cardiomyocyte contractility studies confirmed at-

tenuated systolic and diastolic contractility of cardiomyocytes 

from cirrhotic rats. The maximum velocity of systolic contraction 

was significantly decreased in cirrhotic cardiomyocytes compared 

with controls (5.76±1.43 vs. 7.76±1.90 μm/s, P<0.01); N-Lac re-

stored systolic contractility in cirrhotic cardiomyocytes (5.76±1.43 

vs. 7.24±1.45 μm/s, P<0.05). N-Lac had no effect on cardiomyo-

cyte contractility in sham operated rats. On the contrary, the time 

to reach half‐peak contractility (T1/2 peak) was significantly pro-

longed in the cirrhotic cardiomyocytes. N-Lac restored T1/2 peak in 

cirrhotic cardiomyocytes but had no effect on T1/2 peak in sham con-

trols (Fig. 6). Diastolic function showed that the maximum diastol-

ic relaxation velocity was significantly reduced compared with 

sham controls (3.50±1.22 vs. 5.55±1.50 μm/s, P<0.01). N-Lac re-

stored maximum diastolic relaxation velocity in cirrhotic cardiomy-

ocytes (3.50±1.22 vs. 5.08±1.41 μm/s, P<0.05). The half‐maximal 

relaxation time in cirrhotic cardiomyocytes showed the same pat-

tern as half‐maximal contractile time. N-Lac restored the half‐

maximal relaxation time but did not change this parameter in 

control rats (Fig. 7).
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Figure 6. (A) Isoproterenol-stimulated maximal systolic velocity in isolated cardiomyocytes. Systolic velocity was significantly decreased in cirrhotic 
rats compared to the sham control group (P<0.05). Treatment of the cirrhotic group with N-Lac significantly reversed the reduced systolic contractility 
in BDL rats (†P<0.05 compared to the BDL group) (n=6 in each group). (B) Time to peak 50% under stimulation of isoproterenol. Time to peak 50% was 
significantly prolonged in BDL cardiomyocytes compared with sham control (*P<0.01), N-Lac reversed this delayed time to peak 50% (†P<0.05 com-
pared with untreated BDL), N-Lac had no effects on sham control group (n=6 in each group). Sham, sham operated; N-Lac, N-acetyllactosamine; BDL, 
bile duct ligation.
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Figure 7. (A) Diatolic relaxation velocity in isolated cardiomyocytes under the environment of isoproterenol stimulation. Diatolic relaxation velocity 
was significantly decreased in cirrhotic rats compared to the sham control group (P<0.01). Treatment of the cirrhotic group with N-Lac significantly re-
versed the reduced diatolic relaxation velocity in BDL rats (†P<0.05 compared to the BDL group) (n=6 in each group). (B) Time from peak contractility 
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erated; N-Lac, N-acetyllactosamine; BDL, bile duct ligation.
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Effect of N-Lac on blood pressure

There were no significant changes of blood pressure in sham, 

and BDL groups measured twice, at 3 weeks after surgery, and 4 

weeks after surgery. N-Lac significantly reversed the decreased 

blood pressure in BDL rats, not in sham controls (Fig. 8).

DISCUSSION 

To our knowledge, the current study is the first to examine a 

possible regulatory role of galectin-3 in cirrhotic cardiomyopathy. 

Galectin-3 is a protein encoded by the LGALS3  gene in humans.15 

It is a member of the lectin family and a total of 15 mammalian 

galectins have been described.16 Galectin-3 has pleiotropic roles 

in biological processes and diseases such as immune and inflam-

matory responses,17 tumor growth, progression and metastasis,18 

liver fibrosis,19 and cardiac fibrosis.16,20

Several studies have clarified a key role of galectin-3 in physio-

logical and pathophysiological processes of the heart. van 

Kimmenade and colleagues6 demonstrated a correlation between 

galectin‐3 and cardiac fibrosis and heart failure. Galectin‐3 pre-

dicts 18‐month mortality and heart failure re-hospitalization.8 In-

creased galectin‐3 is associated with both diastolic9 and systolic 

dysfunction.10 Infusing recombinant galectin‐3 into the pericardial 

space in rats depresses left ventricular ejection fraction, fractional 

shortening, and the amplitude of the negative slope of dP/dtmax. 

Galectin‐3 also directly increases cardiac collagen I and collagen 

I/III ratio.21 Blockade of galectin-3 with N-Lac significantly re-

duced cardiac fibrosis and inflammation in the heart in mice.22 

The inhibition of galectin-3 by N-Lac attenuates cardiac fibrosis 

and improves left ventricular function and subsequent heart fail-

ure.20 In view of this significant literature demonstrating a patho-

genic role of galectin-3 in heart failure, since 2014 the U.S. Food 

and Drug Administration has included galectin-3 in a list of valid-

ated cardiovascular biomarkers.7

Cardiac dysfunction is latent in cirrhotic patients. However, 

when challenged, the cardiac dysfunction manifests, leading to 

increased morbidity and mortality in cirrhotic patients who under-

go procedures or surgeries such as transjugular intrahepatic por-

tosystemic shunt and liver transplantation.23 The mechanisms 

underlying cirrhotic cardiomyopathy remain to be fully clarified.

The evidences of involvement of galectin-3 in cirrhotic cardio-

myopathy are as follows: 1) galectin is produced by monocytes/

macrophages, and we previously showed that monocytes/macro-

phages are increased in cirrhotic hearts.3 Furthermore, in normal 

rat heart, galectin-3 levels are low. However, as heart disease de-

velops and progresses, galectin-3 is significantly upregulated in 

the myocardium.24 2) Galectin-3 levels are significantly increased 

in patients with chronic heart failure, independent of etiology.6,25 

3) Galectin-3 stimulates TNFα production in dendritic cells in a 

dose and time-dependent manner,26 and our previous studies 

demonstrated that TNFα plays an important mechanistic role in 

cirrhotic cardiomyopathy.27,28 And 4) galectin-3 upregulates colla-

gen I and increases collagen I/III ratio,21 and we previously dem-

onstrated that an increased collagen I:III ratio contributes to dia-

stolic dysfunction in a murine model of cirrhotic cardiomyopathy.13 

Baseline serum galectin-3 levels are associated with a higher risk 

for incident heart failure with preserved ejection fraction (HFpEF), 

mortality, and cardiovascular hospitalization.29 The type of heart 

failure of cirrhotic cardiomyopathy is HFpEF.30

Effective treatments that improve cardiac function in patients 

with cirrhosis are not yet available. Conventional remedies for 

other heart diseases, such as vasodilators, are not applicable be-

cause of the significant baseline vasodilatation in cirrhotic pa-

tients. Similarly, angiotensin-converting enzyme inhibitors are also 

not usable due to the marked vasodilating effect which may pre-

cipitate profound hypotension. Direct inotropic agents such as 

cardiac glycosides were proven ineffective in improving any con-

tractile parameters.31 Therefore, exploration of new treatment 
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Figure 8. Blood pressure changes. The blood pressure was significantly 
decreased in cirrhotic rats, N-Lac significantly increased blood pressure 
in BDL rats. N-Lac had no effect on blood pressure in sham rats. The two 
measurements had no significant difference in BDL rats (n=6 in each 
group, *P<0.05 compared with other three groups). Sham, sham operat-
ed; N-Lac, N-acetyllactosamine; BDL, bile duct ligation. †Sham: 101±9.5 
mmHg, Sham+N-Lac: 103±8.9 mmHg, BDL: 85.5±7.8 mmHg, BDL+N-Lac: 
97.0±10.1 mmHg.
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modalities for cirrhotic cardiomyopathy beyond the traditional 

therapies for heart diseases is of utmost importance.

The present study demonstrated that galectin-3 indeed was in-

creased in the cirrhotic heart; this upregulation paralleled the car-

diac content of TNFα. Although the inhibition of galectin-3 did 

not significantly change the ratio of cardiac collagen I/III, or liver 

fibrosis, this may have been due to the short time frame of galec-

tin-3 application (only three doses). However, N-Lac, a galectin-3 

inhibitor, not only downregulated galectin-3 but also decreased 

the cardiac level of TNFα. Another biomarker related to cardiac 

function, BNP, was also increased in both heart and serum in BDL 

rats, and N-Lac significantly decreased BNP levels in both heart 

and serum from cirrhotic animals but not sham controls. These 

BNP results along with the improvement of blood pressure in cir-

rhotic rats all support the notion that the N-lac improves cardiac 

function in cirrhotic cardiomyopathy. Therefore our results imply 

that galectin-3 inhibition may be a useful therapeutic target for 

cirrhotic cardiomyopathy. 

In conclusion, galectin-3 was significantly increased in the cir-

rhotic heart, and significantly inhibited contractility via TNFα. In-

hibition of galectin-3 decreased the cardiac content of TNFα and 

reversed the depressed contractility in the cirrhotic heart. Galec-

tin-3 appears to play a pathogenic role in cirrhotic cardiomyopa-

thy and may be a potential new therapeutic strategy for cirrhotic 

cardiomyopathy. 
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INTRODUCTION

Cancer is the leading cause of death (COD) worldwide; howev-

er, cancer survival rates are improving.1,2 In the meantime, non-

cancer deaths and secondary cancer-related deaths have become 

common in cancer patients.3 The mortality risks from non-cancer 

causes are increasing in patients with prostate, bladder, or breast 

cancers; however, patients with other types of cancer still have a 

high probability of death from their cancers.3

Primary liver cancer is the sixth most commonly diagnosed cancer 

and the fourth leading cause of cancer mortality worldwide.4 The 

highest incidence rates of liver cancer have been observed in East-

ern Asia, South-Eastern Asia, and Northern Africa.4 In South Korea, 

primary liver cancer is the second most common cause of cancer 

mortality.1 Each year, approximately 16,000 patients are diagnosed 

with primary liver cancer, and 11,000 patients die from primary liver 

cancer.5 Absolute number of mortalities or crude death rate from 

primary liver cancer remained stable throughout the last decade.5

The overall survival rate of primary liver cancer in Korea has im-

proved over the last two decades. Five-year relative survival 

among patients with primary liver cancer has increased from 

13.2% in patients diagnosed during 1996 through 2000 to 

34.0% in patients diagnosed between 2011 and 2015. Despite 

this improvement, the 5-year survival rate in primary liver cancer 

patients is still low compared to other cancers such as colorectal, 

stomach, breast, or thyroid.1 Moreover, the causes of death have 

often been studied in patients with breast or prostate cancer as 

cancer survival has improved.6,7 In contrast, studies on cause-spe-

cific mortality of liver cancer are limited. The present study aimed 

to investigate the causes of death and cause-specific mortality 

trends in patients with primary liver cancer. 

MATERIALS AND METHODS

The study protocol was approved by the Institutional Review 

Board of the National Cancer Center (NCC2016-0041).

Background/Aims: Primary liver cancer is one of the leading causes of cancer mortality worldwide. However, the causes 
of death have not been studied in detail in patients with liver cancer.
Methods: The causes of death and cause-specific mortality risks in patients with primary liver cancer, diagnosed during 
2000–2016, were investigated using the nationwide population-based cancer registry data in South Korea (n=231,388). 
The cumulative incidence function and Fine-Gray models were used to estimate the cause-specific mortality under the 
competing risks. Risks of non-cancer deaths relative to the general population were compared by standardized mortality 
ratios (SMRs).
Results: Among 179,921 total deaths, 92.4%, 1.7%, and 6.0% of patients died of primary liver cancer, cancer from 
other sites, and non-cancer illnesses, respectively. Proportionate mortality from liver cancer remained high. The 5-year 
competing risks probability of death from liver cancer varied by tumor stage, from 42% to 94%, and it remained high 
10 years after the diagnosis (61–95%). Competing mortality from other causes has continuously increased. The most 
common non-cancer causes of death were underlying liver diseases (SMR, 15.6; 95% confidence interval [CI], 15.1–16.1) 
and viral hepatitis (SMR, 46.5; 95% CI, 43.9–49.2), which demonstrated higher mortality risks compared to the Korean 
general population. Higher mortality risks of suicide (SMR, 2.6; 95% CI, 2.4–2.8) was also noted. 
Conclusions: Patients with liver cancer are most likely to die from liver cancer and related liver disease, even 10 years 
after the diagnosis, highlighting a need for specialized long-term follow-up care. (Clin Mol Hepatol 2022;28:242-253)
Keywords: Liver neoplasms; Mortality; Cause of death; Survival; Competing risks 

Study Highlights
The present nationwide study reported that liver cancer and related liver diseases remain the most prevalent causes of death among liver cancer 
patients, despite the progress in liver cancer control. Long-term follow-up care is necessary, considering the high risk of liver cancer death even 10 
years after the diagnosis.
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Data and study population

We obtained data from the Korea Central Cancer Registry 

(KCCR), a population-based cancer registry linked to mortality 

statistics. This retrospective cohort database includes patients di-

agnosed with primary liver and intrahepatic bile duct cancer (C22) 

between January 1, 2000, and December 31, 2016, and followed 

until December 31, 2017 (n=231,388). The KCCR is the nationally 

representative database covering more than 98% of cancer pa-

tients in South Korea and contains nationwide cancer incidence 

and survival data from 1999 onward. The registry is linked to the 

COD statistics provided by Statistics Korea, the national statistics 

office of South Korea, which provides an opportunity to study 

cause-specific mortality.1,8 Statistics Korea annually collects vital 

status and COD information from death certificates and classifies 

the causes of death based on the International Statistical Classifi-

cation of Diseases and Related Health Problems, 10th revision 

(ICD-10), adapted for Korean data, as recommended by the World 

Health Organization (WHO).9,10

We defined liver and intrahepatic bile duct cancer as the Inter-

national Classification of Diseases for Oncology (ICD-O; 3rd edi-

tion) codes (C220, and C221 excluding 9050-9055, 9140, 9590-

9992) and further classified hepatocellular carcinoma (HCC; C220) 

and intrahepatic cholangiocarcinoma (ICCA; C221). The exclusion 

criteria for this study were as follows: 1) cases with missing COD 

information or death certificate only cases, 2) cases with multiple 

primary tumors, 3) cases lost to follow-up, and 4) patients under 

20 years of age at diagnosis. Tumor stage information was avail-

able as the Surveillance, Epidemiology, and End Results (SEER) 

summary stage in the registry, defined as follows: 1) a localized 

tumor is a malignancy limited to the organ of origin, 2) a regional 

tumor is a tumor beyond the limits of the organ of origin, and 3) a 

distant tumor is a tumor that has spread to areas of the body dis-

tant or remote from the primary tumor.

COD classification

We used the ICD-10 codes for underlying COD and classified 

the COD as follows: liver cancer, other causes including cancer at 

other sites, and non-cancer (i.e., a death attributed to causes oth-

er than cancer). To improve the accuracy of cause-specific survival 

estimation, we applied the cause-specific death classification al-

gorithm11 to reclassify the COD in patients with cancer to fit Kore-

an liver cancer patients. This algorithm was developed and vali-

dated by the United States National Cancer Center Institute’s SEER 

program to improve the accuracy of COD information in cancer 

patients by correcting for possible misclassifications.11,12 The SEER 

algorithm attributed non-cancer diseases including diseases of 

the esophagus, stomach, and duodenum (K20-K31), colitis (K51-

K52), vascular disorders of the intestine (K55), paralytic ileus and 

intestinal obstruction without hernia (K56), diverticular disease of 

the intestine (K57), diseases of the liver (K70-K76), and other dis-

eases of the digestive system (K92) to the cancer of the liver. In 

our study, deaths from the diseases of the liver (K70-K76) were 

classified and evaluated separately. To determine the COD rank-

ings among patients with cancer relative to the general popula-

tion, we used groupings in a list of 56 causes of death. The list 

was selected from a set of 80 causes of death recommended by 

the WHO and is officially used by Statistics Korea to illustrate the 

COD rankings of the South Korean general population.8,10

Statistical analysis

Descriptive statistics on demographics, tumor characteristics, 

and proportion of death according to causes were calculated for 

liver cancer patients. We estimated the trends in proportionate 

mortalities over the periods studied and stratified the results by 

the time since cancer diagnosis. Proportionate mortalities were 

calculated as the proportions of COD among the total number of 

death. We estimated standardized mortality ratios (SMRs) and 

95% confidence intervals (CIs) to compare the mortality risks of 

non-cancer diseases in liver cancer patients compared to the gen-

eral population. The 95% CI for the SMR was calculated using the 

method described by Kahn and Sempos.13 We computed the ob-

served survival from all causes of death using the Kaplan-Meier 

estimator. To estimate the probability of death under the presence 

of competing risks, we used the cumulative incidence function 

(CIF) for liver cancer death and death from other causes based on 

cause-specific hazard function.14 Survival probability and CIF were 

stratified by tumor stages (localized, regional, and distant), age 

(20–39, 40–49, 50–59, 60–69, 70–79, ≥80), and year of a can-

cer diagnosis (2000–2005, 2006–2010, 2011–2016). CIFs were 

compared using Gray’s test.15 The competing risks survival analy-

sis was conducted using Fine-Gray models16 while adjusting for 

sex, age, stage at diagnosis, and year of diagnosis. Subdistribu-

tion hazards ratios were estimated for liver cancer death under 

the competing risks of death due to other causes. The statistical 

analyses were performed using SAS ver. 9.4 (SAS Institute Inc., 

Cary, NC, USA).
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RESULTS 

Characteristics of study population

A total of 231,388 patients diagnosed with primary liver cancer 

between 2000 and 2016 were included in this study (Supplemen-

tary Fig. 1). The mean age at diagnosis was 60.9±12.1 years 

(59.5±11.5 years in males and 65.4±12.5 years in females), and 

24.5% were female (Table 1). Of 174,638 male patients, 31.8% 

and 27.3% were in the 50–59 year and 60–69 year ranges, re-

spectively. Of 56,750 female patients, 28.6% and 27.7% were in 

the 60–69 year and 70–79 year ranges, respectively. The mean 

age at death was 63.4±12.3 years (61.7±11.9 years in males and 

68.4±12.2 years in females), and it increased from 59.9±12.0 to 

66.6±12.4 years from 2000 to 2016 (58.3 to 64.8 years for male 

patients; 65.2 to 71.8 years for female patients) (Supplementary 

Table 1). Among our study population, 82.7% of liver cancer pa-

tients were diagnosed with HCC (n=191,334), and 17.3% were 

diagnosed with ICCA (n=40,054). The proportion of ICCA was 

higher among female patients (27.8%) compared to male patients 

(13.9%) (Table 1).

The absolute number of patients diagnosed with liver cancer in-

creased from 2000 to 2011 and remained steady (Fig. 1A). How-

ever, during the same period, the proportion of elderly patients 

increased; for example, the proportion of patients aged 70 years 

or older increased from 18.1% in 2000 to 33.1% in 2016 (Fig. 

1A). Among 129,963 patients with available SEER stage informa-

tion, 30.4%, 15.8%, and 10.1% were localized, regional, and dis-

Table 1. Demographics of patients diagnosed with primary liver cancer diagnosed between 2000 and 2016*

Characteristic Total (n=231,388) Male (n=174,638) Female (n=56,750)

Age at diagnosis (years) 60.9±12.1 59.5±11.5 65.4±12.5

20–39† 7,109 (3.1) 5,589 (3.2) 1,520 (2.7)

40–49 34,601 (15.0) 29,658 (17.0) 4,943 (8.7)

50–59 66,578 (28.8) 55,510 (31.8) 11,068 (19.5)

60–69 63,813 (27.6) 47,588 (27.3) 16,225 (28.6)

70–79 44,262 (19.1) 28,518 (16.3) 15,744 (27.7)

≥80 15,025 (6.5) 7,775 (4.5) 7,250 (12.8)

Alive† 51,467 (22.2) 38,772 (22.2) 12,695 (22.4)

Death† 179,921 (77.8) 135,866 (77.8) 44,055 (77.6)

Cause of death‡

Liver cancer 166,167 (92.4) 125,530 (92.4) 40,637 (92.2)

Cancer of other sites 3,007 (1.7) 2,136 (1.6) 871 (2.0)

Non-cancer causes 10,747 (6.0) 8,200 (6.0) 2,547 (5.8)

Tumor type‡

HCC 191,334 (82.7) 150,371 (86.1) 40,963 (72.2)

ICCA 40,054 (17.3) 24,267 (13.9) 15,787 (27.8)

Tumor stage‡

Localized 70,244 (30.4) 52,813 (30.2) 17,431 (30.7)

Regional 36,450 (15.8) 28,310 (16.2) 8,140 (14.3)

Distant 23,269 (10.1) 17,390 (10.0) 5,879 (10.4)

Unknown/NA 101,425 (43.8) 76,125 (43.6) 25,300 (44.6)

Values are presented as mean±standard deviation or number (%).
HCC, hepatocellular carcinoma; ICCA, intrahepatic cholangiocarcinoma; NA, not available.
*Patients diagnosed with primary liver cancer from January 1, 2000 to December 31, 2016 who were followed up to December 31, 2017. Patients aged 
under 20 years at diagnosis were excluded. Tumor stage information was available only for 156,300 patients diagnosed with cancer from January 1, 2006 to 
December 31, 2016, among which 26,337 patients had unknown tumor stage (16.9%).
†Percentage among total number of patients (all sex, male, or female) is presented. 
‡Percentage among total number of deaths.
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tant stage, respectively (Table 1). The proportion of distant-stage 

cancers remained primarily unchanged from 2006 to 2016, while 

the proportion of regional or localized stage cancers increased 

slightly (Fig. 1B).

Causes of death and SMR

Of the 231,388 liver patients diagnosed between 2000 and 

2016, 78% (n=179,921) died. Among these decedents, 92.4%, 

1.7%, and 6.0% died of primary liver cancer, cancer of other sites, 

and non-cancer, respectively (Table 1). The most common non-

cancer causes of death were diseases of the liver (34.5%) and vi-

ral hepatitis (10.7%), followed by cerebrovascular disease (7.5%) 

and intentional self-harm (6.6%) (Table 2). Liver disease and viral 

hepatitis were common non-cancer causes of death in all age 

groups. In contrast, intentional self-harm (suicide) was a common 

non-cancer COD in the younger age (20–59 years old) group, 

while cardiovascular disease-related death was common in the el-

derly (60 years old or older) (Supplementary Table 2).

Non-cancer mortality risks compared to the Korean general 

population matched by age, gender, and calendar year are shown 

in Table 2. Compared to the Korean general population, mortality 

risks due to liver diseases and viral hepatitis were significantly 

higher in patients with liver cancer; for example, the mortality risk 

was 15.6 times (95% CI, 15.1–16.1) higher in patients with dis-

eases of the liver and 46.5 times higher (95% CI, 43.9–49.2) in 

viral hepatitis patients. The SMRs were higher in female patients 

(viral hepatitis: 50.3 in females vs. 40.2 in males; diseases of the 

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year of diagnosis

 20–39 40–49 50–59 60–69 70–79 ≥80

Number of patients diagnosed with primary liver cancer

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Figure 1. Distribution of age and tumor stage at liver cancer diagnosis, 2000–2016. (A) By age group. (b) By tumor stage. Tumor stage information was 
available from 2006. Percentages are rounded to one decimal place.
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liver: 28.2 in females vs. 9.7 in males). Meanwhile, mortality risks 

due to suicide were 2.6 times higher (95% CI, 2.4–2.8) in liver 

cancer patients compared to the Korean general population (Table 2).

Trends in cause-specific proportionate mortalities

The absolute number of deaths of patients with liver cancer in-

creased from 2000 to 2012 (Fig. 2A). Proportionate mortality 

from the diagnosed liver cancer was approximately 90% (mean, 

92.8%; range, 88.3–96.7%), and it remained high over the de-

cades. In contrast, the proportion of mortality from causes other 

than liver cancer increased slightly from 3.4% in 2002 to 11.7% in 

2016 (Fig. 2A). This trend was not changed when viral hepatitis 

and liver disease were recorded as liver cancer death (Supplemen-

tary Fig. 2). This observation was noted consistently in all age 

groups (Supplementary Fig. 3). The proportionate mortality of liv-

er cancer decreased for both tumor types but remained high, at 

over 89% (Supplementary Fig. 4).

During the first 5 years after the diagnosis, 93.4% of patients 

died from liver cancer; however, the proportion decreased to 

67.3% for patients 10 or more years post-diagnosis (Fig. 2B). 

Non-cancer deaths increased from 5.2% to 24.4% over the corre-

sponding time. Cerebrovascular disease (7.1%) and intentional 

self-intentional harm (6.9%) were the most common causes 

among non-cancer deaths during the first 5 years after the diag-

nosis, apart from liver diseases (37.2%) and viral hepatitis (11.3%) 

(Supplementary Table 3). At 10 or more years after a cancer diag-

nosis, cardiovascular disease (10.9%) was the second most com-

mon non-cancer COD following liver diseases (19.3%) (Supple-

mentary Table 3). 

Cause-specific mortality under the competing risks

The 5-year observed survival rates from all causes of death in 

liver cancer patients improved from 18.3% in 2000–2005 to 32% 

in 2011–2016. The survival improvement was notable for patients 

diagnosed with localized SEER stage (from 46.6% in 2006–2010 

to 51.9 % in 2011–2016), while during the same time, survival re-

mained steady for patients diagnosed with the distant stage can-

cer (3.2% to 2.6%; Fig. 3A). The probability of death due to liver 

cancer and other causes under the competing risks of death are 

also shown in Figure 3 and Supplementary Figure 5. The probabil-

ity of dying from liver cancer decreased significantly for the early 

stage (P<0.0001) and over the periods of diagnosis (P<0.0001) 

(Supplementary Fig. 5). The probability of dying from liver cancer Ta
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in 5 years decreased from 77.3% in patients who were diagnosed 

in 2000–2005 to 62.3% in patients diagnosed in 2011–2016 (Fig. 

3A). For patients diagnosed with localized SEER stage, the proba-

bility of death from liver cancer decreased from 47.5% in patients 

who were diagnosed in 2006–2010 to 42.1% in patients diag-

nosed in 2011–2016. For patients with regional SEER stage, the 

probability of death from liver cancer showed a slight decrease 

from 79.5% to 77.3%; however, for patients with distant SEER 

stage, the probability of dying from liver cancer in 5 years exceed-

ed 93% and remained stable in the corresponding periods (Fig. 

3A). According to the stage at diagnosis, the 5-year probability of 

death from other competing causes varied from 3.4% to 6.1%; 

approximately 6% for patients diagnosed with localized stage and 

less than 4% for patients diagnosed with advanced-stage (Fig. 

3A). Meanwhile, the competing risks probabilities of dying from 

liver cancer and other causes were significantly higher in older 

patients (Fig. 3B, P<0.0001).

The prognosis of patients with HCC was better than that of 

ICCA patients in the early tumor stage. For instance, the observed 

5-year survival was 49.3% for patients diagnosed with localized 

HCC, compared to 20.6% for patients diagnosed with localized 

ICCA in 2011–2016 (Supplementary Fig. 6). The 5-year probability 

of dying from liver cancer was 59.3% among HCC patients, which 

was lower than the 83.6% among ICCA patients, in 2011–2016 

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year of death

 Liver cancer Other cancer Non-cancer

Number of death by cause of death
 Year of death 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
 Liver cancer 4,450 7,315 8,572 8,910 9,353 9,499 10,075 10,159 10,414 10,496 10,327 9,976 10,296 10,168 10,266 9,945 9,688
 Other cancer 18 49 59 65 96 137 117 129 133 164 156 231 244 242 274 316 322

 Non-cancer 314 513 235 306 362 440 463 479 511 663 694 845 834 756 807 741 960
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Figure 2. Trends in proportionate mortalities in liver cancer patients, 2000–2016. (A) By the year of death. (B) By time since diagnosis. Percentages are 
rounded to one decimal place.
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(Supplementary Fig. 6).

The results of multivariable competing risks analysis showed 

that males with older age and an advanced stage at diagnosis 

had significantly higher mortality risks under the competing risks 

(Table 3). For example, patients aged 70–79 years and 80 years 

or older had 1.48 (95% CI, 1.42–1.55) and 2.27 (95% CI, 2.16–

2.39) times higher risk (hazard) of dying from liver cancer death, 

respectively, compared to patients aged 20–39 years. Patients di-

agnosed with ICCA had a 1.20 (95% CI, 1.17–1.22) times higher 

risk of dying compared to HCC patients, and patients diagnosed 

with distant stage had a 4.45 (95% CI, 4.36–4.54) times higher 

risk of dying from liver cancer than those diagnosed with localized 

tumors. Meanwhile, recently diagnosed patients demonstrated 

decreased mortality risks (hazard ratio, 0.80; 95% CI, 0.79–0.81). 

DISCUSSION

The present study demonstrates trends in the COD and cause-

specific mortalities in liver cancer patients. The absolute number 

of deaths among patients with liver cancer increased over time, 

and liver cancer itself was the most common COD. The proportion 

of deaths due to liver cancer slightly decreased; however, it re-

mained high at 88% in 2016. The risk of liver cancer death re-

 2000–2005 2006–2010 2011–2016 2006–2010 2011–2016 2006–2010 2011–2016 2006–2010 2011–2016
 Year of diagnosis Year of diagnosis

 Observed survival Probability of death from liver cancer Probability of death from other causes
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mained high, even 10 or more years after a cancer diagnosis, in 

liver cancer patients. Liver and viral hepatitis diseases were the 

most common causes of non-liver cancer deaths. Deaths from 

cardiovascular and cerebrovascular diseases also became frequent 

in 10 or more years after a cancer diagnosis. 

Liver cancer remains the predominant COD, even though the 

probability of death from liver cancer has declined over time. The 

proportionate mortality from other causes of death, including 

cancer of other sites and non-cancer causes, gradually increased 

from 3.3% in 2002 to 11.7% in 2016 for patients with liver can-

cer. Even when liver diseases and viral hepatitis are regarded as 

liver cancer death, the yearly trend of proportionate mortality 

demonstrated the increasing tendency of the proportions of death 

from other non-cancer causes and other causes (Supplementary 

Fig. 2). However, the degree of increase was small compared to 

all cancer patients for whom the proportion of other causes of 

death increased from 5.0% in 2000 to 22.6% in 2016.17 These 

findings imply that the cure rate of liver cancer might still be low 

compared to other types of cancer. A previous study reported that 

more than 85% of deaths from diagnosed cancer occurred in pa-

tients with stomach, colorectal, lung, or liver cancers within 5 

years after the cancer diagnosis.17 The proportions of diagnosed 

cancer-related deaths gradually decreased to less than 50% in 

patients with stomach, colorectal, or lung cancers. In contrast, 

the proportion of liver cancer death was still high, even 10 years 

after the diagnosis, in patients with liver cancer. Our results were 

consistent with the previous findings that the 10-year post-diag-

nosis proportionate cancer mortality remained high in liver cancer 

patients, at approximately 67–70%, throughout recent decades. 

Our study further extends the previous study17 by evaluating de-

tailed COD exclusively for liver cancer patients and estimating the 

cause-specific competing risk mortalities. The higher recurrence 

rate of liver cancer than other types of cancer, such as stomach or 

colorectal cancers, could contribute to the high proportionate 

mortality from liver cancer.18 This finding may warrant periodic 

follow-up examination after 5 years from the initial cancer diag-

Table 3. A multivariable analysis estimating hazard of death from liver cancer under the presence of competing risks using the Fine-Gray model*

Characteristic Coefficient sHR (95% CI) P-value

Sex

Female Reference

Male 0.12 1.13 (1.11–1.15) <0.0001

Age at diagnosis (years)

20–39 Reference

40–49 0.06 1.07 (1.02–1.12) 0.0049

50–59 0.01 1.02 (0.97–1.06) 0.4964

60–69 0.11 1.11 (1.07–1.16) <0.0001

70–79 0.39 1.48 (1.42–1.55) <0.0001

≥80 0.82 2.27 (2.16–2.39) <0.0001

Tumor type

HCC Reference

ICCA 0.18 1.20 (1.17–1.22) <0.0001

Stage

Localized Reference

Regional 0.88 2.42 (2.38–2.46) <0.0001

Distant 1.49 4.45 (4.36–4.54) <0.0001

Year of diagnosis

2006–2010 Reference

2011–2016 -0.23 0.80 (0.79–0.81) <0.0001

CI, confidence interval; HCC, hepatocellular carcinoma; ICCA, intrahepatic cholangiocarcinoma.
*Patients diagnosed with primary liver cancer from January 1, 2006 to December 31, 2016, followed up to December 31, 2017, with tumor stage information 
available were included in the model. Patients who were aged under 20 years at diagnosis were excluded.
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nosis in patients with liver cancer.19

Unlike other cancer types, such as stomach, colorectal, or lung 

cancers, the most common causes of non-cancer deaths for pa-

tients with liver cancer was liver disease and viral hepatitis. This 

finding also supports that most patients with liver cancer have 

underlying chronic liver disease. In South Korea, which is a hepa-

titis B virus-endemic area, hepatitis virus B and C account for ap-

proximately 70% and 10%, respectively, of HCC.5,20-23 Antiviral 

therapy for HBV decreases the risk of decompensation, thereby 

increasing the life expectancy of patients with HBV-related HCC.24 

Although previous studies have reported that the widespread use 

of antiviral therapy has contributed to the survival improvement 

of HBV-related HCC, viral hepatitis is still considered a major 

cause of non-cancer deaths.24,25

Other than liver and viral hepatitis, intentional self-harm was 

the most common cause of non-cancer death among patients 

aged 20–59 years. The present study demonstrated that suicide 

ranked high in non-cancer death of young patients with liver can-

cer, particularly within 5 years after the liver cancer diagnosis, 

even though older age at diagnosis has previously been reported 

to be associated with higher suicide rates.26,27 Previous studies re-

ported a higher risk of suicide among patients with cancer and 

necessitated psychosocial intervention and prevention strate-

gies.26,27 Taken together, these findings suggest a need to pay at-

tention to emotional and psychological support for patients with 

cancer, particularly in the early years of liver cancer diagnosis. 

Cerebrovascular disease and cardiovascular disease rank high in 

liver cancer patients aged 60 years or older, as in patients with 

other types of cancer.17 Nevertheless, proportions of death from 

heart disease or cerebrovascular disease are relatively small, and 

the mortality risks are lower compared to those of the Korean 

general population with low SMRs (heart diseases: SMR, 0.8; 

95% CI, 0.8–0.9; cerebrovascular diseases: SMR, 0.7; 95% CI, 

0.7–0.8). This result is compatible with previous studies which re-

ported that Korean cancer patients showed low SMRs (<1.0) for 

heart and cerebrovascular diseases.17 Interestingly, cancer patients 

in the Western countries had high SMRs for cardiovascular dis-

ease and cerebrovascular disease, probably reflecting the different 

disease risks and prevalence between countries.3,28 Nevertheless, 

the trend in South Korea would also change, expecting higher 

risks, as proportions of patients with nonalcoholic fatty liver dis-

ease increase.29,30

A major strength of our study was that it was a large popula-

tion-based study investigating the cause-specific mortality trends 

and competing causes of death in liver cancer patients. The com-

prehensive patterns in the causes of death and trends in compet-

ing mortality risks, including the competing risks modeling ap-

proach, in patients with liver cancer have not been investigated in 

depth, to the best of our knowledge. However, the present study 

also had several limitations. First, we could not incorporate de-

tailed individual-level etiological and prognostic factors in the 

analyses. The available information was limited since the cancer 

registry data does not include information regarding the cause of 

cancer, liver function, hepatitis virus infection status, antiviral 

treatment received, performance status, recurrence of cancer, or 

response to cancer treatment. A comprehensive multivariate study 

incorporating the risk factors for liver cancer mortality and the as-

sociated individual patient level competing risks analysis should 

be performed in the future. Second, misclassification of the COD 

based on death certificates might exist, which could have led to 

underestimating deaths from non-cancer death. It is challenging 

to distinguish liver cancer-related death from death due to under-

lying liver disease in real-world practice. Many of the patients 

with liver cancer have underlying chronic liver disease. It might 

have been challenging to assign a COD as progressive liver dis-

ease (diseases of liver or viral hepatitis) or progressive liver cancer, 

since the two are closely associated with each other. Also, the 

COD might have been assumed to be liver cancer once the pa-

tients were diagnosed with liver cancer. The KCCR registry data 

does not include detailed information on each patient’s death. 

Therefore, we used the information on the COD from the death 

certificate obtained from Statistics Korea, where the official COD 

statistics is reported annually in South Korea.10 In Korea, physi-

cians certify the COD and issue the death certificate, and Statistics 

Korea has been making ongoing efforts to improve accuracy in 

collecting data related to the COD. We further applied the SEER 

cause-specific death classification algorithm to enhance the accu-

racy of COD classifications in cancer patients. 

In summary, our results showed that patients with liver cancer 

were most likely to die from liver cancer itself, even 10 years after 

the cancer diagnosis. The proportion of mortality from causes 

other than liver cancer tended to increase slightly; however, the 

magnitude of the increase was small. The most common non-can-

cer causes of death were liver diseases and viral hepatitis. These 

findings highlight the need for specialized, continued long-term 

follow-up care for patients with liver cancer.
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CHB, chronic hepatitis B; TDF, Tenofovir disoproxil fumarate; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein 

TC

LDL

HDL

TG

Graphical Abstract

* *



255

Joonho Jeong, et al. 
CHB TAF lipid profile

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0314

INTRODUCTION

Hepatitis B virus (HBV) is the major cause of chronic hepatitis, 

cirrhosis, and hepatocellular carcinoma (HCC).1 Nucleos(t)ides 

(NAs) with potent viral suppression ability and high genetic barrier 

to resistance have been considered ideal drugs for achieving sus-

tained viral suppression.2 However, NA therapy does not usually 

result in the removal of the hepatitis B surface antigen, and viro-

logical relapse is common after cessation of treatment, leading to 

the need for indefinite therapy.3 Long-term use of tenofovir diso-

proxil fumarate (TDF) has been associated with nephrotoxicity 

and bone mineral density reduction due to high circulating plasma 

levels of tenofovir (TFV) in some patients.4-6 Tenofovir alafenamide 

(TAF) was designed to have greater plasma stability than TDF, al-

lowing more efficient delivery of the active metabolite, TFV di-

phosphate, to hepatocytes compared to that of TDF.7,8 Therefore, 

TAF has less impact on renal and bone safety.9 Two large, multi-

national, phase III trials have demonstrated sustained antiviral ef-

ficacy of TAF that is non-inferior to TDF in patients with both hep-

atitis B e antigen (HBeAg)-positive and HBeAg-negative chronic 

HBV-infection.10,11 The recently published 96-week data confirmed 

the efficacy outcomes observed at week 48 and at week 96.12 

However, previous studies have indicated that TAF might be asso-

ciated with a greater increase in total cholesterol (TC), low-density 

lipoprotein cholesterol (LDL-C), and triglyceride (TG) compared to 

TDF therapy.10-12 This negative impact on the lipid profile of TAF 

may be associated with the risk of developing cardiovascular dis-

ease (CVD).13 Nevertheless, to date, no study has assessed the 

changes in lipid profile by TAF therapy in patients with chronic 

hepatitis B (CHB) in real-world practice. In order to clarify the ef-

fect of TAF on the lipid profile, it may be more suitable to com-

pare TAF-treated patients to matched-healthy control subjects, 

rather than simply comparing them to matched-TDF group. The 

current study aimed to evaluate the effects of TAF on the lipid 

profile in a cohort of CHB patients, in comparison to TDF, non-

HBV-infected control subjects, and patients with inactive CHB, 

using propensity score matching (PSM).

Background/Aims: Tenofovir alafenamide (TAF) has shown less favorable effect on lipids compared to tenofovir 
disoproxil fumarate (TDF) in clinical trials. However, data regarding these outcomes in patients with chronic hepatitis B 
(CHB) are scarce. Therefore, this study aimed to evaluate the effect of TAF on the lipid in patients with CHB. 
Methods: A total of 237 TAF-treated CHB patients compared with TDF, inactive CHB, and non-hepatitis B virus (HBV)-
infected control groups using propensity score matching (PSM).
Results: Following PSM, each analysis was conducted on cohorts via the matching of 70:140 (TAF:TDF), 89:89 (TAF:inactive 
CHB), 140:560 (TAF:non-HBV infected control), and 368:1,472 (TDF:non-HBV-infected control). A significant decrease 
in the total cholesterol (TC) level was noted at 48 weeks in the TDF group compared to the TAF group (176.3±32.9 vs. 
156.7±27.7, P<0.001) and the non-HBV-infected control group (175.0±29.5 vs. 156.2±28.3, P<0.001). However, no signifi-
cant change in TC was observed in the TAF group and inactive CHB or non-HBV-infected control groups at 48 weeks. 
For the subgroup analyses of TAF vs. non-HBV-infected control subjects and inactive CHB patients whose detailed lipid 
profile information were available, no between-group differences in TC, low-density lipoprotein (LDL)-cholesterol, high-
density lipoprotein (HDL)-cholesterol, TC/HDL ratio, and LDL/HDL ratio were observed at 48 weeks.
Conclusions: TDF seems to have a lipid-lowering effect compared to the non-HBV-infected control and TAF-treated 
groups. However, in real practice, TAF might not worsen the lipid profiles of subjects compared to non-HBV-infected 
controls and patients with inactive CHB. (Clin Mol Hepatol 2022;28:254-264)
Keywords: Chronic hepatitis B; Tenofovir alafenamide; Non-HBV infected control; Dyslipidemia 

Study Highlights
• Relative deterioration of lipids may be observed in TAF-treated patients compared to TDF-treated patients.
•  However, the details regarding lipid profiles, TC/HDL ratio, and LDL/HDL ratio were not significantly different between TAF-treated patients, inac-

tive CHB patients, and non-HBV-infected control subjects.
• TAF treatment itself may not worsen the lipid profiles in real clinical practice. 
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MATERIALS AND METHODS

This study was approved by the Institutional Review Board of 

Ulsan University Hospital (#IRB No. 06-2017-26), and the require-

ment for informed consent from patients was waived as patient 

records and information were anonymized prior to analysis.

Study population 

We reviewed the electronic medical records of treatment-naïve 

CHB patients who were treated with TAF between March 2018 

and February 2020 at Ulsan University Hospital, a tertiary referral 

center in South Korea. A total of 315 CHB patients treated with 

TAF were in the records. From January 2018 to January 2020, a 

total of 3,848 South Korean individuals were enrolled in this study 

as the control group. They had general health check-up at the 

Health Screening and Promotion Center in Ulsan University Hospi-

tal. A total of 900 patients treated with TDF in our CHB cohort14 

were also involved in this study as another control group. The in-

clusion criteria in this study for TAF group were as follows: 1) pa-

tients who were ≥18 years old with chronic HBV infection, 2) pa-

tients who had not received interferon therapy prior to TAF 

therapy, 3) patients with an estimated creatinine clearance ≥15 

mL/min (by the Cockcroft-Gault method), and 4) patients who re-

ceived treatment with TAF therapy for ≥48 weeks. We excluded 

patients with evidence of decompensation (i.e., clinical ascites, 

encephalopathy, or variceal hemorrhage), HCC, antibodies to hep-

atitis C virus, antibodies to human immunodeficiency virus (HIV), 

or autoimmune hepatitis. Additional criteria for exclusion were 

pregnancy, lactation, and habitual alcohol intake (>40 g/day eth-

anol). Moreover, patients who were treated with lipid-lowering 

agent within 48 weeks after the initiation of TAF therapy or those 

who started lipid-lowering agent intake during the observation 

period were also excluded. Seventy-eight patients who did not 

fulfill the inclusion criteria were excluded from this study, includ-

ing 50 patients who received TAF treatment for less than 48 

weeks. Sixteen patients were lost to follow-up. Lastly, 11 patients 

who initiated a lipid-lowering agent within 48 weeks of the TAF 

start date and one patient who initiated lipid-lowering agent dur-

ing the observation period were excluded. Among patients who 

were treated with TDF, 14 who initiated a lipid-lowering agent 

within 48 weeks of the TAF start date and two patients who initi-

ated lipid-lowering agent during the observation period, were ex-

cluded for the same reason regarding the lipid-lowering agent in-

take. The remaining 237 patients, who were treated with TAF and 

fulfilled all of the inclusion criteria, and 884 patients, who were 

treated with TDF, were included and matched with the control 

groups in this study. Information on the baseline patient charac-

teristics and clinical outcomes were obtained from complete inpa-

tient and outpatient medical records.

Follow-up evaluation 

All patients underwent total blood counts, evaluation of bio-

chemical and HBV-related virological markers, and HBV-DNA tests 

every 3–6 months during TAF and TDF therapy. The baseline lipid 

profile, mainly total TC, was evaluated for patients at 24 and 48 

weeks after receiving TAF and TDF treatment. The healthy control 

group had a detailed lipid profile, including TC, LDL-C, high densi-

ty lipoprotein-cholesterol (HDL-C), and TG, at baseline and 48 

weeks. The authors of this study attempted to monitor all detailed 

lipid profiles for patients treated with TAF every 6 months in real-

clinical practice, since the clinical trials suggested that TAF may 

worsen lipid profiles.

Clinical outcomes and definitions 

The primary endpoint was to investigate the changes of fasting 

TC during treatment in a cohort of CHB patients with TAF com-

pared to TDF, inactive CHB, and non-HBV-infected control groups 

using PSM. The secondary endpoints included the following: 1) 

comparison of the LDL-C level, HDL-C level, TG level, TC/HDL-C 

ratio, and LDL-C/HDL-C ratio at baseline and 48 weeks in the 

non-HBV-infected healthy control groups or inactive CHB and TAF 

groups; and 2) comparison of the proportion of viral suppression 

and alanine transaminase (ALT) normalization in TAF and TDF 

groups. Liver cirrhosis was clinically defined when patients 

showed cirrhotic configuration of the liver following repeated im-

aging evaluations, such as ultrasonography or computerized to-

mography, thrombocytopenia (<150 K/µL), or splenomegaly and/

or the presence of clinical signs of portal hypertension. Esophago-

gastroduodenoscopy was also performed annually to determine 

gastric or esophageal varices as evidence of portal hypertension. 

Diabetes mellitus was defined as the use of hypoglycemic agents 

including insulin, or a fasting glucose of ≥126 mg/dL. Hyperten-

sion was defined as blood pressure ≥140/90 mmHg or use of anti-

hypertensive medications. Smoking status was classified as cur-

rent smoker, ex-smoker, and non-smoker. Fatty liver disease was 

defined as diffuse increased hepatic parenchymal echogenicity, 

evaluated by abdomen ultrasonography. The virologic response at 
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12 months (VR 12) was defined as undetectable serum HBV DNA 

(<12 IU/mL) using the polymerase chain reaction assay for two 

consecutive measurements, 12 months after TAF or TDF therapy. 

Dyslipidemia was defined as TC ≥240 mg/dL, TG ≥150 mg/dL,  

or LDL-C ≥130 mg/dL in the fasting state15 or use of lipid-lowering 

agent. Normal ALT was defined as ≤35 U/L for men and ≤25 U/L 

for women, which is the recommendation of the American Asso-

ciation for the Study of Liver Diseases.16

Statistical analysis 

Categorical variables are presented as frequencies and percent-

ages. Continuous variables are presented as means with standard 

deviations (SDs) or medians with interquartile ranges. The Pear-

son chi-square test was employed for categorical variables, and a 

t-test (or Kruskal-Wallis test) was used to compare continuous nu-

merical variables, as appropriate. To reduce the effect of test se-

lection bias and potential confounding factors in this observation-

al study, differences in baseline patient characteristics were 

adjusted using PSM. The propensity score-matched pairs were 

created by matching TAF, TDF, inactive CHB, and healthy control 

subjects on the logit of the propensity score, using calipers of 

width equal to 0.2 of the SD of the logit of the propensity score. 

We examined the similarity between TAF, TDF, and healthy control 

groups by calculating standardized differences for each of the 

baseline variables. All standardized differences for each baseline 

variable were <0.2 (20%). All reported P-values were two-sided. 

A P -value <0.05 was considered statistically significant. Data 

management, statistical analyses, and graph constructions were 

performed using Statistical Package for the Social Sciences (SPSS; 

version 24; SPSS Inc., Chicago, IL, USA), R-statistical software 

(version 3.3.1; R Foundation Inc.; http://cran.r-project.org/), and 

GraphPad-Prism (version 9-2; GraphPad Software, San Diego, CA, 

USA). 

RESULTS 

Baseline characteristics of the study population

We divided the control group (n=3,848) into inactive CHB pa-

tients (n=150) and non-HBV infected individuals (n=3,698), and 

then matched them to the TAF or TDF group. A total of 237 CHB 

patients treated with TAF and 884 CHB patients treated with TDF 

were analyzed. We compared the TAF group to the TDF and non-

HBV-infected control groups, and also compared the TDF group to 

the non-HBV-infected control group. Patient characteristics were 

unbalanced between each group including the baseline HBV-DNA 

level. Therefore, we conducted 1:2 PSM for the TAF and TDF 

groups, 1:4 PSM for the TAF and non-HBV-infected control 

groups, 1:1 PSM for the TAF and inactive CHB groups, and 1:4 

PSM for the TDF and non-HBV-infected control groups. Following 

Table 1. Baseline characteristics of the TAF and TDF groups and the propensity score-matched cohort

Characteristic TAF (n=237) TDF (n=884) P-value TAF (n=70) TDF (n=140) P-value

Age (years) 53.4±9.6 50.8±11.2 0.010 50.1±9.8 51.3±11.2 0.462

BMI 23.9±3.1 23.6±3.1 0.318 23.9±3.3 23.9±3.2 0.991

Male sex (%) 93 (66.4) 570 (63.5) 0.499 44 (62.9) 96 (68.6) 0.501

TC at baseline (mg/dL) 171.0±32.2 173.8±35.1 0.457 172.8±31.5 168.8±30.8 0.193

Dyslipidemia (%) 7 (4.8) 29 (3.2) 2 (2.9) 5 (3.6) 0.999

Hypertension (%) 25 (18.1) 70 (7.8) <0.001 1 (1.4) 8 (5.7) 0.286

DM (%) 12 (8.6) 110 (12.2) 0.209 3 (4.3) 11 (7.9) 0.494

Serum Cr. (mg/dL) 1.0±0.4 0.9±0.2 0.003 0.9±0.2 0.9±0.2 0.158

HBV-DNA (log10 IU/mL) 4.3±6.3 5.1±2.0 0.223 5.9±1.9 5.9±1.8 0.361

Diagnosis 0.598 0.589

CHB 85 (60.7) 524 (58.4) 37 (52.9) 81 (57.9)

LC 55 (39.3) 374 (41.6) 33 (47.1) 59 (42.1)

Values are presented as mean±standard deviation or number (%).
TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; BMI, body mass index; TC, total cholesterol; DM, diabetes mellitus; Cr., creatinine; HBV, hepatitis 
B virus; CHB, chronic hepatitis B; LC, liver cirrhosis.
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PSM, each analysis was conducted on cohorts with the matching 

of 70:140 (TAF:TDF), 140:560 (TAF:non-HBV-infected control), 

89:89 (TAF:inactive CHB), and 368:1,472 (TDF:non-HBV-infected 

control). The baseline characteristics of all patients treated with 

TAF, TDF, inactive CHB, and the non-HBV-infected control groups 

are summarized in Tables 1-3 and Supplementary Table 1. All pa-

rameters were balanced between the matched groups.

Comparison of TC changes in TAF and TDF groups 

Following 1:2 PSM (Table 1), we compared TC at baseline and 

48 weeks for the TAF and TDF groups. The mean±SD of the TC 

level at baseline in the TAF (n=70) and TDF groups (n=140) was 

not significantly different between groups at baseline (P=0.193); 

however, there was a significant difference at 48 weeks between 

groups (P<0.001) (Table 4; Supplementary Fig. 1C). Upon com-

parison of the changes in TC levels at 48 weeks, significant differ-

Table 2. Baseline characteristics of the TAF and non-HBV-infected control groups and the propensity score-matched cohort

Characteristic
TAF  

(n=237)

Non-HBV-
infected control 

(n=3,698)
P-value

TAF  
(n=140)

Non-HBV-
infected control 

(n=560)
P-value

Age (years) 54.5±10.4 51.1±7.5 0.006 53.4±9.6 53.9±7.6 0.615

BMI 23.7±3.1 24.3±2.9 0.132 23.8±3.1 23.9±2.7 0.853

Male sex 97 (65.5) 2,814 (73.1) <0.001 60 (65.2) 187 (67.8) 0.952

TC at baseline (mg/dL) 166.8±33.1 184.2±34.4 <0.001 168.4±33.1 168.6±29.0 0.999

Dyslipidemia 7 (4.8) 1,431 (37.2) <0.001 7 (5.0) 41 (7.3) 0.238

Hypertension 29 (19.9) 831 (21.6) 0.328 25 (17.9) 116 (20.7) 0.525

DM 16 (10.8) 252 (6.5) 0.344 12 (8.6) 63 (11.3) 0.445

Smoking status <0.001 0.746

Current smoker 37 (25.0) 822 (21.4) 35 (25.0) 178 (31.8)

Non-smoker 89 (60.1) 1,718 (44.6) 84 (60.0) 251 (44.8)

Ex-smoker 22 (14.9) 1,308 (34.0) 21 (15.0) 131 (23.4)

Values are presented as mean±standard deviation or number (%).
TAF, tenofovir alafenamide; HBV, hepatitis B virus; BMI, body mass index; TC, total cholesterol; DM, diabetes mellitus.

Table 3. Baseline characteristics of the TAF and inactive CHB groups and the propensity score-matched subjects

Characteristic
TAF  

(n=140)
Inactive CHB 

(n=150)
P-value

TAF  
(n=89)

Inactive CHB 
(n=89)

P-value

Age (years) 53.4±9.6 51.4±7.3 0.048 52.1±10.3 52.1±7.7 1.000

BMI 23.8±3.1 24.4±3.0 0.141 24.3±3.1 23.9±2.9 0.581

Male sex 60 (65.2) 111 (74.0) 0.158 65 (73.0) 64 (71.9) 1.000

TC at baseline (mg/dL) 168.4±33.1 169.5±33.1 0.821 164.5±35.0 163.6±25.0 0.840

Dyslipidemia 7 (5.0) 38 (25.3) <0.001 7 (7.9) 8 (9.0) 1.000

Hypertension 25 (17.9) 25 (16.7) 0.650 16 (18.0) 14 (15.7) 0.832

DM 12 (8.6) 10 (6.7) 0.540 7 (7.9) 9 (10.1) 0.791

Smoking status <0.001

Current smoker 35 (25.0) 29 (19.3) 19 (21.3) 23 (25.8)

Non-smoker 84 (60.0) 61 (40.7) 51 (57.3) 38 (42.7)

Ex-smoker 21 (15.0) 60 (40.0) 19 (21.3) 28 (31.5)

Values are presented as mean±standard deviation or number (%).
TAF, tenofovir alafenamide; CHB, chronic hepatitis B; BMI, body mass index; TC, total cholesterol; DM, diabetes mellitus.
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ences were observed between groups (-11.9±26.5, 2.9±25.2, 

P<0.001). At baseline and 48 weeks, the rate of patients with TC 

>240 mg/dL in the TAF and TDF groups was not significantly dif-

ferent (Table 4). 

Clinical outcomes in patients treated with TDF and 
TAF in matched cohort 

Comparison of baseline characteristics and clinical outcomes, 

including ALT normalization and VR 12, of the TDF and TAF 

groups are shown in Supplementary Table 2. The baseline charac-

teristics were similar in both groups. The mean levels of systolic 

blood pressure, platelet count, serum albumin, serum bilirubin, 

prothrombin time, aspartate transaminase, ALT, and alpha-feto-

protein of the two groups were not significantly different. In addi-

tion, the proportion of patients with fatty liver disease was not 

different between groups (P=0.867). At 48 weeks, the mean±SD 

of serum creatinine was not different between groups (P=0.284). 

Notably, the TAF group had a higher proportion of patients with 

ALT normalization and VR12 compared to the TDF group at 48 

weeks; however, there was no statistically significant difference 

between groups (76.7% vs. 85.9%, P=0.086; 81.5% vs. 89.5%, 

P=0.069, respectively) (Supplementary Table 2). 

Comparison of TC changes in TAF and inactive CHB 
groups 

Following 1:1 PSM (Table 2), we compared the TC levels at 

baseline and 48 weeks for the TAF and inactive CHB groups. The 

mean±SD of the TC level at baseline in the TAF (n=89) and inac-

tive CHB groups (n=89) was not significantly different between 

groups at 48 weeks. Upon comparison of the changes in TC levels 

at 48 weeks, no significant differences were observed between 

groups. At baseline and 48 weeks, the rate of patients with TC 

>240 mg/dL in the TAF and inactive CHB groups were not signifi-

cantly different (Table 4). 
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Figure 1. Comparison of all fasting lipid profiles, TC/HDL ratio, and LDL/HDL ratio in the TAF (n=45) and non-HBV-infected control groups (n=180). (A) 
All fasting lipid profile (TC, LDL, HDL, and TG) changes at baseline and 48 weeks in the TAF and non-HBV-infected control groups. (B) Comparison of 
the TC/HDL ratio and LDL/HDL ratio in the TAF and non-HBV-infected control groups. (C) All fasting lipid profile (TC, LDL, HDL, and TG) changes at 
baseline and 48 weeks in the TAF and inactive CHB groups. (D) Comparison of TC/HDL and LDL/HDL ratios in the TAF and inactive CHB groups. TC, to-
tal cholesterol; LDL, low-density lipoprotein; HDL, high density lipoprotein; TG, triglyceride; TAF, tenofovir alafenamide; CHB, chronic hepatitis B; HBV, 
hepatitis B virus.
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Comparison of detailed lipid profile changes in TAF 
and inactive CHB groups

Among the 1:1 PS-matched cohort, 56 patients each in the TAF 

and inactive CHB groups had detailed lipid profiles. At baseline, 

the mean±SD of the TC, LDL-C, HDL-C, TG, TC/HDL-C ratio, and 

LDL-C/HDL-C ratio in the TAF and inactive CHB groups had no 

significant differences (P=0.323, 0.683, 0.373, 0.085, 0.382, and 

0.903, respectively). Upon comparing TC, LDL-C, HDL-C, TC/HDL-

C ratio, and LDL-C/HDL-C ratio between the two groups at 48 

weeks, no significant differences were observed between the TAF 

and inactive CHB groups (P=0.734, 0.997, 0.741, 0.172, 0.805, 

and 0.917, respectively) (Table 5; Fig. 1C, D).

Comparison of TC changes in TAF and non-HBV-
infected control groups

Following 1:4 PSM, we compared the TC levels at baseline and 

48 weeks of TAF and non-HBV-infected healthy control groups 

(Table 3). The mean±SD of the TC level at baseline in the TAF 

group (n=140) and the non-HBV infected healthy control group 

(n=560) was not significantly different at baseline and 48 weeks 

(Table 4; Supplementary Fig. 1A). Interestingly, an increase in TC 

level was observed in both groups at 48 weeks compared to the 

level at baseline (Supplementary Table 3). However, upon com-

parison of the changes in TC levels at 48 weeks, there was no 

significant difference between groups. At baseline and 48 weeks, 

the rate of patients with TC >240 mg/dL in the TAF and non-HBV-

infected healthy control groups were not significantly different 

(Table 4).

Comparison of detailed lipid profile changes in TAF 
and non-HBV-infected control groups

In the PS-matched cohort, 45 TAF and 180 non-HBV-infected 

control subjects had detailed lipid profiles. During the follow-up 

period, TC and LDL-C increased in the TAF and non-HBV-infected 

control groups (Supplementary Table 3). However, the mean±SD 

of the TC, LDL-C, HDL-C, TG, TC/HDL-C ratio, and LDL-C/HDL-C 

ratio in the TAF and non-HBV-infected control groups had no sig-

nificant differences at baseline. In addition, upon comparing TC, 

LDL-C, HDL-C, TG, TC/HDL-C ratio, and LDL-C/HDL-C ratio be-

tween two groups at 48 weeks, no significant differences were 

observed between the TAF and non-HBV-infected control groups 

(Table 5; Fig. 1A, B). 

Comparison of TC changes in TDF and non-HBV-
infected control groups

Following 1:4 PSM, we compared the TC level at baseline and 

48 weeks of TDF and non-HBV-infected control groups (Supple-

mentary Table 1). The mean±SD of the TC level at baseline in the 

non-HBV-infected control (n=1,472) and TDF groups (n=368) was 

169.1±24.6 and 167.5±24.6, respectively (P =0.292); the 

mean±SD of the TC level at 48 weeks in the non-HBV-infected 

control group and TDF group was 175.0±29.5 and 156.2±28.3, 

respectively (P<0.001) (Supplementary Table 4, Supplementary 

Fig. 1B). Upon comparison of the changes in TC levels at 48 

weeks, there was a significant difference between groups 

(5.8±23.4, -11.3±27.3, P<0.001). At baseline, the number of pa-

tients with TC >240 mg/dL in the control and TDF groups was 

nine (0.6%) and three (0.8%), respectively (P=1.000). However, at 

48 weeks, the number of patients with TC >240 mg/dL in the 

control and TDF groups were 24 (1.6%) and one (0.3%), respec-

tively (P=0.043) (Supplementary Table 4).

DISCUSSION 

To the best of our knowledge, this is the first real-world study 

to evaluate the changes in lipid profile of CHB patients treated 

with TAF. Moreover, this is also the first study to compare the TC 

changes in CHB patients treated with TAF to those who under-

went a general health examination, as well as inactive CHB pa-

tients and CHB patients treated with TDF. Our study showed that, 

compared to the non-HBV-infected controls and inactive CHB 

subjects who were not treated with anti-viral therapy, TAF might 

not worsen the lipid profiles of subjects in real clinical practice. 

Although no significant difference was observed for ALT normal-

ization and VR 12, following the treatment of TAF and TDF 

groups, lipid-lowering effect of TDF was noted compared to 

healthy control subjects and TAF-treated patients.

Previous studies regarding HIV treatment have shown that the 

HIV treatment regimen, including TDF, has consistently been asso-

ciated with lower lipid levels compared to the TAF-containing reg-

imen in HIV treatment-naïve adults.17,18 In HIV patients, CVD is an 

important cause of morbidity and mortality and is accompanied 

by lipid abnormalities.19 Therefore, the occurrence or deterioration 

of dyslipidemia following HIV treatment has been a major con-

cern.20,21 However, there were conflicting results of TAF-associated 

lipid changes and CVD mortality estimation in real-life experienc-
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es of HIV-patients.11,22-27

Regarding CHB treatment, randomized, double-blind, phase 3 

clinical trial data indicated that patients who receive TAF therapy 

have a relatively higher fasting TC and LDL-C levels at 48 weeks 

and 96 weeks compared to the patients receiving TDF therapy.10-12 

However, there was no difference between groups in which pa-

tients initiated lipid-modifying agents at 48 weeks.11 Moreover, 

the ratio of TC to HDL was not significantly different between the 

TAF and TDF groups at 96 weeks (P=0.14),12 which was consistent 

with the results observed in HIV patients.13,25 An integrated analy-

sis of available data from clinical trials at week 48 showed that 

the proportion of patients with fasting TC and LDL levels above 

300 mg/dL was 1% and 5%, respectively, in the TAF group and 

0% and 1%, respectively, in the TDF group.10,11 In the current 

study, the TC level of TDF group decreased significantly, which 

was apparently observed at 24 weeks after the TDF therapy. In 

addition, when comparing the TC levels at 48 weeks, the TDF 

group had a significantly lower TC level than compared to the TAF 

group. As previously published,12,25,26 we also observed a definite 

TC reduction in the TDF group compared to the non-HBV-infected 

healthy control group. Conversely, in the TAF and non-HBV-infect-

ed control groups, fasting TC level increased over the follow-up 

period in both groups; however, no significant changes in TC were 

observed at each time period (at baseline and 48 weeks) between 

the two groups. Notably, subgroup analysis of the TAF, inactive 

CHB, and non-HBV-infected control cohorts showed no significant 

change in all lipid parameters, including TC, LDL-C, and HDL-C. 

Moreover, neither the TC/HDL ratio nor the LDL/HDL ratio was 

different between groups. These results appear to be consistent 

with the explanation that TAF is lipid-neutral, as indicated in pre-

vious clinical trial.14 It was speculated that the unique pharmaco-

kinetics of TAF, which enables a high intracellular transfer com-

pared with TDF and lowers plasma TFV concentration, may be a 

possible explanation. In addition to the results of the current 

study, a real-life cohort study in Canada demonstrated the TDF-

related lipid-lowering effect compared to ETV treatment.28 More-

over, a propensity score-matched study recently revealed that TDF 

modulates lipid metabolism by upregulating hepatic CD36 via 

PPAR-α activation in vitro.29 Therefore, the changes in fasting lipid 

levels may be more accurately reported, not as an adverse effect 

of TAF but as an effect of the absence of high plasma TFV con-

centrations in TAF-treated patients and TDF-related lipid modula-

tion.18,22,28,29 Although the clinical significance of these lipid 

changes is unclear, it is necessary to take it into consideration the 

aging of HBV-infected patients. As CHB patients grow older, they 

are more likely to have comorbidities and risk factors associated 

with CVD. Therefore, the results of the current study require ro-

bust exploration of appropriately designed studies and powerful 

cohorts with larger number of patients.

The strengths of this study included a large non-HBV-infected 

control group matched with TAF/TDF-treated patients, as well as 

a TAF group that was compared to the non-HBV-infected control, 

inactive CHB, and TDF groups using PSM analysis. This promoted 

increased statistical power and greater reliability of data. None-

theless, this study had several limitations. First, we mainly com-

pared the TC levels for the matched cohort, as fewer patients in 

the TDF cohort had detailed measurements of their lipid profile at 

both baseline and week 48. Therefore, we did not compare the 

LDL-C or TC/HDL ratio to the entire study population. However, as 

Korean population-based models with large prospective cohorts 

have suggested that an optimal TC level exists for the lowest CVD 

mortality,30-32 comparison of TC level is also considered clinically 

meaningful. Second, the observation period of this study may be 

relatively short for evaluating lipid changes with TAF. Third, the 

effect of TAF on patients with dyslipidemia is unknown, as pa-

tients who initiated lipid-lowering agents around the observation 

period were excluded from the current study. In addition, the 

study population did not include patients who were poorly con-

trolled for dyslipidemia. Fourth, a liver biopsy was not performed 

on patients for the diagnosis of cirrhosis in the TAF and TDF 

groups; as a result, early detection of cirrhosis may have been 

missed. Fifth, we recognized the current medication and underly-

ing disease of subjects in control groups based on the medical 

questionnaire of health screening center; however, due to the na-

ture of the questionnaire, there might be some recall error among 

individuals. Lastly, this single-center study may be limited to the 

generalization of results.

In conclusion, this was the first real-world study to evaluate lip-

id changes in patients treated with TAF by comparing the TDF, in-

active CHB, and non-HBV-infected control groups using PSM. The 

current study demonstrated that TAF might not worsen the lipid 

profile in patients with CHB. In addition, consistent with previous 

studies, this study showed a lipid-lowering effect of TDF com-

pared to the TAF and non-HBV-infected control groups. In the fu-

ture, studies with longer observation periods are required to con-

firm the lipid changes caused by TAF, and subsequent studies are 

also needed to assess the risk of CVD associated with TAF. 
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Dear Editor,

We have read with great interest the expert opinion by An et 

al.1 regarding cervicocerebral atherosclerosis in patients with liver 

cirrhosis and the associated hepatic and coronary risk factors. The 

authors’ valuable contributions to understanding the atheroscle-

rotic burden of cervicocephalic vessels in cirrhotic patients and 

demonstrating the importance of subclinical cerebral atheroscle-

rosis survey with coronary artery calcium score are much appreci-

ated. However, we wish to reinforce two dimensions of this paper.

Firstly, this paper provided physical conditions of the patients, 

such as hepatic and blood pressure parameters. However, the so-

cioeconomic status and education level of patients were not dis-

closed in the paper, which could be a potential major selective 

bias between the two cohorts. In South Korea, magnetic reso-

nance angiography (MRA) is not provided in general health exam-

ination. Recent study showed that men and women with a higher 

income and education level appeared more likely to undergo op-

portunistic health check-ups (men: highest vs. lowest income: 

odds ratio [OR], 2.380; 95% confidence interval [CI],1.218–4.653; 

≥12 vs. <6 years education: OR, 2.121; 95% CI, 1.142–3.936; 

women: highest vs. lowest income: OR, 4.042; 95% CI, 2.239–

7.297; ≥12 vs. <6 years education: OR, 2.475; 95% CI, 1.283–

4.775).2 On the other hand, although no difference was found ac-

cording to income level in the population, education level was 

significantly associated with the presence of atherosclerosis. It 

was reported that participants with lower education level pre-

sented a higher risk of generalized atherosclerosis than those with 

higher education (OR, 1.46; 95% CI, 1.15–1.85; P=0.002).3 Thus, 

it is suggested that the authors should provide more detailed and 

valid data to minimize the potential selective bias.

Secondly, this study employed MRA to identify intracranial and 

extracranial atherosclerosis. However, the intraplaque hemor-

rhage and lipid core were not identified, which could significantly 

influence the severity of carotid atherosclerosis. It has been ac-

cepted that intraplaque hemorrhage is one of the features of vul-

nerable plaques.4 Moreover, the presence of a lipid core was inde-

pendently associated with incident cardiovascular disease events 

when adjusted for traditional cardiovascular disease risk factors 

and maximum coronary artery wall thickness (hazard ratio, 2.48; 
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95% CI, 1.36–4.51; P  =0.003).5 The critical tissues of plaque 

could be identified including fibrous tissue, calcifications, lipid-

rich necrotic core and intraplaque hemorrhage.6 Hence, it is sug-

gested that the authors should revise the magnetic resonance im-

aging (MRI)/MRA series to identify the intraplaque hemorrhage 

and lipid core to indicate the severity of carotid atherosclerosis.

In conclusion, we sincerely appreciate this valuable work for 

providing the very first evidence that liver cirrhosis has protective 

effect against intracranial atherosclerosis. However, to enhance 

the credibility of the above conclusion, we are convinced that the 

potential residual confounders should be revealed, and that the 

authors could provide more detailed MRI/MRA information in this 

study to make the outcomes more persuasive. 
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Dear Editor,

We thank Drs. Huang, Chen, and Wei for their interest in our 

study and for commenting on our article on subclinical cerebral 

atherosclerosis in patients with liver cirrhosis, published in Clinical 
and Molecular Hepatology.1 We are happy to respond to the 

points they raised in their letter.

First, in the European study mentioned by Huang et al.,2 a lower 

education level was associated with a greater risk of subclinical 

atherosclerosis in bank employees, with no difference according 

to the income level.3 In the study, increased subclinical atheroscle-

rosis was mainly mediated by higher and more frequent tobacco 

consumption, and generalized atherosclerosis involving the carot-

id, aortic, and iliofemoral arteries was analyzed as the outcome.3 

In fact, smoking status was one of the variables used for propen-

sity score matching in our study, in which the analysis was con-

fined to the intracranial and extracranial arteries.1 On the basis of 

the results of the study by Redondo-Bravo et al.,3 we believe that 

education level may have minimal potential confounding effects 

on the presence of cervicocerebral atherosclerosis in our series. 

Although data on the socioeconomic status of patients were not 

available in prior studies, including ours,1,4 we agree that adjust-

ment for this factor or its consideration as a cerebrovascular risk 

factor may strengthen the reliability of the results.

Second, recent advances in imaging techniques have allowed 

the identification of radiological indicators in the cerebrovascular 

system that are suitable for predicting stroke or coronary risk.5 In 

our study, we focused on the quantification of decreased luminal 

diameters of the intracranial and extracranial arteries, which were 

based on atherosclerotic stenosis measured on magnetic reso-

nance angiography (MRA), rather than on the evaluation of imag-

ing features associated with vulnerable carotid plaques (e.g., in-

traplaque hemorrhage or lipid-rich necrotic core), which are an 

imaging-based predictor of the occurrence of stroke.6,7 Moreover, 

the detection and categorization of both intraplaque hemorrhage 

and lipid core are usually based on magnetic resonance imaging 
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(MRI), not MRA, the modality used in our study. However, given 

the promising utility of various imaging features of vulnerable 

plaques, we believe that Huang et al.2’s suggestion about investi-

gating the relationship between carotid atherosclerosis and intra-

plaque hemorrhage or lipid core plaque in patients with cirrhosis, 

compared with the general population, is interesting and feasible. 

We plan to address this compelling issue in a future study using 

MRI data.
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Dear Editor, 

Recently, metabolic dysfunction-associated fatty liver disease 

(MAFLD) has been proposed.1 The feature of MAFLD is the inclu-

sion of metabolic dysfunctions and is independent of alcohol in-

take.2 Psoriasis is a dermatosis associated with metabolic syn-

drome and alcoholic intake.3 However, no information is available 

on the impact of MAFLD on the severity of psoriasis.

Hepatic fibrosis is a prognostic factor in patients with MAFLD1,2 

and interleukin-17 (IL-17) is involved in the pathogenesis of hepatic 

fibrosis.4 IL-17 causes neutrophil infiltration, insulin resistance, and  

subsequent steatohepatitis.5 IL-17 is also involved in the patho-

genesis of psoriasis, and IL-17 inhibitor (IL-17i) is an approved 

agent for psoriasis with high efficacy.3 Herein, we investigated the 

impact of MAFLD in patients with psoriasis. We also investigated 

the effect of IL-17i on hepatic fibrosis and its contributing factors.

We enrolled 65 consecutive patients with psoriasis treated with 

IL-17i in this retrospective study approved by the Institutional Re-

view Board of Kurume University School of Medicine (ID 21236). 

Data were collected before and 6 months after IL-17i treatment 

(secukinumab or Ixekizumab). The severity of psoriasis was evalu-

ated by psoriasis area and severity index (PASI).3 MAFLD was di-
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Figure 1. (A) A decision tree analysis for PASI levels. The classifier is indicated by the underline. (B) Changes in NAFLD fibrosis score six months after IL-
17i treatment in patients with MAFLD. (C) Changes in FIB-4 index 6 months after IL-17i treatment in patients with MAFLD. (D) DAGs for the IL-17i-induced 
improvement of NAFLD fibrosis score. PASI, psoriasis area and severity index; IQR, interquartile range; MAFLD, metabolic dysfunction-associated fatty 
liver disease; NAFLD, non-alcoholic fatty liver disease; IL-17i, interleukin-17 inhibitor; FIB-4, fibrosis-4; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; HbA1c, hemoglobin A1c; BMI, body mass index.
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agnosed as previously described.1

The participant characteristics are summarized in Supplementa-

ry Table 1. The prevalence of MAFLD was in 82.6% of enrolled 

patients. A high non-alcoholic fatty liver disease (NAFLD) fibrosis 

score (>-1.455), high fibrosis-4 (FIB-4) index (>1.3), and low 

platelet count (<20.0×104/µL) were observed in 24.6%, 21.1%, 

and 16.9% of patients (Supplementary Fig. 1). These prevalences 

are relatively higher than the previous reports using NAFLD crite-

ria.6,7 A possible reason is that we employed the MAFLD definition 

and included patients with metabolic dysfunctions and >20 g/day 

of alcohol intake, which was excluded in the previous studies.6,7

We employed a decision tree analysis to reveal a series of clas-

sification factors for the severity of psoriasis. Sex was identified as 

the most important classifier for the PASI level (Fig. 1A). In men, 

the second classifier was MAFLD. The median PASI was 11.5 in 

patients with MAFLD, while the PASI was 6.3 in patients with 

non-MAFLD. Immune dysregulation mediated by the IL-17 path-

way is the well-known pathogenesis of psoriasis.8 The IL-17 effec-

tors cause keratinocyte hyperproliferation and inflammation.8 

Whereas, overnutrition induces inflammation via T helper 17 cells 

and IL-17, resulting in neutrophil infiltration to adipose tissue, in-

sulin resistance, and subsequent non-alcoholic steatohepatitis 

(NASH) in mice.5 The hepatic expression of T helper 17 cell-related 

genes is up-regulated in patients with NASH and IL-17 facilitates 

the transition from simple steatosis to NASH.9 Thus, IL-17 may be 

a key molecule linking MAFLD and exacerbation of psoriasis.

Changes in biochemical parameters after IL-17i treatment are 

summarized in Supplementary Table 2. NAFLD fibrosis score was 

significantly decreased 6 months after IL-17i treatment (Fig. 1B). A 

significant decrease was also observed in the FIB-4 index (Fig. 1C).  

IL-17 directly induces the production of type I collagen in hepatic 

stellate cells by up-regulation of transforming growth factor β.4,10 

In addition, suppression of IL-17 inhibits activation of hepatic stel-

late cells and collagen production in vitro.11 Moreover, treatment 

with anti-IL-17 antibody improved hepatic fibrosis in a NASH mice 

model.12 A recent pilot study showed that IL-17i improved hepatic 

fibrosis evaluated by transient elastography in 10 patients with 

psoriasis.13 Thus, accumulating evidence, along with our results 

suggest that IL-17i may be beneficial for the improvement of he-

patic fibrosis in patients with psoriasis and MAFLD.

Differences in baseline characteristics between the patients 

with improvement and with non-improvement of NAFLD fibrosis 

score after IL-17i treatment are summarized in Supplementary Ta-

ble 3. We employed directed acyclic graphs to investigate causal 

relationships between the IL-17i-induced improvement of NAFLD 

fibrosis score and its associated factors. We revealed that up-reg-

ulation of platelet count and down-regulation of aspartate amino-

transferase level were major contributing factors for the improve-

ment of NAFLD fibrosis score (Fig. 1D). IL-17 signaling promotes 

apoptosis of human megakaryocyte cells, and neutralization of IL-

17 up-regulates anti-apoptotic Bcl-2 protein in megakaryocyte 

cells.14 Moreover, IL-17 exacerbates hepatic inflammation through 

regulatory T cell-mediated responses in a mouse model of 

NAFLD.9 Furthermore, anti-IL-17 antibody or knock-out of IL-17 

gene ameliorates hepatic inflammation in mouse models of 

NASH.5,12,15 These basic studies support our results.

There are several limitations to this study. First, this is a two-

center retrospective study with small sample size. Second, we did 

not evaluate hepatic fibrosis by imaging modalities. Thus, further 

study should be designed as a multi-center prospective study with 

imaging modalities for hepatic fibrosis.

In conclusion, MAFLD was highly prevalent in patients with 

psoriasis and was associated with the severity of psoriasis in men. 

Moreover, IL-17i, a biologic agent for psoriasis, improved the 

NAFLD fibrosis score. This improvement was independent of the 

amelioration of psoriasis and mainly caused by alterations in 

platelet count and aspartate aminotransferase level. Thus, IL-17i 

may improve hepatic fibrosis through the regulation of platelet 

count and hepatic inflammation.
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Acute-on-chronic liver failure (ACLF) is a syndrome character-

ized by an acute decompensation (AD) of chronic liver disease as-

sociated with organ failures (OFs; hepatic and/or extrahepatic).1-3 

ACLF is characterized by a high short-term mortality, but it is po-

tentially reversible. Moreover, ACLF is frequently associated with a 

precipitating event which can be either hepatic or extrahepatic.2,4 

Systemic inflammation is considered a main driver of the syn-

drome and responsible for the occurrence of OFs.5 Unfortunately, 

there is no unanimous consensus definition of ACLF. At least three 

different definitions are available from Europe, Asia and North 

America. Those definitions differ in the baseline stage of liver dis-

ease, type of precipitating events, type and definition of OFs.

European Association for the Study of the Liver (EASL)-chronic 

liver failure (CLIF) consortium proposed a definition based on the 

results of the CANONIC study.1 According to EASL-CLIF consor-

tium, ACLF is defined by an AD of cirrhosis (occurring of variceal 

bleeding, ascites, hepatic encephalopathy [HE]) associated with 

hepatic or extrahepatic OFs. OFs definition is based on a modified 

Sequential Organ Failure Assessment (SOFA) score, called CLIF-C 

OF, which considers the function of six systems (liver, kidney, 

brain, coagulation, circulation and respiration).1

According to the number of OFs, patients with ACLF are strati-

fied into three groups at increasing risk of mortality: 1) ACLF 

grade 1, patients with a single kidney failure or another single OF 

if associated with brain or kidney disfunction; 2) ACLF grade 2, 

patients with two OFs; and 3) ACLF grade 3,  patients with three 

or more OFs.

In EASL-CLIF definition, both hepatic and extra-hepatic factors 

are considered as precipitants for ACLF, the most frequent being 

bacterial infections and alcoholic hepatitis.4,6

North American Consortium for the Study of End-stage Liver 

Disease (NACSELD) based its definition for ACLF on a clinical 

study involving 507 cirrhotic patients hospitalized for AD and bac-

terial infections.3 ACLF is defined according to the presence of 

two or more extrahepatic OFs (kidney, brain, circulation and res-

piration) and patients can be stratified in three groups according 

to the number of OFs.

The third definition, which is actually the first in chronological 

order, is the one proposed by the Asian Pacific Association for the 

Study of the Liver (APASL) in 2009 and modified in 2014 and 

2019 by the APASL ACLF Research Consortium (AARC). AARC 

definition considers extra-hepatic OFs as manifestations of ACLF 

but not as determinants of the syndrome. ACLF is considered as 

an acute deterioration of liver function, defined by the appear-

ance of jaundice (with total bilirubin levels ≥5 mg/dL), coagula-

tion failure (international normalized ratio [INR] ≥1.5 or pro-

thrombin activity <40%), occurring in patients with chronic liver 

disease or compensated cirrhosis as a consequence of a hepatic 

insult (e.g., hepatitis B virus-reactivation or acute alcoholic hepa-

titis), that is complicated by clinically evident ascites, encephalop-

athy or both within 4 weeks.2 Patients with decompensated cir-

rhosis are not only in patients with without prior decompensation 

and with no AD. In these patients, the severity of ACLF is as-

sessed using the AARC score, which evaluates severity of ACLF 

according to the levels of total bilirubin, encephalopathy grade, 

INR, serum creatinine and lactates.7

Differences in diagnostic criteria lead to different clinical char-

acteristics and epidemiology of ACLF.8 A meta-analysis of cohort 

studies found a prevalence of ACLF (EASL-CLIF definition) of 35% 

in hospitalized patients with cirrhosis,9 while its incidence in cir-

rhotic outpatients is about 40% at 10 years.10 Patients with EASL-

CLIF ACLF are characterized by a severe systemic inflammation, 

circulatory dysfunction and oxidative stress.11,12 Patients with 

APASL-AARC ACLF have more severe liver failure and coagulation 

failure, while sepsis can frequently complicate the clinical course 

of APASL-ACLF.7

All these definitions have both strengths and limitations, and a 

shared definition of ACLF would be highly desirable. However, the 

research in ACLF field has led to important advancements in our 

understanding of clinical course of cirrhosis and helped to identify 

patients at high risk of mortality. Indeed, whatever is the defini-

tion used, ACLF has a tremendous impact on short-term mortality. 

Patients with ACLF deserve an aggressive management, including 

early identification and treatment of precipitating events, preven-

tion and treatment of infections, expedite management of OFs 

and urgent referral for liver transplantation.
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INTRODUCTION

Chronic hepatitis B (CHB) is a major cause of chronic liver dis-

eases in Korea and remains a threat to public health due to its 

high morbidity and disease-related mortality. Since the latest ver-

sion of clinical practice guidelines of CHB in 2018 by the Korean 

Association for the Study of the Liver (KASL), many studies related 

to hepatitis B virus (HBV) have been published, raising the need 

to revise the recommendations reflecting the most up-to-date in-

formation on management of CHB. The guidelines are intended to 

provide useful information and medical guidance for clinicians re-

sponsible for diagnosing and treating Korean patients with CHB. 

The current version differs from the published 2018 KASL guide-

lines, which revised the entire part about CHB, in that it primarily 

focuses on the 12 major clinical topics that require updated medi-

cal information and the latest knowledge. In addition to the natu-

ral course of CHB, treatment indication, cessation of antiviral 

therapy, and management for special populations covered in the 

KASL clinical practice guidelines for management of 
chronic hepatitis B
The Korean Association for the Study of the Liver (KASL)*
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previous version of the guidelines, this version will establish new 

topics on ‘Emerging Markers of HBV Infection’ and ‘New Drugs 

for Functional Cure,’ which have recently showed advancements 

for diagnosis and treatment of CHB. Recommendations on parts 

of CHB not included in this guideline are noted in the 2018 guide-

lines.

The current practice of managing hepatitis B has become more 

complex as many targeted and immune therapies are being widely 

used for systemic treatments of cancer patients with chronic HBV 

infection. In the updated guidelines, the reported rates of hepati-

tis B reactivation associated with these new drugs were added, 

and prophylactic antiviral treatment was recommended accord-

ingly. In transplant settings of the liver and solid organs, the risk 

of and management against post-transplant hepatitis B recurrence 

were subclassified according to the status of HBV markers of do-

nors and recipients. In particular, prophylactic management of pa-

tients undergoing hematopoietic stem cell transplantation who 

are at a very high rate of HBV reactivation was separately de-

scribed. The 2022 guidelines summarized the emerging therapies 

for a cure of HBV and newly provided hepatocellular carcinoma 

(HCC) risk models and emerging markers of HBV for clinical utility. 

In addition, the guidelines updated the feasibility of cessation of 

antiviral drugs using new HBV markers and management of pa-

tients with bone and renal disease, co-infections with other hepa-

titis virus, and those at the so-called ‘grey zone.’

The Committee for 2022 KASL clinical practice guidelines for 

CHB, launched in accordance with the initiative of the Board of 

Directors of the KASL and approved by the council, was com-

posed of nine hepatologists. The Committee searched newly pub-

lished articles related to hepatitis B from PubMed, MEDLINE (up 

to 2021), KoreaMed, as well as abstracts and proceedings of in-

ternational academic conferences and collected necessary data 

since publication of the 2018 guidelines in order to provide up-

dated recommendations based on the latest data. The levels of 

evidence in the guidelines were classified by the revised Grading 

of Recommendations, Assessment, Development, and Evaluation 

(GRADE) system. The levels of evidence were based on the possi-

bility of change in the estimate of clinical effect by further re-

search and were described as high (A), moderate (B), or low (C). 

Classification of grades of recommendation were either strong  

(1) or weak (2), by the GRADE system, according to the level of 

evidence, generalizability, clinical effect of the research result, and 

socioeconomic aspects. Each recommendation is combined with 

the level of relevant evidence (A–C) and corresponding recom-

mendation grade (1, 2) as follows: A1, A2, B1, B2, C1, and C2 

(Table 1).

Expert opinions were solicited in cases of insufficient data to 

make definitive conclusions. In addition, specialists representing 

the Korean Society for Transplantation were invited to participate 

as external consultants, regarding the recommendations on hepa-

titis B in transplant settings. Each member of the committee was 

responsible for collecting, analyzing, and preparing the manu-

script in their respective fields.

Health care utilization varies depending on race, region, institu-

tion, and economic conditions. The presented guidelines can differ 

from other regional guidelines as it reflected our unique medical 

conditions and research results. It is intended to provide practical 

and updated information for management of CHB patients. How-

ever, as the guidelines do not represent a standard treatment pro-

tocol, clinicians should keep in mind that the best management 

might vary by individual patient setting. The KASL will continue to 

update part or all of these guidelines based on publication of new 

Table 1. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)

Criteria

Quality of evidence

High (A) Further research is unlikely to change confidence in the estimate of the clinical effect.

Moderate (B) Further research might change confidence in the estimate of the clinical effect.

Low (C) Further research is very likely to impact confidence in the estimate of the clinical effect.

Strength of recommendations

Strong (1) Factors influencing the strength of the recommendation were quality of the evidence, presumed 
patient-important outcomes, and cost.

Weak (2) Variability in preferences and values or high uncertainty. Recommendation is made with less certainty, 
higher cost, or resource consumption.

Of the quality levels of evidence, we excluded “very low quality (D)” for convenience, which was originally included in the GRADE system and indicates that 
any estimate of effect is very uncertain.
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study results. Thus, revision of the guidelines is deemed necessary 

for promoting the health of Korean CHB patients.

NATURAL HISTORY

CHB is defined as persistence of serum hepatitis B surface anti-

gen (HBsAg) for more than six months. The natural course is di-

vided into five clinical phases: immune-tolerant, hepatitis B e anti-

gen (HBeAg)-positive immune-active, immune-inactive, HBeAg-

negative immune-active, and HBsAg loss or resolved HBV 

infection (Table 2). The duration of these clinical phases can vary, 

and the sequences of phases might not be continuous in the pa-

tient. In addition, there can be grey zone in which the features do 

not correspond to any specific phase. Therefore, it is often insuffi-

cient to determine the clinical stage of infection or to decide anti-

Table 2. Natural course of chronic hepatitis B

Phases* Serologic marker ALT HBV DNA Histologic activity†

CHB, immune-tolerant 
phase

HBeAg (+)
Anti-HBe (-)

Persistently normal Very high level of viral replication 
(HBV DNA level ≥10,000,000 IU/mL)

None/minimal

HBeAg-positive CHB, 
immune-active phase

HBeAg (+);  
can develop anti-HBe

Elevated (persistently  
or intermittently)

High level of viral replication  
(HBV DNA level ≥20,000 IU/mL)

Moderate/severe

CHB, immune-inactive 
phase

HBeAg (-)
Anti-HBe (+)

Persistently normal Low or undetectable HBV DNA  
(HBV DNA level <2,000 IU/mL)

Minimal

HBeAg-negative CHB, 
immune-active phase

HBeAg (-)
Anti-HBe (+/-)

Elevated (persistently  
or intermittently)

Moderate to high level of HBV 
replication (HBV DNA level ≥2,000 
IU/mL)

Moderate/severe

HBsAg loss phase  
(resolved CHB)

HBsAg (-)
Anti-HBc (+)
Anti-HBs (+/-)

Normal Not detected -

ALT, alanine aminotransferase; HBV, hepatitis B virus; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; anti-HBe, antibody to HBeAg; HBsAg, hepatitis B 
surface antigen; anti-HBs, antibody to HBsAg; anti-HBc, antibody to HBcAg.
*There can be areas of grey zone among the various phases of natural courses.
†Fibrosis stage can progress during the natural course but might vary according to degree of accumulation of liver injury. 

Figure 1. Natural course of chronic hepatitis B (CHB). HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; HBeAg, 
hepatitis B e antigen; anti-HBe, antibody to HBeAg; ALT, alanine aminotransferase.
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viral treatment based on a single alanine aminotransferase (ALT) 

or HBV DNA test (Fig. 1).1

Immunological features of CHB during the natural 
course

CHB, immune-tolerant phase
The immune-tolerant phase is generally related to vertical trans-

mission and is characterized by HBeAg positivity, very high level 

of serum HBV DNA (generally ≥107 IU/mL), persistently normal 

level of ALT, and minimal or absence of hepatic necroinflamma-

tion.2,3 In a follow-up of immune-tolerant CHB patients, serum 

ALT was elevated in 16% of cases, and the follow-up fibrosis 

stage was not different from the initial stage in those who re-

mained immune-tolerant for 5 years.2 In another study from Tai-

wan, 5% of 240 immune-tolerant CHB patients progressed to cir-

rhosis and did not develop HCC in 10 years of follow-up.4 In a 

Korean multi-center study, 1% of 946 immune-tolerant CHB pa-

tients progressed to cirrhosis, and 1.7% developed HCC during 10 

years of follow-up.5

However, a small-scale in vitro study suggested that early hepa-

tocarcinogenesis could be progressing even during the immune-

tolerant phase, as was evident by a high level of HBV DNA inte-

gration and clonal hepatocyte expansion in liver tissues from 

immune-tolerant CHB patients as with immune-active CHB pa-

tients.6 Recently, several studies reported that development of 

HCC was not uncommon in the immune-tolerant phase, although 

the studies included patients with serum HBV DNA <107 IU/mL, 

serum ALT >upper limit of normal (ULN), or high fibrosis index,7 

necessitating further studies to clarify the criteria for discriminat-

ing patients in “true” immune-tolerant phase.

The immune-tolerant phase can last for more than three de-

cades in patients infected with HBV genotype C due to late 

HBeAg seroconversion.8 Therefore, many female patients infected 

with this genotype are in the immune-tolerant phase when they 

are of childbearing age, which can lead to vertical transmission of 

HBV to a child.9

HBeAg-positive CHB, immune-active phase
With increasing age, most patients in the immune-tolerant 

phase experience immune responses to HBV. Such changes are 

due to increased response of cytotoxic T lymphocytes to hepatitis 

B core antigen (HBcAg) and HBeAg,10 resulting in destruction of 

infected hepatocytes. This phase is characterized by HBeAg posi-

tivity and fluctuating courses of serum ALT and HBV DNA lev-

els.11,12 Histological findings reveal moderate-to-severe necroin-

flammation.13 There can be various stages of liver fibrosis according 

to severity of liver injury.

Once HBeAg seroconversion occurs, the natural course of the 

disease can have one of three clinical features: (1) repeated 

HBeAg reversion and seroconversion, (2) immune-inactive phase, 

or (3) HBeAg-negative, immune-active phase of CHB.14,15 Typically, 

10–40% of patients who experience seroconversion revert to an 

HBeAg-positive state and then experience recurrence of serocon-

version at least once with progression of hepatitis activity.16,17 In 

particular, reversion frequently occurs in patients with HBV geno-

type C, and the rate decreases with age.9 Hepatic decompensa-

tion, which occurs in 5% of patients with acute exacerbation, can 

be fatal.18

CHB, immune-inactive phase
Most patients who seroconvert during the immune-active phase 

progress to the immune-inactive phase, which is characterized by 

HBeAg negativity, antibody to HBeAg (anti-HBe) positivity, persis-

tent normal ALT level, and HBV DNA level below 2,000 IU/mL.19-21 

Typical histological findings in the third phase are mild liver in-

flammation,19 and various stages of liver fibrosis can reflect previ-

ous liver injury.22

This phase persists for an extended period in most patients but 

has a relatively good prognosis. However, an estimated 20% of 

such patients will revert to the HBeAg-negative or HBeAg-positive 

immune-active phase and can experience recurring periods of re-

activation and inactivation throughout their lives, which can lead 

to cirrhosis or HCC.23,24

HBeAg-negative CHB, immune-active phase
Approximately 20% of patients who experience HBeAg sero-

conversion during their immune-active HBeAg-positive phase 

progress to the immune-active HBeAg-negative phase, with HBV 

DNA level ≥2,000 IU/mL, increased ALT level, and active necroin-

flammation of the liver.14 These patients show HBeAg-negativity 

because they harbor HBV variants in the precore (PC) or basal 

core promoter (BCP) regions of HBV DNA, resulting in failure or 

reduction of HBeAg production.25-28 The immune-active HBeAg-

negative phase is associated with older age and lower rates of 

prolonged spontaneous disease remission, and most patients in 

this phase will experience persistent hepatocellular inflammation 

and progress to hepatic fibrosis and cirrhosis.27,29,30 Severe fluctua-

tions of HBV DNA and ALT levels can make it difficult to differen-

tiate these patients from those in the immune-inactive phase.31 
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Therefore, HBV DNA and ALT levels should be monitored in every 

3 months for at least 1 year in case of immune-inactive phase to 

find out the HBeAg-negative immune-active phase requiring anti-

viral treatment.32,33

HBsAg loss phase
During the natural course of CHB, HBsAg loss is a very rare 

transition that indicates potential cure of HBV infection  

(Table 3).34-37 Complete cure, or “sterilizing cure,” of HBV infection 

implies seroclearance of HBsAg and HBV DNA as well as complete 

clearance of intrahepatic covalently closed circular DNA (cccDNA) 

and/or integrated HBV DNA. However, it is difficult to achieve 

these goals at present.37 Accordingly, the realistic goal suggested 

is a “functional cure,” which refers to seroclearance of HBsAg and 

HBV DNA regardless of antibody to HBsAg (anti-HBs).37 Despite 

the presence of intrahepatic cccDNA and/or integrated HBV DNA, 

it is a successful immunological control state of CHB and therefore 

can be viewed as a concept similar to idealistic functional cure.36 

In certain circumstances, such as immunosuppression, the risk of 

HBV reactivation persists.38

Patients in the immune-inactive phase subsequently progress to 

HBsAg loss or clearance phase at a rate of 1–2% annually.31,39,40 

According to Liaw’s prospective data, HBsAg loss occurs in 0.5% 

of CHB patients per year and 0.8% of asymptomatic chronic HBV 

carriers per year.35 Korean patients reportedly experience a rela-

tively low rate of HBsAg loss (0.4% annually).41 In a few patients, 

serum HBV DNA can be detected at a very low titer during this 

phase.42,43 HBsAg loss is the state of functional cure and is associ-

ated with a reduced risk of cirrhosis. However, significant risk of 

HCC development remains even after HBsAg loss in male patients 

and in settings where HBsAg loss has been achieved late (pres-

ence of cirrhosis or age ≥50 years).42,44

HBsAg seroclearance is also achieved in a few patients on anti-

viral treatment, and the long-term clinical outcome compared 

with that of spontaneous HBsAg seroclearance is unclear.45,46 Two 

studies showed no difference in HCC incidence between patients 

who achieved treatment-induced and spontaneous HBsAg sero-

clearance,47,48 yet another study reported a 5-year cumulative inci-

dence of HCC of 0.9% and 3.9% in spontaneous and treatment-

induced HBsAg seroclearance patients, respectively.49

Grey zone
The natural course of CHB is divided into five phases with re-

gard to clinical indicators such as ALT and HBV DNA – immune-

tolerant, HBeAg-positive immune-active, immune-inactive, 

HBeAg-negative immune-active, and HBsAg loss. However, pa-

tients who do not fit into any of the usual clinical phases are con-

sidered to be in the “grey zone.” Approximately 30% of CHB pa-

tients are in the grey zone,50-52 and the prognosis and treatment 

of CHB patients in the grey zone are under study.52-57

The decision whether to initiate antiviral therapy for patients in 

the grey zone is a clinically challenging question, and it is often 

difficult to make an accurate decision without the results of a liver 

biopsy. Treatment of patients in the grey zone is summarized in 

the ‘Treatment Indication’ session.

Risk factors that influence the natural history and 
progression of CHB

In the natural course of CHB, the cumulative incidences of cir-

rhosis and HCC were approximately 8–20%/year and 2–5%/

year.58,59 In Korea, the reported annual and 5-year accumulated 

Table 3. Definitions of HBV cure

Sterilizing cure Idealistic functional cure Realistic functional cure

Clinical scenario Never infected Recovery after acute HBV Chronic HBV with HBsAg loss

HBsAg Negative Negative Negative

Anti-HBs Negative/positive Positive Negative/positive

HBeAg Negative Negative Negative

Serum HBV DNA Not detected Not detected Not detected

Hepatic cccDNA and/or integrated HBV DNA Not detected Detected* Detected

Liver disease None None Inactive, fibrosis regress over time

Risk of HCC Not increased Not increased Declines with time

HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; HBeAg, hepatitis B e antigen; cccDNA, covalently closed circular DNA; 
HCC, hepatocellular carcinoma.
*Insufficient evidence.
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incidences of cirrhosis are 5.1% and 23%, respectively, while 

those for HCC are 0.8% and 3%.60 The risk factors for CHB pro-

gressing to cirrhosis or HCC can be divided into host, viral, and 

social-environmental factors (Table 4). For host factors, cirrhosis, 

persistent necroinflammation, old age, male gender, family history 

of HCC, and co-infection of other hepatitis virus or human immu-

nodeficiency virus (HIV) affect the risk. High level of serum HBV 

DNA and/or serum HBsAg, HBV genotype C, and specific geno-

typic mutations are included as viral factors.61-67 Social-environ-

mental factors for progression to cirrhosis or HCC include alcohol 

consumption, metabolic syndrome, diabetes, obesity, and smok-

ing.68-70 In contrast, coffee,71-73 metformin,74 aspirin,75,76 and 

statins77-84 exert protective effects against development of HCC.

Multiple prognostic prediction models have been developed to 

estimate the risk of HCC in CHB patients (Table 5). The REACH-B 

(risk estimation for HCC in chronic hepatitis B) model, which con-

sists of gender, age, serum ALT, HBeAg, and serum HBV DNA lev-

el, has been developed for HCC risk prediction in non-cirrhotic, 

treatment-naïve CHB patients. REACH-B model has been validat-

ed in Hong Kong and Korean cohorts of CHB patients including 

those with liver cirrhosis. Areas under the receiver operating char-

acteristic curve for HCC prediction at 3 years, 5 years, and 10 

years are 0.77–0.81 in those cohort.85 Modified REACH-B 

(mREACH-B) model, which substituted serum HBV DNA for the 

liver stiffness value from the original REACH-B model, showed 

better outcomes in assessment of 3-year and 5-year HCC predic-

tion in several prospective Korean studies.86,87 Meanwhile, PAGE-

B (platelets, age, gender, and hepatitis B) model, which was de-

veloped from Western studies,88 has been validated by several 

Korean retrospective studies.89,90 Modified PAGE-B (adding serum 

albumin) was superior to the original PAGE-B in prediction of 

5-year HCC risk in Korean CHB patients.90-92 Although THRI (To-

ronto HCC risk index) has shown good predictive ability for HCC 

in patients with cirrhosis,93 it was not superior to mPAGE-B in Ko-

rean CHB patients.91 Meanwhile, the CAGE-B (cirrhosis and age) 

and SAGE-B (stiffness and age) models, which were developed 

from Western studies,94 has been validated by several Korean ret-

rospective studies.95,96 A recently developed FSAC (fibrosis marker 

response, sex, age, cirrhosis) model that incorporates on-therapy 

changes in non-invasive fibrosis markers (fibrosis-4 [FIB-4] or as-

partate aminotransferase-to-platelet ratio index [APRI]) has been 

validated in a separate cohort of Korean CHB patients.97

Recently, deep learning or artificial intelligence-assisted predic-

tion models were developed to predict the risk of HCC in patients 

with CHB on antiviral treatment, and these models demonstrated 

superior performance in risk stratification compared with previous 

risk scores.98,99

Summary

1.   The natural course of CHB is divided into five phases – 

immune-tolerant, HBeAg-positive immune-active, immune-

inactive, HBeAg-negative immune-active, and HBsAg loss. 

Studies on the prognosis and treatment of grey zones that 

are not classified by clinical indicators, such as ALT and HBV 

DNA, are in progress. 

2.   Several models have recently been developed to predict 

the risk of HCC in CHB patients using clinical parameters, 

artificial intelligence, and deep-learning technology. There 

are increasing efforts to apply these models to clinical care in 

patients receiving antiviral treatment.

EMERGING MARKERS OF HBV INFECTION

HBV, the Dane particle, has a diameter of approximately 44 nm 

Table 4. Factors associated with development of liver cirrhosis and hepatocellular carcinoma in persons with chronic hepatitis B

Risk factor Host Viral Miscellaneous

HCC and  
liver cirrhosis

• Older age (>40 years) • High serum HBV DNA (>2,000 IU/mL) 
• High serum HBsAg
• Genotype C
• Delayed HBeAg seroconversion
• Basal core promotor mutation

• Alcohol

• Persistent ALT elevation • Metabolic syndrome

• Male • Diabetes

• Concurrent infection (HCV, HDV, HIV) • Obesity

HCC • Presence of cirrhosis • Aflatoxin

• Family history of HCC • Smoking

HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; HCV, hepatitis C virus; HDV, hepatitis D virus; HIV, human immunodeficiency virus; HBsAg, 
hepatitis B surface antigen; HBeAg, hepatitis B e antigen.
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and consists of a double-layered capsid particle enclosing a circu-

lar, incomplete double-stranded DNA genome (3.2 kb in length). 

HBV has been classified into eight genotypes (A to H) by a diver-

gence >8% in the entire genomic sequence. The distribution of 

HBV genotypes differs between regions and ethnicity. Genotype 

C, especially the C2 subgenotype, prevails predominantly among 

chronic HBV carriers in Korea.100,101 Genotype C HBV infection is 

an independent risk factor for HCC development in addition to liv-

er cirrhosis.102,103 Patients infected with HBV genotype C tended to 

have persistently positive HBeAg or fluctuating HBeAg status.

The structure of HBV consists of an external surface protein and 

an internal core protein. The antigenicity to each protein is called 

HBsAg and HBcAg, respectively. There are four known genes en-

coded by the genome, called C, X, P, and S. Gene S codes for the 

HBsAg. The core protein (HBcAg) is coded for by gene C, and its 

start codon is preceded by an upstream in-frame AUG start codon 

Table 5. HCC risk prediction models

Prediction 
model

Patients
Antiviral 
therapy

Variables Cutoff Cumulative incidence of HCC NPV (%)

GAG-HCC56 820 Asian  
(Hong Kong)

Treatment-naïve Age, gender, HBV 
DNA, cirrhosis

Low (≤100)
High (>100)

- 99% at  
10 years

CU-HCC487 1,005 Asian 
(Hong Kong)

Treatment-naïve Age, HBV DNA, 
cirrhosis, albumin, 
bilirubin

Low (<5)
Intermediate (5–19)
High (>19)

Low (2.2% at 10 years)
Intermediate (14.5% at 10 years)
High (29.4% at 10 years)

97.8% at 
10 years

REACH-B85 3,584 Asian 
(Taiwan)

Treatment-naïve Age strata, gender, 
HBV DNA, ALT, 
HBeAg

Low (0–5)
Intermediate (6–11)
High (12–17)

Low (0.5% at 10 years)
Intermediate (8.4% at 10 years)
High (81.6% at 10 years)

98% at  
10 years

LSM-HCC488 1,035 Asian 
(Hong Kong)

38% on antiviral 
therapy

Age, HBV DNA, 
albumin, LSM

Low (0–10)
High (11–30)

Low (0.6% at 5 years)
High (8.8% at 5 years)

99.4% at  
5 years

THRI93 2,079 (396 
HBV) Western 
(Canada)

Regardless 
of antiviral 
therapy

Age, gender, 
platelet, etiology

Low (<120)
Intermediate (120–240)
High (>240)

Low (2.7% at 10 years)
Intermediate (9.8% at 10 years)
High (32.1% at 10 years)

-

mREACH-B86 192 Asian 
(Korea)

ETV Age, gender, ALT, 
HBeAg, LSM

Low (<10)
High (≥10)

Low (5.6% at 5 years)
High (20.6% at 5 years)

96.8% at  
5 years

PAGE-B88 1,325 Western 
(Europe)

ETV or TDF Age, gender, 
platelet

Low (0–9)
Intermediate (10–17)
High (≥18)

Low (0% at 5 years)
Intermediate (3% at 5 years)
High (17% at 5 years)

100% at  
5 years

mPAGE-B91 2,001 Asian 
(Korea)

ETV or TDF Age, gender, 
platelet, albumin

Low (0–8)
Intermediate (9–12)
High (≥13)

Low (0.7% at 5 years)
Intermediate (5.1% at 5 years)
High (18.4% at 5 years)

-

CAGE-B94 1,427 Western 
(Europe)

ETV or TDF Age, cirrhosis, LSM Low (0–5)
Intermediate (6–10)
High (11–16)

Low (0% at 12 years)
Intermediate (1.8% at 12 years)
High (15.4% at 12 years)

100% at 
12 years

SAGE-B94 1,427 Western 
(Europe)

ETV or TDF Age, LSM Low (0–5)
Intermediate (6–10)
High (11–15)

Low (0% at 12 years)
Intermediate (4.0% at 12 years)
High (13.8% at 12 years)

100% at 
12 years

FSAC97 5,147 Asian 
(Korea)

ETV or TDF Age, gender, 
cirrhosis, non-
invasive fibrosis 
marker (FIB-4, 
APRI) response

Low (≤2)
Intermediate (3–8)
High (≥9)

Low (0.4% at 10 years)
Intermediate (7.5% at 10 years)
High (36.3% at 10 years)

99.0% at 
10 years

mPAGELS-B90 2,184 Asian 
(Korea)

ETV or TDF Age, gender, 
platelet, LSM

Low (<12)
Intermediate (12–24)
High (≥24)

Low (0.5% at 5 years)
Intermediate (4.3% at 5 years)
High (18.1% at 5 years)

-

HCC, hepatocellular carcinoma; NPV, negative predictive value; HBV, hepatitis B virus; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; LSM, liver 
stiffness measurement; FIB-4, fibrosis-4; APRI, aspartate aminotransferase-to-platelet ratio index.
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from which the pre-core protein is produced. HBeAg is produced 

by proteolytic processing of the pre-core protein. HBsAg and HB-

cAg can be measured in peripheral blood because they circulate 

in serum. Otherwise, HBcAg is an intracellular antigen that is ex-

pressed in infected hepatocytes. It is not detectable in serum with 

available commercial assays. Antibodies for each antigen, such as 

anti-HBs, anti-HBc, and anti-HBe, can be detected by serological 

tests.

In addition to traditional tests above, novel virological markers 

have been developed to predict prognosis, treatment response, 

and off-treatment viral suppression in patients infected with HBV 

(Table 6, Fig. 2).104

Serum marker

Quantitation of HBsAg
The HBV encodes the three proteins of the HBsAg, which form 

the viral envelope, small (SHBsAg), middle (MHBsAg), and large 

(LHBsAg). These proteins are translated from two HBV subge-

nomic mRNA transcripts, the preS1 mRNA and the preS2/S 

mRNA. HBsAg is not only generated by transcription and transla-

tion of cccDNA, but also can be generated from HBV DNA epi-

somally integrated into the host genome. HBsAg is assembled 

with core proteins and DNA polymerases during the viral replica-

tion process to form a complete virion (Dane particle). The surface 

proteins also generate non-infectious excess sub-viral particles, 

approximately 22 nm in diameter, with either a spherical or a long 

filamentous form. The quantitation of serum HBsAg is a method 

of detecting all three forms. There is a positive correlation be-

tween levels of serum HBsAg and intrahepatic cccDNA in patients 

with CHB.

Levels of HBsAg helps to distinguish inactive carriers from CHB 

patients. In HBeAg-negative patients, one-time measurements of 

serum HBV DNA <2,000 IU/mL and HBsAg <1,000 IU/mL suggest 

future inactive carriers.105,106 In contrast, among HBeAg-negative 

patients with lower viral load (HBV DNA <2,000 IU/mL), HCC risk 

is higher in those with a high HBsAg titer (>1,000 IU/mL) than in 

those with a low HBsAg titer.107 Levels of HBsAg can predict re-

sponse during pegylated interferon (peginterferon) therapy in 

HBeAg-positive patients, possibly providing a guide to stopping 

treatment earlier.108 For nucleos(t)ide analogue (NA) treatment, 

levels of HBsAg has emerged as a valuable tool in identifying pa-

tients who will maintain or attain inactive status or develop HB-

sAg loss if they discontinue long-term NA therapy.109-111

HBV core-related antigen (HBcrAg)
HBcrAg is a composite biomarker incorporating several viral an-

tigens expressed from the pre-core/core gene: the HBcAg, HBeAg, 

and p22 core-related antigen (p22Cr).112 Although it is not yet 

commonly used in Korea, HBcrAg can be easily detected using a 

chemiluminescent immunoassay kit. Significant positive correla-

tions between serum HBcrAg level and HBV DNA level, as well as 

amount of intrahepatic cccDNA, have been observed in several 

Asian and European studies.113 Serum HBcrAg level varies signifi-

cantly among the phases of HBV infection. HBcrAg is, therefore, 

also a good virologic marker to differentiate HBeAg-negative CHB 

patients (active disease) from HBeAg-negative chronic HBV infec-

tion (inactive disease).114 Level of HBcrAg can potentially predict 

Table 6. Role of emerging HBV markers

Category Potential role HBV marker

Natural history HBeAg seroconversion Quantification of HBsAg, HBcrAg

Diagnostic tool for differentiating disease states Quantification of HBsAg, HBcrAg

cccDNA activity Amounts of intrahepatic cccDNA and cccDNA activities Quantification of HBsAg, HBcrAg, HBV RNA

Endpoint for testing therapeutic agents that target cccDNA Quantification of HBsAg, HBV RNA, HBcrAg

HBV treatment Predictors of successful withdrawal of therapy Quantification of HBsAg, HBcrAg, HBV RNA, 
cccDNA

Risk of reactivation during therapy or after therapy withdrawal Quantification of HBsAg, HBcrAg, HBV RNA, 
cccDNA

HCC occurrence/recurrence Evaluation of HCC occurrence HBcrAg, HBV RNA, HBV integration

HCC recurrence HBcrAg, HBV RNA, HBV integration

HBV reactivation HBV reactivation by immune-related therapy HBcrAg, cccDNA

HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis B core-related antigen; cccDNA, covalently closed 
circular DNA; HCC, hepatocellular carcinoma.
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the possibility of achieving partial cure in patients on antiviral 

treatment, as defined by a sustained off-therapy virological con-

trol. In the study of 130 Hong Kong patients with undetectable 

serum HBV DNA during NA, HBcrAg was detectable in 101 (78%) 

samples.115 After eight years of NA treatment, 21.3% of patients 

achieved serum HBcrAg <3 log10 U/mL.116 Based on these find-

ings, monitoring of HBcrAg and HBsAg quantification is recom-

mended by the Japan Society of Hepatology guidelines to identify 

patients who can discontinue NA.117 Furthermore, HBcrAg can be 

an aid for clinicians in identifying patients with a higher risk of 

HCC development or post-treatment recurrence.118,119 Recently, the 

HBcrAg level has been the most emerging noninvasive predictor 

Figure 2. Emerging markers for chronic hepatitis B infection. rcDNA, relaxed circular DNA; pgRNA, pregenomic RNA; p22Cr, p22 core-related antigen; 
HBcAg, hepatitis B core antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis B core-related antigen; dslDNA, 
double stranded linear DNA; cccDNA, circular covalently closed DNA; HBV, hepatitis B virus.
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reflecting intrahepatic viral replication.

HBV RNA
Serum HBV RNA represents partially reverse-transcribed, encap-

sidated pregenomic RNA (pgRNA) in virus-like particles. Given 

that pgRNA is transcribed directly from cccDNA, level of serum 

HBV RNA can potentially serve as a surrogate marker for tran-

scriptionally active cccDNA.120 Serum HBV RNA may be an indica-

tor for predicting off-treatment response in patients with sup-

pressed HBV under NA treatment,121,122 although it has limited 

additional value in differentiating CHB phases.123 Measurement of 

HBV RNA could be used to determine cccDNA activity, especially 

with therapies in development that aim for functional cure.119,124 

Levels of HBV RNA is also associated with increased HCC risk and 

post-resection recurrence in NA-treated patients.125,126 Before a 

widespread clinical application of serum HBV RNA for CHB can be 

accepted and applied, the methodology for detecting and quanti-

fying serum HBV RNA should be standardized.

Intracellular marker

HBV cccDNA
In the nucleus of hepatocytes, cccDNA is maintained as a stable 

mini-chromosome and acts as the template for pgRNA transcrip-

tion and viral protein production.127 The existence of intrahepatic 

cccDNA is the molecular basis of disease chronicity and represents 

a major barrier to HBV eradication. cccDNA is responsible for per-

sistence of the virus in the liver even after HBsAg loss and sero-

conversion. Occult HBV infection is a state in which HBsAg is not 

detected in serum, but HBV DNA is present in liver tissue or 

blood, which is believed to be due to cccDNA remaining in the 

nucleus. cccDNA also causes hepatitis B reactivation in patients 

receiving immunosuppressants or chemotherapy.128 In terms of 

HBV treatment, current widely used NAs can block the transcrip-

tion process of RNA production from cccDNA but not remove 

cccDNA itself. Therefore, cccDNA acts as a major cause of HBV 

reactivation after stopping the NA, and the development of drugs 

that can remove cccDNA itself is essential to cure hepatitis B.129 In 

order to quantify cccDNA in the liver, invasive liver biopsy is re-

quired, making it difficult to use as a marker in clinical settings.

HBV integration into the host genome
HBV can integrate in human DNA and promote hepatocarcino-

genesis by insertional mutagenesis, increased genomic instability, 

or expression of viral oncoproteins such as the protein HBx.130,131 

The application of next-generation sequencing led to character-

ization of HBV integration events. Recent studies reported that, 

among patients with primary liver cancer, a higher number of HBV 

integration events was associated with worse outcome.130,132-134 In 

addition, cell-free HBV-integrated tumor DNA was shown to be a 

circulating biomarker for detecting tumor load in a majority of pa-

tients with HBV-related HCC and aided in monitoring residual tu-

mor and recurrence clonality after tumor resection.135,136

HBV pgRNA
Among HBV mRNAs, 3.5-kb preC and pgRNA originate from HBV 

cccDNA, and pgRNA is reverse transcribed to enable the synthesis 

of HBV DNA. Intrahepatic pgRNA is considered a marker of active 

HBV replication. RNA interference (RNAi) therapeutics such as siR-

NA and anti-sense molecules targeting pgRNA are being developed. 

However, the role of intrahepatic pgRNA as a marker for treatment 

response has recently been replaced by serum HBV RNA measure-

ments.

Summary

1.   Serum HBsAg, HBcrAg, and HBV RNA measurements can be 

valuable indicators in stratifying CHB phases, determining 

suitability for NA cessation, and predicting off-treatment 

response. 

2.   Intracellular markers of HBV such as cccDNA and pgRNA can 

be effective targets for drug development for HBV cure.

TREATMENT INDICATION

Active HBV replication is associated with increased risk of liver 

damage, progression of liver disease, and liver-related complica-

tions.22 Antiviral therapy can effectively inhibit replication of the 

virus.137 Inhibition of HBV replication by antiviral therapy can im-

prove hepatic inflammation, normalize serum ALT level, improve 

liver fibrosis, reduce the incidence of HCC, and decrease liver-re-

lated death.138

However, currently available antiviral therapies cannot eradicate 

or eliminate the virus. Furthermore, the efficacy and side effects 

of the same drug can vary depending on the clinical situation.137 

Therefore, benefits and risks of antiviral therapy should be care-

fully evaluated on an individual basis. The following three factors 

are fundamental components that should be taken into consider-

ation when deciding antiviral therapy: 1) the severity of liver dis-
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ease, 2) the degree of HBV replication, and 3) the presence of liver 

injury (Fig. 3). The severity of liver disease can be categorized into 

chronic hepatitis, compensated cirrhosis, and decompensated cir-

rhosis according to the degree of liver fibrosis. Severity of liver fi-

brosis can be evaluated by liver biopsy or non-invasive methods 

using serum markers (e.g., APRI, FIB-4 index, M2BPGi)118,139 or 

transient elastography (TE) using Fibroscan® (Echosense, Paris, 

France).140,141 In general, greater than F2 fibrosis in liver biopsy is 

considered significant,142 and the diagnostic cut-off for F2 is 7.8 

kPa in Fibroscan® in a meta-analysis from Korea.140 The degree of 

HBV replication can be assessed by measuring serum HBV DNA 

level. The presence of liver injury can be estimated using serum 

ALT level or can be assessed by a liver biopsy. When it is accom-

panied by inflammation greater than grade A2–A3 in liver biopsy, 

it is defined as moderate or more severe inflammation.142

CHB, immune-tolerant phase

The immune-tolerant phase is characterized by HBeAg positivi-

ty, very high serum HBV DNA level (usually ≥107 IU/mL), and per-

sistently normal serum ALT level. In this phase, long-term progno-

sis is excellent without antiviral therapy.143-145 In a long-term 

observation of CHB immune-tolerant patients in Korea, the inci-

dence of HCC at 10 years was very low (1.7–2.7%) and not higher 

than that of patients in the immune-active phase who received 

antiviral treatment.5,146,147 To verify the immune-tolerant phase, a 

liver biopsy is necessary and will show no or mild inflammation 

without fibrosis. However, liver biopsy is an invasive procedure 

with potential complications that limit its widespread use and re-

petitive testing in clinical practice. Hence, in real-life clinical prac-

tice, a combination of clinical findings (HBeAg positivity, high se-

Figure 3. Algorithm for management of chronic hepatitis B virus infection. HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV, hep-
atitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; anti-HBe, hepatitis B e antibody. *Serum HBV DNA ≥107 IU/mL. †An upper 
limit of normal (ULN) for ALT of 34 IU/L for males and 30 IU/L for females. ‡Serum HBV DNA ≥20,000 IU/mL for HBeAg-positive patients and HBV DNA 
≥2,000 IU/mL for HBeAg-negative patients.

HBsAg+ >6 months

Assess
- Liver disease severity (include fibrosis assessment)
- Clinical phase (include HBeAg, HBV DNA, AST/ALT)

Chronic hepatitis
• Treat if immune-active phase
• Monitor if immune-tolerant or immune-inactive phase

Grey area: patients who do not fulfill above category
Close monitoring
• ALT and HBV DNA every 1–3 months, HBeAg/anti-HBe every 2–6 months to see if treatment criteria has developed.
• For patient in persistent grey area, active evaluation with non-invasive assessment of fibrosis (e.g., fibroscan) or liver biopsy can be considered.

• Patients under special population (e.g., pregnancy, patients receiving cancer chemotherapy) may require treatment even if immune-tolerant 
or inactive phase. See section on special population.

Immune-tolerant
- HBeAg+
- Very high HBV DNA*
- ALT <ULN†

-   No significant fibrosis 
or inflammation on 
non-invasive tests or 
liver biopsy

Monitor

Immune-active
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non-invasive tests or 
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Treat

Immune-inactive
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(<2,000 IU/mL) 
- ALT <ULN
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inflammation on non- 
invasive tests or liver 
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Monitor
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• Consider treatment 
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rum HBV DNA level, normal ALT level, and no evidence of 

cirrhosis) is typically used to define the immune-tolerant phase 

without liver biopsy. However, caution should be exercised con-

sidering the results of a recent study suggesting that HCC and liv-

er cirrhosis-related complications occur in a considerable number 

of such patients during long-term follow-up.7 In the study, the 

rate of HCC at 10 years was high (12.7%) compared to another 

study, although enrolled patients showed HBeAg positivity, HBV 

DNA (>20,000 IU/mL), normal ALT level, and no evidence of cir-

rhosis.7

In recent studies, older age, male, relatively low serum HBV 

DNA level,7,148 high liver stiffness value,147,149 and normal but high-

normal ALT level were associated with HCC development or liver-

related complications among patients presumed to be in the im-

mune-tolerant phase by combinations of clinical findings without 

a liver biopsy.7

The immune-tolerant phase is usually characterized by little or 

no necroinflammation without liver fibrosis, but significant fibrosis 

as seen using non-invasive serum fibrosis markers (e.g., APRI, FIB-

4, M2BPGi) or TE (Fibroscan®) suggests that antiviral treatment 

can be considered. The immune-tolerant phase is usually observed 

in young adults and is not common in elderly patients as immune 

reaction against HBV onsets with age. Indeed, elderly patients in 

the presumed immune-tolerant phase showed higher possibility of 

significant fibrosis (≥F2) or necroinflammation (≥A2) in liver biop-

sy,150 and increased risks of HCC development or liver-related 

complications.7,148 Therefore, even when all the other clinical find-

ings suggest the immune-tolerant phase, a liver biopsy can be 

considered to verify the immune-tolerant phase in older adults. 

An age cut-off for liver biopsy consideration was suggested to be 

30–40 years,144,151 but evidence to support this approach is limit-

ed. Also, non-invasive serum fibrosis markers (e.g., APRI, FIB-4, 

M2BPGi) or TE (Fibroscan®) can be used to evaluate the degree of 

hepatic fibrosis and is helpful in distinguishing patients with genu-

ine immune tolerance. Among CHB patients without clinical cir-

rhosis, those with a higher liver stiffness value (≥13 kPa) showed 

a higher rate of HCC than those with a lower value (<13 kPa).149 

In contrast, the cumulative probability of HCC at 5 years was neg-

ligible in the immune-tolerant group stringently defined by a low 

FIB-4 index (<1.45).147

The immune-tolerant phase is also characterized by very high 

level of HBV DNA, as there is little or minimal immune response 

to the virus.144,151 In one study, among patients with HBeAg posi-

tivity and normal ALT level, relatively low serum HBV DNA level 

(<107 IU/mL) was associated with a higher risk of HCC and death 

compared to those with very high serum HBV DNA level (≥107  

IU/mL).7,148 Relatively low serum HBV DNA level indicates that the 

immune response has already begun to suppress the virus. In a 

recent study about treatment-naïve CHB patients with ALT <2 

times the ULN, HBV DNA >106 IU/mL, HBeAg positivity, and HCC 

risk was highest with baseline HBV DNA level of 106–7 IU/mL com-

pared to HBV DNA level greater than 107 IU/mL.152

ALT is a good indicator of liver necroinflammation, so patients 

in the immune-tolerant phase show persistently normal ALT level, 

as there is no or little liver necroinflammation. Patients with 

slightly elevated ALT level are more likely to have fibrosis and 

necroinflammation on a liver biopsy and have a higher risk of 

complications during follow-up.148,150 Therefore, ALT at the border-

line of or slightly higher than ULN is a sign that a patient is not 

genuinely in the immune-tolerant phase. However, careful inter-

pretation is needed in defining normal or elevated ALT level. 

There is controversy about what constitutes healthy, normal ALT 

level. Elevation of ALT can be caused by obesity and other condi-

tions not related to HBV. Recently, the cut-off level for ALT associ-

ated with increased liver-related mortality among Korean chronic 

HBV-infected patients was reported to be 34 IU/L for men and 30 
IU/L for women.153 Therefore, the present guidelines recommend 

using these values to define normal ALT level.

The efficacy of currently available antiviral regimens is limited 

for patients in the immune-tolerant phase. Antiviral treatment us-

ing NAs resulted in a poor antiviral response rate and a low 

HBeAg seroclearance rate.154 Furthermore, when NA treatment 

was discontinued for those who started oral NA therapy at the 

immune-tolerant phase, all patients showed a rebound of serum 

HBV DNA level above 2,000 IU/mL, 70% showed an elevation of 

ALT level, and 55% had to re-start NA therapy.155 Long-term treat-

ment might be necessary, and treatment discontinuation can be 

difficult. However, in one study from Korea that compared 87 NA-

treated immune-tolerant CHB patients to 397 monitored immune-

tolerant patients as a control group, increased risk of HCC and cir-

rhosis was observed in the control group despite favorable 

baseline liver function.156 In a recent Korean analysis about im-

mune-tolerant phase patients based on several studies, starting 

antiviral therapy in this phase is cost-effective compared with de-

laying treatment until the active phase in CHB patients, especially 

considering increasing HCC risk, decreasing drug costs, and con-

sideration of productivity loss.157 This finding suggests that some 

patients who are presumed to be in the immune-tolerant phase 

will develop complications during follow-up, and that antiviral 

treatment can decrease this risk. Further studies are needed to 
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identify appropriate antiviral treatment indications in patients in 

the immune-tolerant phase.

[Recommendations] 

1.   CHB patients in the immune-tolerant phase, as defined by 

HBeAg positivity, very high serum HBV DNA level (≥107 IU/mL), 

persistently normal ALT level, and no inflammation or fibrosis 

on liver biopsy, should be monitored without antiviral therapy 

(B1).

2.   Evaluation of the degree of liver fibrosis using non-invasive 

fibrosis tests or liver biopsy among presumed immune-

tolerant phase patients with normal ALT level is suggested 

if the patient’s age is ≥30–40 years, serum HBV DNA level 

is <107 IU/mL, or ALT level is approaching the borderline of 

ULN, and antiviral therapy can be considered for patients 

with significant liver fibrosis (B2).

HBeAg-positive and HBeAg-negative CHB, immune-
active phase

The immune-active phase is characterized by active replication 

of HBV and moderate or severe necroinflammation with or with-

out fibrosis. A systematic review and meta-analysis of 15 random-

ized controlled trials and 44 observational studies showed that 

antiviral treatment in the immune-active phase reduced the risk of 

cirrhosis, hepatic decompensation, and HCC.138 Therefore, patients 

in the immune-active phase are indicated for antiviral treatment. 

Nevertheless, careful attention to HCC development is needed as 

antiviral treatment cannot completely eliminate the risk of HCC.158 

A recent study from Korea reported a marked reduction in liver 

disease mortality by widespread use of antiviral treatments 

against HBV but paradoxical increased burden of liver cancer.159

Active replication of HBV can be confirmed by serum HBV DNA 

measurement using polymerase chain reaction. Detection of HBV 

DNA in the serum indicates active replication of the virus. Howev-

er, the lower limit of detection is different among HBV DNA as-

says. Moreover, many patients with low-level viremia (serum HBV 

DNA level <2,000 IU/mL) show normal ALT level, little or no 

necroinflammation or fibrosis on liver biopsy, and favorable out-

comes without antiviral therapy.68 Hence, not all patients with de-

tectable serum HBV DNA, but patients with serum HBV DNA level 

≥2,000–20,000 IU/mL for HBeAg-positive patients and serum 

HBV DNA level ≥2,000 IU/mL for HBeAg-negative patients are 

considered for antiviral therapy.56,68,70

Serum ALT is a convenient indicator of necroinflammation of the 

liver and can be easily used in clinical practice.160 Elevation of ALT 

suggests hepatocellular injury and requires assessment and evalu-

ation. However, the degree of ALT elevation does not always cor-

relate with necroinflammation of the liver and can be affected by 

body mass index and gender,161,162 alcohol use, drug use, fatty liv-

er, and other causes unrelated to HBV.162,163 A normal ALT level 

does not exclude significant liver disease.164 Hence, the use of ALT 

as a criterion for treatment initiation requires consideration of the 

threshold of elevation. If the ALT level is elevated more than ≥2 

times the ULN, antiviral treatment for HBV is recommended un-

less the increase is due to other causes.144,151 When ALT is elevated 

above but <2 times the ULN, controversy exists as to whether 

these patients require antiviral treatment.144,151 Patients with se-

rum ALT elevated above but <2 times the ULN have increased risk 

of liver cirrhosis and HCC compared to patients with serum ALT 

within the normal range.165,166 Yet, “normal” ALT level varies 

among studies and by ethnicity.162,167 The specific ALT levels used 

in clinical trials to initiate antiviral therapy also differ.168-173 There-

fore, sufficient data are not available to judge whether it is neces-

sary to start antiviral treatment in patients with serum ALT elevat-

ed above but <2 times the ULN. In this case, trends in serum ALT 

and HBV DNA levels should be closely monitored to identify pos-

sible causes and to verify whether treatment for such patients 

should be initiated (Fig. 3). If a patient shows persistently elevated 

ALT level <2 times the ULN, the degree of fibrosis can be further 

investigated by non-invasive fibrosis tests or by liver biopsy to ver-

ify whether patients require antiviral treatment due to significant 

fibrosis.

Histological assessment of the liver, liver biopsy, is a corner-

stone in the evaluation of hepatic necroinflammation and fibro-

sis.174 Findings of moderate to severe necroinflammation or signifi-

cant fibrosis (≥F2) indicate that antiviral treatment for HBV is 

needed.137 However, a liver biopsy is an invasive procedure requir-

ing special resources that limit widespread clinical use. Serum fi-

brosis biomarkers or TE (Fibroscan®) of the liver are alternatives 

that can be used to estimate degree of fibrosis.175 These non-inva-

sive biomarkers for liver fibrosis are less accurate than liver biopsy 

but can be used to rule in or rule out patients with significant fi-

brosis. HBeAg, HBV DNA concentration, and ALT level have been 

traditionally used to determine starting antiviral therapy, and liver 

biopsy was used in a case of difficult decision for antiviral thera-

py.176 Recently, treatment initiation based on liver disease severity 

as assessed by non-invasive tests (e.g., Fibroscan®) has been sug-

gested.175 However, more evidence is needed for cut-off levels of 
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non-invasive tests to support treatment initiation.

Among HBeAg-positive CHB patients, spontaneous HBeAg se-

roconversion has been reported for those experiencing increase of 

ALT level with HBV DNA elevation. Hence, 3–6 months of obser-

vation without antiviral treatment can be considered if spontane-

ous HBeAg seroconversion is expected.176 However, biochemical 

deterioration leading to liver failure is of concern. A prospective 

cohort study of 90 patients from Korea with HBeAg-positive CHB 

who were monitored without antiviral therapy showed a very low 

rate of spontaneous HBeAg seroconversion (1.1%), while there 

was frequent biochemical deterioration and one case of liver 

transplantation due to liver failure.177 Therefore, when expecting 

HBeAg seroconversion, the risk of acute decompensation leading 

to liver failure warrants careful attention. Another report from Ko-

rea showed that spontaneous HBeAg seroconversion can be ex-

pected for patients with non-vertical transmission and low serum 

HBV DNA level.178

CHB patients can present with severe acute exacerbation, char-

acterized by elevated HBV DNA level, serum ALT level 5–10 times 

greater than ULN, jaundice, coagulopathy, ascites, and/or hepatic 

encephalopathy. They can also be classified as having acute-on-

chronic liver failure (ACLF) when they present with symptoms and 

signs of liver failure.179 Severe acute exacerbation can occur spon-

taneously,180 by drug-resistant HBV during antiviral therapy,181 

with cessation of antiviral therapy,182 or with anticancer chemo-

therapy.183 NA therapy reduces mortality in patients with severe 

reactivation of CHB presenting as ACLF.184 Therefore, immediate 

antiviral treatment is recommended for CHB patients with severe 

acute exacerbation or ACLF.176 Some studies have reported a 

higher mortality rate among entecavir-treated patients than lami-

vudine-treated patients,185,186 but a meta-analysis of three pro-

spective and eight retrospective studies showed similar effects on 

the mortality rate between entecavir and lamivudine treatment, 

with a more favorable long-term outcome in entecavir.179 Howev-

er, antiviral treatment cannot fully prevent progression to liver 

failure, which can lead to mortality in the case of high Model for 

End-stage Liver Disease (MELD) score, moderate to severe ascites, 

and/or aggravation of hepatic encephalopathy,187-189 Emergent liv-

er transplantation should be considered and prepared. Steroid or 

plasma exchange has been suggested in cases of severe acute ex-

acerbation and ACLF, but data are currently limited to a small 

number of cases.190,191

Some HBeAg-negative CHB patients show normal or mildly ele-

vated ALT level despite elevated HBV DNA level (>2,000 IU/mL). 

Some patients progress to the immune-inactive phase spontane-

ously—especially patients with low HBsAg level and low serum 

HBV DNA level.192 In a recent study about patients with HBeAg 

negativity and replicative HBV DNA ≥2,000 IU/mL, according to 

ALT level (persistently normal ALT, ALT 1–2 times the ULN, ALT 

>2 times the ULN), untreated patients with ALT 1–2 times the 

ULN had higher risks of HCC and death/transplantation than anti-

viral-treated patients with ALT >2 times the ULN.54 HBeAg-nega-

tive patients are those who have experienced the prior immune-

active phase, and there is possibility that various degrees of 

fibrosis remain in these patients. For those with advanced fibrosis, 

antiviral treatment can be considered for those with elevated HBV 

DNA level regardless of ALT level.138,151 Hence, HBeAg-negative 

CHB patients showing elevated HBV DNA level (>2,000 IU/mL) 

but normal or mildly elevated ALT level require careful evaluation 

of their degree of fibrosis to decide if they should undergo antivi-

ral treatment or monitoring. 

[Recommendations]

1.   Antiviral therapy is recommended in HBeAg-positive CHB 

patients with HBV DNA ≥20,000 IU/mL and in HBeAg-

negative CHB patients with HBV DNA ≥2,000 IU/mL if serum 

ALT level is ≥2 times the ULN (A1). In cases where ALT is 1–2 

times the ULN, close ALT monitoring or liver biopsy should be 

considered. Antiviral therapy is recommended if liver biopsy 

reveals moderate to severe necroinflammation or significant 

fibrosis (≥F2) (A1), which can be assessed by non-invasive 

fibrosis tests (B1).

2.   In patients with HBeAg-positive or HBeAg-negative CHB, 

prompt antiviral therapy should be initiated in cases of acute 

exacerbation, with elevation of ALT ≥5–10 times the ULN 

and signs of liver failure such as jaundice, prothrombin time 

prolongation, ascites, or hepatic encephalopathy (A1).

3.   In HBeAg-negative CHB patients with HBV DNA ≥2,000 

IU/mL and normal ALT level, follow-up can be considered. 

Otherwise, liver biopsy or non-invasive fibrosis tests can be 

considered for assessment of the degree of necroinflammation 

and/or fibrosis to determine whether treatment is needed (B2).

CHB, immune-inactive phase 

The immune-inactive phase is characterized by HBeAg-negative, 

anti-HBe-positive, persistently normal ALT level, and undetectable 

or low (<2,000 IU/mL) serum HBV DNA level. In this phase, long-

term outcome without antiviral treatment is good for those with-
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out advanced fibrosis.68 In contrast, risk of HCC is not low for 

these patients with high FIB-4 or APRI index suggesting advanced 

liver fibrosis.52,54,193,194 The immune-inactive phase is a dynamic 

phase that can reactivate to an immune-active phase.14 Hence, 

patients in the immune-inactive phase require careful assessment 

of the degree of fibrosis and close monitoring of serum ALT and 

HBV DNA levels to verify whether they remain in the immune-in-

active phase.

HBsAg loss or seroclearance is observed in 1–2% of patients 

per year in the immune-inactive phase.39,41 HBsAg seroclearance is 

considered a surrogate endpoint for a functional cure of CHB. 

Hence, several studies investigated whether antiviral therapy in 

the immune-inactive phase can further induce HBsAg seroclear-

ance. In a study about immune-inactive phase patients with HB-

sAg <1,000 IU/mL, HBsAg loss was achieved in 44.7% of 102 pa-

tients treated with peginterferon or peginterferon/adefovir 

compared to only 2.4% of 42 patients without treatment over 96 

weeks. This study suggested that antiviral therapy in immune-in-

active phase patients with low HBsAg titer could be considered 

for HBsAg loss.195 However, in a randomized prospective con-

trolled study for 48 weeks, when 151 immune-inactive phase pa-

tients irrespective of HBsAg titer were randomized into two 

groups, the treatment group with peginterferon/adefovir or pegin-

terferon/tenofovir (DF or AF) and the no-treatment group, the rate 

of HBsAg loss was not different between the two groups at 72 

weeks (4% vs. 0%, respectively).196 This suggests that the benefit 

of antiviral therapy is limited in immune-inactive phase patients, 

who have low risk for HCC or liver-related complications during 

follow-up. The clinical benefit of inducing HBsAg loss by antiviral 

treatment in the immune-inactive phase, in terms of achieving 

treatment goals for CHB (improving overall survival or preventing 

development of HCC) has not yet been demonstrated and requires 

further investigation.

[Recommendations]

1.   Antiviral treatment is not indicated in CHB patients in the 

immune-inactive phase, determined by serum HBV DNA 

<2,000 IU/mL, a normal ALT level, and no evidence of 

advanced liver fibrosis (B1).

2.   Antiviral treatment can be considered in CHB patients in 

the immune-inactive phase with significant liver fibrosis 

suggested by liver biopsy or non-invasive fibrosis tests, even 

if the serum HBV DNA is less than 2,000 IU/mL (B2).

Compensated cirrhosis

Liver cirrhosis could be diagnosed by liver biopsy. Since liver bi-

opsy is limited in real practice, clinical diagnosis of cirrhosis is usu-

ally assigned when an image study (computed tomography, ab-

dominal ultrasonography, and magnetic resonance imaging) 

shows nodular liver surface, splenomegaly, or presence of intraab-

dominal collaterals suggesting portal hypertension or when en-

doscopy reveals esophageal or gastric varix or clinical symptoms 

of cirrhosis.197 In addition to imaging studies, laboratory findings 

such as serum albumin, bilirubin, prothrombin time, and platelets 

can be helpful in diagnosis of liver cirrhosis.

Antiviral treatment for compensated cirrhosis patients can de-

crease the risk of HCC and liver-related complications138 and im-

prove liver fibrosis.198,199 Serum ALT level might not be elevated in 

patients with cirrhosis, and the risk of complication is high even 

for those with normal ALT level.200 Hence, cirrhotic patients with 

active HBV replication require antiviral treatment regardless of 

ALT level. For cirrhotic patients, the risk of HCC decreases but re-

mains even after achieving a virological response to antiviral ther-

apy,201 requiring HCC surveillance.

For compensated cirrhosis patients, those with elevated HBV 

DNA level (≥2,000 IU/mL) are indicated for antiviral therapy. For 

patients with detectable but low-level viremia (<2,000 IU/mL), re-

cent European Association for the Study of the Liver and Ameri-

can Association for the Study of Liver Diseases guidelines recom-

mend antiviral therapy.144,151 An observational cohort study from 

Korea reported that 33% of compensated cirrhosis patients with 

low-level viremia experienced HBV DNA elevation ≥2,000 IU/mL 

during follow-up, and this was associated with increased risk for 

HCC.202 Furthermore, HCC risk was higher for patients who re-

mained at low-level viremia compared to those with undetectable 

HBV DNA level, antiviral treatment was inversely associated with 

HCC risk in this group, and antiviral treatment could decrease the 

risk of reactivation of HBV and have survival benefit in patients 

with low-level viremia even after HCC development.202,203 For 

compensated cirrhosis patients with low-level viremia, prompt an-

tiviral treatment has the advantage of preventing HBV DNA eleva-

tion during follow-up and can decrease the risk of complications, 

as shown in another observational study from Korea. In that 

study, the cumulative incidence rate of HCC among cirrhotic pa-

tients with low-level viremia was 13.9% in 10 years, and they 

showed higher risk of death and liver-related complications than 

did treated cirrhotic patients.193,204 These data support prompt an-

tiviral therapy for compensated cirrhosis with low-level viremia. 
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However, in a recent study from Korea, the incidence rate of HCC 

of compensated cirrhotic patients was not different between 

those with HBV DNA <2,000 IU/mL without antiviral treatment 

and those with complete virological response to antiviral treat-

ment.205 However, until now, there have not been any randomized 

controlled trials that can assess the benefits and risks of prompt 

antiviral therapy for compensated cirrhosis patients showing low-

level viremia. 

[Recommendations]

1.   In patients with compensated cirrhosis, antiviral therapy 

should be initiated regardless of ALT level if serum HBV DNA 

level is ≥2,000 IU/mL (A1).

2.   Antiviral therapy can be initiated in compensated cirrhosis 

patients regardless of ALT level, even in those with detectable 

but low-level viremia (<2,000 IU/mL) (B1).

Decompensated cirrhosis

Decompensated cirrhosis includes cases with ascites, variceal 

bleeding, hepatic encephalopathy, or jaundice.197 Patients with 

decompensated cirrhosis might be managed in an institution that 

can respond appropriately to complications and are candidates for 

liver transplantation. Antiviral therapy modifies the natural history 

of decompensated cirrhosis, improves liver function, decreases 

the need for liver transplantation, and improves survival.206,207 

However, even if antiviral therapy is administered, it takes time to 

produce a virological response and recover clinically. Some pa-

tients with severely impaired liver function do not recover despite 

antiviral therapy, and liver transplantation should be considered 

for such cases.208 Patients with decompensated cirrhosis are prone 

to liver failure with HBV reactivation, which requires prompt anti-

viral therapy when serum HBV DNA is detectable, regardless of its 

serum level. Administration of interferon is contraindicated be-

cause it can cause serious side effects including liver failure even 

with small doses.209

[Recommendations]

1.   In patients with decompensated cirrhosis, NAs should be 

initiated if serum HBV DNA is detected regardless of ALT 

level. Liver transplantation should also be considered (A1).

NEW DRUGS FOR A FUNCTIONAL CURE

HBsAg seroclearance is the desired endpoint of functional cure 

for CHB. However, it cannot be fully achieved with conventional 

treatment including interferon or NAs.210 Thus, many new drugs 

are being developed and investigated for functional cure of CHB, 

some of which have proceeded to phase 2 trials (Table 7). These 

drugs can be classified into two types based on mechanism of ac-

tion: (1) drugs that directly interfere with the HBV life cycle and (2) 

drugs that strengthen the host immune response to HBV infection 

(Fig. 4). However, as safe and effective NAs are already available, 

the success of any newly developed drug will warrant significant 

reduction in serum HBsAg titer and few side effects.

Virus-targeting agents

Virus-targeting agents focus on viral genomes or proteins cru-

cial for the viral life cycle to disrupt its replication and infection. 

These agents for treatment of CHB decrease titers of cccDNA or 

HBsAg, and include core protein inhibitors, RNA targeted thera-

peutics, HBsAg release inhibitors, and gene-editing agents.

Capsid assembly modulator
The HBV core protein aids in capsid assembly and imports 

pgRNAs and polymerases into the capsid for reverse transcription. 

Then, enveloped HBV DNA is transmitted to infect other hepato-

cytes or reenter the nucleus for viral cccDNA replenishment. Thus, 

inhibition of encapsidation could induce reduction of cccDNA ex-

pression.211,212

NVR 3-778, ABI-H0731, and JNJ-6379 are core protein inhibi-

tors developed as oral drugs. Clinical studies of these drugs have 

reported a significant reduction in serum HBV DNA but a minor 

reduction in serum HBsAg titer. Therefore, use of core protein in-

hibitors alone might be inadequate for functional cure of CHB. 

Thus, combination therapies with interferon or NAs were tested, 

but the decrease in serum HBsAg titer remained nonsignificant 

compared to that in the control group.213-217

A recent study from Korea demonstrated that ciclopirox, a syn-

thetic antifungal agent, strongly inhibits viral replication by block-

ing the HBV capsid assembly. When combined with NAs, ciclopirox 

significantly reduced the serum HBV DNA level and HBsAg titer in 

in vitro and in vivo studies.218,219 Preclinical studies for the same 

are currently underway.
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RNA targeted therapeutics
Viral RNA forms the backbone of viral antigens and proteins. 

RNAi inhibits translation of viral transcripts to prevent its replica-

tion and HBsAg production, restore HBV-specific immune re-

sponse, and potentially lead to a functional cure.220 Currently, two 

therapeutics are being used for RNAi-based therapy: antisense 

Table 7. Novel antiviral agents under development for HBV functional cure 

Drug class Treatment regimen
Efficacy

Route Company PhaseMean reduction of 
log10 IU/mL

Proportion of subjects

Capsid assembly 
modulator

ABI-H0731 
(Vebicorvir)+NAs216

ΔlogHBsAg >0.5: 40% in TN PO Assembly 
Biosciences, USA

II/III

JNJ-6379+TDF/ETV217 0.4 in TN & HBeAg (+) 
(250 mg)

PO J&J with 
Arrowhead, USA

II

ASO GSK3228836224 1.56 in TN (300 mg)
1.99 in VS (300 mg)

ΔlogHBsAg>1: 50% in TN, 
60% in VS (300 mg)

HBsAg loss: 17% in TN,  
40% in VS (300 mg)

SC Ionis with GSK, USA II

siRNA JNJ-3989+TDF/ETV225 1.93 ΔlogHBsAg>1: 98%
ΔlogHBsAg>2: 30%

SC J&J with 
Arrowhead, USA

II

AB-729+NAs226 2.03 in TN (90 mg q 8 w)
2.16 in VS (90 mg q 8 w)

HBsAg <1: 14% in TN,  
17% in VS (90 mg q 8 w)

SC Arbutus Biopharma, 
USA

II

Vir2218±pegIFN227 2.3 in VS (with pegIFN) HBsAg loss: 8.1%  
(with pegIFN)

SC Vir Biotech, USA II

RG6346228 1.0 in TN
1.7 in VS

ΔlogHBsAg >1: 92% in VS SC Roche, Switzerland, 
with Dicerna

II

HBsAg release 
inhibitor

REP 2139 or REP 2165 
+pegIFN+TDF229

4.2 in VS HBsAg loss: 60%
ΔlogHBsAg >1: 87.5%

IV Replicor, Canada II

TLR-8 agonist GS-9688 (selgantolimod) 
+NAs231,232

ΔlogHBsAg >0.5: 7.4% in TN
ΔlogHBsAg >1: 2.6% in VS
HBsAg loss: 5% in VS

PO Gilead Sciences, 
USA

II

ICI ASC22 (envafolimab) 
+TDF/ETV234

0.49 in VS (2.5 mg/kg) IV Ascletis Pharma, 
China

II

Therapeutic 
vaccine

NASVAC±NAs235 0.579 in TN
0.216 in VS

HBsAg loss: 21.7% in TN,  
6.3% in VS

Nasal CIGB, Cuba III

GS-4774+TDF236,237 0.135 in TN (40 YU)
0.166 in VS (40 YU)

SC Gobelmmune with 
Gilead, USA

II

Combination ETV+pegIFNα2 
+HBV vaccine238

0.57 (100 w, sVIP) HBsAg loss: 16.2% in sVIP III

JNJ-3989±JNJ-6379 
+ETV/TDF/TAF240

2.6 (JNJ-3989 200 mg)
1.8 (JNJ-3989 100 mg 

+JNJ-6379 250 mg)

HBsAg <10: 29.7%  
(JNJ3989 200 mg)

12.8% (JNJ-3989 100 mg 
+JNJ-6379 250 mg)

J&J with 
Arrowhead, USA

II

HBV, hepatitis B virus; NAs, nucleos(t)ide analogues; TDF, tenofovir disoproxil fumarate; ETV, entecavir; TN, treatment-naïve; PO, per oral; HBeAg, hepatitis B e 
antigen; Δ, reduction after treatment; HBsAg, hepatitis B surface antigen; ASO, antisense oligonucleotide; VS, virologically stable; siRNA, small interfering RNA; 
IFN, interferon; SC, subcutaneous injection; w, weeks; IV, intravenous injection; TLR, toll-like receptor; ICI, immune checkpoint inhibitor; YU, yeast units; pegIFN, 
pegylated interferon; TAF, tenofovir alafenamide; sVIP, sequential HBV vaccination on an intensified schedule.
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oligonucleotides (ASO) and small interfering RNAs (siRNAs). ASOs 

are 15–20-nucleotide-long single-stranded DNA oligomers, which 

binds to its complementary site on the target viral RNA to form a 

DNA-RNA duplex. The viral RNA in the DNA-RNA duplex is then 

cleaved by ribonuclease H, inhibiting the expression of the corre-

sponding gene. On the other hand, siRNAs are 20–25 nucleotide-

long double-stranded RNA molecules. The siRNA guide strand directs 

the RNA-induced silencing complex (RISC) to the complementary  

target RNA, which is then cleaved by the Argonaute protein pres-

ent in the RISC.221,222 Lipid nanoparticles or N-acetylgalactosamine 

(GalNac/NAG)-linked particles are used to deliver these agents to 

hepatocytes.222,223

The main concerns regarding these agents include the risk of 

off-target toxicity, the potential toxicity of the delivery vehicle, 

and the risk of post-treatment reactivation by remaining cccD-

NA.219 In addition, ALT flare should be monitored during the 

course of the treatment.224

In the ASO, a phase 2 clinical study was conducted for 

GSK3228836, and both treatment-naïve and previously NA-treat-

ed groups each receiving 300 mg six times showed a mean reduc-

tion of more than 1.5 log10 IU/mL in serum HBsAg titer.224 Several 

siRNA drugs are in phase 2 clinical trials, and interim analyses were 

presented at an international conference. With NA co-administration, 

JNJ-3989 induced a decrease in HBsAg greater than 1.0 log10 IU/mL 

in 98% of the participants and an average decrease of 1.93 log10  

IU/mL.225 Similar reduction in HBsAg titer was shown with AB-729, 

Figure 4. The mechanisms of novel antiviral agents for the functional cure. NK, natural killer; TLR, toll-like receptor; ICI, immune checkpoint inhibitor; 
HBV, hepatitis B virus; NTCP, sodium taurocholate co-transporting polypeptide; SVP, subviral particle; HBsAg, hepatitis B surface antigen; HBeAg, hepati-
tis B e antigen; HBc, hepatitis B core; HBx, hepatitis B virus X protein; cccDNA, covalently closed circular DNA; ASO, antisense oligonucleotide; siRNA, 
small interfering RNA.
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Vir-2218, and RG6346.226-228

HBsAg release inhibitor
HBsAg release inhibitors suppress the assembly and secretion of 

incomplete HBV particles (subviral particles, SVPs) to reduce se-

rum HBsAg titer and mitigate immune exhaustion in the host, en-

hancing the HBV-specific immune response. Most of these drugs 

are nucleic acid polymers, of which REP 2139 and REP 2165 have 

completed phase 2 clinical trials. After 48 weeks of triple combi-

nation therapy with peginterferon and tenofovir disoproxil fuma-

rate (tenofovir DF) in patients with CHB, HBsAg loss was observed 

in 60% of the patients. Among them, 58.3% maintained HBsAg 

loss for 48 weeks after discontinuation of REP 2139 or REP 

2165.229 In addition, both these drugs showed a significant thera-

peutic effect in the treatment of HBV and hepatitis D virus (HDV) 

co-infection, supporting the potential of HBsAg release inhibitors 

for the effective treatment of HDV infection.230

Immune modulators

One of the viral mechanisms driving CHB pathogenesis is to 

overwhelm the patient’s immune response. Therefore, various 

drugs are being developed to overcome this problem and achieve 

a functional cure for CHB. To this end, toll-like receptor (TLR) ago-

nists, retinoic acid-inducible gene (RIG) agonists, immune check-

point inhibitors, therapeutic vaccines, genetically engineered T 

cells, and monoclonal antibodies are being explored.

TLR agonist
TLRs recognize viral and bacterial pathogen-associated molecu-

lar patterns (PAMPs) and induce downstream signaling pathways 

that culminate in the transcriptional activation of interferon-stim-

ulating genes. GS-9688 (selgantolimod) is a TLR-8 agonist, and 

the interim results of the phase 2 clinical study in combination 

with NAs were recently presented. Weekly administration of 3 mg 

GS-9668 for 24 weeks decreased HBsAg titer by 0.5 log10 IU/mL 

or more in 7% of treatment-naïve patients (vs. 0% in the control 

group) and demonstrated functional cure in 5% of patients who 

were virologically stable.231,232

Immune checkpoint inhibitor
HBV evades the HBV-specific immune response by inducing sus-

tained expression of inhibitory receptors on T cells. Therefore, a 

functional cure for CHB can be achieved by overcoming the mech-

anisms underlying immune inhibition using an immune checkpoint 

inhibitor. A pilot study reported that single administration of 

nivolumab (anti-PD-1), a widely used anticancer drug, to patients 

with HBeAg-negative CHB significantly reduced serum HBsAg ti-

ter for 24 weeks. This showed the possibility of a functional cure 

using immune checkpoint inhibitors.233 Envafolimab, developed as 

an anti-PD-L1, is undergoing a phase 2 clinical trial as a combina-

tion treatment with NAs, and the interim results were recently an-

nounced. Serum HBsAg titer decreased by 0.49 log10 IU/mL during 

a 12-week follow-up after a single dose of 2.5 mg Envafolimab.234

Therapeutic vaccine
A therapeutic vaccine can enhance the host HBV-specific im-

mune response through exposure to various antigens and proteins 

of HBV.

NASVAC is a nasal spray vaccine currently undergoing phase 3 

clinical trials. During a follow-up period of 138 weeks, 6.3% of 

the previously NA-treated group and 21.7% of the treatment-na-

ïve group showed a reduction in the serum HBsAg titer.235 GS-

4774, expressing HBs, HBc, and HBx antigens, with tenofovir DF 

did not show a significant decrease in serum HBsAg titer com-

pared to the control group.236,237

Combination treatment

Several drugs are being developed for the functional cure of 

CHB. In many phase 2 clinical trials, NA or peginterferon was 

used in combination with these drugs rather than being adminis-

tered alone for effectiveness and safety. Accordingly, combina-

tions of three or more classes of drugs are also being evaluated.

A previous study confirmed the reduction of serum HBsAg upon 

combined administration of entecavir, peginterferon, and HBV 

vaccine in patients with CHB who sustained virological response. 

The HBsAg loss rate of 16.2% at 100 weeks was significant com-

pared to that in the control group.238

In a recent pilot study, a combination of JNJ-3989, a siRNA 

agent; JNJ-6379, a capsid assembly modulator; and NAs was ad-

ministered to the participants. All participants showed a decrease 

in serum HBsAg titer by 1.0 log10 IU/mL or more in 16 weeks, and 

the combination treatment was declared a breakthrough treat-

ment.239 Based on this observation, a phase 2 clinical trial was 

conducted. The recent interim result showed that the three-agent 

combination treatment was less effective with more adverse 

events than the two-agent combination treatment with JNJ-3989 

and NAs.240 Therefore, not all combinations are advantageous in 

terms of therapeutic and adverse effects, and further research is 



295

The Korean Association for the Study of the Liver (KASL)
Clinical practice guidelines for hepatitis B

http://www.e-cmh.org https://doi.org/10.3350/cmh.2022.0084

warranted to determine optimal drug combinations.

Summary

1.   New drugs that can achieve a functional cure for CHB are 

under development. Further research is crucial to understand 

the usage, efficacy, and adverse effects of each drug alone or 

in combination.

CESSATION OF TREATMENT AND MONITOR-
ING AFTER ANTIVIRAL TREATMENT

Clinical biomarkers for treatment endpoint

The ultimate goal of hepatitis B treatment is to reduce mortality 

and increase survival by continuously suppressing the proliferation 

of HBV. This goal can only be achieved by complete eradication of 

HBV in the liver in the early stages of infection; however, cccDNA 

persists in the hepatocyte nucleus despite antiviral treatment, so 

it is difficult to expect complete elimination of HBV. Therefore, it 

is practically very difficult to determine the end of NA therapy. Al-

ternative biomarkers that are readily measurable and reflect the 

achievement of treatment goals are needed when considering 

cessation of NA therapy. In clinical practice, ALT normalization, 

undetectable HBV DNA, HBeAg loss or seroconversion, and HB-

sAg loss or seroconversion have been used as treatment end-

points. Recently, studies that can predict sustained off-treatment 

response and determine cessation of NA therapy through serum 

HBsAg quantitative test, serum HBcrAg quantitative test, and se-

rum HBV RNA have been introduced.118,124,241-243 Identification of 

biomarkers to find the best candidates who can cease NA therapy 

without clinical relapse and can achieve sustained off-treatment 

response or HBsAg loss is an unmet clinical need. When stopping 

NA, the virological relapse of HBV is reported to be around 20–

70%, although there are differences depending on the patient’s 

condition and follow-up period.244-249 Meanwhile, there are stud-

ies that the possibility of a functional cure, which is HBsAg loss, 

can increase as the immune response increases with ALT flare af-

ter cessation of NA therapy. Especially, HBsAg loss is reported to 

increase progressively with a higher probability in Caucasian pa-

tients with HBeAg-negative CHB who cease NA therapy.244,245,250 

Therefore, cessation of treatment should be carefully decided in 

consideration of safety and expected off-treatment response. 

Closing monitoring is recommended in all patients who discontin-

ue NA. In particular, in cirrhotic patients, if clinical relapse occurs, 

there is a risk of acute exacerbation, hepatic decompensation, 

and death, so special attention is required.144,151,251,252

The standard treatment duration of peginterferon alfa is 48 

weeks.253,254 However, there have been reports that extended 

dosing could be more effective in HBeAg-negative CHB.255

ALT normalization 
Normalization of ALT in CHB treatment reflects a decrease in 

hepatic inflammatory response, mostly associated with undetect-

able HBV DNA, and reduces clinical deterioration.166 Normaliza-

tion of ALT during treatment reflects improvement in cirrhosis and 

could be considered reflective of treatment goals. However, 14–

40% of patients with persistently normal ALT could have greater 

than significant fibrosis (≥F2), and there is a variety of factors af-

fecting ALT, such as non-alcoholic or alcoholic fatty liver.198,256 As 

such, ALT normalization alone is insufficient when determining 

the endpoint of treatment.

Undetectable HBV DNA 
HBV DNA level is the strongest indicator of disease progression 

and long-term outcomes in the natural course of CHB.68,70 HBV 

DNA level is associated with histological activity in CHB patients, 

with low rate of progression to decompensation and high rate of 

survival in patients with low HBV DNA.257,258 Antiviral therapy can 

reduce HBV DNA level, and histological improvement can be 

achieved in proportion to HBV DNA reduction.198,258-260 In addition, 

since it reduces the progression and exacerbation of liver disease 

and prevents HCC,261,262 HBV DNA is a useful alternative indicator 

that reflects treatment endpoints. When HBV DNA is not detect-

able over a long term, and virological response is well maintained, 

the HBsAg loss rate increases even after cessation of therapy in 

patients with HBeAg-negative CHB. Therefore, cessation of thera-

py could be considered in these patients with long-term undetect-

able HBV DNA.244-246,250 The lower is the HBV DNA level, the bet-

ter is the clinical status; however, when the HBV DNA level is 

60–2,000 IU/mL, the risk of cirrhosis and HCC is similar to that of 

patients with undetectable HBV DNA.68,70 Evidence for HBV DNA 

level as an alternative indicator in these patients is lacking. Also, 

in practice, most patients relapsed after cessation of NA thera-

py.194,244-246 Hence, undetectable HBV DNA cannot be the sole in-

dicator determining treatment cessation.

HBeAg loss and/or seroconversion
HBeAg seroconversion in patients with HBeAg-positive CHB is 
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accompanied by HBV DNA reduction, ALT normalization, and his-

tological improvement. After HBeAg seroconversion, HBsAg loss 

increases to 1.15% per year.263,264 Therefore, HBeAg loss/serocon-

version in HBeAg-positive CHB could be an indicator reflecting 

achievement of the treatment goal. However, after cessation of 

NA therapy following HBeAg loss/seroconversion, the sustained 

virological response is reported to be 62.5%, 53.4%, and 51.5% 

at 1, 2, and 3 years, respectively.265 Also, in some patients, 

HBeAg-negative CHB and HBeAg reversion or acute exacerbation 

accompanied by jaundice can occur in severe cases,266 so there is 

a limit to the indicator determining treatment cessation with only 

HBeAg loss/seroconversion. Sustained undetectable HBV DNA af-

ter HBeAg loss/seroconversion and the duration of consolidation 

therapy to maintain ALT normalization are important for maintain-

ing response after cessation of NA therapy,248,267 but studies on 

the specific period are lacking. Nevertheless, it is recommended 

to maintain consolidation therapy for at least 12 months after 

HBeAg loss/seroconversion.144,151,252,265,268

Quantitative HBsAg level, quantitative HBcrAg level, and 
HBV RNA 

HBsAg is translated from pre-S1 and S2 messenger RNAs that 

are transcribed from the S gene. HBsAg exists as three protein 

subtypes (small, middle, and large) that are not differentiated by 

commercial assays. Additionally, there are two non-infectious 

subviral particles secreted, in spherical and filamentous forms, 

with 100-fold to 100,000-fold higher levels than mature virions.104 

The level of HBsAg has been found to be an indicator for off-ther-

apy sustained response in many studies.269-274 The degree of de-

cline in HBsAg level during peginterferon can predict the efficacy 

of treatment-induced immune response. In patients whose HBsAg 

level does not sufficiently decrease in the early phase of peginter-

feron, additional treatment is unlikely to be successful, so it is 

used as the stopping rule, reducing unnecessary treatment.269 Ad-

ditionally, HBsAg level can be useful to determine if cessation of 

NA therapy is an option.270-274 Chen et al. found the HBsAg level 

at the end-of-treatment (EOT) was the most important predictor 

for HBsAg loss and sustained response after stopping lamivudine 

treatment. At EOT, the HBsAg cutoff value of 300 IU/mL could 

predict 55.6% HBsAg loss in HBeAg-positive patients. In HBeAg-

negative patients, the HBsAg cutoff values of 120 and 200 IU/mL 

could predict 79.2% HBsAg loss and 93.3% post-treatment sus-

tained response, respectively.271 In a Taiwanese study of patients 

with EOT HBsAg level <100 IU/mL, the cumulative rates of clinical 

relapse and sustained virological response were 9.3% and 45.5%, 

respectively, during a mean 2-year follow-up period after cessa-

tion of entecavir treatment.272 In a large retrospective study of 

691 HBeAg-negative patients who had discontinued NAs, during 

a median follow-up period of 156 (2–614) weeks, virological and 

clinical relapse rates were reported in 79.2% and 60.6%, respec-

tively. In this study, EOT HBsAg level <100 IU/mL was an indepen-

dent factor for HBsAg loss.273 Another study showed EOT HBsAg 

level to be an independent predictor of virological and clinical re-

lapse in HBeAg-negative patients who had discontinued tenofovir 

DF treatment, and HBsAg level of 80 IU/mL was the optimal value. 

The virological and clinical relapse rates at 78 weeks were 19.6% 

and 15.4%, respectively, in patients who achieved EOT HBsAg 

≤80 IU/mL. Also, the cumulative rate of HBsAg loss at 104 weeks 

were 45.5% in these patients.274 As such, low EOT HBsAg level 

(10–200 IU/mL) has been reported to be a good predictor of sus-

tained virological response and HBsAg loss after cessation of NA 

therapy. Therefore, monitoring of quantitative HBsAg level during 

NA therapy could be helpful in practice.243,270,273

HBcrAg contains three products encoded by the PC/core gene, 

HBcAg, p22cr, and HBeAg, all of which can be measured by sero-

logical testing. HBcrAg level is closely associated with intrahepatic 

cccDNA level and HBV DNA as well as serum HBV DNA.104,113,118,241 

HBcrAg level is useful for predicting off-treatment sustained re-

sponse after cessation of NA therapy. Recently, HBcrAg level 

alone or a combination of HBsAg levels has been proposed.247,275 

The risk after cessation of NA therapy is evaluated with a predic-

tion model consisting of HBsAg and HBcrAg levels, together with 

age and ALT level at EOT (the surface antigen, core-related anti-

gen, age, ALT, and tenofovir for HBV or SCALE-B score).276-278 Sep-

arately, the scoring criteria for including HBsAg and HBcrAg levels 

for cessation of NA therapy have been proposed and incorporated 

into the Japan Society of Hepatology Guidelines for the Manage-

ment of HBV infection.117

HBV RNA has been introduced as a novel biomarker for cessa-

tion of NA therapy.104,242 There are also studies that predict off-

treatment response with a combination of other indicators, such 

as HBsAg level or HBcrAg level.119,124,279 However, the value of this 

indicator has not yet been evaluated as a standardized test, and it 

is necessary to explore the role of HBV RNA in predicting out-

comes after cessation of NA therapy.

HBsAg loss 
HBsAg loss is defined as a sustained loss of HBsAg and HBV 

DNA from serum, with or without anti-HBs seroconversion.37 HB-

sAg loss is considered “functional cure” as the optimal treatment 
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endpoint from a virological and clinical point of view. The progno-

sis following spontaneous HBsAg loss is excellent, except in pa-

tients with cirrhosis or those with concurrent other viral infec-

tion.23 The incidence of HCC is significantly reduced when HBsAg 

loss occurs before ages 45–50 years.280 Some patients with HB-

sAg loss during antiviral therapy showed HBsAg reversion or low 

but detectable HBV DNA, but most patients maintain HBsAg loss 

and undetectable HBV DNA level, and their incidence of liver 

complications, including HCC, is significantly lower compared to 

that of patients without HBsAg loss.46,47,49,281 Therefore, HBsAg 

loss is generally regarded as the optimal outcome of antiviral 

therapy in CHB, reflecting the treatment goal,37 at which point 

NAs can be discontinued.46,281,282 Recently, it has been reported 

that HBsAg reversion and serum HBV detection are rare if antiviral 

therapy is discontinued after HBsAg loss, confirmed on two occa-

sions at least 6 months apart.281,282

Monitoring after antiviral treatment

Although off-treatment response can persist after cessation of 

NA therapy, clinical relapse can occur in some patients, and there 

is a risk of acute hepatitis flare, liver decompensation, or fulmi-

nant hepatitis. Therefore, regular monitoring of liver function 

tests, HBeAg, anti-HBe, and HBV DNA is needed to evaluate the 

durability of the treatment response, relapse, and deterioration in 

liver function. In particular, if serum HBV DNA increases after ces-

sation of NA therapy, a more intensive monitoring plan should be 

implemented to determine whether NA should be re-adminis-

tered.243 HBsAg level measurement can help monitor HBsAg re-

duction or loss in patients without HBsAg loss on cessation of NA 

therapy.104,269,270 Even in patients in whom HBsAg loss has been 

achieved, there is the potential risk for reversion of HBsAg or de-

velopment of HCC.46,49,131,280-282 Therefore, serum HBsAg and/or 

anti-HBs should be monitored, and continuous HCC surveillance 

should be performed.

[Recommendations]

1.   Cessation of NA therapy is recommended after serum HBsAg 

loss in CHB patients (A1).

2.   In HBeAg-positive CHB patients, cessation of NA therapy 

could be considered at least 12 months after HBV DNA is 

undetectable and serum HBeAg loss or seroconversion has 

been achieved (B2).

3.   Long-term treatment should be considered in patients with 

liver cirrhosis. Indefinite NA therapy is recommended in 

patients with decompensated liver cirrhosis (B1).

4.  Peginterferon alfa is administered for 48 weeks (A1).

5.   With reference to quantitative HBsAg level, cessation of NA 

therapy could be considered (B1).

6.   Biomarker test such as HBcrAg and HBV RNA can be 

performed when considering cessation of NA therapy (B2).

7.   Liver function testing and serum HBV DNA measurement at 

1- to 6-month intervals and HBeAg/anti-HBe testing at 3- 

to 6-month intervals are recommended during the first year 

after cessation of antiviral treatment. Liver function testing 

and serum HBV DNA measurement at 3- to 6-month intervals 

and HBeAg/anti-HBe testing at 6- to 12-month intervals are 

recommended if treatment response is maintained beyond 

one year after antiviral therapy (B1).

8.   If virological response is maintained after cessation of 

NA therapy, follow-up HBsAg/anti-HBs testing should be 

performed to confirm HBsAg loss, maintenance, or reversion 

(B1).

MANAGEMENT IN SPECIAL CONDITIONS

Patients with HCC

The aims of antiviral treatment in patients with HBV-related 

HCC are suppression of HBV replication to prevent the progres-

sion of hepatic dysfunction, thereby enabling active treatment of 

HCC, and reduction of HCC recurrence after curative treatment.

HBV treatment in patients undergoing curative treatment 
for HCC

A recent meta-analysis demonstrated that the pooled rates of 

HBV reactivation and biochemical reactivation were 20% and 9%, 

respectively, in patients who underwent surgical resection for 

HCC without NA treatment.283 In contrast, patients receiving anti-

viral prophylaxis had a pooled HBV reactivation rate of 2–4%. In 

terms of local ablation therapies such as radiofrequency ablation 

or percutaneous ethanol injection, the HBV reactivation rate in 

patients who received no prophylactic NA was 5–9%, whereas 

HBV reactivation was rarely diagnosed in those who received pro-

phylactic NA therapy.283-286 In HBsAg-positive HCC patients with 

undetectable serum HBV DNA level at HCC diagnosis, some retro-
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spective studies in Korea and China reported that 22–33% of pa-

tients experienced HBV reactivation after surgical resection.287-290 

The risk of HBV reactivation was lower for those receiving NA.

Several studies have reported that antiviral treatment was asso-

ciated with lower risk of tumor recurrence after curative treatment 

for HBV-related HCC. A Taiwanese large-scale retrospective study 

showed that patients who underwent NA treatment with entecavir, 

lamivudine, telbivudine, etc. showed a significantly lower risk of 

tumor recurrence or overall death after surgical resection for HCC 

compared to those not treated with these drugs, although the 

prevalence of cirrhosis was significantly higher.291 A Chinese ran-

domized controlled trial (RCT) to evaluate the effect of NA treat-

ment on postoperative prognosis of HBV-HCC showed that antivi-

ral treatment significantly decreased HCC recurrence (hazard ratio 

[HR], 0.48; 95% confidence interval [CI], 0.32–0.70) and HCC-re-

lated death (HR, 0.26; 95% CI, 0.14–0.50).292 Even in RCTs includ-

ing patients with low-level viremia (HBV DNA <2,000 IU/mL), anti-

viral treatment was associated with longer recurrence-free survival 

and overall survival.293 NA therapy was also associated with a de-

creased risk of HCC recurrence among patients with HBV-related 

HCC post-RFA (HR, 0.69; 95% CI, 0.50–0.95).294 A meta-analysis 

showed that the antiviral treatment group had significantly lower 

risk of tumor recurrence (odds ratio [OR], 0.59; 95% CI, 0.35–

0.97), liver-related mortality (OR, 0.13; 95% CI, 0.02–0.69), and 

overall mortality (OR, 0.27; 95% CI, 0.14–0.50) than the no antivi-

ral treatment group.295

Regarding the choice of oral antivirals, a Korean retrospective 

study demonstrated that antiviral treatment with high-potency 

NAs (i.e., entecavir and tenofovir) showed significantly longer re-

currence-free survival than both antiviral treatment with low-po-

tency NAs (i.e., lamivudine, clevudine, and telbivudine; HR, 0.47; 

95% CI, 0.34–0.65) and no antiviral treatment (HR, 0.39; 95% 

CI, 0.30–0.51).296 However, it is not clear whether tenofovir and 

entecavir have different effects on HCC recurrence in patients re-

ceiving curative hepatectomy for HBV-related HCC. Recent Korean 

retrospective study reported that tenofovir DF therapy was associ-

ated with a significantly lower risk of HCC recurrence after cura-

tive resection and better overall patient survival compared with 

entecavir.297 In contrast, no difference in the risk of death or liver 

transplantation was observed in a Taiwanese retrospective cohort 

with hepatectomy for early-stage HCC, despite tenofovir DF ther-

apy being associated with a lower risk of HCC recurrence than en-

tecavir.298 The prognoses in terms of recurrence and death after 

curative treatment of HBV-related HCC were not statistically dif-

ferent between the entecavir and tenofovir DF groups in a multi-

center retrospective study in Korea.299

HBV treatment in patients undergoing locoregional 
therapy for HCC

After transarterial chemoembolization (TACE), approximately 

4–40% of patients with HBV-related HCC developed HBV reacti-

vation.283,300-304 Post-TACE risks of HBV reactivation, flare-up hep-

atitis, and liver failure due to HBV reactivation were 2.8%, 2.8%, 

and 0%, respectively, in the prophylactic lamivudine treatment 

group and 40.5%, 29.7%, and 8.1% in the control group. There 

was a significant difference between the two groups.302 After he-

patic artery infusion chemotherapy (HAIC), HBV reactivation was 

reported in 24–67% of patients, which was relatively higher than 

that after TACE. This finding can potentially be explained by a 

larger total amount of cytotoxic chemotherapeutic agents due to 

shorter treatment intervals than TACE.305-307 Furthermore, prophy-

lactic antiviral treatment is significantly associated with improved 

long-term survival among patients undergoing transarterial che-

motherapy, including TACE and HAIC (10-year overall survival, 

26.5% vs. 12.8%).203 The prospective Chinese study involved 98 

patients with HBsAg-positive/HBV DNA-negative HCC reported 

that HBV reactivation occurred in 23.4% of patients in the nonan-

tiviral group (11/47, 23.4%), but only 5.9% of patients in the anti-

viral group (P<0.05).308

In patients who underwent external beam radiation therapy 

(EBRT) for HCC, reactivation and ALT elevation were reported in 

0% and 2.3%, respectively, of the lamivudine-prophylaxis group 

and 21.8% and 12.5% of the control group. The control group 

had a significantly higher risk of HBV reactivation.283,309 A recent 

Korean retrospective study also showed that the absence of anti-

viral treatment was an independent risk factor for HBV reactiva-

tion in EBRT for HCC (OR, 8.34; 95% CI, 2.53–27.47).310 There-

fore, preventive antiviral therapy is recommended for patients 

with HCC who are scheduled to receive EBRT. The combination 

treatment with TACE and EBRT had twice the risk of HBV reacti-

vation compared to TACE treatment alone.311 In addition, either 

TACE or combination treatment of TACE with EBRT can reactivate 

HBV replication in HBsAg-negative/anti-HBc-positive individu-

als.312,313 Patients with prior chronic HBV infection who undergo 

intensive TACE should be closely monitored, with an alternative 

approach of antiviral prophylaxis against HBV reactivation.

HBV treatment in patients undergoing systemic therapy/
immune checkpoint inhibitors for HCC

HBV reactivation was diagnosed in 6.2% of patients treated 
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with sorafenib based on the data of a recently published meta-

analysis.283 A few retrospective studies showed that underlying 

HBV DNA >2,000 IU/mL was associated with poor prognosis in 

sorafenib-treated patients, whereas antiviral prophylaxis was sig-

nificantly related to the improvement of overall survival.314,315

Immune checkpoint inhibitors can enhance host immunity and 

consequently have a lower risk of HBV reactivation. However, im-

mune checkpoints can result in severe acute aggravation of hepa-

titis since it can upregulate antiviral immunity against HBV. There-

fore, suppression of HBV replication with antiviral treatment is 

necessary before use of immune checkpoint inhibitors.316 The 

overall pooled HBV reactivation rate was 7.8% in HCC patients 

receiving immune checkpoint inhibitors, and most of them did not 

receive antivirals.283 A Korean retrospective study including 398 

HBV-HCC patients receiving both immune checkpoint inhibitors 

and antiviral prophylaxis demonstrated that two (0.5%) showed 

HBV reactivation, both of whom showed poor adherence to anti-

virals.317 In addition, retrospective studies reported that antiviral 

prophylaxis is less likely to reactivate HBV regardless of baseline 

HBV DNA level.318,319 Thus, antiviral prophylaxis is recommended 

in HCC patients receiving immune checkpoint inhibitors.

In atezolizumab and bevacizumab combination treatment or 

lenvatinib, which have recently been approved as the first-line 

treatment for liver cancer, further studies are needed due to the 

lack of data on HBV reactivation.

[Recommendations]

1.   In patients with HBV-related HCC, antiviral therapy should be 

initiated if serum HBV DNA is detected (A1).

2.   In patients with HBsAg-positive HCC who undergo anticancer 

treatment, prophylactic antiviral therapy with NAs should be 

considered regardless of detectable serum HBV DNA (B1).

3.   HBV reactivation should be monitored in patients with past 

HBV infection undergoing anti-HCC treatment, especially 

TACE or EBRT (B2).

Patients with renal dysfunction or metabolic bone 
disease

Long-term administration of adefovir or tenofovir DF in the pa-

tients with CHB can result in decreased renal function and bone 

mineral density. Side effects such as acute or chronic renal failure, 

hypophosphatemia, and Fanconi syndrome have been report-

ed.320-323 If patients already have risk factors for renal dysfunction 

and/or metabolic bone disease, or if worsening kidney function or 

bone disease is detected during treatment, a change in treatment 

regimen needs to be considered.

Patients with renal dysfunction or metabolic disease prior 
to starting treatment

Patients with chronic kidney disease have relatively higher rate 

of exposure to HBV infection.324 In Korea, a 4–7% HBsAg-positive 

rate has been reported among hemodialysis patients.325-329 When 

starting NA treatment in patients with chronic kidney disease, the 

dose must be adjusted according to the creatinine clearance  

(Table 8). Tenofovir alafenamide fumarate (tenofovir AF) and te-

nofovir DF are not recommended in patients with creatinine clear-

ance below 15 and 10 mL/min, respectively, without renal re-

placement. This is also true for besifovir in cases of creatinine 

clearance below 15 mL/min.

Because NA treatment itself can affect renal function or bone 

density, it is necessary to select an appropriate drug if there is any 

risk factor such as long-term steroid use. In addition, patients 

treated with tenofovir DF should be monitored for bone mineral 

density during treatment. In a large phase 3 trial comparing teno-

fovir AF and tenofovir DF over a 96-week treatment period, 

among those with any risk factor for renal dysfunction (age over 

50 years, hypertension, cardiovascular disease, diabetes, or hy-

perlipidemia), patients treated with tenofovir DF, compared to pa-

tients treated with tenofovir AF, had worsening renal function 

(compared to baseline, median changes in estimated glomerular 

filtration rate [eGFR] were -5.0 mL/min and -0.3 mL/min, respec-

tively).330-332 Additionally, among those with a risk factor for de-

creasing bone density (female, age over 50 years, Asian, and 

baseline eGFR <90 mL/min) patients treated with tenofovir DF 

showed a greater decrease in bone mineral density compared to 

patients treated with tenofovir AF (-3.29% and 1.23%, respec-

tively).330-332 Therefore, it is recommended to avoid the use of te-

nofovir DF among patients with risk factors for renal dysfunction 

such as baseline eGFR <60 mL/min, proteinuria, albuminuria 

(urine albumin: creatinine ratio >30 mg/g), hypophosphatemia 

(<2.5 mg/dL), uncontrolled diabetes, or hypertension. If patients 

have a diagnosis of osteopenia or osteoporosis, need to be on 

chronic steroid treatment, or take other medications that can low-

er the bone density, other NAs that more weakly affect bone den-

sity should be considered over tenofovir DF (Fig. 5).151

In addition to tenofovir AF, entecavir and besifovir have less of 

an effect on renal function and bone metabolism. Besifovir, re-

cently approved for use, had been evaluated in a clinical trial for 
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Table 8. Dose adjustment of NAs for adult patients with altered creatinine clearance

Creatinine clearance (mL/min)* Recommended dose

Nucleoside analogues

Lamivudine

≥50 100 mg q 24 hours

30–49 100 mg first dose, then 50 mg q 24 hours

15–29 100 mg first dose, then 25 mg q 24 hours

5–14 35 mg first dose, then 15 mg q 24 hours

<5 35 mg first dose, then 10 mg q 24 hours

Telbivudine

≥50 600 mg q 24 hours

30–49 600 mg q 48 hours

<30 (not requiring dialysis) 600 mg q 72 hours

End-stage renal disease† 600 mg q 96 hours

Entecavir NA naïve Lamivudine refractory/resistant

≥50 0.5 mg q 24 hours 1 mg q 24 hours

30–49 0.25 mg q 24 hours or 0.5 mg q 48 hours 0.5 mg q 24 hours or 1 mg q 48 hours

10–29 0.15 mg q 24 hours or 0.5 mg q 72 hours 0.3 mg q 24 hours or 1 mg q 72 hours

<10 or hemodialysis† or continuous ambulatory 
peritoneal dialysis

0.05 mg q 24 hours or 0.5 mg q 7 days 0.1 mg q 24 hours or 1 mg q 7 days

Nucleotide analogues

Adefovir

≥50 10 mg q 24 hours

20–49 10 mg q 48 hours

10–19 10 mg q 72 hours

<10 Not indicated

Hemodialysis† 10 mg q 7 days following dialysis

Besifovir

≥50 150 mg q 24 hours

30–49 150 mg q 48 hours

15–29 150 mg q 96 hours

<15 Not indicated

Tenofovir disoproxil fumarate

≥50 300 mg q 24 hours

30–49 300 mg q 48 hours

10–29 300 mg q 72–96 hours

<10 with dialysis‡ 300 mg q 7 days or after a total of approximately 12 hours of dialysis

<10 without dialysis Not indicated

Tenofovir alafenamide fumarate

≥15 25 mg q 24 hours

<15 with dialysis§ 25 mg q 24 hours

<15 without dialysis Not indicated

NA, nucleos(t)ide analogue.
*Calculated using ideal (lean) body weight.
†Administered after hemodialysis.
‡Generally once a weekly, assuming three hemodialysis sessions of approximately 4 hours duration per week. Administered following completion of dialysis.
§Evidence is insufficient.
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safety in reduction of renal function and bone density. In a multi-

center phase 3 trial from Korea, the median decrease from base-

line in eGFR was -0.5 mL/min in patients with besifovir and -7.8 

mL/min in patients with tenofovir DF. In terms of bone mineral 

density, patients treated with besifovir showed median decreases 

from baseline in bone mineral density in spine and hip of 0.33% 

and 0.44%, respectively, whereas patients treated with tenofovir 

DF had median decreases of 0.85% and 1.29%.333 Therefore, be-

sifovir is thought to have a better effect on renal function or bone 

density compared to tenofovir DF. However, besifovir is not indi-

cated in cases of severely decreased renal dysfunction (eGFR <15 

mL/min) due to lack of clinical data.

Patients who developed renal dysfunction or decrease in 
bone density on treatment with NAs

If patients develop renal dysfunction or decrease in bone densi-

ty while on NAs, the causative factors must be identified and cor-

rected. Then, the dose must be modified accordingly (Table 8) or 

a review should be performed for drug change (Fig. 5).

A phase 3 clinical trial compared the safety of tenofovir AF to 

that of tenofovir AF during 240 weeks. In this trial, patients were 

given either treatment for 96 weeks each, after which some pa-

tients treated with tenofovir DF switched to tenofovir AF, while 

the remaining switched to tenofovir AF at 144 weeks. Patients 

who switched from tenofovir DF to tenofovir AF at 96 weeks (te-

nofovir AF for 48 weeks afterward) showed improved renal func-

tion at 144 weeks compared to patients who continued tenofovir 

DF at 144 weeks (compared to baseline, mean change in eGFR: 

4.2 mL/min and -0.9 mL/min, respectively). In terms of bone min-

eral density in spine and hip, patients who were treated with te-

nofovir DF showed greater decreases than patients treated with 

tenofovir AF until week 96. However, after switching to tenofovir 

AF at week 96 or week 144, bone mineral density recovered to 

baseline at week 240 in these patients, resulting no significant 

difference in patients initially treated and then switched and those 

who maintained tenofovir AF for 240 weeks.334

In another phase 3 non-inferiority switching trial, patients who 

switched to tenofovir AF from tenofovir DF had improvements in 

renal function (compared to baseline, median change 0.94  

mL/min vs. -2.74 mL/min, respectively) and bone mineral density 

(compared to baseline, median change 0.66% vs. -0.51% [hip]; 

1.74% vs. -0.11% [spine]) compared to patients who continued 

tenofovir AF at week 48.335 Additionally, in a randomized non-in-

feriority trial of patients with multidrug-resistant HBV, patients 

who switched to tenofovir AF from tenofovir DF, compared to pa-

tients continuing tenofovir AF, showed a greater increase in medi-

an eGFR (compared to baseline, 7.3% vs. 1.9%, respectively) and 

an improvement in bone mineral density (compared to baseline, 

1.8% vs. 0.2%, respectively).336 Therefore, it is thought that re-

duction in renal function and/or bone density while on tenofovir 

DF can be improved by switching to tenofovir AF.

In a phase 3 trial comparing besifovir with tenofovir D, patients 

Figure 5. Indications for selecting entecavir, tenofovir alafenamide fumarate, or besifovir over tenofovir disoproxil fumarate. AF, alafenamide fumarate. 
*Dose was adjusted if creatinine clearance <50 mL/min, refer to Table 8. †Not indicated if creatinine clearance <15 mL/min without dialysis. ‡Not indi-
cated if creatinine clearance <15 mL/min. 

Renal alteration

• Estimate glomerular filtration rate  
<60 mL/min/1.73 m2

• Dipstick proteinuria or 
urine albumin/creatinine >30 mg/g

• Low serum phosphate (<2.5 mg/dL)

Tenofovir AF†

Bone disease

• Chronic steroid use
• Use of medication that worsen bone 

density
• Osteoporosis or osteopenia

Entecavir*
Tenofovir AF†

Besifovir‡

Treatment naïve?

Yes No
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receiving tenofovir DF for 48 weeks showed a decrease in eGFR 

by -7.8 mL/min. However, renal function as measured by eGFR 

was recovered to baseline after switching to besifovir and con-

tinuing to 144 weeks. In terms of bone mineral density in spine 

and hip, patients receiving tenofovir DF showed decrease of 

1.12% and 0.62%, respectively. After switching to besifovir, bone 

density was improved and recovered to baseline, showing no sig-

nificant difference from patients who were initially treated with 

besifovir. These improvement in renal function and bone density 

were maintained after 144 weeks of besifovir treatment.337,338 

Therefore, during the NA treatment of CHB, if patients develop 

renal dysfunction or metabolic bone disease, and/or carry risk fac-

tors, appropriate drug change can be an option for overcoming 

the side effects (Fig. 5).

[Recommendations]

1.   Entecavir, tenofovir AF, and besifovir are preferred over 

tenofovir DF in treatment-naïve CHB patients with or at risk of 

renal dysfunction or metabolic bone disease (A1).

2.   Treatment can be switched to tenofovir AF, besifovir, or 

entecavir depending on treatment history in patients on 

tenofovir DF with or at risk of renal dysfunction or metabolic 

bone disease (A1).

3.   NA dose should be adequately adjusted for creatinine 

clearance (A1). 

Patients on immunosuppression or chemotherapy

The progression of CHB is determined by the interaction be-

tween the virus and host immune response. Therefore, if the im-

mune response is suppressed by immunosuppressive therapy or 

anticancer chemotherapy, the risk of reactivation increases.339

Reactivation of CHB
Reactivation of hepatitis B indicates recurrence of active necro-

tizing inflammatory disease in patients in the inactive phase of 

CHB or those who recovered from previous active infection. Such 

reactivation can be largely divided into two categories, “exacer-

bation of chronic HBV infection” for those with positive HBsAg 

and “relapse of past HBV infection” for those with negative HB-

sAg and positive anti-HBc.340 In the latter category, patients who 

remained in an “occult HBV infection” status can show viral repli-

cation triggered by immunosuppression, leading to reverse sero-

conversion or seroreversion, with redetection of HBsAg.341-343 Ex-

acerbation of chronic HBV infection is defined in those with 

seropositive HBsAg as an increase of serum HBV DNA by more 

than 100 times the baseline level. Relapse of past HBV infection is 

defined as seroconversion of HBsAg-negative to positive or detec-

tion of serum HBV DNA from undetectable level to greater than 

100 IU/mL. Hepatitis flare due to HBV reactivation is defined as  

a ≥3-fold increase in serum ALT level, to a total exceeding 100  

IU/L.344,345

Various rates of reactivation have been reported but are about 

20–50% in HBsAg-positive patients receiving anti-cancer chemo-

therapy. For an accurate diagnosis, liver damage related to che-

motherapy, tumor metastasis, or hepatitis secondary to other vi-

ruses should be excluded. In many cases, patients are asymptomatic 

but occasionally present with jaundice or are in various stages 

such as decompensated liver disease or death.343,346-348 Typical re-

activation is noted by detection of serum HBV DNA during immu-

nosuppression or chemotherapy or elevation of serum ALT after 

stopping the immunosuppressive therapy. If the reactivation oc-

curs during chemotherapy, it can lead to reduction or discontinua-

tion of chemotherapy, adversely affecting treatment success.349-351 

There are risk factors of hepatitis B reactivation related to the vi-

rus, the host, and treatment. Virus factors include serum HBV 

DNA, HBeAg seropositivity, hepatocyte cccDNA, and PC/BCP mu-

tation prior to treatment; host factors include type of malignant 

tumor, male gender, young age, and high serum ALT level; and 

treatment factors include the type and intensity of immunosup-

pressant or chemotherapy regimen, hematopoietic stem-cell 

transplantaton (HSCT), and/or solid organ transplantation.352 The 

type and intensity of chemotherapy regimen related to the risk of 

hepatitis B reactivation can be classified into three categories: 

high risk group (reactivation risk of 10% or more), moderate risk 

group (reactivation risk between 1–10%), and low risk group (re-

activation risk less than 1%) (Table 9).316,353,354

Reactivation of hepatitis B during chemotherapy for 
lymphoma and other hematologic malignancies

During chemotherapy for lymphoma, hepatitis B reactivation is 

reported to be frequent, with the rate up to 24–67%. This not 

only implies that the chemotherapy used for lymphoma is strong 

enough to cause bone marrow suppression, but also that patients 

with lymphoma have higher rates of seropositive HBsAg than 

those without lymphoma.347,355-357 Rituximab, commonly used in 

combination with steroids for the treatment of lymphoma, is 

known to increase the risk of reactivation.358,359 Rituximab therapy 

increased the risk of hepatitis B reactivation in patients with non-
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Table 9. Risk of hepatitis B reactivation associated with immune-related therapies

Risk of reactivation Immune-related therapies
HBsAg-positive

High risk (≥10%) B-cell depleting agents (rituximab, ofatumumab, natalizumab, alemtuzumab, ibritumomab, and 
obinutuzumab)

Human immunoglobulin G1 monoclonal antibody targeting CD38-expressing cells (daratumumab)*
High-dose corticosteroids (prednisone ≥20 mg/day, ≥4-week)
Anthracycline derivatives (doxorubicin, daunorubicin, and epirubicin)
Potent TNFα inhibitors (infliximab, adalimumab, certolizumab, and golimumab)
Local therapy for HCC (TACE)
Chimeric antigen receptor (CAR) T cell therapy*

Moderate risk (1–10%) Cytotoxic systemic chemotherapies other than anthracycline derivatives
Moderate-dose corticosteroids (prednisone 10–20 mg/day, ≥4-week)
Less potent TNFα inhibitors (etanercept)
Cytokine-based therapies (abatacept, ustekinumab, mogamulizumab, natalizumab, vedolizumab, 

secukinumab*, tofacitinib*, baricitinib*, and guselkumab*)
Immunophilin inhibitors (cyclosporine)
mTOR inhibitors (everolimus*, temsirolimus*)
Tyrosine-kinase inhibitors (osimertinib, imatinib, nilotinib, gefitinib, dasatinib*, erlotinib, afatinib, ibrutinib*, 

idelalisib*, palbociclib*, and ribociclib*)
Proteasome inhibitors (bortezomib)
Histone deacetylase inhibitors
Immune checkpoint inhibitors (ICIs) (pembrolizumab, nivolumab, atezolizumab, durvalumab)

Low risk (<1%) Antimetabolites, azathioprine, 6-mercaptopurine, methotrexate, mycophenolate mofetil, leflunomide, 
hydroxychloroquine, hydroxyurea*, immunomodulatory drugs (thalidomide, lenalidomide, and 
pomalidomide)*

Low-dose corticosteroids (prednisone <10 mg/day)
Intra-articular steroid injections (extremely low risk)

HBsAg-negative/anti-HBc-positive
High risk (≥10%) B-cell depleting agents (rituximab, ofatumumab, natalizumab, alemtuzumab, ibritumomab, and 

obinutuzumab)
Moderate risk (1–10%) High-dose corticosteroids (prednisone ≥20 mg/day, ≥4-week)

Anthracycline derivatives (doxorubicin, daunorubicin, and epirubicin)
Potent TNFα inhibitors (infliximab, adalimumab, certolizumab, and golimumab)
Cytotoxic systemic chemotherapies other than anthracycline derivatives
Cytokine-based therapies (abatacept, ustekinumab, mogamulizumab, natalizumab, vedolizumab, 

secukinumab*, tofacitinib*, baricitinib*, and guselkumab*)
Immunophilin inhibitors (cyclosporine)
mTOR inhibitors (everolimus*, temsirolimus*)
Tyrosine-kinase inhibitors (osimertinib, imatinib, nilotinib, gefitinib, dasatinib*, erlotinib, afatinib, ibrutinib*, 

idelalisib*, palbociclib*, and ribociclib*)
Proteasome inhibitors (bortezomib)
Human immunoglobulin G1 monoclonal antibody targeting CD38-expressing cells (daratumumab)*
Histone deacetylase inhibitors

Low risk (<1%) Moderate-dose (prednisone 10–20 mg/day) or low-dose (prednisone <10 mg/day) corticosteroids
Antimetabolites, azathioprine, 6-mercaptopurine, methotrexate, mycophenolate mofetil, leflunomide, 

hydroxychloroquine, hydroxyurea*, immunomodulatory drugs (thalidomide, lenalidomide, and 
pomalidomide)*

ICIs (pembrolizumab, nivolumab, atezolizumab, durvalumab)
CAR T cell therapy*

Modified from Loomba et al.316

HBsAg, hepatitis B surface antigen; TNFα, tumor necrosis factor-alpha; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; mTOR,  
mammalian target of rapamycin; HBc, hepatitis B core.
*For some immune-related therapies, the evidence for risk of hepatitis B virus reactivation is insufficient.
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Hodgkin’s lymphoma who had seropositive HBsAg or seronega-

tive HBsAg/seropositive anti-HBc combination (relative risk [RR], 

2.14; 95% CI, 1.42–3.22; P<0.001). Even in patients with sero-

negative HBsAg/seropositive anti-HBc combination, the use of 

rituximab therapy was associated with higher risk of reactivation 

(RR, 5.52).360 In a retrospective observational study of lymphoma 

patients treated with rituximab, hepatitis B reactivation rate was 

27.8% in patients with seropositive HBsAg, and the risk could be 

lowered by the prophylactic antiviral treatment (22.9% [32/140] 

vs. 59.1% [13/22]; P<0.001). However, hepatitis B reactivation 

developed in more than 20% of patients who received prophylac-

tic antiviral treatment. In a retrospective study, hepatitis B reacti-

vation rate was as low as 2.4% in patients with seronegative HB-

sAg/seropositive anti-HBc combination.361 According to a recent 

meta-analysis, this rate was 17% in prospective studies and 7% 

in retrospective studies.362 In addition, in a prospective observa-

tional study of lymphoma patients with seronegative HBsAg/sero-

positive anti-HBc combination who were treated with rituximab-

CHOP (R-CHOP) chemotherapy, hepatitis B reactivation and 

subsequent worsening of hepatitis were common (10.4 vs. 6.4 per 

100 person-year). In that study, there were cases where hepatitis 

worsened during periodic monitoring of HBsAg and serum HBV 

DNA, and immediate antiviral treatment was safe for reactivation 

of hepatitis B. In particular, seroreversion of HBsAg was the most 

important indicator of hepatitis B-related liver damage (100% vs. 

28%).363 There was a significant difference in the reactivation of 

hepatitis B in patients with and without prophylactic antiviral 

therapy (13.3% vs. 60%) during treatment with rituximab.364 Fur-

thermore, prior to receiving chemotherapy (R-CHOP), screening 

for hepatitis B in all patients, rather than limiting to high-risk 

groups, resulted in a 10-fold reduction in hepatitis B reactivation 

rate and economic and survival benefits.365 Lamivudine was the 

most commonly used antiviral agent, but the hepatitis B reactiva-

tion rate was significantly lower in the entecavir group than in the 

lamivudine group (6.3% vs. 39.3%; P<0.05). In a recent, prospec-

tive, randomized control study, hepatitis B reactivation was re-

ported to be 0% in the group treated with prophylactic tenofovir 

DF during rituximab treatment but 10.7% (P=0.09) in the group 

not receiving prophylactic antiviral therapy.366

With other hematologic malignancies, if patients are receiving 

high-intensity chemotherapy prior to HSCT, the risk of reactivation 

is high.366,367 In particular, in patients with seropositive HBsAg or 

seronegative HBsAg/seropositive anti-HBc awaiting high intensity 

chemotherapy prior to HSCT, antiviral therapy with a high barrier 

to resistance is recommended.368 During immunosuppressive ther-

apy or chemotherapy for hematologic disorders, for patients with 

evidence of hepatitis B infection, prophylactic treatment with la-

mivudine or entecavir can significantly lower the reactivation 

rate.369,370

Meanwhile, in a recent Korean study evaluating 93 multiple my-

eloma patients with seronegative HBsAg who were treated with 

daratumumab (anti-CD38), hepatitis B reactivation occurred in 6 

(6.5%, 6/93). Subgroup analysis for patients with seronegative 

HBsAg/seropositive anti-HBc combination showed a higher risk of 

12.5% (3/24). Furthermore, special attention is needed because 

one patient eventually died due to liver failure even though all six 

hepatitis B-reactivated patients were treated with prompt antiviral 

therapy.371

Reactivation of  hepatitis B during chemotherapy for solid 
tumors

Reactivation of hepatitis B in patients with solid tumors occurs 

in 14–21%, while that of breast cancer is higher at about 41–

70%, which is thought to be related to the high doses of treat-

ment agents and the use of anthracycline-based chemotherapy 

and steroids.351,372,373 Steroids not only suppress the immune sys-

tem, but directly stimulate the replication of HBV, increasing the 

risk of reactivation. Use of prophylactic antiviral agents in most 

solid tumors, not only breast cancer, but also lung cancer in which 

immunotherapy is being used as a first-line treatment, has signifi-

cantly reduced the rates of hepatitis B reactivation and discontin-

uation of chemotherapy treatment.374,375

Reactivation of hepatitis B during immune-related 
treatments for inflammatory bowel disease (IBD) or rheu-
matoid arthritis (RA)

The reactivation of hepatitis B also might be associated with 

the use of tumor necrosis factor-alpha (TNFα) inhibitors (inflix-

imab, etanercept, adalimumab, etc.) for the treatment of IBD or 

RA.375-380 For TNF α inhibitors used for the treatment of IBD, hepa-

titis B reactivation occurred in 22.5–39% of patients with sero-

positive HBsAg and 5% of seronegative HBsAg/seropositive anti-

HBc combination.381 In cases treated with TNFα inhibitors and 

disease-modifying antirheumatic drugs (DMARDs) for RA treat-

ment, the rate of reactivation of hepatitis B was around 12.3% in 

patients with seropositive HBsAg.382 In another study, reactivation 

was reported in 39% of HBsAg-positive patients and 5% of anti-

HBc-positive patients; among those given antiviral prophylaxis, 

the reactivation rate was significantly lower (23% vs. 62%; 

P=0.003).383 In a meta-analysis of patients treated for RA, hepati-
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tis B reactivation occurred in 14.6% of HBsAg-positive patients 

and was lower at 9.0% in those treated with prophylactic antiviral 

therapy.384 However, the reactivation rate tended to decrease in 

the TNFα inhibitor treatment group (4.4% vs. 15.6%; P=0.05), 

but no significant difference was observed from the DMARD 

treatment group (27.1% vs. 22.4%).384 This finding might be relat-

ed with the high heterogeneity of studies included in this meta-

analysis, and further studies are needed. In the same study, hepa-

titis B reactivation occurred in 1.6% of cases where only anti-HBc 

was positive.384

Acute exacerbation of hepatitis B during immunotherapy 
treatment

Recently, immune checkpoint inhibitors such as anti-PD-1 

(nivolumab), anti-PD-L1 (atezolizumab), and anti-CTLA4 (ipilim-

umab) have been used in various carcinomas including liver can-

cer. According to a recent retrospective study analyzing patients 

with multiple solid cancers and some lymphomas, the incidence 

rates of hepatitis B reactivation of the total patients, HBsAg-posi-

tive patients, and HBsAg-negative patients were 0.14% (5/3,465), 

1.0% (5/511), and 0.0% (0/2,954), respectively. The hepatitis B 

reactivation rates were 0.4% (2/464) and 6.4% (3/47) in patients 

with and without antiviral prophylaxis, respectively.317 Hepatitis B 

reactivation is rare in immune checkpoint inhibitor chemotherapy, 

but prophylactic antiviral therapy can be considered in HBsAg-

positive patients. Pembrolizumab among various immune check-

point inhibitors showed a significant correlation with hepatitis B 

reactivation.385 In a retrospective study evaluating 89 patients 

with hematologic malignancies treated with chimeric antigen re-

ceptor (CAR)-T cells, all 19 HBsAg-positive patients received pro-

phylactic antiviral therapy with entecavir, but hepatitis B reactiva-

tion occurred in one (5.3%). However, hepatitis B reactivation 

was not observed in patients with seronegative HBsAg/seroposi-

tive anti-HBc combination despite only two of 37 patients receiv-

ing prophylactic entecavir therapy. Furthermore, no hepatitis B re-

activation occurred during prophylactic antiviral therapy in the 33 

patients with seronegative HBsAg/seronegative anti-HBc combi-

nation. Therefore, prophylactic antiviral therapy might be benefi-

cial to HBsAg-positive patients treated with CAR-T cells, who are 

thought to have higher than intermediate risk of hepatitis B reac-

tivation.386 There are concerns about the possibility of acute exac-

erbation of hepatitis B in relation to these treatments, but there is 

insufficient data, and further consideration of prophylactic antivi-

ral therapy is needed.

Start and end points of prophylactic antiviral therapy
When the reactivation of hepatitis B occurs, there is a risk of liv-

er failure or even death. Therefore, prevention is most important. 

Prior to starting an immunosuppressive therapy or chemotherapy, 

screening for HBsAg and anti-HBc is necessary. If there is no evi-

dence of HBV infection in the past (with negative HBsAg and anti-

HBc), HBV vaccination can be considered. In HBsAg-positive cas-

es, regardless of serum HBV DNA level, antiviral prophylaxis is 

recommended. Instead of waiting for the serum HBV DNA level to 

rise, administering an antiviral agent at the start of the immuno-

suppressive therapy or chemotherapy or 7 days prior to the treat-

ment start date is reported to be more effective.377,387-389 The end 

point of the prophylactic antiviral treatment should theoretically be 

continued until the immune system is adequately recovered, but 

there is lack of sufficient evidence to suggest a specific end point. 

It has been reported that the risk of HBV reactivation is high when 

prophylactic lamivudine is discontinued about 3 months after the 

end of chemotherapy. The risk is especially higher when the serum 

HBV DNA prior to the treatment is elevated (≥2,000 IU/mL).390 

Therefore, when HBV is actively replicating before prophylactic 

antiviral therapy, following the present CHB treatment guidelines 

for the discontinuation of antiviral agents might prevent virus re-

activation after treatment. However, regardless of the serum HBV 

DNA level prior to the treatment, reactivation is reported more 

than 6 months after the completion of chemotherapy, so caution 

is required. Therefore, antiviral prophylaxis should be maintained 

for at least 6 months after the chemotherapy is completed, and 

extension should be considered according to the chemotherapy 

risk. Especially, for patients receiving chemotherapy involving 

rituximab, it is recommended to extend the antiviral prophylaxis 

to at least 12 months after the completion of chemotherapy.391-393 

Even after the end of prophylactic antiviral therapy, it is necessary 

to closely monitor for relapse for more than at least 12 months.

Meanwhile, as described above, hepatitis B reactivation re-

quires attention because it can occur not only when HBsAg is 

positive, but also when HBsAg is negative and anti-HBc is posi-

tive. In particular, under immunosuppressive conditions, patients 

who were only positive for anti-HBc had a higher risk of hepatitis 

B reactivation than patients who were positive for both anti-HBc 

and anti-HBs.316,394 Therefore, when HBsAg-negative and anti-

HBc-positive patients are treated with a rituximab-containing regi-

men or HSCT for leukemia, it is necessary to consider prophylactic 

antiviral therapy because the risk of hepatitis B reactivation is 

greater than 10%. Meanwhile, in a Korean study analyzing the 

risk of hepatitis B reactivation in patients who received chemo-
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therapy including rituximab for lymphoma, the risk of hepatitis B 

reactivation was low in patients with resolved HBV (HBsAg-nega-

tive and HBcAb-positive) when anti-HBs titer was high (>100 IU/mL). 

For these patients, meticulous follow-up for ALT and HBV DNA 

and prompt commencement of antiviral therapy upon hepatitis B 

reactivation are a possible strategy.395 For patients receiving inter-

mediate- or low-risk groups of chemotherapy, HBsAg and HBV 

DNA should be monitored periodically (every 1–3 months) during 

and after the chemotherapy, and antiviral treatment should be 

commenced upon hepatitis B reactivation.316

 

Treatment medications
Lamivudine is the most widely studied drug for prophylactic an-

tiviral therapy. It is well known to significantly reduce reactivation, 

liver failure, and death according to randomized controlled trials 

of lymphoma patients in Hong Kong and Taiwan.356,367,387,396 How-

ever, lamivudine has been reported to be resistant even during 

prophylaxis. If the treatment duration is expected to be long, it is 

necessary to select a therapeutic agent with a high barrier to re-

sistance considering the resistance rate.356 In a retrospective study 

of lymphoma patients, the incidence of hepatitis and chemothera-

py disruption due to HBV reactivation was significantly lower in 

the entecavir group than in the lamivudine group.397 In a random-

ized controlled study comparing 121 patients treated with R-

CHOP chemotherapy for lymphoma as entecavir-treated (n=61) 

and lamivudine-treated groups (n=60), the entecavir group per-

formed better in terms of the risk of hepatitis B reactivation (4% 

vs. 18%; P=0.001) and the rate of discontinuation of chemother-

apy due to exacerbation of hepatitis B (1% vs. 11%; P=0.002).398 

In a meta-analysis, entecavir prophylaxis was shown to prevent 

reactivation of hepatitis B more effectively than lamivudine pro-

phylaxis.399 In a retrospective comparative analysis of 419 CHB 

patients who received chemotherapy for solid cancers and lym-

phoma in Korea, HBeAg positivity, serum HBV DNA, and cancer 

types were identified as risk factors related to hepatitis B reactiva-

tion, and a risk stratification tool was developed based these fac-

tors. This study also confirmed that entecavir had a better preven-

tive effect than lamivudine or telbivudine in the high-risk group.400 

However, since most prophylactic therapy studies were conducted 

on lymphoma patients, prospective studies evaluating various 

malignancies including solid cancers on appropriate antiviral 

agents and treatment duration for each cancer type and antican-

cer drug are needed. Considering the failure rate and tolerance 

rate, entecavir and tenofovir are expected to be relatively safe op-

tions. In a retrospective study evaluating patients receiving che-

motherapy or immunosuppressant treatment for solid cancers, 

lymphoma, or rheumatic diseases, the tenofovir AF group (n=11) 

had similar effects compared to the entecavir group (n=66)  

in terms of HBV DNA reduction effect (-2.83±1.45 log IU/mL  

vs. -3.05±2.47 log IU/mL; P=0.86), HBV non-detection rate (78.8 

vs. 90.9%; P=0.68), and renal function decline rate (-0.62±11.2 

mL/min/1.73 m2 vs. -3.67±13.2 mL/min/1.73 m2; P=0.29), respec-

tively.401 Therefore, tenofovir AF can also be considered as a safe 

drug with good preventive effects. Such a conclusion regarding 

besifovir requires additional data. However, considering the char-

acteristics of the drugs, entecavir, tenofovir AF, and besifovir are 

expected to be relatively safe choices as a prophylactic antiviral 

treatment for patients at risk or with renal and/or bone diseases.

[Recommendations]

1.   If HBV infection is not confirmed, screening for HBsAg and 

anti-HBc before immunosuppression or chemotherapy is 

recommended. If either is positive, HBV DNA testing should 

be performed (A1).

2.   If either HBsAg is positive or HBV DNA is detected, 

prophylactic antiviral therapy should be initiated before or 

at the start of immunosuppression or chemotherapy (A1). 

Antiviral agents should be selected based on comprehensive 

consideration of serum HBV DNA level, the intensity and 

duration of immunosuppression or chemotherapy, and 

presence or risk of renal and/or bone diseases. Entecavir or 

tenofovir (DF or AF) is preferred (B1), and besifovir could be 

an alternative option (C1).

3.   In HBsAg-negative, HBV DNA-undetectable, and anti-HBc-

positive patients, serum HBsAg and HBV DNA should be 

monitored during high-risk immunosuppression/chemotherapy 

and antiviral therapy started when HBV reactivation occurs 

(A1). In particular, when a regimen includes rituximab and/

or other B-cell depleting agents, antiviral therapy can be 

initiated at the start of immunosuppression or chemotherapy 

(B1).

4.   Prophylactic antiviral therapy should be maintained for at 

least 6 months after the termination of immunosuppression 

or chemotherapy and for at least 12 months after the 

termination of therapy if rituximab and/or other B-cell 

depleting agents were included (B1).

5.   Periodic monitoring of serum HBV DNA is recommended 

during and after prophylactic antiviral therapy (A1).
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Hematopoietic stem cell transplantation

Patients with CHB who require HSCT for hematologic malignan-

cies are immunosuppressed for a prolonged period due to the 

high-dose chemotherapy and hematological diseases itself. This 

increases the risk of hepatitis B reactivation and leads to a poor 

prognosis.402,403 Therefore, all HSCT recipients should be tested for 

HBsAg, anti-HBc, and anti-HBs before transplantation. Quantita-

tive serum HBV DNA test should be performed for patients who 

are HBsAg-positive/anti-HBc-positive or HBsAg-negative/anti-HBc-

positive, regardless of whether they have anti-HBs or not. Hepati-

tis B vaccination should be administered and anti-HBs titers 

should be monitored for all hematologic malignancy patients who 

are HBsAg-negative/anti-HBs-negative. In small retrospective 

studies of HBsAg-positive recipients of allogeneic or autologous 

stem cell transplantation, prophylactic lamivudine treatment for 

6–12 months significantly reduced the frequency of hepatitis B re-

activation.367,404 In another study, HBsAg-positive recipients of al-

logeneic stem cell transplants underwent prophylactic antiviral 

treatment for up to 6 months after termination of immunosup-

pressive therapy and were followed for 24 months after transplan-

tation. The cumulative reactivation rate of hepatitis B was signifi-

cantly higher in patients receiving lamivudine (24%) compared to 

patients receiving entecavir (2%). Recent meta-analyses have also 

demonstrated the efficacy of entecavir in preventing hepatitis B 

reactivation.405,406

Hepatitis B reactivation is not infrequent in HSCT recipients with 

seronegative HBsAg/seropositive anti-HBc. In a prospective co-

hort study in which 62 HBsAg-negative and anti-HBc-positive al-

logeneic stem cell transplant recipients were followed for 48 

weeks, the 2-year cumulative reactivation rate (detectable HBV 

DNA >10 IU/mL) was 40.8%.407 In a retrospective study that fol-

lowed HSCT recipients with past HBV infection in Korea for a me-

dian of 78 months, the hepatitis B reactivation rate was 2.6% 

(3/114). In another retrospective study with median follow-up of 

21 months, hepatitis B reactivation occurred in four of 96 patients 

who received prophylactic antiviral therapy for 7 months and in 8 

of 219 patients who did not receive prophylactic antiviral thera-

py.408,409 According to observational studies, in HBsAg-negative 

and anti-HBc-positive allogeneic HSCT recipients, the 5-year cu-

mulative incidence of hepatitis B reactivation is frequent (10.5–

43.0%), so it is reasonable to commence prophylactic antiviral 

agents.410 Various global guidelines recommend maintaining pro-

phylactic antiviral treatment until 6–18 months after completion 

of HSCT; however, there is no unified consensus.144,151,368,411-413 Ac-

cording to a recent study, hepatitis B reactivation was continu-

ously reported up to 5–7 years after HSCT.410,414 Therefore, it 

might be safe to maintain prophylactic antiviral therapy for a long 

time after the completion of HSCT, and further studies on the tim-

ing of discontinuation of prophylactic antiviral therapy are need-

ed.

All HBsAg-positive solid organ transplantation and HSCT recipi-

ents should receive prophylactic antiviral therapy along with 

transplantation, and entecavir or tenofovir DF is preferred because 

long-term treatment is required. Although additional data are 

needed, given the characteristics of the drugs, entecavir, tenofovir 

AF, or besifovir could be recommended as a prophylactic antiviral 

treatment for patients at risk or with renal and/or bone diseases.

[Recommendations]

1.   All HSCT recipients should be tested for HBsAg, anti-HBc, and 

anti-HBs before transplantation (A1).

2.   Quantitative serum HBV DNA test should be performed for 

patients who are HBsAg-positive/anti-HBc-positive or HBsAg-

negative/anti-HBc-positive, regardless of whether they have 

anti-HBs or not (B1).

3.   Hepatitis B vaccination should be administered and anti-HBs 

titers should be monitored for all hematologic malignancy 

patients who are HBsAg-negative/anti-HBs-negative (C1).

4.   All HBsAg-positive or HBV DNA-positive HSCT recipients 

should receive prophylactic antiviral therapy at the time of 

transplantation (A1). Antiviral agents should be selected based 

on comprehensive consideration of serum HBV DNA level, the 

intensity and duration of immunosuppression or chemotherapy, 

and presence or risk of renal and/or bone diseases. Entecavir 

or tenofovir (DF or AF) is preferred for long-term treatment (B1), 

and besifovir could be an alternative option (C1).

5.   HBsAg-negative, HBV DNA undetectable, but anti-HBc-positive 

HSCT recipients are recommended to start prophylactic 

antiviral therapy at the time of transplantation (B1).

6.   Prophylactic antiviral therapy should be maintained for at 

least 12 months after HSCT (B1).

Liver transplant patient

Prevention of HBV recurrence after liver transplantation is very 

important in patients receiving a liver transplantation. The current 

standard treatment is a combination of NA and hepatitis B immu-

noglobulin (HBIG), which lowers the posttransplant HBV reinfec-
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tion rate to less than 5%.151,415 Entecavir, tenofovir DF, and tenofo-

vir AF are preferred antivirals because of their high potency and 

low rate of drug resistance.144,416,417 As switching from other anti-

viral to tenofovir AF for HBV prophylaxis led to excellent virologi-

cal response and a trend toward improvement in renal function in 

several recent studies, tenofovir AF is a reasonable option in post-

transplant patients who have or are at risk for renal or bone dis-

ease.416,417 With the advent of NA with high potency, efforts to re-

duce the duration of HBIG, which is expensive and inconvenient 

due to the parenteral route of administration, have been made in 

many transplantation centers.418-425 In these studies, HBV recur-

rence rate was low at 0–13% when lifelong highly potent NAs 

were combined with a short period of HBIG (7 days to 1 year) af-

ter transplantation. In addition, HBIG-free prophylaxis using NA 

alone showed 8-year HBsAg negativity of 92% and 88%, respec-

tively, in two studies, showing that NA monotherapy can effec-

tively prevent posttransplant HBV recurrence.426,427 NA monother-

apy without HBIG has shown to be safe and ef fective in 

preventing HBV recurrence and transplant failure and warrants fa-

vorable long-term survival rate in liver transplant patients. There-

fore, adjusting the period of HBIG use by evaluating the risk of 

HBV recurrence at the time of transplantation for each patient is 

recommended. Patients with a low risk of recurrence (HBV DNA 

negative at liver transplantation) can receive a short course or 

HBIG-free regimens but need continued monoprophylaxis with a 

potent NA. Conversely, patients with a high risk of recurrence 

(HBV DNA positive at liver transplantation, HDV coinfection, or 

poor adherence to NA therapy) should receive lifelong combina-

tion of HBIG and a potent NA.428-430

Since a HBsAg-negative/anti-HBc-positive donor liver is sugges-

tive of occult HBV infection, it is appropriate to preferentially 

transplant it to a HBsAg-positive recipient considering the possi-

bility HBV reactivation after liver transplantation. HBsAg-negative 

patients receiving anti-HBc-positive liver grafts have different HBV 

reactivation rates from 10–80% depending on recipient’s immu-

nization against HBV.431 The HBV incidence rate was highest at 

47.8% when the recipient was not immune to HBV (anti-HBs-neg-

ative, anti-HBc-negative) and lowest at 1.4% when both anti-HBs 

and anti-HBc were positive.432 The HBV incidence rate was 13.1% 

in recipients with anti-HBs-negative and anti-HBc-positive, and 

9.7% in recipients who developed immunity through HBV vaccine 

(anti-HBs-positive, anti-HBc-negative). In HBsAg-negative patients 

receiving liver transplantation from an anti-HBc-positive donor, 

administration of prophylactic antiviral drugs significantly reduced 

the incidence of HBV infection from 47.8% to 12% in recipients 

who were not immune to hepatitis B (anti-HBs-negative, anti-HBc-

negative), from 15.2% to 3.4% in those with anti-HBc-positivity, 

and from 9.7% to 0% in those who developed immunity through 

Figure 6. Strategies after liver transplantation in patients receiving anti-HBc-positive liver graft. Anti-HBc, antibody to HBcAg; HBsAg, hepatitis B sur-
face antigen; NA, nucleos(t)ide analogue; HBIG, hepatitis B immunoglobulin; anti-HBs, antibody to HBsAg; HBV, hepatitis B virus. *Pooled data from the 
study by Cholongitas et al.431
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HBV vaccine (anti-HBs-positive, anti-HBc-negative).431 Thus, treat-

ment of patients receiving anti-HBc-positive liver grafts should 

depend on their immunization against HBV (Fig. 6). NAs should 

be started immediately after surgery and be continued. Further 

studies are needed to determine whether antiviral therapy is un-

necessary in patients who are both anti-HBs and anti-HBc-posi-

tive. Lamivudine has been used mostly because of its favorable 

cost-effectiveness;433,434 however, drugs with high potency and 

low rate of resistance such as entecavir, tenofovir DF, and tenofo-

vir AF are expected to be used more in the future.

[Recommendations]

1.   In HBV-related liver transplant recipients, prophylactic 

combination of HBIG and a potent NA posttransplantation is 

recommended for the prevention of HBV recurrence (B1).

-   Patients with a low risk of recurrence (HBV DNA negative 

at liver transplantation) can receive a short course or HBIG-

free regimens but need continued monoprophylaxis with a 

potent NA (B1).

-   Patients with a high risk of recurrence (HBV DNA positive 

at liver transplantation, HDV coinfection, or poor adherence 

to NA therapy) should receive lifelong combination of HBIG 

and a potent NA (B1).

2.   Considering the risk of renal dysfunction and/or bone diseases 

after liver transplantation, potent antivirals with low rate 

of resistance such as entecavir and tenofovir (AF or DF) are 

preferred antiviral drugs (B1), and besifovir can be considered 

(C1).

3.   HBsAg-negative patients receiving anti-HBc-positive liver 

grafts show variation in HBV reactivation rate depending on 

the recipient’s immunization status against HBV (Fig. 6) and 

should receive NA therapy accordingly (B1).

Non-liver solid organ transplant recipients

All non-liver solid organ transplantation recipients should be 

evaluated for HBV infection and immunity with HBsAg, anti-HBc, 

and anti-HBs. Patients who are HBsAg-positive should undergo 

ALT and HBV DNA measurements and staging with biopsy or non-

invasive fibrosis tests to determine whether advanced fibrosis or 

cirrhosis is present. HBsAg-positive renal transplant recipients are 

at high risk for persistent viral activity or reactivation and have a 

significantly higher mortality rate due to liver-related complica-

tions such as liver cirrhosis and HCC.435,436 Recent reports indicate 

that antiviral therapy significantly decreased the HBV reactivation 

rate and increased the survival of HBsAg-positive renal transplant 

recipients.437,438 Therefore, all HBsAg-positive organ transplant re-

cipients should receive antiviral therapy before or right after liver 

transplantation. Entecavir and tenofovir (AF or DF) can be consid-

ered because of high potency and the low rate of resistance in 

long-term use, and patients who are at risk for renal dysfunction 

should receive entecavir and tenofovir AF preferably. With the in-

troduction of effective antiviral therapy, patients with CHB and 

those with compensated cirrhosis without portal hypertension be-

came able to receive solid organ transplants, and successful cases 

of kidney transplantation have been reported.439 However, in pa-

tients with advanced or decompensated cirrhosis who are at risk 

of liver failure, simultaneous transplantation of the liver and other 

organs, such as kidneys, heart, and lungs, should be considered.

Recurrence of HBV in HBsAg-negative solid organ transplant re-

cipients can be divided into two cases: one with transmission of 

HBV from a HBsAg-negative and anti-HBc-positive donor and two 

with reactivation in an anti-HBs-negative and anti-HBc-positive 

recipient after transplantation. The rate of HBsAg positivity after 

kidney transplantation caused by HBV transmission from HBsAg-

negative and anti-HBc-positive kidney donor was very low at 0% 

to 3%.440-442 The HBV reactivation rate in anti-HBs-negative and 

anti-HBc-positive kidney recipients varied from 0% to 12% de-

pending on the recipient’s immunization against HBV.443-453 The 

reactivation rate was significantly higher in recipients with anti-

HBc-positive and anti-HBs-negative (5.6–12.0%) than in those 

with anti-HBc-positive and anti-HBs positive (1.1–2.7%).443,452,453 

Thus, HBsAg-negative, anti-HBc-positive recipients should be 

monitored for HBsAg positivity after solid organ transplantation, 

and NA of entecavir, tenofovir DF, or tenofovir AF should be ad-

ministered in case of HBsAg detection.

[Recommendations]

1.   All non-liver solid organ transplantation recipients should be 

tested for HBsAg, anti-HBc, and anti-HBs before transplantation 

(A1).

2.   All HBsAg-positive or HBV DNA-positive solid organ transplant 

recipients should start prophylactic antiviral treatment at the 

time of transplantation (A1). Considering the risk of renal 

dysfunction and/or bone diseases after transplantation, potent 

antivirals with low rate of resistance such as entecavir and 

tenofovir (AF or DF) are preferred (B1), and besifovir can be 

considered (C1).
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3.   HBsAg-negative, HBV DNA-undetectable, but anti-HBc-

positive solid organ transplant recipients should be monitored 

for HBV infection after transplantation (B1).

Coinfection with other viruses

Hepatitis C virus (HCV) coinfection
In patients with CHB, the anti-HCV-positivity rate varies from 

1.5% to 2.4% in Korea.454,455 Patients with HBV/HCV coinfection 

have more severe necroinflammation and fibrosis as well as high 

risk of cirrhosis and HCC compared to those with a monoinfec-

tion.456-459 Patients with HBV/HCV coinfection should be tested for 

HBV DNA and HCV RNA before antiviral treatment for each virus. 

If HCV RNA is detectable, antiviral treatment for HCV (direct act-

ing antiviral [DAA] therapy) should be started. If HBV DNA is de-

tectable, check for ALT, HBV DNA, and presence of liver cirrhosis 

and treat according to the HBV guidelines, as with HBV monoin-

fection (Fig. 3).

There is a potential risk of HBV reactivation during DAA therapy 

or after clearance of HCV. In a meta-analysis, HBV DNA was new-

ly detected or the level increased in 14.1% of patients after ad-

ministration of DAAs for 4–12 weeks, whereas active hepatitis 

accompanied by ALT elevation was noted in 12.2% of patients.460 

Therefore, patients with HBV/HCV coinfection should be moni-

tored for the risk of HBV reactivation by monitoring ALT and HBV 

DNA level during and after DAA therapy. In addition, if HBV is in-

dicated for treatment at the time of starting DAA therapy for HCV, 

NA therapy for HBV should be started. In patients with a history 

of cirrhosis or HCC, simultaneous NA therapy for HBV can be con-

sidered along with DAA therapy for HCV to reduce the risk of liver 

failure risk resulting from HBV reactivation.461,462 Entecavir, teno-

fovir DF, and tenofovir AF are preferred choices. There was no sig-

nificant drug-drug interaction between NAs for HBV (entecavir, 

tenofovir DF, tenofovir AF) and DAAs or HCV. However, when se-

lecting antiviral drugs in patients with HBV/HCV/HIV triple infec-

tion, drug-drug interactions should be considered.463,464

In HBsAg-negative and anti-HBc-positive patients with HCV, 

HBV reactivation rate (HBsAg positivity) during DAA therapy is 

very low at 0–0.1%.465-467 Although HBV reactivation rate during 

DAA therapy is low, HBsAg and HBV DNA should be tested to 

check for HBV reactivation in cases of ALT elevation. 

[Recommendations]

1.   If HCV RNA is detectable in patients with HBV/HCV 

coinfection, antiviral treatment for HCV should be started (A1).

2.   If antiviral treatment for HBV is indicated in HBV/HCV 

coinfection, antiviral treatment for HBV should be started (Fig. 

3) (A1).

3.   Patients with HBV/HCV coinfection should be monitored for 

the risk of HBV reactivation by monitoring ALT and HBV DNA 

levels during and after DAA therapy (B1).

4.   HBsAg-negative and anti-HBc-positive patients with HCV 

infection are at very low risk of reactivation with HCV-DAA 

therapy; however, HBsAg and HBV DNA should be tested to 

check for HBV reactivation in cases of ALT elevation (B1).

HDV coinfection
HDV is a defective RNA virus that does not encode its own en-

velope proteins, enters the liver through HBsAg-expressing hepa-

tocytes, and replicates the HDV genome to express HDV anti-

gens.468 Thus, HDV infection occurs when people become infected 

with both HBV and HDV simultaneously (co-infection) or in CHB 

patients newly infected with HDV (super-infection). An estimated 

12 million people worldwide have experienced HDV infection, and 

approximately 4.5% of HBV patients are estimated to have 

HDV.469 In one Korean study, the HDV coinfection rate was 0.3% 

in 940 patients with CHB, including 75 patients with HCC.470 In 

another study with 194 patients including 64 CHB patients and 

130 HCC patients, the HDV infection rate was 3.6%.471 Compared 

to HBV monoinfection, HBV/HDV coinfection is associated with 

higher rates of cirrhosis and HCC.472-474

HDV infection can be diagnosed by detecting anti-HDV or HDV 

RNA in the serum or by detecting HDV antigens in liver tissues us-

ing immunohistochemistry. In patients with HDV infection, degree 

of hepatic fibrosis should be evaluated by liver biopsy or non-in-

vasive methods irrelevant to HDV RNA detection. In HBV/HDV 

coinfected patients having advanced fibrosis or cirrhosis or pa-

tients who are indicated for antiviral treatment of CHB, NA thera-

py should be administered to prevent the progression of liver dis-

ease. However, NA therapy is not recommended in cases where 

HBV treatment is not indicated because NAs do not inhibit HDV 

replication.

All patients with HDV RNA positivity are eligible for treatment 

regardless of the degree of liver disease, and the primary endpoint 

of treatment is the suppression of HDV replication, which is usual-

ly accompanied by normalization of ALT level and improvement of 
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necroinflammation on liver biopsy. The current standard treatment 

for HDV is weekly peginterferon alpha by subcutaneous injection 

for 48 weeks, and a sustained viral response at 24 weeks has 

been reported in 23–28% of patients.475,476 A sustained virologi-

cal response can be predicted by measuring serum HDV RNA level 

after 24 weeks of peginterferon alpha therapy.477 However, re-

lapse is frequent during long-term follow-up, as seen in one study 

with an average follow-up of 4.3 years where sustained virologi-

cal response was maintained at only 12%.478 Combination therapy 

using NAs and peginterferon alfa did not improve virological re-

sponse compared to peginterferon alfa monotherapy.479 In a small 

study using extended peginterferon alfa therapy for 24 months, 

47% of patients achieved sustained virological response during 

an average follow-up of 19.5 months after treatment, but further 

studies are needed.480

Because of the low efficacy of peginterferon alpha, new thera-

peutic antiviral agents for HDV are under development. Bule-

virtide (BLV), a drug in phase III study, is an entry inhibitor for 

HDV. It is a lipopeptide that competitively acts on sodium tauro-

cholate cotransporting polypeptide (NTCP), an entry receptor 

shared by HBV and HDV viruses.481 In 2020, BLV was first ap-

proved as an antiviral agent for HDV under conditional authoriza-

tion by the European Medical Agency for patients with compen-

sated liver disease and positive HDV RNA with or without NAs. 

BLV 2 mg is administered subcutaneously daily and can be main-

tained as long as the virologic response persists. According to in-

terim analysis of the ongoing phase 3 study, BLV treatment for 24 

weeks resulted in significant decrease in HDV RNA and ALT. Viro-

logic response (undetectable HDV RNA or ≥2 log10 IU/mL de-

crease from baseline) in patients with no treatment, BLV 2 mg, 

and BLV 10 mg was 4%, 55%, and 68%, respectively. Combined 

response (undetectable HDV RNA or ≥2 log10 IU/mL decrease 

from baseline and normal ALT) rate in patients with no treatment, 

BLV 2 mg, and BLV 10 mg was 0%, 37%, and 28%, respective-

ly.482

Another drug in phase III study is lonafarnib, an oral prenylation 

inhibitor that reduces HDV virus load by blocking prenylation, a 

process involved in virus assembly, replication, and subsequent 

hepatocyte infectivity.483 Combination with ritonavir is known to 

increase by 4–5-fold in systemic exposure and to decrease gastro-

intestinal side effects. Virologic responses (undetectable HDV 

RNA or ≥2 log10 IU/mL decrease from baseline) at the end of 

treatment were reached in 46% and 89% of patients receiving 

the all-oral regimen of lonafarnib 50 mg bid + ritonavir, and com-

bination regimen of lonafarnib (25 or 50 mg bid) + ritonavir + pe-

ginterferon alpha, respectively.484

Antiviral agents for HDV under phase II study include peginter-

feron lambda, REP 2139 (nucleic acid polymers), and JNJ-3989 

(RNAi).485,486

[Recommendations]

1.   In CHB patients with low HBV DNA and elevated ALT levels, 

HDV screening with anti-HDV test can be considered, unless 

there is another suspected cause of elevated liver enzyme (C1).

2.   In CHB patients with HDV coinfection having advanced 

fibrosis or cirrhosis, or patients who are indicated for antiviral 

treatment of CHB, NA therapy should be administered to 

prevent the progression of liver disease (B1).

3.   CHB patients with HDV coinfection are recommended to be 

treated with peginterferon alfa for at least 1 year (A2), and 

administration of a new therapeutic agent can be considered 

according to the clinical course of the patient (C1).
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The manuscript should be written in A4 (21×30 cm) paper in double space texts by leaving 3 cm space in the right, left, top and bottom 
sides at 10 point fonts.

Original articles

Original articles describing clinical and basic studies in the field of hepatology. Manuscripts are expected to be well-organized and clearly 
written. They should not exceed 6,000 words, including the abstract, references, tables, and figure legends. No more than 8 figures and 
tables, with a maximum of 6 panels per figure. It is permitted for you to submit additional methodological details, non-essential figures or 
portions of your manuscript as supplementary material for online publication only. References cited in the main text may not be listed in the 
supplementary materials. The only references be listed in the supplement are those cited exclusively in the supplement. References should 
not exceed a maximum of 50.
Original article must arranged as follows: (1) title page (2) abstract (250 words or less with a list of 5 or less key words), (3) introduction, 
(4) materials and methods (or patients and methods), (5) results, (6) discussion, (7) acknowledgements, (8) conflict of interest statement  
(9) references, (10) tables, and (11) figure legends. 
In case of submission of original articles (not applicable for reviews, editorials, and letters), authors should summarize the contents of the ar-
ticle in a concise, pictorial form designed to easily understand main findings of the work described in the article. Graphical abstracts should 
be submitted as a separate JPG or TIFF files at the online submission step of file upload. The submission of the graphical abstract is man-
datory when submitting an original article. Graphical abstracts should be provided as an image with a minimum size of 531 × 531 pixels  
(height × width) using a minimum resolution of 600 dpi. When submitting a larger image, please make sure to use the same ratio. Also, 
please note that your image will be scaled proportionally to fit in the available window, which is a rectangle with a size of 200 × 500 pixels.

Review articles

Review articles on selected topics of interest for the readers of the Clinical and Molecular Hepatology  and will be solicited by the Edi-
tors. Review articles are expected to be clear, concise and updated. The maximum length is 5,000 words. The inclusion of a maximum of 8 
high quality tables and/or colored figures to summarize critical points is highly desirable. 

Editorials

This section consists of invited brief editorial comments on articles published in the Clinical and Molecular Hepatology. The length of 
an editorial should not exceed 1,500 words and 1 table or 1 figure is allowed. References should not exceed a maximum of 20.

Case reports

Case reports are not encouraged and will only be accepted if they represent an outstanding contribution to the etiology, pathogenesis or 
treatment of a specific liver disease. The length of a case report should not exceed 3,000 words. A total number of 2 tables or figures is al-
lowed. References should not exceed a maximum of 10. 
Case reports consist of (1) title page, (2) abstract (150 words or less with a list of 5 or less key words) (3) introduction, (4) cases, (5) discus-
sion, (6) references (20 or less), (7) tables and figure legends and (8) figures (5 or less) on separate pages.

Letters to the editor 

Letters to the editor should be related to a recent article published in the Clinical and Molecular Hepatology  within previous two 
years, or interesting case report that author wants to report. Letters to the editor must arranged as follows: (1) title page, (2) body (3) refer-
ences (maximum of 15), and (4) a maximum number of 1 tables or figures is allowed. The length of an letter to the editor should not exceed 
800 words. Abstract is not required.

Special topics 

Special topics should be no longer than 800 words with 10 or less references.
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Snapshot

Snapshot consists of a large single page figure with schematic diagrams and tables that graphically summarize current knowledge about 
a particular subject within the field of hepatology. A detailed figure legend which includes all relevant information can be included and 
may be incorporated into the main figure. The figure is accompanied by a short summary article that should not exceed a maximum of 600 
words. References should not exceed a maximum of 10. The snapshot should contain a descriptive title.

1. Title page

Provide a concise title. List the full names of all authors and their institutional affiliation. In a multi-authored work involving more than a 
single institution, indicate individual affiliation by means of superscript Arabic numbers. Indicate a change of address in a similar fashion. 
List the footnotes to the title page. Provide the contact information for the corresponding author (name, address, telephone number, 
fax number, e-mail address and Orcid ID), and running title (Less than 50 characters). All abbreviations should be explained in this page  
(e.g. AFP, alpha fetoprotein; ALT, alanine aminotransferase). Clinical and Molecular Hepatology  employs a system to screen pla-
giarism (CrossRef). When submitting your manuscript to this journal, you accept that your manuscript may be screened for plagiarism 
against previously published material.

2. Abstract

Abstract of original articles must contain 250 words or less and must be organized as follows: Background/Aims, Methods, Results, and 
Conclusions. Three to Five keywords should be provided at the end of the abstract. Abstract of case reports must contain 150 words or 
less in unstructured form. 

3. Highlight

Authors of original articles are requested to include “Highlights” which consist of three to four sentences summarizing the originality 
and main findings of the article. “Highlights” should not exceed 100 words in total. Highlights must be organized in a box and placed 
after the end of the abstract. The authors are encouraged to include the “Highlights” with initial article submission. When submitting a 
revised manuscript, the submission of the “Highlights” is mandatory.

4. Introduction 

Provide the minimum background information that will orient the general reader. Do not engage in a literature review.

5. Methods 

Provide a level of detail such that another investigator could repeat the work. For methods that are used without significant modifica-
tion, citation of the original work will suffice. Identify and provide references for all the statistical methods used. 

6. Results and discussion 

Present the major findings of the study in graphical form if practicable. Do not illustrate minor details if their message is adequately con-
veyed by simple descriptive text. Mention all the tables and figures. In the discussion, concisely present the implications of the new find-
ings for the field as a whole, minimizing any reiteration of the results and avoid repetition of material in the introduction; keeping a close 
focus on the specific topic of the paper. 

7. Acknowledgements

An acknowledgement of persons who made a genuine assistance and provided special reagents may be included. Grant and financial 
support related with the work should be specifically stated.

8. Authors’ contribution

Based on the ICMJE guidelines for authorship criteria, how each author has contributed to the paper should be clarified (e.g, Conception 
or design of the work, Data collection, Data analysis and interpretation, Drafting the article, Critical revision of the article, and Final ap-
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proval of the version to be published).

9. References 

References should be numbered in the order they are cited, and the number of reference should be marked in the text by means of a 
superscript Arabic numerical. Only literature that is published or in press (with the name of the publication) may be numbered and listed; 
abstracts and letters to the editor may be cited. Cite the names of all authors when there are six or less; when seven or more list the first 
six followed by et al.

Articles in journals

1.  Kim YS, Jung ES, Hur W, Bae SH, Choi JY, Song MJ, et al. Noninvasive predictors of nonalcoholic steatohepatitis in Korean patients 
with histologically proven nonalcoholic fatty liver disease. Clin Mol Hepatol 2013;19:120-130. 

2.  Chung C, Iwakiri Y. The lymphatic vascular system in liver diseases: its role in ascites formation. Clin Mol Hepatol 2013;19:99-104. 

Literature in press

An online article that has not yet been published in an issue can be cited by its Digital Object Identifier (DOI). The DOI will remain valid 
and allow an article to be tracked even after its allocation to an issue.
Wong GL. Management of chronic hepatitis B patients in immunetolerant phase: what latestguidelines recommend. Clin Mol Hepatol. 
2018 Jan 22. doi: 10.3350/cmh.2017.0068.

Book chapters

1.  Gumucio JJ, Berkowitz CM. Structural organization of the liver and function of the hepatic acinus. In: Kaplowitz N, ed. Liver and Bili-
ary Diseases. Vol I. 2nd ed. Baltimore: Williams & Wilkins, 1992:2-17. 

Abstract or Article in a supplement

1.  Cho YJ, Lee SH, Kim BH, Yang SK, Jo YH, Lee DH. Characteristics of hepatocellular carcinoma with reference to ages in Korean pa-
tients [Abstract]. Hepatology 1998;28:246A. 

2.  Bellentani S, Marino M. Epidemiology and natural history of non-alcoholic fatty liver disease (NAFLD). Ann Hepatol 2009;8 
(Suppl 1):S4-S8. 

Websites

1.  Ontario Chronic Disease Prevention Alliance (OCDPA). Economic cost of chronic disease in Canada 1995-2003. OCDPA web site, 
<http://www.ocdpa.on.ca/OCDPA/docs/OCDPA_EconomicCosts.pdf>. Accessed 7 Sep 2011.

10. Permissions 

Direct quotations, tables or illustrations taken from copy-righted material must be accompanied by written permission for their use from 
the publisher. The permission is presented as a footnote or addition to the legend and it must provide complete information as to the 
source. Photographs of identifiable persons must be accompanied by a signed release that indicates their informed consent. 

11. Abbreviations 

Standard abbreviations not requiring definition are those listed in the Journal of Clinical Investigation. Otherwise, do not abbreviate un-
less a term is used more than five times in a paper. In this case, the abbreviation should be spelled out, in its first use in the text with the 
abbreviated form in parentheses, and it should also be listed on the footnote page (see above). Abbreviations used in figures or tables 
should be defined in the legend. Radiation measurements and laboratory values should be in accordance with the International System 
of Units (SI) (resources: “SI Units in Radiation Protection and Measurements, NCRP Report no. 82” [August 1985]; “Now Read This: The 
SI Units Are Here,” JAMA 1986;255:2329-2339).
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12. Drug names

Use generic names. The proprietary name may be mentioned in parenthesis. The names and locations (city and state or country) of man-
ufacturers should be included in parentheses when mentioning proprietary drugs, tools, instruments, software, etc. 

13. Tables 

Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic numerals in the order of their ap-
pearance in the text. The title of tables should be written concisely in clauses and phrases. The first letter of the table title starts with 
a capital letter. Explain all abbreviations and symbols such as *, †, ‡, §,∥, **, ††, ‡‡, §§. Do not duplicate the material presented in a 
figure. 

14. Figure legends

Number the figures with Arabic numerals in the order they are mentioned in the text. Provide a title (this should not appear on the figure 
itself) and sufficient explanation to render the figure intelligible without reference to the text. For any copyrighted material, indicate that 
permission has been obtained (see Permissions, above). Figure legends should be typed consecutively on a separate sheet of paper. 

15. Figures

Illustrations should be sharp and clear. Figure files can be uploaded in the JPG or TIFF formats which authors prefer at a final resolution 
of not less than 300 dpi. Microscopic pictures should be explained according to the staining method and scaled by the power of magnifi-
cation. Authors are charged for color figures.

Peer Review and Publishing 

The journal utilizes blind peer-review in evaluating manuscripts for publication. Submitted papers will be reviewed by at least two refer-
ees, and decisions will be available in approximately one months. With respect to the revision and resubmission of manuscripts, it is the 
journal’s policy to allow a couple of resubmission only, which should be received within 2 months from the time of receipt of the initial 
review letter. In general, a manuscript requiring more than a couple of revision or returned beyond 2 months will be handled as a new 
submission. The journal does not have article submission charges. 

Article processing charge (APC)

As of January 1, 2022, Clinical and Molecular Hepatology  charges a publication fee of US$1,000 per accepted article. The authors 
will receive an invoice for APC shortly after the corrected proof of their accepted manuscript has been finalized.
Please note that only “original articles” are subject to article processing charges.

Fast-track review (optional)

A fast-track review process is available for authors who desire quick publication of their papers.
Fast-track manuscripts will be handled by the Editor in Chief, and the first decision following a full peer-review of the manuscript will be 
made within 7 days of submission. The accepted papers will be published within 2 weeks from the date of acceptance, in the next issue 
of Clinical and Molecular Hepatology. An additional non-refundable processing fee (US$1,000) will be charged for the initiation of 
the fast-track process. A fast-track review does not guarantee acceptance. The journal is editorially independent and will assess 
your manuscript according to its own criteria. If your article is finally accepted, an article processing charge of US$1,000 will be addition-
ally charged.
If you wish to submit your article using the fast-track review process, please contact the Editorial Office in advance to arrange a peer-
review process.
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Cover page (optional)

For the authors who wish to publish their paper as a cover page article, we offer full support in producing the illustration to go on the 
cover. Clinical and Molecular Hepatology  charges US$1,000 for the cover page illustration work. If you are interested, please con-
tact the Editorial Office.

Copyright Transfer

Copyright for all material published in Clinical and Molecular Hepatology  is vested in Korean Association for the Study of the Liver. 
In accordance with the Copyright Act, all manuscripts must be accompanied by a copyright transfer form signed by all authors and that 
follows these guidelines. Statements and opinions expressed in the articles and communications in Clinical and Molecular Hepatology  
are those of the author(s) and do not necessarily reflect the opinions of the Editor(s) or publisher, and the Editor(s) and publisher disclaim 
any responsibility or liability for such material. Neither the Editor(s) nor the publisher guarantees, warrants or endorses any product or 
service advertised in the journal; nor do they guarantee any claim made by the manufacturer of such product or service.
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Copyight Transfer and Conflict of Interest Disclosure Form

Manuscript No.                                                                                                               Date.                                                                

Manuscript Title.                                                                                                                                                                                

                                                                                                                                                                                                              

Copyright Transfer Form

In consideration of editors and publisher’s ef for t in reviewing and editing our/my Article, the undersigned authors 
hereby transfer, convey, and assign all copyrights in the Article to Korean Association for the Study of the Liver (KASL). 
The copyright transfer covers the right to print, publish, distribute and sell throughout the world the said contribution 
and parts thereof, including all revisions or versions and future editions, in all forms and media.  
The authors cer tif y that I have participated in the intellectual content, the analysis of data, and the writing of the 
Article, to take public responsibility for it. The authors reviewed the f inal version of the Article, believe it represents 
valid work and approve it for publication. The authors certif y that none of the material in the manuscript has been 
published previously, is included in another manuscript. The authors also certify that the Article has not been accepted 
for publication elsewhere, nor have they assigned any right or interest in the Article to any third party. The authors 
will obtain and include with the manuscript writ ten permission from any respective copyright owners for the use of 
any text, f igures, and tables that have been previously published. The authors agree that it is their responsibility to 
pay fees charged for permissions.

Conflict of Interest Disclosure Form

The authors certify that I have reviewed conflict of interest form, defined by the International Committee of Medical 
Journal Editors (ICJME) found at the following URL: http://www.icmje.org/, and attached separate ICMJE Form for Dis-
closure of Potential Conflicts of Interest that might pose a conflict of interest in connection with the submitted Article. 

Author (Print) Affiliation Position Signature

Position indicate current status at your af f iliation; professor, fellow, resident, student, post doc. 
The copyright transfer agreement and conflict of interest disclosure form should be signed and faxed or submitted by e-mail 
to the Editorial Office of Clinical and Molecular Hepatology  at Fax: 82-2-703-0071, E-mail: kasl@kams.or.kr. Manuscript can 
not be published until the completed form of copyright transfer form has received by the Editorial Office.
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Clinical and Molecular Hepatology Submission Checklist

Please read this checklist carefully to ensure that your manuscript is complete and in compliance with the 
CMH Guide for Authors.

1)  General Format Yes No

[1]  Did you have the title page, abstract, the text (introduction, materials and methods, results, and discussion), 
acknowledgements, conflict of interest statement, references, tables, and legends for figures? □ □

[2]  Is the manuscript double-spaced in an A4-size paper? □ □
[3]  The manuscript of special topics should not be longer than 800 words. □ □

2)  Abstract Yes No

[1]  Abstract must contain 250 words or less and must be organized as follows: Backgrounds/Aims, Methods, 
Results, and Conclusions. (case reports: 150 words or less) □ □

[2]  Five or less key words should be provided at the end of the abstract. □ □

3)  Introduction, Methods, Results, Discussion, Acknowledgements, Conflict of Interest 
Statement, References 

Yes No

[1]  Identify the committee(s) approving the study protocol and include a statement of compliance with ethical 
regulations. □ □

[2]  An acknowledgement of persons who made a assistance and provided special reagents may be included. 
Grant and financial support related with the work should be specifically stated. □ □

[3]  Please state any conflicts of interest. □ □
[4]  All citations in the paper have a complete and accurate reference in the reference list. The number of 

references in case reports should be 20 or less, and 10 or less in special topics. □ □

4)  Tables and Figures Yes No

[1]  Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic 
numerals in the order of their appearance in the text. □ □

[2]  Explain all abbreviations and symbols. □ □
[3]  Figure legends should be typed consecutively on a separate sheet of paper. □ □
[4]  Figures should be supplied in the JPG or TIFF format at a final resolution of 600 dpi or higher. The number of 

figures in case reports should be 5 or less. □ □
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