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Hepatocellular carcinoma (HCC) accounts for approximately 
90% of primary liver cancers and represents a major global 
health problem. The main risk factors responsible for the 
development of HCC are chronic viral infections, non-alco-
holic fatty liver disease, and alcohol-related liver disease, 
with wide geographical distribution.1 HCC development 
and growth involve multiple factors and pathways that lead 
to changes in gene expression, immune interactions and 
changes in the tumor microenvironment. In recent years, 
much progress has been made in understanding the mech-
anisms underlying tumor-immune system interactions and 
immunotherapy has been successfully applied to many tu-
mors. Moreover, cancer-specific immune prognostic signa-
tures have been evaluated in order to predict prognosis and 
response.2

Immune reconstitution and restoration of immune cell 
function against the tumor is the optimal target of immu-
notherapy. The factors that play a critical role are complex. 
HCC is a very heterogeneous tumor, with low/moderate 
mutation burden and microsatellite instability affecting an-
tigenicity.1,3 Etiology of the underlying liver disease, i.e. 
chronic hepatitis C virus/hepatitis B virus (HCV/HBV) infec-
tion vs. non-alcoholic fatty liver, may also have an impact 
on the immune system function and the constitution of liver 
microenvironment, resulting in immune tolerance and de-
velopment of HCC.3

Current immunotherapy for advanced HCC is based on 
the utility of immune checkpoint inhibitors, namely pro-
grammed cell death 1 receptor (PD-1), programmed cell 
death-ligand 1 (PD-L1), and cytotoxic T-lymphocyte-asso-
ciated antigen 4 (CTLA-4), administered as monotherapy 
or combination therapy and having an up to 35% objective 
response rate.4 However, response to treatment is not re-
lated to PD-L1 expression, suggesting that more complex 

mechanisms are involved in immune intervention. In fact, 
tumor heterogeneity, new tumor antigen formation and al-
terations in the immune response and microenvironment 
make selection of patients and type of immunotherapy a 
very hard task. Furthermore, immune markers for iden-
tification of immunologically “hot” HCC and evaluation of 
treatment response in clinical practice are lacking.

In the past decade there has been an explosion of health-
care-related data with digitalization of medical records and 
utilization of new sophisticated molecular testing for analy-
sis of various genetic, cellular and tissue biological param-
eters (“omics”).

Big data, by nature, are infinitely versatile and power-
ful. Extensive analysis and combination of various datasets 
give a great ability to create powerful algorithms for robust 
immune-related gene signatures and open a new avenue 
towards personalized therapy in HCC.

Targeted immunotherapy is actively investigated, with 
the aim of inhibiting aberrant oncogenic pathways and re-
modeling the immune microenvironment so as to improve 
prognosis.

In this issue, Hong et al.5 gives a bird’s-eye view of the 
incredible depth and scale of big data prior to the determi-
nation of possible targets for immunotherapy in HCC micro-
environment.

The authors systematically integrated genomic profiling 
to illustrate a global portrait of the HCC immune micro-
environment, in order to identify immune-related genetic 
changes. Key immune-relevant genes (KIRGs) were ob-
tained through integration of the differentially-expressed 
genes of The Cancer Genome Atlas (TCGA), immune genes 
from the Immunology Database and Analysis Portal (www.
ImmPort.org), and immune differentially-expressed genes 
determined by single-sample gene set enrichment analysis 
(ssGSEA) scores.

They found that among the 21 KIRGs involved in the 
pathogenesis and progression of HCC, four genes (IKBKE, 
IL2RG, EDNRA, IGHA1) seem to be equally or more im-
portant to PD-L1. This theory was verified through analy-
sis of tissue expression in HCC samples. The fact that the 
most significant immune-related molecules obtained by this 
analysis are major effectors of many oncogenic pathways, 
promoting transformation in many cancers, renders them 
possible candidates for HCC treatment. To further investi-
gate the possible regulation mechanism and identify a regu-
latory network for the involved genes, they studied their 
relative transcription factors and the long non-coding (lnc)
RNAs. They found that the IKBKE gene was mainly related 
to lncRNA AC127024.5, with NRF1 being its most relevant 
transcription factor. This axis was found to be involved in 

Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; HBV, 
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ISG, 
interferon-stimulated gene; KIRG, key immune-relevant gene; lncRNA, long 
non-coding RNA; PD-1, programmed cell death 1 receptor; PD-L1, programmed 
cell death-ligand 1; ssGSEA, single-sample gene set enrichment analysis; 
TCGA, The Cancer Genome Atlas.
*Correspondence to: John Koskinas, 2nd Academic Department of Medicine, 
National and Kapodistrian University of Athens, Medical School Hippokration 
General Hospital, Athens, Greece. E-mail: koskinasj@yahoo.gr
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many biological pathways of HCC and could therefore be a 
potential therapeutic target.

In previous studies, IKBKE has been found to be over-
expressed in various kinds of tumors, including HCC. Apart 
from its tumorigenic function, exerted through various sign-
aling pathways, it also regulates the secretion of inflam-
matory cytokines and thus affects the tumor microenviron-
ment.6

Finally in the current study, a risk score model, based 
on the KIRGs-lncRNA network, was created and evaluated 
in the testing cohort of patients. It showed good correla-
tion with immune check point genes and infiltration of the 
microenvironment with CD4, macrophages and neutrophils.

Data from other studies have shown aberrant biogenesis 
of distinct lncRNAs in HCC. Their role is still elusive, but by 
binding with DNA, RNA or proteins they modulate oncogen-
esis and the tumor microenvironment.7 Furthermore, recent 
evidence suggests that HCV upregulates the level of a se-
ries of lncRNAs that inhibit the expression of IFN-stimulated 
genes (ISGs), leading to immune suppression and chronic 
inflammation, both of which are associated with the devel-
opment and progression of HCC.8

Moreover, studies that have explored and analyzed im-
mune multi-omics databases have shown: 1) a significant 
overexpression of checkpoint genes (PDCD1, CD274, PD-
CD1LG2, CTLA4, CD86, CD80) in a subtype of HCC charac-
terized by increased immune cell infiltration score (including 
tumor matrix, immunity, purity);9 and, 2) a molecular sig-
nature based on 10 immune genes with prognostic role.10

In line with the aforementioned findings, the evidence 
analyzed in the study being discussed herein unveils new 
associations between tumor and immune interface and 
provides new insights into the mechanisms of the disease 
and possible treatment. Furthermore, these results provide 
additional information that can be incorporated along with 
other algorithms obtained by bioinformatics into the selec-

tion and management of patients with advanced HCC.
Although identification of immune genes renders a very 

useful set of targets for the development of novel targeted 
therapies, the steps towards clinical practice must be taken 
with great caution. The exploration journey towards new 
immunotherapy agents needs to be fully traveled. Along 
this route, it will be important to identify and prioritize pa-
tients who could benefit from such therapies.
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No standardized description or definition of post-hepatecto-
my liver failure has been introduced. Definitions based on 
the degree of rise in serum total bilirubin or prolongation of 
prothrombin time postoperatively were predictive of short-
term mortality. Due to lack of universal definition, however, 
its prevalence is variable but may reach up to 12% post-
hepatectomy, according to the definition by International 
Study Group of Liver Surgery, and or 34%, as in some re-
ports.1

The normal liver starts to regenerate within 2 weeks, and 
is completed mostly after 3 months; the process is initi-
ated by increased production of endothelial nitric oxide in 
liver sinusoids, secondary to the shear stress on vascular 
endothelium caused by sudden increase in portal flow after 
partial hepatectomy and augmented by increased expres-
sion of transcription factors, such as c-fos and c-myc.2 The 
therapeutic behavior after partial hepatectomy should be 
directed towards protection of residual hepatocyte function 
and microvascular functional organization, rather than res-
toration of liver volume.

Post-hepatectomy liver failure can be defined as post-
operative failed ability of the liver to maintain the synthetic, 
excretory and detoxifying functions with coagulopathy and 
hyperbilirubinemia on the 5th post-operative day, in addi-
tion to the development of clinical symptoms, such as en-
cephalopathy and ascites, in combination with results from 
liver function tests. Balzan et al.3 established a definition 
using 50-50 criteria, by which PT <50% and serum bilirubin 
>50 µmol/L on the 5th day of surgery was associated with 
>50% risk of early post-operative mortality. Another study 
found that a peak serum bilirubin concentration of >7 mg/
dL strongly predicted liver-related death and worse postop-
erative outcomes after hepatectomy.4 Schindl et al.5 pro-
vided a classification for the severity of post-hepatectomy 
liver failure into four grades and included four parameters 
(i.e. total serum bilirubin concentration, prothrombin time, 
serum lactate concentration, and grade of encephalopathy).

The International Study Group of Liver Surgery had pos-
tulated a definition of post-hepatectomy liver failure6 in 
which a postoperatively acquired deterioration in the ability 

of the liver to maintain its synthetic, excretory, and detoxi-
fying functions, characterized by an increased international 
normalized ratio (or need of clotting factors to maintain 
normal international normalized ratio) and hyperbilirubine-
mia on or after the fifth postoperative day. Other obvious 
causes for the biliary obstruction should be excluded. As 
such, Grade A represents abnormal laboratory parameters 
requiring no change in the clinical management of the pa-
tient, Grade B results in a clinical management but without 
invasive treatment, and Grade C results in a clinical man-
agement requiring invasive treatment.

A risk score was developed to define post-hepatectomy 
liver failure after evaluation of 1,269 patients, and was able 
to identify the extent of surgery and pre-operative bilirubin, 
international normalized ratio, and creatinine as predictors 
of post-hepatectomy liver failure.7 Risk factors of liability 
to post-hepatectomy liver failure are patient related as in-
creasing age above 65 years; however, other studies found 
no actual relation of age with operative outcomes, the pres-
ence of malnutrition was associated with higher incidence 
of post-hepatectomy liver failure and that higher body mass 
index was associated with higher risk of hepatic dysfunc-
tion. Furthermore, sepsis and associated endotoxemia was 
found to impair the ability of Kupffer cells to produce and 
transfer regenerative cytokines. Renal and cardiopulmonary 
impairment and preoperative thrombocytopenia have also 
been linked to high risk of post-hepatectomy liver failure, as 
platelet-derived serotonin is important for hepatic regener-
ation and tissue repair after hepatectomy and any medica-
tions that reduce intraplatelet serotonin should be avoided.8 
Liver-related risk factors, such as fatty liver disease, have 
been associated with inflammation, due to higher risk of 
ischemia-reperfusion injury in the steatotic liver, severity 
of cirrhosis with the presence of ascites, hyperbilirubine-
mia and the harmful effects of preoperative chemotherapy 
of colorectal cancer on the occurrence of post-hepatectomy 
liver failure as irinotecan and oxaliplatin-based chemothera-
pies which induce fatty infiltration, sinusoidal dilation and 
biliary complications.

Additional operation-related risk factors are intraopera-
tive blood loss of more than 1,000–1,200 mL, which may 
stimulate bacterial translocation, systemic inflammatory 
response and coagulopathy, and technical-related factors 
including vascular resections or repair, or injury to tissues 
around the portal triad and hepatoduodenal ligament. The 
future liver remnant volume/standardized liver volume ratio 
should exceed 20%. In line with this, the body weight ratio 
of liver volume cutoff value of 0.5 is highly predictive of 
post-hepatectomy liver failure.

A major hepatic resection is defined as resection of three 
or more segments. The remnant liver volume is an impor-
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tant parameter, and another is the small-for-size syndrome, 
if the graft recipient weight ratio is less than 0.8–1.0 or less 
than half of standard/estimated liver volumes.9

Reduced functional liver volume increases the portal 
pressure suddenly, with an increase in the intra-sinusoidal 
pressures and endothelial shear stress. Patients with a small 
future liver remnant are at a higher risk for post-operative 
failure. The future liver remnant is calculated as the ratio 
of the remnant liver volume and the total functioning liver 
volume, with the latter being calculated by subtracting the 
tumor volume from the total liver. At least, the future liver 
remnant should be 20% of normal livers and 40% of cir-
rhotic liver.

Assessment of patients can be achieved qualitatively by 
Child-Turcotte-Pugh scoring. Patients with Child’s B or C are 
not candidates for liver resection, an additional scoring sys-
tem, the model for end stage liver disease is useful, with a 
score >10 having a higher mortality risk (p<0.001). Meta-
bolic excretion tests, such as ondocyanine green retention 
rate, are also used and a cut-off value of 14% can triage pa-
tients liable for significant morbidity. Other metabolic tests, 
mainly the LiMax breathe test (methacetin injection), can 
predict postoperative liver function.

Prevention of post-hepatectomy liver failure can be 
achieved by modulating the porto-splenic circulation and 
thereby impacting the remnant liver volume. The portal 
vein can be embolized to stimulate the production of nitric 
oxide in patients with cirrhosis and expected future liver 
remnant of <40. The sluggish portal flow after embolization 
will enhance arterial flow in the embolized segments (i.e. 
hepatic arterial buffer response). Hepatic venous outflow 
reconstruction can ensure an adequate venous outflow; 
minimizing the venous kinks and congestion (on the surgi-
cal table) is essential for preventing post-hepatectomy liver 
failure.

In situ hypothermic liver perfusion decreases the cellular 
activity via hypothermia and minimizes ischemia-reperfu-
sion injury. Splenectomy may be a feasible procedure, as 
the spleen shares 25–30% of the portal flow, reaching near-
ly 50% in cases of splenomegaly, due to portal hyperten-
sion; thus, splenectomy lessens the stress on endothelial 
lining and hepatocytes with an increase in hepatic arterial 
buffer response.

In the current research by Xu et al.10 a total of 492 pa-
tients who had undergone hepatectomy from July 2015 
to June 2018 were retrospectively analyzed. Multivariate 
analysis identified three preoperative variables, including 
total bilirubin (p=0.001), international normalized ratio 
(p<0.001) and platelet count (p=0.004), and two intra-
operative variables, including extent of resection (p=0.002) 
and blood loss (p=0.004) as independent predictors of 
post-hepatectomy liver failure. The area under the receiver 
operating characteristic curve of the postulated score was 
0.838, with an advantage over the model for end-stage liver 
disease score and albumin-bilirubin and platelet-albumin-
bilirubin scores (0.723, 0.695 and 0.663, respectively; 
p<0.001). That report also provided a new nomogram to 
predict post-hepatectomy liver failure, composed of peri-

operative factors, but other intra-operative variables may 
affect the outcome, such as the extent of resection and the 
amount of blood loss. The score was easy to calculate based 
on readily available pre-operative and intra-operative data 
and helps to identify patients at higher risk.

That study had involved patients either with benign or 
malignant lesions, so that tumor number, size and associ-
ated biomarkers were not analyzed; yet, inadequate future 
liver remnant volume can lead to post-hepatectomy liver 
failure. Measuring future liver remnant volume and func-
tion should had been studied; however, utilizing simple and 
readily available variables may significantly contribute to 
the postoperative work-up of these patients for better out-
come.
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Abstract

Background and Aims: Programmed cell death-1 (PD-1) 
plays an important role in downregulating T lymphocytes but 
the mechanisms are still poorly understood. This study aimed 
to explore the role of PD-1 in CD8+ T lymphocyte dysfunc-
tion in hepatitis B virus (HBV)-related acute-on-chronic liver 
failure (ACLF). Methods: Thirty patients with HBV-ACLF and 
30 healthy controls (HCs) were recruited. The differences in 
the numbers and functions of CD8+ T lymphocytes, PD-1 and 
glucose transporter-1 (Glut1) expression from the peripheral 
blood of patients with HBV-ACLF and HCs were analyzed. In 
vitro, the CD8+ T lymphocytes from HCs were cultured (HC 
group) and the CD8+ T lymphocytes from ACLF patients were 
cultured with PD-L1-IgG (ACLF+PD-1 group) or IgG (ACLF 
group). The numbers and functions of CD8+ T lymphocytes, 
PD-1 expression, glycogen uptake capacity, and Glut1, 
hexokinase-2 (HK2), and pyruvate kinase (PKM2) expression 
were analyzed among the HC group, ACLF group and ACLF+ 
PD-1group. Results: The absolute numbers of CD8+ T lym-
phocytes in the peripheral blood from patients with HBV-
ACLF were lower than in the HCs (p<0.001). The expression 
of PD-1 in peripheral blood CD8+ T lymphocytes was lower 
in HCs than in patients with HBV-ACLF (p=0.021). Com-
pared with HCs, PD-1 expression was increased (p=0.021) 
and Glut1 expression was decreased (p=0.016) in CD8+ T 
lymphocytes from the HBV-ACLF group. In vitro, glycogen 
uptake and functions of ACLF CD8+ T lymphocytes were sig-
nificantly lower than that in HCs (p=0.017; all p<0.001). 
When PD-1/PD-L1 was activated, the glycogen uptake rate 
and expression levels of Glut1, HK2, and PKM2 showed a de-
creasing trend (ACLF+PD-1 group compared to ACLF group 

, all p<0.05). The functions of CD8+ T lymphocytes in the 
ACLF+PD-1 group [using biomarkers of Ki67, CD69, IL-2, 
interferon-gamma, and tumor necrosis factor-alpha- were 
lower than in the ACLF group (all p<0.05). Conclusions: 
CD8+ T lymphocyte dysfunction is observed in patients with 
HBV-ACLF. PD-1-induced T lymphocyte dysfunction might in-
volve glycolysis inhibition.

Citation of this article: Zhou X, Li Y, Ji Y, Liu T, Zhao N, 
He J, et al. PD-1 involvement in peripheral blood CD8+ T 
lymphocyte dysfunction in patients with acute-on-chronic 
liver failure. J Clin Transl Hepatol 2021;9(3):283–290. doi: 
10.14218/JCTH.2020.00142.

Introduction

Hepatitis B virus (HBV) infection-induced acute-on-chronic 
liver failure (ACLF) (i.e. HBV-ACLF) is a common clinical con-
dition of critical liver diseases, with rapid progression and 
28- and 90-day transplantation-free mortality rates of 32.8% 
and 51.2%, respectively.1 The pathophysiology of ACLF is 
related to an initial widespread immune activation, system-
atic inflammatory response syndrome, and secondary sep-
sis due to immune dysfunction.2 ACLF increases the risk of 
secondary infection and infection-related death.3–6 ACLF is 
an important cause of hepatic encephalopathy, hepatorenal 
syndrome, ascites, hyponatremia, and infectious shock.7 The 
exact mechanisms involved in the immune dysfunction of pa-
tients with HBV-ACLF are poorly understood.

Wasmuth et al.8 proposed that the pathogenesis of ACLF 
is similar to that of sepsis-like immune paralysis, manifest-
ing by reduced expression of human leukocyte antigen-DR 
molecules on the surface of monocytes in peripheral blood, 
inactivation of immune function, and reduced production of 
tumor necrosis factor-alpha (TNF-α). T lymphocyte dysfunc-
tion (manifested by increased apoptosis, weakened prolifera-
tive ability, and decreased reactivity or non-reactivity of T 
lymphocytes in ACLF)9 is observed in ACLF. Similar to sepsis, 
ACLF leads to decreased numbers of CD4+ and CD8+ T lym-
phocytes in peripheral blood,10 as well as low activation of 
CD8+ T lymphocytes in patients with ACLF.11 The production 
of T lymphocyte-related cytokines in peripheral blood is also 
decreased.12 Therefore, T lymphocyte dysfunction plays an 
important role in the immune suppression of patients with 
ACLF, but the specific mechanisms are still unknown.1
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ATP provided by glycolysis and the electron transport 
chain is the fuel for the activity and function of any cell.13,14 
The activation of T lymphocytes is accompanied by changes 
in glucose metabolism. Naïve T lymphocytes are depend-
ent on oxidative phosphorylation for energy, but once 
stimulated, they differentiate into effector T lymphocytes, 
with the reprogramming of metabolic patterns, increasing 
the expression of glucose transporter 1 (Glut1) on the cell 
membrane, promoting glycogen uptake and using it as the 
main energy supply, and reducing oxidative phosphoryla-
tion.15 Glycolysis levels affect T lymphocyte proliferation, 
activation, and immune function.16,17

Programmed death-1 (PD-1) is mainly expressed in 
activated CD8+ T lymphocytes, and its ligands are pro-
grammed cell death 1-ligand 1 and 2 (PD-L1 and PD-L2).18 
The PD-1/PD-L1/2 co-stimulatory signaling pathway plays 
an important negative regulatory role in T lymphocyte ac-
tivation, proliferation, and cytokine secretion.19 In chronic 
lymphocytic leukemia, PD-1 inhibits key glycolytic en-
zymes [hexokinase-2 (HK2) and pyruvate kinase (PKM2)] 
in monocytes, and blocking PD-1 can restore their glycolytic 
levels.20 In vitro, PD-1 inhibits the uptake and use of gly-
cogen in T lymphocytes and affects the differentiation of T 
lymphocytes.21 Whether PD-1 mediates its negative func-
tion by regulating the glycolysis of T lymphocytes is cur-
rently unknown. Therefore, this study explored how PD-1 
mediates T lymphocyte dysfunction in ACLF by regulating 
the glycolytic pathway. This study provides insights into the 
immune dysfunction observed in ACLF.

Methods

Subjects

Thirty patients with HBV-ACLF from the Gastroenterology 
Department of Shanxi Baiqiuen Hospital were screened from 
June 2018 to June 2019, and 30 healthy controls (HCs) were 
recruited during the same period from among healthy volun-
teers. The study protocol was approved by the Ethics Com-
mittee of Shanxi Baiqiuen Hospital, Taiyuan (No. 2017LL039), 
China. The study was conducted in accordance with the Dec-
laration of Helsinki. All patients and healthy volunteers pro-

vided written informed consent prior to study inclusion.
For patients with HBV-ACLF, the inclusion criteria were: 

1) ACLF with positivity for hepatitis B surface antigen (HB-
sAg) or positivity for HBV DNA; and 2) meeting the diagnos-
tic criteria for ACLF by the Asian Pacific Association for the 
Study of the Liver:22 total bilirubin ≥85 µmol/L, internation-
al normalized ratio ≥1.5, or prothrombin activity ≤40%. For 
the HCs, the inclusion criteria were: 1) normal liver func-
tion; and 2) negative HBsAg.

The exclusion criteria for all the subjects were: 1) alco-
holic, drug-induced, or other viral hepatitis; 2) cancer; or 3) 
other diseases involving the immune system.

The clinical data of the subjects are shown in Table 1.

Detection of the expression levels of CD8+ T lympho-
cyte subsets

EDTA-K2 anticoagulation tubes were used to collect the pe-
ripheral blood samples to detect the absolute number of 
CD8+ T lymphocytes. Whole blood (100 µL) was added to a 
test tube with standard microspheres and 10 µL of CD3-PC5- 
and CD8-PE-labeled monoclonal antibodies (BD Biosciences, 
Franklin Lakes, NJ, USA). The suspension was mixed thor-
oughly and incubated at room temperature for 20–30 m. 
Then, 2 mL of erythrocyte solution was added, mixed thor-
oughly, and incubated at room temperature for 10 m. The 
tubes were centrifuged at 1,500 rpm for 5 m, and the super-
natant was discarded. Normal saline (2 mL) was added, the 
sample centrifuged at 1,500 rpm for 5 m, and the superna-
tant was discarded. Then, normal saline (1 mL) was added to 
resuspend the cells, and the sample subjected to flow cyto-
metric analysis using a FACS Calibur system (BD Diagnostics, 
Sparks, MD, USA). Data analysis was performed using FlowJo 
software (Tree Star Inc., Ashland, OR, USA).

Detection of CD8+ T lymphocytes

The peripheral blood mononuclear cells (PBMCs) were sort-
ed using Miltenyi cell sorting magnetic beads (Miltenyi Bio-
tec GmbH, Bergisch Gladbach, Germany). Positive selection 
was applied. CD8+ T lymphocytes magnetic bead antibody 
(20 µL; Miltenyi Biotec GmbH) was added, incubated for 15 

Table 1.  Characteristics of the ACLF patients and HCs at the time of hospital admission

Indictor ACLF patients, n=30 HCs, n=30 pa

Age in years 53.2±9.2 50.5±11.2 0.595

Female, n (%) 12 (40.0) 13 (43.3) 0.962

BMI in kg/m2 23.6±3.6 25.6±2.9 0.496

ALT in U/L 121.4±90.8 33.3±11.1 <0.001*

AST in U/L 129.6±41.7 24.3±6.3 <0.001*

TBIL in µmol/L 410.4±143.7 17.7±5.8 <0.001*

PTA, % 28.5±4.2 120.0±5.1 <0.001*

INR 2.1±0.3 0.9±0.2 <0.001*

Albumin in g/L 29.1±3.5 39.5±1.6 <0.001*

Urea in mmol/L 5.2±1.4 5.4±1.1 0.474

Creatinine in µmol/L 70.3±6.3 67.1±3.1 0.133

MELD score 23.5±5.5 – –

*p<0.05. ap-values were acquired by chi-square test or t-test. ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
BMI, body mass index; HCs, healthy controls; INR, international normalized ratio; MELD, model for end-stage liver disease; PTA, prothrombin activity; TBIL, total 
bilirubin.
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m at 4°C, and 500 µL of magnetic bead buffer was added. 
After being washed three times, the cell suspension was 
passed through a magnetic column. The CD8+ T lympho-
cytes were retained in the column and subsequently eluted. 
The whole process was performed under sterile conditions. 
The cells were washed twice to remove the magnetic beads. 
After cells were added to the CD8-FITC-labeled antibodies 
(BD Biosciences), the purity of the sorted CD8+ T lympho-
cytes was detected by flow cytometry. Purity >99% was 
required for the subsequent experiments.

Evaluation of PD-1 and Glut1 expression levels

The sorted CD8+ T lymphocytes were resuspended in 2% 
phosphate-buffered saline (PBS) and stained with FITC-
conjugated anti-PD-1 antibody (R&D Systems, Minneapolis, 
MN, USA) and FITC-conjugated anti-Glut1 antibody (Biole-
gend, San Diego, CA, USA). Mouse IgG2b (BD Biosciences) 
was used as an isotype control. The cells were incubated on 
ice for 30 m, washed twice with 2% PBS, and analyzed for 
PD-1 and Glut1 by flow cytometry.

Cell culture

According to a previous study,23 the cells were purified us-
ing a CD8+ T lymphocyte purification column and cultured 
for 48 h. The CD8+ T lymphocytes sorted from HCs were 
immunized with anti-human CD28 (0.5 µg/mL) and an-
ti-human CD3 (20 U/mL) antibodies (HC group). For the 
CD8+ T lymphocytes sorted from patients with HBV-ACLF, 
two groups were divided out. One group was cultured with 
anti-human CD28 (0.5 µg/mL) and anti-human CD3 (20 U/
mL)+PD-L1-IgG fusion protein (Cat. No. 16-9989-82, at 
10 µg/mL; eBioscience, San Diego, CA, USA) (ACLF+PD-1 
group); the other group was added with anti-human CD28 
(0.5 µg/mL) and anti-human CD3 (20 U/mL) + IgG (Cat. 
No. 16-4714-82; eBioscience) (ACLF group).

Detection of CD8+ T lymphocyte proliferative ability 
(Ki67), cell viability (CD69), and cytokine production 
[IL-2, interferon-gamma (IFN-γ), and TNF-α]

The CD8+ T lymphocytes were treated with CD3/CD28 and 
IL-12 stimulation in vitro for the detection of prolifera-
tive ability (Ki67) and cell viability (CD69). First, the cells 
were resuspended with 2% PBS, added with Ki67 (Cat. No. 
558616; BD Biosciences) and CD69 (Cat. No. 310904; Bio-
legend) antibodies, incubated on ice for 30 m, washed twice 
with 2% PBS, and detected by flow cytometry. For the de-
tection of IL-2 (Cat. No. 500310; Biolegend), IFN-γ (Cat. 
No. 502515; Biolegend), and TNF-α (Cat. No. 559321; BD 
Biosciences), phorbol myristate acetate (Enzo Life Sciences, 
Inc., Farmingdale, NY, USA) and ionomycin (Enzo Life Sci-
ences, Inc.) were added, and the cells were cultured for 5 h. 
In the third hour of cultivation, the protein transport inhibi-
tor Monesin 3 µM (BD Biosciences) was added. After cen-
trifugation and washing, the cells were treated with fixation 
and membrane-breaking agents. The fluorescence-labeled 
antibodies were added and incubated for 30 m and detect-
ed by flow cytometry. The results were expressed as mean 
fluorescence intensity (MFI).

Detection of glucose uptake

At total of 1×106 cells of CD8+ T lymphocytes were taken and 

cultured at room temperature for 2 h in PBS, washed with 
PBS, added with 1 µCi/ml of 2-deoxy-D-[3H]-labeled glucose, 
and incubated for 20 m. The cells were rinsed three times 
with pre-chilled PBS to stop the reaction. All operations were 
performed according to the instructions of the glucose up-
take assay kit (Cat. No. ab136955; Abcam, Cambridge, UK). 
The glucose levels were quantified using the FLUOstar Omega 
plate reader (BMG LABTECH GmbH, Ortenberg, Germany). 
The results were expressed as the average of three tests.

Western blotting

The total cell proteins were extracted from the HC, ACLF, and 
ACLF+PD-1 groups, respectively. The protein concentration 
was determined by the bicinchoninic acid method, and the 
proteins (35 µg per sample) were separated using 12% so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis. Af-
ter electrotransferring the proteins to polyvinylidene fluoride 
membranes, the membranes were cut into strips and incu-
bated with the corresponding antibody solution (anti-β-actin 
mouse monoclonal antibody, anti-HK2 mouse monoclonal an-
tibody, and anti-PKM2 mouse monoclonal antibody) (Millipore 
Corp., Billerica, MA, USA) in 5% nonfat-dried milk at 4°C, with 
gentle agitation, overnight. After washing with Tris-buffered 
saline three times (30 m each time), the membranes were 
incubated with the secondary antibody, with gentle agitation, 
at room temperature, for 1 h. Finally, the membranes were 
washed three times with Tris-buffered saline, developed with 
a chemiluminescence solution, and photographed.

Statistical analysis

All statistical analyses were performed using SPSS 19.0 soft-
ware (IBM Corp., Armonk, NY, USA). According to the Kol-
mogorov-Smirnov test, if the data fit the normal distribution 
pattern, continuous data were presented as mean ± standard 
deviation, and if the data did not fit the normal distribution 
pattern, median was presented. The clinical characteristic 
variables were analyzed using the independent-samples t-test 
and Pearson’s chi-square test between ACLF patients and HCs. 
The numbers and functions of CD8+ T lymphocytes, PD-1 ex-
pression, glycogen uptake capacity, and Glut1, HK2 and PKM2 
expression were analyzed using independent-samples t-test 
between the two groups. Two-sided (except for the chi-square 
test) p-values <0.05 were considered statistically significant.

Results

Absolute numbers of CD8+ T lymphocytes and the ex-
pression of PD-1 in the peripheral blood from HCs and 
patients with HBV-ACLF

The absolute numbers of CD8+ T lymphocytes in the pe-
ripheral blood from patients with HBV-ACLF were lower than 
in the HCs (333.88±147.74 vs. 872.50±206.64, p<0.001) 
(Fig. 1). The expression of PD-1 in peripheral blood CD8+ 
T lymphocytes was lower in HCs (7.02±2.12%) than in pa-
tients with HBV-ACLF (13.33±2.52%) (p=0.021) (Fig. 2).

Glycolysis and immune function analysis of CD8+ T 
lymphocytes in peripheral blood from HCs and pa-
tients with HBV-ACLF

The expression of Glut1 in CD8+ T lymphocytes in the pe-
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ripheral blood of patients with ACLF was lower than that in 
HCs (13.33±1.40% vs. 19.27±2.05%, p=0.016) (Fig. 3). In 
vitro, the glycogen uptake capacity of CD8+ T lymphocytes 
from patients with HBV-ACLF was significantly lower than 
that from HCs (2.8±0.11 vs. 3.6±0.14 pmol/cell, p=0.017) 
(Fig. 4). The expressions of Glut1, HK2, and PKM2 in CD8+ 
T lymphocytes in patients with HBV-ACLF were significantly 
lower than those in HCs (all p<0.001) (Fig. 5).

Compared with HCs, the peripheral blood CD8+ T lym-
phocytes from patients with HBV-ACLF were in an immune 

paralysis state. The cell viability (CD69) of ACLF CD8+ T lym-
phocytes was weaker than that of HCs (MFI: 1,722.9±142.5 
vs. 3,017.4±132.1, p<0.001). The proliferative ability (Ki67) 
of ACLF CD8+ T lymphocytes was weaker than that of HCs 
(MFI: 1,737.2±139.3 vs. 2,603.4±172.8, p<0.001). The 
productive levels cytokines of ACLF CD8+ T lymphocytes 
were lower than in HCs [IL-2 (MFI: 330,067.2±10,033.3 vs. 
150,586.9±9,157.2, p<0.001), IFN-γ (MFI: 2,423.2±115.6 
vs. 1,737.4±161.2, p<0.001), and TNF-α (MFI: 
10,947.5±819.3 vs. 4,049.6±241.5, p<0.001)] (Fig. 6).

Fig. 1.  Proportion and absolute numbers of peripheral CD8+ T cells in patients with HBV- ACLF and HCs. HBV- ACLF, hepatitis B virus infection-induced 
acute-on-chronic liver failure; HCs, healthy controls.

Fig. 2.  Expression of PD-1 in peripheral CD8+ T cells of patients with HBV-ACLF and HCs. HBV- ACLF, hepatitis B virus infection-induced acute-on-chronic liver 
failure; HCs, healthy controls; PD-1, programmed cell death-1.

Fig. 3.  Expression of Glut1 in peripheral CD8+ T cells of patients with HBV- ACLF and HCs. HBV- ACLF, hepatitis B virus infection-induced acute-on-chronic 
liver failure; HCs, healthy controls.
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Effects of PD-1 on glycolysis and immune functions 
of CD8+ T lymphocytes in vitro

When PD-1/PD-L1 was activated, the expressions of Glut1, 
HK2, and PKM2 in CD8+ T lymphocytes in the ACLF+PD-1 
group were lower than in the ACLF group (all p<0.001) (Fig. 
5). At the same time, the glycogen uptake in patients in 
the ACLF+PD-1 group was lower than in the ACLF group 
(2.0±0.21 vs. 2.8±0.11 pmol/cell, p<0.001) (Fig. 4).

With regard to the immune function of CD8+ T lymphocytes 
in the PD-1/PD-L1 activated state, the cell viability (CD69) 
(MFI: 916.7±43.3 vs. 1,722.9±142.5, p<0.001) and prolif-
erative ability (Ki67) (MFI: 940.3±71.3 vs. 1,737.2±139.3, 
p<0.001) of CD8+ T lymphocytes in the ACLF+PD-1 group 
were lower than in the ACLF group. The levels of secreted IL-2 
(MFI: 64,267.1±3,643.7 vs. 150,586.9±9,157.2, p<0.001), 
IFN-γ (MFI: 1,307.1±95.6 vs. 1,737.4±161.2, p=0.031), and 
TNF-α (MFI: 2,099.5±119.3 vs. 4,049.6±241.5, p<0.001) 
were lower than in the ACLF group (Fig. 7).

Discussion

Patients with HBV-ACLF often show immune dysfunction 

and are prone to secondary infection, related complications, 
and mortality.3–6 T lymphocyte dysfunction is an important 
mechanism of ACLF immune suppression.10,11 The results of 
this study showed that PD-1 regulates CD8+ T lymphocyte 
dysfunction in patients with ACLF and that the immune dys-
function possibly involves the glycolytic pathway.

The pathogenesis of immune depletion in ACLF is similar 
to that observed in sepsis. The dysfunction or depletion of 
CD8+ T lymphocytes manifests as decreases in cell prolif-
eration and secretion of effector cytokines (IL-2, IFN-γ, and 
TNF-α).24 This study showed that the absolute number, vi-
ability, proliferative ability, and cytokine secretion of CD8+ 
T lymphocytes in the peripheral blood of patients with ACLF 
were lower than that of HCs. In addition, PD-1 expression 
was increased in CD8+ T lymphocytes in the peripheral blood 
of patients with HBV-ACLF. In order to explore the role of 
PD-1/PD-L1 signaling in the function of CD8+ T lymphocytes, 
PD-L1 was added to the culture medium to activate PD-1/
PD-L1 signaling, and the viability, proliferation, and cytokines 
secretion abilities of the CD8+ T lymphocytes were weak-
ened. The upregulation of PD-1 expression is an important 
mechanism involved in T lymphocyte immune dysfunction in 
cancer25 and other conditions.26 In the early stage of acute 
HBV infection, the upregulation of PD-1 expression on CD8+ 
T lymphocytes in peripheral blood helps reduce the damage 
to the liver by CD8+ T lymphocytes,27 but this immune sup-
pression participates in secondary infections. HBV-ACLF is 
often associated with immune depletion. The number of im-
mune cells with upregulated PD-1 expression in liver tissues 
of patients with HBV-ACLF is higher than that of patients with 
chronic hepatitis B and HCs.28 Similarly, Liu et al.29 found 
that PD-1 expression is upregulated in CD8+ T lymphocytes 
in the peripheral blood of patients with HBV-ACLF and is di-
rectly proportional to the severity of the disease. Therefore, 
those results suggest that the PD-1/PD-L1 signaling pathway 
is involved in CD8+ T lymphocyte dysfunction or depletion in 
patients with HBV-ACLF.

The expression levels of Glut1 and the key glycolytic en-
zymes HK2 and PKM2 in the CD8+ T lymphocytes in the 
peripheral blood of patients with HBV-ACLF were decreased. 
The glycogen uptake rate of CD8+ T lymphocytes in periph-
eral blood of patients with HBV-ACLF was lower than that of 
HCs, and the glycogen metabolism provides ATP to the im-
mune cells for their activities and functions.13 Once exposed 
to external stimuli, naïve T lymphocytes differentiate into 
effector T lymphocytes, a process accompanied by repro-
gramming of the metabolic patterns that involves increased 
Glut1 expression on the cell membrane and increased gly-
cogen uptake.30–32 In contrast, when Glut1 expression is 
decreased, the glycogen uptake and aerobic glycolysis of T 

Fig. 4.  Glycogen uptake capacity of CD8+ T lymphocytes from the 
Healthy controls (HCs), Acute-on-chronic liver failure (ACLF), and 
ACLF+PD-1 groups. ACLF, acute-on-chronic liver failure; HCs, healthy con-
trols; PD-1, programmed cell death-1.

Fig. 5.  Expression of Glut1 and key glycolytic enzymes (HK2 and PKM2) in the HCs, ACLF, and ACLF+PD-1 groups. *ACLF vs. ACLF+PD-1, p<0.05, n=3 
experiments. ACLF, acute-on-chronic liver failure; Glut1, glucose transporter 1; HCs, healthy controls; HK2, hexokinase-2; PD-1, programmed cell death-1; PKM2, 
pyruvate kinase.
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lymphocytes are reduced, thereby reducing the proliferation 
and differentiation capacity of T lymphocytes, especially of 
the effector T lymphocytes.16 In the present study, PD-L1 
was added to the culture medium of CD8+ T lymphocytes 
from patients with HBV-ACLF to activate PD-1/PD-L1 sign-
aling, and the expression levels of Glut1, HK2, and PKM2 
were found to be significantly decreased, as was the glyco-
gen uptake capacity. Similarly, in chronic lymphocytic leu-
kemia, PD-1 inhibits the glycolytic pathway of monocytes 
and blocking PD-1 can restore their glycolytic level, indi-
cating that PD-1 can affect the regulation of T lymphocyte 
glycolysis.20 The expression of Glut1 is under control of the 

PI3K pathway, which can be interfered by PD-1.23 The res-
toration of PI3K when blocking PD-1 is probably involved in 
Glut1 expression and the restored glycolysis.33

A previous study involving non-small lung cancer indicat-
ed that blocking the PD-1/PD-L1 axis produces more effects 
on the function of CD8+ T cells than blocking the PD-1/PD-
L2 axis.25 This differential effect of PD-L1 and PD-L2 should 
be explored in ACLF CD8+ T cells in future studies. In addi-
tion, in cancer-associated CD8+ T cell dysfunction, blocking 
PD-1 only results in a partial restoration of the CD8+ T cell 
functions, indicating that other pathways are involved.25,34 
Therefore, pathways like that regulated by lymphocyte-ac-

Fig. 7.  When PD-1/PD-L1 was activated, the cell viability (CD69) (MFI: 917±43 vs. 1,723±143, p<0.001] and proliferative ability (Ki67) (MFI: 940±71 
vs. 1,737±139, p<0.001) of CD8+ T lymphocytes in patients in the ACLF+PD-1 group were lower than those in the ACLF group. The levels of IL-2 (MFI: 
64,267±3,644 vs. 150,587±9,157, p<0.001), IFN-γ (MFI: 1,307±96 vs. 1,737±161, p=0.031), TNF-α (MFI: 2,100±119 vs. 4,050±242, p<0.001) were lower than 
those in the ACLF group. ACLF, acute-on-chronic liver failure; IFN-γ, interferon-gamma; MFI, mean fluorescence intensity; PD-1, programmed cell death-1; PD-L1/2, 
programmed cell death 1-ligand 1/2; TNF-α, tumor necrosis factor-alpha.

Fig. 6.  Compared with HCs, the CD8+ T lymphocytes in peripheral blood from patients with HBV- ACLF were in an immune paralysis state. The cell vi-
ability (CD69) of ACLF patients (MFI: 1,723±143) was weaker than that of HCs (MFI: 3,017±132, p<0.001). The proliferative ability (Ki67) of ACLF (MFI: 1,737±139) 
was weakened compared with that of HCs (MFI: 2,603±173, p<0.001). Compared with HCs, the levels of secreted IL-2 (MFI: 330,067±10,033 vs. 150,587±9,157, 
p<0.001), IFN-γ (MFI: 2,423±116 vs. 1,737±161, p<0.001) and TNF-α (MFI: 10,948 ±819 vs. 4,050±242, p<0.001) were decreased in the ACLF group. ACLF, acute-
on-chronic liver failure; HBV- ACLF, hepatitis B virus infection-induced acute-on-chronic liver failure; HCs, healthy controls; IFN-γ, interferon-gamma; MFI, mean 
fluorescence intensity; TNF-α, tumor necrosis factor-alpha.
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tivation gene-3 could also be involved in CD8+ T cell dys-
function,35 and the related impact on energy metabolism of 
immune cells should be explored in ACLF. Dysfunctional T 
cells and T cells with activated PD-1 pathway are prone to 
apoptosis,36–38 and whether the dysfunctional energy me-
tabolism contributes to apoptosis in CD8+ T cells in ACLF 
should be explored in the future.

In cancer, blocking the PD-1 axis shows benefits through 
the abrogation of immune tolerance toward the tumor.39 In 
the present study, activating the PD-1 axis resulted in lower 
expression of IL-2, IFN-γ, and TNF-α. Decreased IL-2 ex-
pression will contribute to CD8+ T cell dysfunction,40 and 
a decreased IFN-γ and TNF-α production will contribute to 
the onset of secondary infection.41,42 Whether blocking the 
PD-1 axis could be beneficial in patients hospitalized for 
ACLF remains to be examined, but the findings from the 
present study indirectly suggest that blocking PD-1 in such 
patients might have therapeutic value by restoring the ac-
tivity of CD8+ T cells, which could decrease the occurrence 
of secondary infections. This is of importance since another 
study showed that the expression of PD-L1 and PD-L2 in the 
liver of patients with ACLF is higher than in patients with 
chronic hepatitis B without ACLF.28 A recent review summa-
rized the theoretical basis for the use of immune checkpoint 
inhibitors in patients with cirrhosis and ACLF,43 but this the-
oretical topic will still have to be examined in future trials.

This study has limitations. It only brushed on the surface 
of the relationship between PD-1 and glycolysis, and addi-
tional studies are necessary to determine the exact relation-
ships between the two. In addition, molecular studies are 
necessary to determine the exact genes and proteins that 
are regulated in this process.

In summary, the findings from this study suggest that 
PD-1 induces CD8+ T lymphocyte dysfunction in patients 
with HBV-ACLF, possibly by regulating the glycolytic path-
way. The results of this study, thus, help clarify the role of 
PD-1 in the occurrence of immune suppression in ACLF, pro-
viding a new potential effective target molecule for the pre-
vention and treatment of immune dysfunction in patients 
with ACLF as well as a new theoretical basis for disease 
prevention and treatment.
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Abstract

Background and Aims: Post-hepatectomy liver failure 
(PHLF) is a severe complication and main cause of death 
in patients undergoing hepatectomy. The aim of this study 
was to build a predictive model of PHLF in patients under-
going hepatectomy. Methods: We retrospectively analyzed 
patients undergoing hepatectomy at Zhongshan Hospital, 
Fudan University from July 2015 to June 2018, and ran-
domly divided them into development and internal validation 
cohorts. External validation was performed in an independ-
ent cohort. Least absolute shrinkage and selection operator 
(commonly referred to as LASSO) logistic regression was ap-
plied to identify predictors of PHLF, and multivariate binary 
logistic regression analysis was performed to establish the 
predictive model, which was visualized with a nomogram. 
Results: A total of 492 eligible patients were analyzed. LAS-
SO and multivariate analysis identified three preoperative 
variables, total bilirubin (p=0.001), international normal-
ized ratio (p<0.001) and platelet count (p=0.004), and two 
intraoperative variables, extent of resection (p=0.002) and 
blood loss (p=0.004), as independent predictors of PHLF. 
The area under receiver operating characteristic curve (re-
ferred to as AUROC) of the predictive model was 0.838 and 

outperformed the model for end-stage liver disease score, 
albumin-bilirubin score and platelet-albumin-bilirubin score 
(AUROCs: 0.723, 0.695 and 0.663, respectively; p<0.001 
for all). The optimal cut-off value of the predictive model 
was 14.7. External validation showed the model could pre-
dict PHLF accurately and distinguish high-risk patients. Con-
clusions: PHLF can be accurately predicted by this model in 
patients undergoing hepatectomy, which may significantly 
contribute to the postoperative care of these patients.

Citation of this article: Xu B, Li XL, Ye F, Zhu XD, Shen YH, 
Huang C, et al. Development and validation of a nomogram 
based on perioperative factors to predict post-hepatectomy 
liver failure. J Clin Transl Hepatol 2021;9(3):291–300. doi: 
10.14218/JCTH.2021.00013.

Introduction

Hepatectomy is the main treatment for patients with benign 
or malignant liver lesions. However, patients undergoing 
liver resection are at increased risk for peri- and postop-
erative complications. Among these, post-hepatectomy liver 
failure (PHLF), defined as the impaired ability of the liver to 
maintain its synthetic, excretory and detoxifying functions, 
is one of the worst complications after hepatectomy and 
one of the major causes of perioperative mortality.1,2 De-
spite improvements in operative techniques, perioperative 
management and understanding of liver regeneration have 
improved the safety of liver resection over years, PHLF re-
mains a challenge for patients undergoing hepatectomy and 
a concern of hepatic surgeons.3

Various assessment tools for liver function assessment 
and prediction of PHLF prior to surgery have been devel-
oped to reduce the incidence of PHLF and postoperative 
mortality. Indocyanine green retention rate at 15 min (ICG-
R15) can measure the global liver function, and has been 
widely adopted in Eastern centers, whereas it is rarely used 
in Western countries due to its expensive cost and time-
consuming requirement for performance.4 Clinic-biological 
scores like the model for end-stage liver disease (MELD) 
score, albumin-bilirubin (ALBI) score and platelet-albumin-
bilirubin (PALBI) score are also adopted to evaluate the 
functional liver reserve,5–7 and are reported to accurately 
predict PHLF following hepatectomy.8–10 Volume and func-
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tion of the future liver remnant (FLR), as accessed by dif-
ferent imaging modalities, also have a superior ability to 
predict PHLF, but they could delay the time to surgery and 
also have financial constraints.11,12

Intraoperative events can also influence the risk of 
PHLF.13 However, none of the models mentioned above in-
clude surgery-related factors, such as blood loss, extent of 
hepatectomy and intraoperative transfusions, to predict the 
probability of PHLF immediately after surgery.

The aim of this study was, therefore, to determine pre-
dictors of PHLF, including preoperative and intraoperative 
variables, and to build predictive models of PHLF in patients 
undergoing hepatectomy.

Methods

Study population

Five hundred and five consecutive patients who under-
went hepatectomy at Zhongshan Hospital, Fudan University 
(Zhongshan cohort, from July 2015 to June 2018), and 167 
consecutive patients at Ruijin Hospital, Shanghai Jiao Tong 
University School of Medicine (Ruijin cohort, from January 
2018 to October 2019) were included in this study. Thirteen 
(2.6%) of the total patients in the Zhongshan cohort were 
excluded because of incomplete data. The remaining 492 pa-
tients in the Zhongshan cohort were randomly divided into a 
development cohort (n=344) and an internal validation co-
hort (n=148) using simple random sampling, with a random 
number seed of 2,017,0307. All patients in the Ruijin cohort 
were used as an external validation cohort (n=167) (Fig. 1).

The inclusion criteria were as follows: (i) patients who 
received hepatectomy; (ii) patients who received contrast-
enhanced computed tomography (CT) scans or magnetic 
resonance imaging (MRI) conducted 1 week before resection; 
and (iii) patients who received blood routine test, biochemical 
test, coagulation function test, hepatitis B serologic test, liver 
fibrosis test14 and liver stiffness (LS)15 assessed by shear 
wave elastography conducted within 1 week before surgery.

This study was approved by the Institutional Ethics Com-
mittee of the two hospitals and was conducted in accord-
ance with the Declaration of Helsinki (as revised in 2013). 
Informed consent was obtained from all patients.

Data collection and definition

Clinical characteristics, including 22 preoperative variables, 
3 intraoperative variables and 2 clinical outcomes, were re-
corded (Table 1). In addition, the MELD, ALBI and PALBI 
scores were calculated as reported,5–7 to compare with the 
model established in this study. No missing data were found 
for any patient in any of the study cohorts.

PHLF was defined as postoperative deterioration of liver 
function with an increase in the international normalized ra-
tio (INR) and concomitant hyperbilirubinemia on or after 
postoperative day 5, as proposed by the International Study 
Group of Liver Surgery (commonly known as the ISGLS).1

Presence of gastroesophageal varices and splenomegaly 
were confirmed by CT scans or MRI report.16–22 The ex-
tent of resection was defined by number of Couinaud’s seg-
ments. Extent of resection ≥3 Couinaud’s segments was 
defined as major resection, otherwise it was minor resec-
tion. The extent of resection was characterized as an intra-
operative variable because the extent of resection planned 
preoperatively could differ from the actual extent during the 
surgery. Hospital stay was calculated from the date of sur-
gery to date of discharge.

Statistical analysis

Categorical variables were expressed as counts and per-
centages, and were compared using Pearson’s χ2 analysis, 
Fisher’s exact test or Mann-Whitney U test, as appropriate. 
Continuous variables were expressed as mean (± standard 
deviation) or median (interquartile range [IQR]) and were 
compared using Student’s t-test, Mann-Whitney U test or 
Kruskal-Wallis test, as appropriate. The p-values were ad-
justed by Holm’s method for multiple comparisons.

The least absolute shrinkage and selection operator (LAS-
SO) logistic regression model with 10-fold cross-validation 
was performed to select perioperative variables associated 
with PHLF. As the group of variables selected by LASSO is 
not completely consistent every time due to randomness 
of cross-validation,23 we repeated the same LASSO algo-
rithm with the same candidate variables 1,000 times, and 
the most frequent group of selected variables was accepted 
as significant variables.

A multivariate binary logistic regression model was then 
produced to identify significant independent predictors of 
PHLF, with a removal significance level of 0.05. No evidence 
of non-log-linear relationship was found for all continuous 
variables. All significant variables were reserved in the final 
model because multicollinearity was not found.

Predictive performance was assessed using the receiver 
operating characteristic (ROC) curve and compared by De-
long’s test. The optimal cut-off value of the logistic model 
was determined using ROC by maximizing the Youden in-
dex (sensitivity plus specificity minus 1). Calibration curves 
were plotted to assess the calibration of the model. Deci-
sion curve analysis (DCA) was conducted to determine the 
clinical utility of the model.24 A nomogram was established 
based on the predictive model for the development cohort.

Statistical testing was carried out at the 2-sided tailed 
α level of 0.05. Data were analyzed using R version 3.6.2 
(Vienna, Austria). Variable selection with LASSO was per-
formed by the cv.glmnet function in the glmnet package. 
Binary logistic regression modeling was performed by the 
glm function. The nomogram was plotted by the nomogram 
function in the rms package. Delong’s test was produced 
by the roc.test function in the pROC package. Calibration 
curves and DCA were analyzed by the calibrate function 
in the rms package and the decision_curve function in the 
rmda package, respectively.

Results

Clinical characteristics

The clinical characteristics of patients in the Zhongshan co-
hort are listed in Table 1. The comparison of clinical char-
acteristics between the Zhongshan cohort and the Ruijin 
cohort is shown in Supplementary Table 1. The clinical char-
acteristics were similar between the development and inter-
nal validation cohorts.

In the Zhongshan cohort, hospital stay of patients with-
out PHLF (median [IQR]: 8 [7–10] days) was shorter than 
that of grade A (10 [8–13] days), grade B (10 [8–13] days) 
and grade C (16.5 [10–29] days) PHLF patients (p<0.001 
for all).

Establishment of the predictive model in the devel-
opment cohort

All variables listed in Table 1 were analyzed. The result of 
variable selection by LASSO is shown in Supplementary Ta-
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ble 2, which identified type IV collagen, total bilirubin (re-
ferred to as TB), albumin (ALB), INR, platelet count, extent 
of resection and blood loss as the most significantly related 
factors to PHLF.

The result of multivariate logistic regression analysis is 
shown in Table 2. These independent predictors were used 
to establish a predictive model, which was designated as 
the PHLF score, and visualized with a nomogram (Fig. 2).

Predictive accuracy and calibration of the PHLF score 
compared to other scores in the development cohort

The area under the ROC curve (AUROC) [95% confidence 
interval (CI)] of the PHLF score was 0.838 (0.790–0.885), 
which has better accuracy in predicting PHLF than the oth-
er three scores (p<0.001 for all, compared by Delong’s 
test): MELD score, 0.723 (0.664–0.782); ALBI score, 0.695 
(0.630–0.758) and PALBI score, 0.663 (0.600–0.726), re-
spectively (Fig. 3A). Calibration curves showed good agree-
ment between prediction and observation (Fig. 4A). DCA 
revealed that the PHLF score provided superior net benefit 
over the other three scores (Fig. 3D).

Risk stratification based on the PHLF score in the de-
velopment cohort

The optimal cut-off value of the PHLF score was determined 
to be 14.7 using ROC by maximizing the Youden index. The 
sensitivity, specificity, positive predictive value (referred to 
as PPV) and negative predictive value in predicting PHLF 
were 76.9%, 78.3%, 56.0%, and 90.4%, respectively.

Patients with PHLF score ≥14.7 were defined as the high-
risk group, otherwise the patients were classified as the 
low-risk group. The incidence (55.6% vs. 9.6%, p<0.001) 
and severity (p<0.001) of PHLF were significantly different 
between the two groups (Table 3 and Fig. 5A).

Validation of the PHLF score in two independent 
cohorts

In the internal validation cohort, the AUROC of the PHLF 
score was 0.788 (0.693–0.884), which outperformed the 
other three scores in predicting PHLF (compared by De-
long’s test): MELD score (p=0.006), ALBI score (p=0.010) 
and PALBI score (p=0.002), respectively (Fig. 3B). PHLF 
score showed good agreement between prediction and ob-
servation in calibration curve (Fig. 4B) and provided supe-

rior net benefit over other scores in the DCA curve (Fig. 
3E). The incidence (42.6% vs. 12.9%, p<0.001) and sever-
ity (p<0.001) of PHLF were significantly different between 
high-risk and low-risk groups (Table 3 and Fig. 5B).

In the external validation cohort, the AUROC of the 
PHLF score was 0.750 (0.632–0.868), which was margin-
ally superior to other three scores in predicting PHLF (com-
pared by Delong’s test): MELD score (p=0.103), ALBI score 
(p=0.535) and PALBI score (p=0.100), respectively (Fig. 
3C). PHLF score also provided superior net benefit over oth-
er scores in DCA analysis (Fig. 3F). The incidence (16.9% 
vs. 5.2%, p=0.013) and severity (p=0.015) of PHLF were 
also significantly different between the high-risk and low-
risk groups (Table 3 and Fig. 5C).

Discussion

In this study, PHLF in patients undergoing hepatectomy 
could be accurately predicted immediately after surgery 
using routinely available variables, including three preop-
erative (TB, INR and platelet count) and two intraopera-
tive (extent of resection and blood loss) factors. In addition, 
patients could be properly stratified in terms of the risk of 
PHLF, with a cut-off value of 14.7.

This study suggested that hepatic surgeons can take the 
optimized measures to prevent or manage PHLF periopera-
tively. On the basis that patients reserve good liver func-
tion, surgeons can calculate the maximum of intraopera-
tive blood loss they can tolerate to prevent PHLF, because 
the extent of resection can be estimated by preoperative 
imaging data, and blood loss was the only unknown vari-
able. This could remind surgeons to be more careful during 
surgery to reduce blood loss in order to prevent PHLF. Fur-
thermore, surgeons could better inform patients and their 
families of the risk of PHLF after surgery. When the risk of 
PHLF is highly predicted, surgeons may suggest patients 
take medications to improve liver function and/or take sys-
temic therapy to shrink the tumor as the best choice at 
that time, rather than surgery. Then, when the liver function 
or the tumor regression reaches a certain extent, surgery 
can be performed. If patients insist on performance of the 
surgery, surgeons can determine the appropriate level of 
postoperative care and extend the length of hospital stay, in 
addition performing a more careful operation.

The aim of this study was to establish a model to predict 
PHLF in patients undergoing hepatectomy. Many useful cri-
teria and scores were demonstrated to predict the incidence 
of PHLF. One of the most classic models was “Makuuchi’s 
criteria”, representing a decision tree for selection of op-
erative procedures in patients with impaired liver function 

Fig. 1.  Flowchart of this study’s design. 
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Table 1.  Comparison of clinical characteristics between development and internal validation cohorts

Variables Development cohort, n=344 Internal validation cohort, n=148 p-value

Age in years 56.4±11.2 57.0±10.9 0.625

Sex 0.714

  Male 298 (86.6%) 130 (87.8%)

  Female 46 (13.4%) 18 (12.2%)

Diabetes 0.878

  No 291 (84.6%) 126 (85.1%)

  Yes 53 (15.4%) 22 (14.9%)

HBsAg 0.078

  − 56 (16.3%) 34 (23.0%)

  + 288 (83.7%) 114 (77.0%)

HBeAg 0.763

  − 282 (82.0%) 123 (83.1%)

  + 62 (18.0%) 25 (16.9%)

HBV DNA 0.275

  ≤103/mL 198 (57.6%) 93 (62.8%)

  >103/mL 146 (42.4%) 55 (37.2%)

Hb in g/L 143.0 (127.0–153.0) 142.0 (133.0–150.3) 0.948

WBC as ×109/L 5.3 (4.2–6.5) 5.3 (4.5–6.3) 0.587

PLT as ×109/L 148.0 (106.0–207.0) 162.5 (114–195.3) 0.400

TB in µmol/L 11.9 (8.8–15.9) 11.7 (9.2–16.5) 0.886

ALB in g/L 42.0 (39.0–45.0) 42.0 (39.0–45.0) 0.708

P-ALB in g/L 0.22 (0.17–0.26) 0.22 (0.18–0.26) 0.590

ALT in U/L 29.0 (20.0–43.0) 29.0 (20.8–42.3) 0.717

GGT in U/L 56.5 (33.0–108.0) 63.0 (34.8–115.5) 0.734

INR 1.01 (0.96–1.07) 1.03 (0.97–0.106) 0.345

HA in ng/mL 87.3 (64.2–135.2) 85.5 (60.0–135.4) 0.486

LN in ng/mL 50.0 (50.0–67.0) 50.0 (50.0–64.8) 0.536

PIIINP in ng/mL 6.5 (5.3–8.4) 6.7 (5.4–8.4) 0.829

IV-col in ng/mL 51.8 (50.0–83.9) 54.6 (50.0–79.6) 0.807

LS in kPa 12.0 (9.2–15.2) 11.4 (8.5–15.0) 0.240

Gastroesophageal varices 0.634

  No 309 (89.8%) 135 (91.2%)

  Yes 35 (10.2%) 13 (8.8%)

Splenomegaly 0.285

  No 90 (26.2%) 32 (21.6%)

  Yes 254 (73.8%) 116 (78.4%)

Extent of resection 0.395

  Minor, <3 Couinaud’s segments 250 (72.7%) 113 (76.4%)

  Major, ≥3 Couinaud’s segments 94 (27.3%) 35 (23.6%)

Hilar occlusion in min 15.0 (0.0–18.0) 14.5 (0.0–18.3) 0.740

Intraoperative blood loss in mL 200.0 (100.0–300.0) 200.0 (100.0–300.0) 0.816

Causes of hepatectomy 1

  Malignant tumor 343 (99.7%) 148 (100%)

(continued)
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reserve, which included three determining factors: ascites, 
serum TB value, and ICG-R15.25 Imamura et al.26 reported 

zero-mortality after hepatectomy and only one patient de-
veloped PHLF from among nine hundred and fifteen con-

Table 2.  Independent predictors of PHLF after multivariate logistic analysis

Variables β OR 95% CI p-value

Intercept −15.585

TB in µmol/L 0.074 1.077 1.029–1.128 0.001

INR†, per 0.1 increase 1.332 3.788 2.531–5.867 <0.001

PLT, per 109/L increase −0.007 0.993 0.989–0.998 0.004

Extent of resection

  Minor, <3 segments 1

  Major, ≥3 segments 1.059 2.883 1.471–5.716 0.002

Blood loss‡, per 100 mL increase 0.132 1.141 1.043–1.251 0.004

†INR was multiplied by 10 and put into the multivariate binary logistic regression model. ‡Blood loss was divided by 100 and put into the multivariate binary logistic 
regression model. The score and predicted probability of PHLF can be calculated using the following formulas: PHLF score: 0.074 × TB + 1.332 × INR (multiplied by 
10) − 0.007 × PLT (per 109/L) + 1.059 × extent of resection (major=1; minor=0) + 0.132 × blood loss (divided by 100). The predicted probability of PHLF=1/(1+exp 
(−PHLF score + 15.585)). CI, confidence interval; OR, odds ratio.

Fig. 2.  Nomogram for the prediction of PHLF. The nomogram was established based on the development cohort. PHLF, post-hepatectomy liver failure.

Variables Development cohort, n=344 Internal validation cohort, n=148 p-value

  Benign tumor 1 (0.3%) 0 (0%)

Clinical outcomes

PHLF† 0.330

  No 253 (73.5%) 115 (77.7%)

  Yes 91 (26.5%) 33 (22.3%)

PHLF grade‡ 0.300

  0 253 (73.5%) 115 (77.7%)

  A 63 (18.3%) 24 (16.2%)

  B 19 (5.5%) 8 (5.4%)

  C 9 (2.6%) 1 (0.7%)

Hospital stay as median 
(IQR) in days

8 (7–11) 8.5 (7–11) 0.863

†PHLF was defined as postoperative deterioration of liver function with an increase in the INR and concomitant hyperbilirubinemia on or after postoperative day 5, as 
proposed by the ISGLS. ‡Following the ISGLS definition of PHLF grade. ALT, alanine aminotransferase; Hb, hemoglobin; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B 
surface antigen; HBV DNA, hepatitis B virus DNA; HA, hyaluronic acid; IV-col, type IV collagen; LN, laminin; LS, liver stiffness; P-ALB, pre-albumin; PIIINP, precollagen 
III N-terminal peptide; PLT, platelet count; WBC, white blood cell; GGT, γ-glutamyl transpeptidase.

Table 1.  (continued)
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Fig. 3.  ROC curves and decision curves for the prediction of PHLF. ROC curves of PHLF score, MELD score, ALBI score and PALBI score in the (A) development 
cohort, (B) internal validation cohort and (C) external validation cohort. Decision curves of PHLF score, MELD score, ALBI score and PALBI score in the (D) development 
cohort, (E) internal validation cohort and (F) external validation cohort. The orange line indicates the net benefit of assuming that all patients have PHLF. The black line 
indicates the net benefit of assuming no patients have PHLF. ALBI, albumin-bilirubin; MELD, model for end-stage liver disease; PALBI, platelet-albumin-bilirubin; PHLF, 
post-hepatectomy liver failure; ROC, receiver operating characteristics curve.



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  291–300 297

Xu B. et al: A nomogram to predict PHLF

secutive patients within the criteria. However, within each 
category of Makuuchi’s criteria, there is a relatively wide 
range of hepatic function reserve and it does not take into 
account the individual variation in the FLR volume.27

MELD,8 ALBI10,28 and PALBI29 scores were previously re-
ported to be accurate for the prediction of PHLF in patients 
with hepatocellular carcinoma. However, the ALBI score and 
PALBI score were based on a relatively low proportion of 
727 (28.0%) patients undergoing hepatectomy.6,7 A study 
showed neither ALBI nor PALBI could predict survival of 
patients following transjugular intrahepatic portosystemic 
shunt creation,30 which may suggest that they were not the 

most suitable to predict PHLF for patients undergoing sur-
gery. All patients in the current study underwent hepatec-
tomy and their indications of surgery did not only include 
hepatocellular carcinoma, but all had reasoned hepatecto-
my. Our model may be more suitable for this target popula-
tion and perform better in such.

Furthermore, ALB, which was included in both the ALBI 
and PALBI scores, was not included in our model. ALBI and 
PALBI scores were determined patients with data of ALB 
level, reported as median (IQR) of 35 (31–39) g/L, but 
the ALB level of patients in this study was 42 (39–45) g/L. 
Hence, the ability of ALB to predict PHLF was not as impor-

Fig. 4.  Calibration curves for the prediction of PHLF. Calibration curves of the PHLF score in (A) development cohort and (B) internal validation cohort. The di-
agonal blue dashed line represents a perfect prediction by an ideal model. The pink solid line represents the performance of the predictive model, of which a closer fit 
to the diagonal blue dashed line represents a better prediction. PHLF, post-hepatectomy liver failure.

Table 3.  Incidences of PHLF of high-risk and low-risk groups with a cut-off value of 14.7 by the PHLF score in development and two validation cohorts

Development cohort,  
n=344

Internal validation co-
hort, n=148

External validation cohort,  
n=167

High-risk 
group, 
n=126

Low-risk 
group, 
n=218

p-
value

High-risk 
group, 
n=47

Low-risk 
group, 
n=101

p-
value

High-risk 
group, 
n=71

Low-risk 
group, 
n=96

p-value

PHLF† <0.001 <0.001 0.013

No 56 (44.4%) 197 
(90.4%)

27 (57.4%) 88 (87.1%) 59 (83.1%) 91 (94.8%)

Yes 70 (55.6%) 21 (9.6%) 20 (42.6%) 13 (12.9%) 12 (16.9%) 5 (5.2%)

PHLF grade† <0.001 <0.001 0.015

0 56 (44.4%) 197 
(90.4%)

27 (57.4%) 88 (87.1%) 59 (83.1%) 91 (94.8%)

A 48 (38.1%) 15 (6.9%) 12 (25.5%) 12 (11.9%) 9 (12.7%) 3 (3.1%)

B 15 (11.9%) 4 (1.8%) 7 (14.9%) 1 (1.0%) 1 (1.4%) 2 (2.1%)

C 7 (5.6%) 2 (0.9%) 1 (2.1%) 0 (0%) 2 (2.8%) 0 (0%)

†PHLF was defined as postoperative deterioration of liver function with an increase in the INR and concomitant hyperbilirubinemia on or after postoperative day 5 as 
proposed by the ISGLS. ‡Following the ISGLS definition of PHLF grade.
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tant as in patients with advanced diseases.
The indocyanine green clearance rate constant (referred 

to as ICG-K) and ICG-R15 have been widely adopted in East-
ern centers to measure liver function, but neither of them is a 
routine test in our center. Hwang et al.31 established a quan-
tified model combined with ICG-K and FLR to predict PHLF, 

which was similar to our model, both containing factors rep-
resenting liver function and resected liver volume. However, 
surgery-related factors were not included in the model by 
Hwang et al.31 and in none of the models mentioned above. 
As PHLF could be influenced by surgery-related factors like 
blood loss, extent of hepatectomy,13,32 our model with intra-

Fig. 5.  Relationship between the value of the PHLF score and occurrence of PHLF in (A) development cohort, (B) internal validation cohort and (C) 
external validation cohort. The horizontal dotted line indicates the cut-off value of the PHLF score (14.7) for the prediction of PHLF. Patients with PHLF score ≥14.7 
belong to the high-risk group, otherwise patients were classified in the low-risk group. *p<0.05, **p<0.001, in comparison with the low-risk group. PHLF, post-hepa-
tectomy liver failure.
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operative variables could predict PHLF more accurately.
This study included almost all indicators of laboratory 

tests, important clinical signs available before surgery, and 
three intraoperative factors. To develop a predictive model 
based on as many as 25 candidate variables, we employed 
LASSO, which has been developed to overcome the limita-
tions when too many predictors are needing to be analyzed, 
to guarantee the objectivity of variables included in the mod-
el.33 In addition, DCA was performed to compare the clinical 
utility of different models, visualizing the clinical consequenc-
es of a diagnostic strategy.34 Traditional metrics of diagnostic 
performance, such as AUROC, sensitivity and specificity only 
measure the accuracy of one prediction model against an-
other, but fail to consider whether patients will really benefit 
from a specific model with the high predictive accuracy.24

In addition, the PHLF score was validated externally and 
demonstrated satisfactory predictive accuracy and clinical 
utility. Furthermore, PHLF score can also stratify patients 
undergoing hepatectomy in terms of risk of PHLF in the ex-
ternal validation cohort.

The relatively low PPV indicates that patients who were 
actually at high risk of PHLF were not assigned to the high-
risk group, and some factors that caused high risk of PHLF, 
such as repeated resection and tumor-related factors, were 
not included. Patients who underwent repeated resection 
were at higher risk of developing PHLF. In addition, this 
study enrolled patients either with benign or malignant le-
sions, so that tumor-related factors such as tumor number, 
size and biomarker were not included in the analysis.

This study has several limitations. First, we retrospec-
tively investigated a group of patients with a relatively low 
proportion of grade B or C PHLF. Grade A PHLF represents a 
transient deterioration in liver function that does not require 
extra treatment. However, the hospital stay of grade A PHLF 
patients was longer than those without PHLF, indicating that 
this model is of clinical significance. Second, the predictive 
model cannot access the severity of PHLF and make a classi-
fication according to the ISGLS grade, where different grades 
of PHLF are subject to different treatments. Third, the extent 
of resection was defined as minor (<3 segments) or major 
(≥3 segments) in this study, which could not exactly reflect 
the FLR volume. Because the volume of segment II+III (left 
lateral section) is significantly smaller than that of segment 
VII+VIII (right lateral section), and the latter may exceed 
the volume of segment II+III+IV (left liver).35 In addition, 
inadequate FLR volume can lead to PHLF.36 The performance 
of the predictive model could be improved through measuring 
FLR volume and FLR function by three-dimensional CT recon-
struction or other image fusion techniques preoperatively.12,37

In conclusion, this study showed that PHLF after hepatec-
tomy can be accurately predicted by five simple and read-
ily available perioperative variables, which may significantly 
contribute to the postoperative care of those patients and 
improving clinical outcomes.
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Abstract

Background and Aims: Tumor microenvironment plays an 
essential role in cancer development and progression. Can-
cer immunotherapy has become a promising approach for 
the treatment of hepatocellular carcinoma (HCC). We aimed 
to analyze the HCC immune microenvironment character-
istics to identify immune-related genetic changes. Meth-
ods: Key immune-relevant genes (KIRGs) were obtained 
through integrating the differentially expressed genes of 
The Cancer Genome Atlas, immune genes from the Immu-
nology Database and Analysis Portal, and immune differen-
tially expressed genes determined by single-sample gene 
set enrichment analysis scores. Cox regression analysis 
was performed to mine therapeutic target genes. A regu-
latory network based on KIRGs, transcription factors, and 
immune-related long non-coding RNAs (IRLncRNAs) was 
also generated. The outcomes of risk score model were 
validated in a testing cohort and in clinical samples using 
tissue immunohistochemistry staining. Correlation analysis 

between risk score and immune checkpoint genes and im-
mune cell infiltration were investigated. Results: In total, 
we identified 21 KIRGs, including programmed cell death-1 
(PD-1) and cytotoxic T-lymphocyte associated protein 4 
(CTLA4), and found IKBKE, IL2RG, EDNRA, and IGHA1 may 
be equally important to PD-1 or CTLA4. Meanwhile, KIRGs, 
various transcription factors, and IRLncRNAs were integrat-
ed to reveal that the NRF1-AC127024.5-IKBKE axis might 
be involved in tumor immunity regulation. Furthermore, the 
immune-related risk score model was established accord-
ing to KIRGs and key IRLncRNAs, and verified more obvi-
ous discriminating power in the testing cohort. Correlation 
analysis indicated TNFSF4 , LGALS9 , KIAA1429 , IDO2, and 
CD276 were closely related to the risk score, and CD4 T 
cells, macrophages, and neutrophils were the primary im-
mune infiltration cell types. Conclusions: Our results high-
light the importance of immune genes in the HCC micro-
environment and further unravel the underlying molecular 
mechanisms in the development of HCC.

Citation of this article: Hong WF, Gu YJ, Wang N, Xia J, Zhou 
HY, Zhan K, et al. Integrative characterization of immune-
relevant genes in hepatocellular carcinoma. J Clin Transl 
Hepatol 2021;9(3):301–314. doi: 10.14218/JCTH.2020.00 
132.

Introduction

Liver cancer is the most common malignancy and the fourth 
leading cause of cancer-related mortality worldwide.1 Hepa-
tocellular carcinoma (HCC), a predominant type of primary 
liver cancer, has become a major public health problem. 
Although surgical resection is a potentially curative modal-
ity for a minority of early-stage HCC patients,2 as many as 
70% of these patients will experience disease recurrence 
within 5 years.3 Due to the occult onset of HCC, most ad-
vanced patients are not eligible for the timely administra-
tion of effective treatment.4 Sorafenib, as a multi-kinase 
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inhibitor, has been approved by the Food and Drug Adminis-
tration and recommended as the first-line treatment in this 
population based on the “SHARP” trial, with median overall 
survival of 6.5 months.2,5,6 Then, the “REFLECT” trial dem-
onstrated that lenvatinib was non-inferior to sorafenib for 
overall survival in untreated advanced HCC patients.7 It 
only showed some clinical benefits for secondary endpoints 
in progression-free survival, time to progression, and objec-
tive response rate. The current status of HCC recurrence 
and metastasis are not optimistic; therefore, novel and ef-
fective treatment options are desperately in need of further 
exploration to decrease recurrence rates.

Increasing evidence has shown that the tumor microen-
vironment plays an essential role in cancer development 
and progression. With improved understanding of biological 
interactions within the tumor microenvironment, immune 
system and tumor cells, cancer immunotherapy has ap-
peared to provide tremendous promise as a cancer treat-
ment modality in recent years. Typically, in the liver, large 
quantities of innate and adaptive immune cells play a critical 
role in immune surveillance to detect and eliminate patho-
gens and participate in immune response and regulation of 
host defenses.8 However, the inflammatory state, due to 
risk factors that contribute to HCC, such as chronic infection 
with hepatitis B virus or hepatitis C virus, will change the 
tumor microenvironment and facilitate evasion of immune 
surveillance, leading to tumor tolerance and promoting the 
development of HCC.8 Hence, targeted immunotherapy is 
actively researched with the goal of inhibiting aberrant on-
cogenic pathways and improving prognosis.

At present, immune checkpoint inhibitors are consid-
ered one of the immunotherapies for rapid development to 
promote immune reconstitution and restore immune cell 
function.9 Programmed cell death-1 (PD-1) and cytotoxic 
T-lymphocyte associated protein 4 (CTLA4) blockage thera-
pies have become promising approaches for the treatment 
of HCC.10–13 Unfortunately, in some studies, overall survival 
and improved recurrence-free survival did not achieve the 
pre-defined statistical significance criteria.14 It has been 
suggested that the HCC microenvironment can form a po-
tent immune tolerance system, which greatly hinders the 
efficacy of immune checkpoint therapy. Therefore, remod-
eling the immune tolerant microenvironment of HCC could 
be of great significance for HCC immunotherapy.

Given the complexity of immunotherapy and tumor het-
erogeneity, extensive genomic analysis could provide clini-
cal options, including personalized therapies for patients 
with cancer. We systematically integrated genomic profiling 
to illustrate the global portrait of the HCC immune micro-
environment characteristics to further identify the immune-
related genetic changes. In addition, immune-related mod-
els and networks were also established to shed light on the 
potential mechanism of immune therapeutic targets.

Methods

Datasets acquisition and pre-processing

Fragments per kilobase million upper quartile RNA-Seq 
gene expression profile of liver hepatocellular carcinoma 
(LIHC) were downloaded from The Cancer Genome Atlas 
(TCGA) (https://portal.gdc.cancer.gov/), including 50 nor-
mal tissue and 374 primary tumor samples.15 A list of 1,811 
immune genes (IGs), including 17 immune categories ac-
cording to different molecular function, were obtained from 
the Immunology Database and Analysis Portal (ImmPort) 
(https://www.immport.org/home)16 after eliminating re-
iterated genes. One of the major collections (C7: immu-
nologic signatures) in the molecular signatures database 

(MSigDB) of Gene Set Enrichment Analysis (GSEA) (https://
www.gsea-msigdb.org/gsea/index.jsp)17 is a collection of 
4,872 annotated gene sets that represent cell types, states, 
and perturbations within the immune system.18 The immu-
nologic gene sets and 28 immune signaling pathways were 
also collected and processed for subsequent analyses. The 
data of tumor immune infiltration in TCGA-LIHC was down-
loaded from the tumor immune estimation resource (known 
as TIMER) (https://cistrome.shinyapps.io/timer/).19

Screening immune-relevant genes (IRGs)

To evaluate the enrichment scores of every sample on 
each immune-related term in RNA-Seq data of TCGA-LIHC, 
single-sample gene set enrichment analysis (ssGSEA) was 
used to generate ssGSEA-score20 implemented in the R 
package “GSVA” and “GSEABase”. Each score was corrected 
between 0 and 1. Patients were divided into a high-immune 
score (Immunity_H) and a low-immune score (Immunity_L) 
group using unsupervised hierarchical clustering of R pack-
age “sparcl”.

Differentially expressed gene (DEG) analysis was per-
formed via the R package “Limma” based on the empiri-
cal Bayes method.21 Immune differentially expressed genes 
(IDEGs) were determined by Immunity_H to Immunity_L ra-
tio, with cutoff criteria of absolute log2 fold-change (|log(2)
FC|) >1.0 and false discovery rate <0.05. Significant DEGs 
of RNA-Seq data from TCGA-LIHC project were also identi-
fied by the same approach. Then, overlapping DEGs, IDEGs, 
and IGs were assessed and provided 77 interacting genes 
as the IRGs in the present study.

Construction of weighted gene co-expression net-
works and identification of key IRGs

Based on the expression of 77 IRGs with complete clinical 
data in tumor tissues from TCGA-LIHC project, weighted 
gene co-expression networks analysis (WGCNA) was car-
ried out to create expression modules and analyze the cor-
relation of each module with immune traits (ImmuneGroup, 
StromalScore, ImmuneScore, ESTIMATEScore, and Tumor-
Purity) using the R package WGCNA by hierarchical cluster-
ing of adjacency-based dissimilarity.22 Module eigengenes 
were defined as the first principle component of each gene 
module and regarded as representative of genes in each 
module. Gene significance was calculated to measure the 
Pearson correlation between gene expression and sample 
traits and to identify the significance of each module. We 
selected higher gene significance and defined survival-re-
lated modules according to p≤0.001 for further analysis. A 
scale-free topology fit index (scale-free R2) >0.95 was im-
plemented to verify the soft threshold power and maintain 
optimal mean connectivity. A dynamic hybrid cut method, 
using a bottom-up algorithm, was applied to identify crucial 
modules, with cut height-off of 0.25. At last, key immune-
relevant genes (KIRGs) in crucial modules were selected by 
those with module membership >0.5. General characteris-
tics of KIRGs were analyzed using GSCALite (http://bioinfo.
life.hust.edu.cn/web/GSCALite/).23

Construction of co-expression network based on 
KIRGs

To analyze the function of KIRGs, the relationship between 
transcription factors and KIRGs was explored. The transcrip-
tion factors set was extracted from the Cistrome Project 
(http://www.cistrome.org/)24 and subjected to expression 
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differential analysis by the R package “Limma”, with cut-off 
value of |logFC| >1.0 and adjusted p-value of <0.05. The 
significant correlations between the differentially expressed 
transcription factors (DETFs) and KIRGs (DETFs-KIRGs) 
were calculated by Pearson’s test, with p-value of <0.0001 
and correlation coefficient of >0.30, which was visualized 
by Cytoscape software (3.7.1) in the appropriate type of 
correlation network.

Meanwhile, considering immune-related long non-coding 
RNAs (IRLncRNAs) involved in the mRNA transcript process 
of KIRGs, the network of IRLncRNAs-KIRGs was established 
using the co-expression analysis approach as described 
above. The profile of long non-coding RNAs was taken from 
the annotation data of TCGA-LIHC. Subsequently, the net-
work of DETFs and IRLncRNAs (DETFs-IRLncRNAs) was also 
generated (correlation coefficient >0.30 and p<0.0001). Fi-
nally, the DETFs-IRLncRNA-KIRGs regulatory network was 
integrated for the pairs of the above three networks’ data.

Risk score model construction and verification

TCGA-LIHC patients were randomly divided at the ratio of 
1:1 into two cohorts (training cohort and testing cohort). 
To avoid overfitting, least absolute shrinkage and selection 
operator (Lasso) Cox regression was applied to eliminate 
genes generated from univariate Cox analysis of all genes 
of IRLncRNAs-KIRGs. Then, we performed multivariate Cox 
regression to construct a risk score model, and the perfor-
mance was evaluated in the testing cohort. Kaplan-Meier 
survival analysis and time-dependent receiver operating 
characteristic (commonly known as ROC) analysis were 
used to compare the survival states and evaluate the ac-
curacy of the risk score model.

Enrichment analysis and protein-protein interaction

To determine the function and potential regulatory path-
ways of identified genes, GSEA was explored for biological 
functions and pathways using the R package “clusterpro-
files” and “GSVA”, with adjusted p-value of <0.05 and q-
value of <0.05, as each was regarded as statistically sig-
nificant. Gene Ontology analysis and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analy-
sis were performed by the web tool “Matascape” (http://
metascape.org/).25 The search tool for the retrieval of in-
teracting genes/proteins database (commonly known as 
STRING) was utilized to assess protein-protein interactions, 
with information minimum required interaction score: me-
dium confidence (0.40) (www.string-db.org/).26

Experimental section

Paired tumor and peritumor tissues were obtained from pa-
tients diagnosed with HCC and who had undergone surgery 
at the Department of Hepatological Surgery of the Second Af-
filiated Hospital of Chongqing Medical University (Chongqing, 
China). All experiments were performed in accordance with 
the Declaration of Helsinki of the World Medical Association 
and were approved by the ethics committee of the Second 
Affiliated Hospital of Chongqing Medical University (No. 2020-
004). All participants provided written informed consent.

Tissue proteins were lysed using radio immunoprecipita-
tion assay lysis buffer (CWBIO, Beijing, China) with pro-
tease inhibitor cocktail (CWBIO). Protein concentration was 
measured with a bicinchoninic acid assay (CWBIO). The 
same amount of total proteins was subjected to SDS-PAGE, 
followed by a standard western blotting procedure with the 

primary antibodies and secondary antibodies (Supplemen-
tary Table 1), and detection using an enhanced chemilumi-
nescence system (Advansta, Menlo Park, CA, USA).

Tissue paraffin sections were prepared for immunohisto-
chemistry staining, according to standard procedures. The 
slides were visualized using 3,3′-diaminobenzidine sub-
strate kit (Abcam, Cambridge, UK) and counterstained with 
hematoxylin (Solarbio, Beijing, China). Stained slides were 
scanned by the Motic Easyscanner (Motic, Hong Kong, Chi-
na) and the images were captured with Motic DS Assistant 
Lite (Motic VM V1 Viewer 2.0).

Tissue total RNA was extracted using TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA), following the manufacturer’s 
instructions. The cDNA library was constructed by reverse 
transcription using a commercial reverse-transcription kit 
(Takara, Shiga, Japan) according to the manufacturer’s pro-
tocol. The cDNA was amplified using SYBR Green Master 
Mix (Bimake, Houston, TX, USA) and normalized by GAPDH. 
Quantitative polymerase chain reaction primers (Supple-
mentary Table 2) were synthesized by Invitrogen.

Statistical analysis

All statistical analyses were performed in R version 3.6.0 
and GraphPad Prism software 8.0, and p-values <0.05 were 
considered significant. Continuous variables, such as differ-
ence analysis, were performed by t-test or Wilcoxon’s test, 
according to the normality of data distribution. Correlation 
analysis of categorical variables was carried out with the 
chi-squared test. Correlations between continuous variables 
were estimated using the Pearson correlation, while Spear-
man’s correlation was used to assess the association be-
tween non-normally distributed data.

Results

Initial screening IRGs

To screen significant immune biomarkers, we incorporated 
important databases in the initial workflow (Fig. 1A). A to-
tal of 7,667 DEGs were identified from TCGA-LIHC data-
set (Supplementary Fig. 1A, B). To understand each tumor 
sample’s immune status, the corresponding enrichment 
scores on every immune-related term were calculated 
based on the ssGSEA method. By unsupervised hierarchi-
cal clustering, patients were clustered into the Immunity_H 
group (n=170) and the Immunity_L group (n=204) (Sup-
plementary Fig. 1C). Stromal cells and immune cells were 
the non-tumor components of the immune microenviron-
ment which reflected tumor immune infiltration and tumor 
purity. The stromal scores and immune scores were calcu-
lated and combined to estimate scores in order to display 
tumor purity by the ESTIMATE algorithm (Fig. 2A; Supple-
mentary Table 3). Upon comparison with the Immunity_L 
group, stromal scores, immune scores, and ESTIMATE 
scores were significantly higher in the Immunity_H group, 
while the lower level of tumor purity represented the low 
activity of tumor cells (p<0.001) (Fig. 2B–E). Then, enrich-
ment analysis of biological functions and pathways in the 
two groups was performed using GSEA. The Immunity_H 
group was identified when the enrichment score was >0, 
and found to be mainly enriched in complement activation 
(classical pathway), humoral immune response mediated 
by circulating immunoglobulin and MHC class II protein 
complex in the aspect of biological function (Fig. 2F). Al-
lograft rejection, intestinal immune network for IgA produc-
tion, and primary immunodeficiency embodied the pathway 
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enrichment results (Fig. 2G). Next, the bubble chart showed 
the top 10 biological functions in the Immunity_H group and 
the Immunity_L group (Fig. 2H). Enrichment analysis of the 
pathway only focused on the Immunity_H group (Supple-
mentary Table 4). Meanwhile, 1,950 IDEGs were obtained 
by differential analysis for the Immunity_H and Immunity_L 
groups (Supplementary Fig. 1D, E). Finally, 77 IRGs were 
screened out by overlapping the DEGs, IDEGs, and IGs in 
this present study. Gene Ontology analysis and KEGG path-
way enrichment analysis results were statistically confirmed 
via Metascape (Supplementary Fig. 1F, G).

Identification of the modules associated with im-
mune traits by construction of WGCNA

WGCNA was applied to find important modules most associ-
ated with immune traits based on 77 IRGs. A total of seven 
modules were identified by setting soft threshold power and 
cut height-off value. IRGs in the gray module were identi-
fied as non-clustering genes (Fig. 3A, B). In the heatmap of 
module-trait relationships, the blue module (12 IRGs) and 
brown module (9 IRGs) manifested significant correlation of 
immune traits, especially by ImmuneScore (correlation co-
efficient of 0.73, p=4e−64) and StromalScore (correlation 
coefficient of 0.65, p=7e−47), respectively. Genes in these 
two modules with module membership of >0.5 were defined 
as KIRGs (Fig. 3C).

Functional analysis of the KIRGs signature

We analyzed the fundamental functional of the KIRGs (Fig. 

1B). Differential analysis of KIRGs’ expressions was per-
formed, with 11 genes (APOBEC3H, CD3D, CTLA4, CXCR3, 
EDNRA, inhibitor of nuclear factor kappa-B kinase subunit 
epsilon (IKBKE), IL2RG, LTA, LTBP2, PDCD1, and SYTL1) 
showing high expression and 9 genes (CD244, COLEC10, 
CXCL12, FOS, GDF2, IGHA1, IGHA2, MARCO, NGFR, and 
THBS1) showing low expression in tumor tissue (p<0.05) 
(Fig. 4A). Correlation analysis of 21 KIRGs showed that 
CXCR3 was highly associated with CD3D and LTA (correla-
tion coefficient of >0.80, p<0.05) (Fig. 4B). To display in-
teractive relationships among proteins of KIRGs, a protein-
protein interaction network was constructed by the STRING 
database. LTA, CTLA4, FOS, and CXCL12 had the most in-
teractive lines (n>10) in the bar graph, which totaled 60 
lines (Fig. 4C, D). High node degrees could indicate an es-
sential role in tumor immune processes.

Gene Ontology analysis and KEGG pathway enrichment 
analysis were performed using the R package “clusterpro-
files”. To demonstrate more information from the results, 
the top 20 Gene Ontology terms were enriched as a Gene 
Ontology heatmap, mainly in “leukocyte migration” and 
“humoral immune response” (Fig. 4E). We also found that 
the three terms of “response to oxygen levels”, “response 
to hypoxia” and “response to decreased oxygen levels” en-
riched from the same genes (Fig. 4E). In the KEGG circle 
map, KIRGs were enriched in some common and critical 
pathways referring to tumorigenesis and progression, such 
as “T cell receptor signaling pathway”, “Cytokine-cytokine 
receptor interaction” and “PI3K-Akt signaling pathway” and 
so on (Fig. 4F).

To further verify whether KIRGs were closely related to 
immune function, 29 terms from the ImmPort database 
served as the candidate profile and a gene set includ-
ing 21 KIRGs was found to be enriched in eight immune 

Fig. 1.  Flow chart of immune-relevant gene screening, function analysis, and mechanism analysis. (A) Screening for KIRGs incorporated from TCGA and 
ImmPort. (B) Schematic diagram for function analysis of KIRGs. (C) Flow chart for underlying mechanism analysis of KIRGs combined with transcription factors and 
LncRNAs.



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  301–314 305

Hong W.F. et al: Immune markers in hepatocellular carcinoma

Fig. 2.  Microenvironment signatures of TCGA-LIHC cohort and enrichment analysis. (A) Heatmaps showed expression profiles for microenvironment signa-
tures of stromal scores, immune scores, ESTIMATE scores, and tumor purity with unsupervised hierarchical clustering analyses. (B–E) Stromal scores, immune scores, 
ESTIMATE scores and tumor purity in the Immunity_H group and the Immunity_L group. (***p<0.001) (F–G) Enrichment analysis of biological functions and pathways 
in the Immunity_H group (top 5). (H) Bubble chart of top 10 biological functions in the Immunity_H and Immunity_L groups. (I) Heatmap of Gene Ontology and KEGG 
enrichment analysis for IRGs via Metascape.
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terms, namely Check-point, Th1 cells, Tfh, T cell coinhibi-
tion, plasmacytoid dendritic cells, CCR, TIL, and regula-
tory T cells, based on the ssGSEA-score of the R package 
“GSVA” (Supplementary Fig. 2A–C). Next, we extracted 
all the genes of some critical immune terms from TCGA-

LIHC project and differential analysis of expression was 
implemented between the Immunity_H group and the 
Immunity_L group (Supplementary Fig. 3A–E). Besides, 
due to multiple filters, IKBKE, IL2RG, EDNRA, and IGHA1 
were screened out more significantly with p<0.2 using 

Fig. 3.  Construction of WGCNA co-expression modules and identification of modules associated with immune traits. (A) Analyses of the scale-free topol-
ogy fit index of the soft threshold power (left panel) and the mean connectivity of soft threshold power (right panel). (B) A cluster dendrogram of 77 IRGs with various 
modules constructed by hierarchical clustering of adjacency-based dissimilarity; different colors represent different modules. (C) Heatmap of relationships between 
module eigengenes and immune trait.
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univariate Cox regression and multivariate Cox regression 
of 21 KIRGs (Fig. 5A, B). We examined protein expression 
of these four markers in clinical HCC and corresponding 
peritumor tissues. Western blotting indicated that IKBKE, 
IL2RG, and EDNRA were highly expressed in most HCC 
tissue specimens, while IGHA1 had low expression in tu-
mors (Fig. 5C). Immunohistochemical assay showed IK-
BKE and IL2RG were significantly higher in representative 

HCC tissue (Fig. 5D).

Analysis of KIRGs in a web-based platform of GS-
CALite

To understand gene set mutations, we observed single nu-
cleotide variation frequency and analyzed the variant types. 

Fig. 4.  Functional analysis of the KIRGs signature. (A) Differential analysis of KIRGs expression in normal and HCC tissues. (***p<0.001, **p<0.01, *p<0.05). 
(B) Correlation analysis of 21 KIRGs. (C) A protein-protein interaction network of 21 KIRGs was constructed via STRING. (D) The number of gene connections in the 
protein-protein interaction network. (E) Gene Ontology heatmap of KIRGs. (F) KEGG circle map of KIRGs.
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Of the 21 KIRGs, the vast majority of variants occurred 
as single nucleotide polymorphisms and missense muta-

tions in the included samples (Supplementary Fig. 4A, B). 
The top 10 frequently mutated genes were GDF2, LTBP2, 

Fig. 5.  Cox regression of 21 KIRGs and construction of regulatory networks. (A) Univariate Cox regression. (B) Multivariate Cox regression. (C) Western blot 
of protein expression in HCC and paired peritumor tissues from 18 patients. (D) Immunohistochemical staining of the representative KIRGs IKBKE and IL2RG in HCC 
and paired peritumor tissues. (E) Construction of DETFs-KIRGs networks. (F) Construction of DETFs-IRLncRNAs-KIRGs regulatory networks.
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THBS1, CXCR3, EDNRA, MARCO, NGFR, CD244, FOS and 
APOBEC3H, with 91.18% alteration in at least one sam-
ple (Supplementary Fig. 4C, E). GDF2, LTBP2, and THBS1 
alterations were observed in 15% of tumors; NGFR had 
multiple alterations of missense mutation, splice site, and 
frame shift deletion (Supplementary Fig. 4E). C > T and 
C > A accounted for most of the single nucleotide muta-
tion types (Supplementary Fig. 4D). Meanwhile, we noted 
that somatic copy number alterations occurred more often 
in heterozygous copy number variations than in homozy-
gous ones (Supplementary Fig. 4F). IKBKE, COLEG10, and 
CD244 manifested mainly in the statistical processing of 
heterozygous amplifications (Supplementary Fig. 4F).

Further, differential methylation between tumor and 
paired normal tissues were found, along with that of other 
tumor types (Supplementary Fig. 4G). PDCD1, CTLA4, and 
MARCO indicated high levels of methylation in HCC tissues, 
while CXCL12 and EDNRA showed a high level in paired nor-
mal tissues. We also observed the relationships between 
methylation levels and corresponding gene expression, 
which displayed that PDCD1 methylation had a positive cor-
relation with expression, whereas IKBKE and EDNRA meth-
ylation showed negative relationships in most tumors (Sup-
plementary Fig. 4H).

We also investigated the difference of gene expression 
between pathway activity groups (activation and inhibition). 
These KIRGs were also involved in apoptosis, cell cycle, 
DNA damage response, epithelial to mesenchymal transi-
tion, and the RAS/MAPK biological process (Supplementary 
Fig. 4I). PDLD1, CTLA4, IKBKE, and IL2RG could promote 
apoptosis and activate DNA damage response and epithelial 
to mesenchymal transition (Supplementary Fig. 4J). Even-
tually, drug sensitivity analysis was performed for 21 KIRGs 
of HCC lines in the Genomics of Drug Sensitivity in Can-
cer27 and Cancer Therapeutics Response Portal28 databases 
by Spearman correlation analysis with small molecule/drug 
sensitivity (Supplementary Fig. 5 and 6).

Construction of the DFTFs-IRLncRNA-KIRGs network

Subsequently, in order to observe transcription factors in-
volved in the regulation of KIRGs, the correlations of KIRGs 
to DETFs were generated according to co-expression analy-
sis and visualized as a regulatory network (Fig. 1C). A to-
tal of 162 positive correlation pairs of DETFs-KIRGs were 
found; among these, the pairs of FOS-ERG1 (correlation 
coefficient of 0.63, p=5.2E−43), CIITA-CTLA4 (correlation 
coefficient of 0.62, p=6.3E−43) and CXCR3-CIITA (corre-
lation coefficient of 0.62, p=9.1E−43) showed very high 
correlation (Fig. 5E). Similarly, the IRLncRNAs-KIRGs net-
work and DETFs-IRLncRNAs network were also constructed. 
Eventually, combining the three networks, the DETFs-IRL-
ncRNAs-KIRGs regulatory network was built, comprised of 
103 DETFs, 175 LncRNAs, and 15 KIRGs, to elucidate un-
derlying regulatory mechanisms (Fig. 5F). Most of the pairs 
represented positive correlations within the network.

IKBKE, having a prominent role among the KIRGs, was re-
lated to numerous IRLncRNAs, most obviously AC127024.5. 
Interestingly, in the network, NRF1 was regarded as the 
most relevant transcription factor to AC127024.5 (correla-
tion coefficient of 0.63, p=4.94E-43), which indicated that 
the NRF1-AC127024.5-IKBKE axis might be involved in 
regulating many biological processes. We also explored the 
NRF1-AC127024.5-IKBKE axis for immune cell infiltration in 
TCGA-LIHC patients from the TIMER database, and found 
an involvement in the vast majority of immune cell infiltra-
tion processes, especially those related to B cells, CD4 T 
cells, neutrophils and macrophages (p<0.01) (Supplemen-
tary Fig. 7).

Furthermore, univariate and Lasso Cox regressions were 
implemented to optimize the parameters for screening risk 
genes among the KIRGs and IRLncRNAs (Fig. 6A, B). In total, 
IL2RG and eight key IRLncRNAs (LINC01871, AC145207.5, 
LINC00294, LINC01138, AL031985.3, AC083799.1, SNHG1, 
and SNHG3) were obtained by multivariate Cox regression 
in the training cohort. The risk score model was constructed 
and verified the performance in the testing cohort. Patients 
in each cohort were divided into a low risk group and a 
high risk group, according to the median risk score of the 
training cohort. Survival status, risk scores, and expression 
patterns of each patient were reflected in Fig. 6C and 6D.

Kaplan-Meier curve analysis showed that the low risk 
group had a significantly better prognosis than that of the 
high risk group in the training cohort (p=4.70E−06) and 
the testing cohort (p=4.70E−05), respectively (Fig. 6E, G). 
Time-dependent ROC curve analysis of the risk score model 
in the training and testing cohorts all determined good pre-
dictive accuracy with area under the curve values of 0.826 
and 0.724 for 1-year survival, and 0.822 and 0.736 for 
3-year survival, respectively (Fig. 6F, H). Therefore, it ap-
peared that the risk score model successfully stratified HCC 
from TCGA.

In addition, we found that the risk score model was as-
sociated with clinicopathological parameters, such as tu-
mor-stage, clinical stage, and survival state by chi-squared 
test (p<0.01) (Fig. 7A). Further analysis of univariate and 
multivariate Cox regression revealed that risk score could 
be an independent prognostic indicator for HCC patients 
(p<0.001) (Fig. 7B, C). Representative markers (IL2RG, 
SNHG1, SNHG3, and LINC01138) showed obvious high ex-
pression in HCC samples at the mRNA level (Fig. 7D). Mean-
while, the forecast performance of the risk score model was 
superior to those models based on tumor-stage, node-
stage, metastasis-stage, grade, American Joint Committee 
on Cancer stage, KIRGs and key IRLncRNAs (Supplemen-
tary Fig. 8A–G). The multiplex model seemed a dependable 
indicator for predicting the prognosis of HCC patients.

We analyzed the expression of each immune checkpoint 
gene of ImmPort for correlation with the integration of risk 
score resulting from the two cohorts. Pearman’s correlation 
indicated TNFSF4, LGALS9, KIAA1429, IDO2, and CD276 
were closely related to risk score (p<0.05), shown as a cir-
cle map (Fig. 8A). Ultimately, we investigated the measure-
ment of the integrated risk score for immune cell infiltration 
in TCGA-LIHC patients from the TIMER database and ob-
served that effects of risk score appeared to be concentrat-
ed among the CD4 T cells, macrophages, and neutrophils 
(p<0.05), while the B cells, CD8 T cells and dendritic cells 
did not show significant correlation (Fig. 8B–G).

Discussion

Rapidly emerged immunotherapy has demonstrated in-
creasing promise in the application of treatment for human 
cancers. On account of tumor complexity and heterogene-
ity, only a minority of patients could have benefitted from 
immunotherapy. Interestingly, the tumor immune micro-
environment is closely related to patients’ responsiveness 
after receiving the therapy of immune-checkpoint block-
ade.29 Thus, understanding the tumor immune microenvi-
ronment’s diversity will likely uncover novel biomarkers and 
provide effective therapeutic targets.

According to the natural and fundamental immunological 
properties of the liver and the current dilemma of immuno-
therapy for HCC, in this study, we systematically identified 
21 KIRGs that potentially participate in HCC pathogenesis 
and progression. To obtain more robust and reliable IGs, 
our results were analyzed by more comprehensive and 
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Fig. 6.  Construction of risk score model based on DETFs-IRLncRNAs-KIRGs network. (A–B) KIRGs and IRLncRNAs were narrowed down by the Lasso algo-
rithm. (C) Survival status scatter plots, risk score distribution, and expression patterns in the training cohort. (D) Survival status scatter plots, risk score distribution, 
and expression patterns in the testing cohort. (****p<0.001). (E) Kaplan-Meier curve analysis of the high risk and low risk groups in the training cohort. (F) Time-
dependent ROC curve analysis of the risk score model in the training cohort. (G) Kaplan-Meier curve analysis of the high risk and low risk groups in the testing cohort. 
(H) Time-dependent ROC curve analysis of the risk score model in the testing cohort.
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Fig. 7.  Relationship between risk score model and clinicopathological parameters. (A) Expression profiles of risk genes and association with clinicopathological 
characteristics. (B–C) Univariate and multivariate Cox regression analyses of risk score and clinicopathological characteristics. (D) Representative key IRLcRNAs were 
detected by real-time polymerase chain reaction of HCC and paired peritumor tissues from 18 patients. Abbreviations: M, metastasis; N, node; T, tumor.
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strict screening methods on the basis of DEGs and IDEGs 
in TCGA database, and IGs retrieved from ImmPort. In its 
methodology, ssGSEA is a widely accepted algorithm to 
analyze statistical enrichment.30 The ESTIMATE algorithm 
was used to calculate the stromal score, immune score and 
estimate score in the immune microenvironment for further 
immune assessment.31 The Lasso algorithm, as one of the 
regression regularization methods, applies a Lasso Cox re-
gression model and ensures optimal risk model, even when 
variables in the dataset have high dimensions and multicol-
linearity.32,33

As is known, binding of ligand and inhibitory receptors 
on immune cells will weaken the T cell mediated immune 
response. Antibodies against immune checkpoint proteins, 
such as CTLA4 or PD-1 (also called PDCD1), the first gen-
eration of antibody-based immunotherapy, has been imple-
mented for the treatment of HCC patients. In considera-
tion of partial immune response to these inhibitors, early 

results of a recent study based on the CheckMate-040 trial 
(nivolumab plus ipilimumab) were obtained for patients of 
advanced HCC who previously received sorafenib, and dem-
onstrated an objective response rate of 33% (95% confi-
dence interval of 20–48) in these patients. The Food and 
Drug Administration has accelerated the approval of this 
combination therapy strategy.34 Similar treatment regimens 
emerged for melanoma,35 non-small-cell lung cancer,36 and 
renal cell carcinoma.37 Evidently, our results showed reli-
ability and high practical utility from a clinical perspective.

Meanwhile, it is also imperative to develop novel immune 
therapeutic approaches. In the present study, we found 
IKBKE, IL2RG, EDNRA, and IGHA1 to be statistically more 
significant with p<0.2 than PDCD1 (p>0.2) among the 21 
KIRGs by univariate Cox regression and multivariate Cox 
regression. Due to multi-step screening, we boldly defined 
the critical value as 0.2. IKBKE, a member of the nonclas-
sical IKK family, is considered to be a potential target for 

Fig. 8.  Correlation analysis between risk score and immune checkpoint gene and immune cell infiltration. (A) Circle map of the relationships between 
immune checkpoint genes and integration of risk score. (B–G) Risk score for immune cell infiltration of CD4 T cells, macrophages, CD8 T cells, B cells, dendritic cells, 
and neutrophils.
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cancer therapy.38 Typically, IKBKE was classified as an on-
cogenic effector during KRAS-induced pancreatic transfor-
mation and activated AKT signaling to promote tumorigen-
esis.39 IKBKE-associated cytokine signaling was also shown 
to promote tumorigenicity of immune-driven triple-negative 
breast cancers.40 IKBKE regulates androgen receptor levels 
via Hippo pathway inhibition in advanced prostate cancer.41 
However, the specific functions of these four factors in HCC 
still lack a deep understanding.

To investigate the regulatory mechanism of KIRGs, tran-
scription factors and LncRNAs were analyzed according to 
their roles as crucial components of cancer regulatory net-
works. We identified IRLncRNAs associated with KIRGs and 
DETFs, and constructed a DETFs-IRLncRNAs-KIRGs regula-
tory network to reveal the possible functional relationship. 
To date, AC127024.5 has only been reported as a prognos-
tic target for pancreatic cancer.42 In HCC, we found that 
the NRF1-AC127024.5-IKBKE axis might be involved in the 
regulation of many biological processes, further underscor-
ing its potential for clinical application. In addition, from the 
key IRLncRNAs-KIRGs network, we constructed a risk score 
model and verified the prognosis prediction efficiency, which 
could emphasize good compatibility and appropriate clinical 
applicability compared to several genes placed in a model 
based on only one data set. Our risk model showed more 
obvious discriminating power than that of tumor staging. 
Unfortunately, we could not find available data in the Gene 
Expression Omnibus and the International Cancer Genome 
Consortium, including KIRGs and IRLncRNAs simultane-
ously; thus, external validation was precluded. Ultimately, 
the correlation between any immune checkpoint gene and 
risk score indicated the current targets of immunotherapy, 
such as CD4 T cells and phagocytosis checkpoint immuno-
therapy.

Although we have identified relevant IGs, including re-
lated transcription factors and LncRNAs, there is still a long 
road ahead of us before these findings are able to be ap-
plied in clinical practice. This field of cancer immunotherapy 
also presents several obstacles and faces many challeng-
es.43 Implementation of combination therapy with immune 
checkpoint blockade or as an adjuvant treatment of HCC in 
patients will not be immediate and its potential still needs to 
be investigated systematically and thoroughly.

Conclusions

In summary, our analysis results highlight the importance 
of IGs in the HCC microenvironment. Moreover, sufficient 
information on novel biomarkers, networks, and pathways 
further unravel the underlying molecular mechanisms in the 
development of HCC. Understanding the immune microen-
vironment signatures will be advantageous to provide per-
suasive justification to improve the clinical efficacy of the 
immunotherapy.
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Abstract

Background and Aims: Hepatocellular carcinoma (HCC) is 
the most common primary hepatic malignancy. This study 
was designed to investigate the value of computed tomog-
raphy (CT) spectral imaging in differentiating HCC from 
hepatic hemangioma (HH) and focal nodular hyperplasia 
(FNH). Methods: This was a retrospective study of 51 pa-
tients who underwent spectral multiple-phase CT at 40–140 
keV during the arterial phase (AP) and portal venous phase 
(PP). Slopes of the spectral curves, iodine density, water 
density derived from iodine- and water-based material de-
composition images, iodine uptake ratio (IUR), normalized 
iodine concentration, and the ratio of iodine concentration 
in liver lesions between AP and PP were measured or calcu-
lated. Results: As energy level decreased, the CT values of 
HCC (n=31), HH (n=17), and FNH (n=7) increased in both 
AP and PP. There were significant differences in IUR in the 
AP, IUR in the PP, normalized iodine concentration in the AP, 
slope in the AP, and slope in the PP among HCC, HH, and 
FNH. The CT values in AP, IUR in the AP and PP, normal-
ized iodine concentration in the AP, slope in the AP and PP 
had high sensitivity and specificity in differentiating HH and 
HCC from FNH. Quantitative CT spectral data had higher 
sensitivity and specificity than conventional qualitative CT 
image analysis during the combined phases. Conclusions: 
Mean CT values at low energy (40–90 keV) and quantitative 

analysis of CT spectral data (IUR in the AP) could be helpful 
in the differentiation of HCC, HH, and FNH.

Citation of this article: Li W, Li R, Zhao X, Lin X, Yu Y, Zhang 
J, et al. Differentiation of hepatocellular carcinoma from he-
patic hemangioma and focal nodular hyperplasia using com-
puted tomographic spectral imaging. J Clin Transl Hepatol 
2021;9(3):315–323. doi: 10.14218/JCTH.2020.00173.

Introduction

Hepatocellular carcinoma (HCC) is the most common prima-
ry hepatic malignant tumor and the third leading cause of 
cancer-related death worldwide, with annual mortality rates 
of 14.3 per 100,000 men and 5.1 per 100,000 women.1,2 
Hepatic hemangioma (HH) and focal nodular hyperplasia 
(FNH) are the most and the second most common benign 
hepatic lesions.3–5 Since the three lesions may share some 
characteristics upon imaging examination, the differentia-
tion of HCC from HH and FNH is very critical, as their clinical 
courses, prognosis, and treatment are markedly different.

About 80–90% of HCCs occur as a complication of chron-
ic liver disease, secondary to viral hepatitis B- or C-induced 
cirrhosis or alcoholic cirrhosis; therefore, patient clinical 
history may be helpful for the differential diagnosis of HCC 
from HH and FNH.6–8 Nevertheless, the remaining 10–20% 
of HCCs can be found in a low-risk population or in pa-
tients without alcohol abuse. Besides, typical HCC, HH, and 
FNH can be diagnosed with confidence using ultrasound, 
contrast-enhanced computed tomography (CT), or mag-
netic resonance imaging (commonly known as MRI),9–21 
but in some instances, HCC may display atypical imaging 
presentations if the tumor is well-differentiated,22,23 small 
(≤2 cm),24 with fatty metamorphosis,25,26 or with abundant 
interstitial fibrosis.10,27,28 In addition, HH may show slow 
enhancement or homogeneous enhancement during the 
arterial phase (AP),29–32 while atypical FNH may show non-
enhancement of the central scar, less intense enhancement 
of the tumor, and pseudo-capsular enhancement in delayed 
images.33 In the presence of atypical imaging appearances, 
it may not be easy to distinguish HCC from HH and FNH.
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Many studies have shown superior performance of MRI 
over conventional CT in the diagnosis of HCC;34,35 however, 
it may be contraindicated in some patients or may result in 
insufficient image quality in some patients with ascites or 
patients incapable of holding their breath. With the intro-
duction of dual-energy CT (commonly referred to as DECT) 
spectral imaging in the field of liver imaging, several studies 
have shown the benefit of DECT in the improved evaluation 
of microvascular invasion in HCC,36 in the visualization and 
quantification of HCC,37 and in the early detection of HCC and 
hypervascular liver tumors38–40 DECT improved soft tissue 
contrast by generating different monochromatic images,41,42 
which also showed that material decomposed images could 
provide increased contrast in the visualization of the AP hy-
perenhancement and washout in HCC compared to both mo-
noenergetic 65 keV images and MRI.37 Until now, only a few 
studies have reported spectral CT being used in differenti-
ating small HH,43,44 FNH45 or angiomyolipoma46 from HCC 
with only a few parameters, such as the contrast-to-noise 
ratio, normalized iodine concentrations (referred to as NIC), 
and lesion-to-normal parenchyma iodine concentration ratio. 
Nevertheless, there is almost no literature about systematic 
and comprehensive comparisons using CT attenuation values 
derived from a set of monochromatic images (40–140 keV) 
and other quantitative assessments, including iodine density 
(referred to as ID), water density (referred to as WD), and 
the slopes of the spectral curve between HCC, HH, and FNH.

Therefore, this study aimed to describe CT attenuation 
values derived from a set of monochromatic images and 
material density-related quantitative assessments for HCC, 
HH, and FNH, and to evaluate the value of CT spectral imag-
ing in distinguishing HCC from HH and FNH.

Methods

Patients

This retrospective study included patients with known or sus-
pected liver tumors, who underwent dynamic enhancement 
CT scanning in gemstone spectral imaging (GSI) mode on a 
Discovery CT750 HD scanner (GE Healthcare, Chicago, IL, 
USA) between February 2012 and January 2018. The exclu-
sion criteria were: 1) no HCC, HH, or FNH; 2) no histological 
confirmation; 3) with prior trans-arterial chemoembolization 
or radiofrequency ablation; or 4) recurrent HCC after liver 
resection or transplantation. This study was approved by the 
ethics committee of Ruijin Hospital Affiliated to Shanghai Jiao 
Tong University School of Medicine. Individual consent was 
waived because of the retrospective nature of the study.

Diagnostic procedures

All HCCs were confirmed pathologically after surgical resec-
tion. The HCCs were graded according to the Edmondson-
Steiner classification.47 The diagnosis of HH was established 
based on histological specimens obtained at partial hepa-
tectomy or typical multiple-phase CT findings, including pe-
ripheral nodular enhancement similar to the enhancement 
of blood vessels at the AP and centripetal fill-in enhance-
ment at the portal venous phase (PP). FNH was proven 
pathologically after surgical resection because of diagnostic 
uncertainty after MRI or initial misdiagnosis as HCC.

CT examinations

All patients underwent triple-phase CT within a maximum 

of 10 days of surgery, using the high-definition Discovery 
CT750 HD scanner. The detailed scan parameters are pro-
vided in the online supplementary materials. Three types 
of images were reconstructed from the single spectral CT 
acquisition for analysis, namely conventional polychromatic 
images obtained at 140 kVp, iodine- and water-based mate-
rial decomposition (referred to as MD) images, and a set of 
monochromatic images obtained with energy levels ranging 
from 40 to 140 keV.

Quantitative analyses

All measurements were performed on an advanced work-
station (AW 4.4; GE Healthcare) using the GSI viewer soft-
ware, by a single radiologist experienced in abdominal ra-
diology and blind to the results of all patients. The 70 keV 
monochromatic images and iodine-based MD images were 
reviewed first. Regions of interest (referred to as ROIs) 
were placed in the lesions, normal liver parenchyma, and 
aorta on the default 70-keV monochromatic images (Fig. 
1). The GSI viewer software automatically calculated the 
mean CT attenuation value and standard deviation at dif-
ferent energy levels (40–140 keV, at 10-keV intervals) from 
the set of monochromatic image and ID and WD values 
from the iodine- and water-based (IDM and WDM, respec-
tively) images during AP and PP.48 Four parameters were 
obtained from the measurements of CT values and iodine 
concentration. The NIC during AP was calculated as ratio 
of the iodine concentrations in AP in the lesions and aorta. 
Iodine concentrations in the lesions in AP were normalized 
to those of the aorta in order to minimize variations among 
patients. The iodine uptake ratio (IUR) was calculated as 
the ratio of the mean iodine concentrations in the lesions 
and in the non-tumor hepatic parenchyma surrounding the 
lesion. The iodine concentration ratio (ICR) in liver lesions 
between AP and PP was calculated as the difference of the 
iodine concentrations in the lesions during AP and PP. The 
slopes of the spectral curve in AP and PP were calculated as 
(CT40keV−CT90keV)/50, where CT40keV and CT90keV were the 
mean CT attenuation values in the lesions at 40 keV and 90 
keV of the spectral curves, respectively.

Qualitative analysis

Two radiologists (WXL and XTZ, with 15 and 14 years of 
experience in abdominal CT imaging, respectively) quali-
tatively reviewed the 70 keV monochromatic images by 
consensus with the GSI viewer at the workstation. Neither 
observer was aware of clinical, surgical, and pathologic find-
ings. The observers documented the following enhancement 
and morphologic features: number; maximal diameter on 
transverse images; necrosis or cyst; scar; and, enhance-
ment pattern and degree. The enhancement patterns and 
degrees were evaluated for any enhancing portion of the le-
sion relative to the aorta and the adjacent liver parenchyma 
during AP and relative to the adjacent liver parenchyma dur-
ing PP. The enhancement patterns were described as globu-
lar or nodular, diffuse homogeneous, or heterogeneous. The 
enhancement degree of the lesion was classified as hyper-, 
iso-, or hypo-enhancement compared with surrounding liver 
parenchyma. The changes in enhancement degree between 
AP and PP were characterized as expansion, washout, or 
none. The expansion was defined as a hyperenhancement 
area in the lesion during both AP and PP. Washout was de-
fined as a change from hyper- or iso-enhancement area in 
the lesion during AP to a hypo-enhancement area in the 
lesion compared with surrounding liver parenchyma during 
PP, while none was defined as a hyper- or iso-enhancement 
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area in the lesion during AP to an iso-enhancement area in 
the lesion compared with adjacent liver parenchyma during 
PP.

Finally, the observers, in consensus, characterized each 
lesion type as HCC, HH, and FNH based on imaging features 
(online supplementary materials). Differences among the 
observers were resolved by means of consensus discussion. 
The definition of the sensitivity and specificity for differen-
tial diagnosis of HCC, HH and FNH are demonstrated in the 
online supplementary materials.

Statistical analysis

The data were analyzed using SPSS 13.0 (SPSS Inc., Chi-
cago, IL, USA). Continuous variables were presented as me-
dian (interquartile range) after confirming their non-normal 
distribution using the Kolmogorov-Smirnov test. The es-
timated parameters were analyzed among HCC, HH, and 
FNH groups using the Kruskal-Wallis test, with the Wilcoxon 
rank-sum post hoc test. Receiver operating characteristic 
(ROC) curves were used to help establish the threshold val-
ues of the mean CT values at different energy levels (40–

140 keV), IDM, WDM, IUR and slope in AP, and PP, and ICR 
required for significant differentiation of HCC, HH, and FNH. 
The diagnostic capability was determined by calculating the 
area under the ROC curve (AUC). The best sensitivity and 
specificity were determined using the optimal thresholds 
based on the Youden’s index. A two-sided p value of <0.05 
was considered statistically significant. Qualitative CT imag-
ing features were compared among HCC, HH, and FNH by 
Fisher’s exact tests.

Results

Patients

From 476 potentially eligible patients, 425 were excluded 
based on the following exclusion criteria: 1) no HCC, HH, or 
FNH; 2) no histological confirmation; 3) with prior transarte-
rial chemoembolization or radiofrequency ablation; or 4) re-
current HCC after liver resection or transplantation. There-
fore, 51 patients (30 males and 21 females) were included, 
with 31 HCCs in 31 patients, 17 HHs in 13 patients, and 7 

Fig. 1.  DECT imaging of liver lesions. Circular or elliptical ROIs were placed in the lesion (#1), normal hepatic parenchyma (#2), and aorta (#3) on the default 
70-keV monochromatic images. DECT, dual-energy computed tomography; ROI, region of interest.
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FNHs in 7 patients (Table 1). According to the Edmondson-
Steiner classification, two HCCs were grade I, fourteen were 
grade II, thirteen were grade III, and two were grade IV. All 
patients who were diagnosed as HH with multiple-phase CT 
findings were followed for at least 3 years. No patient was 
lost to follow-up.

Quantitative analysis

CT values: Regarding the CT values of HCC, HH, and FNH, 
there was a trend towards a decrease in mean CT values 
of HH, HCC, and FNH as energy level increased (40–140 
keV) in both AP and PP (Table 2 and Fig. 2). HH had the 
lowest mean CT values, while FNH had the highest mean 
CT values at different energy levels (40–140 keV) in both 
AP and PP (Table 2 and Fig. 2). Moreover, there were sig-
nificant differences in CT values at energy levels from 40 
to 140 keV during AP and PP (Table 2) for HCC vs. FNH, 
and HH vs. FNH. There were significant differences be-
tween HCC and HH at energy levels from 40 to 140 keV 
in AP and only at energy levels from 40 to 100 keV in PP 
(Table 2).

ROC curve analysis revealed that the mean CT values 
from 40–140 keV in both AP and PP, especially at 40–120 
keV in AP (all AUC=1) and 120 keV in PP (AUC=0.992) had 
the best performance in differentiating HH from FNH. The 
mean CT values at 80–90 keV in AP (both AUC=0.926) 
and 100 keV in PP (AUC=0.949) had better performance 
in differentiating HCC from FNH. Meanwhile, the mean CT 
values at 40–50 keV in AP (AUC=0.896) and 40–50 keV 
in PP (AUC=0.780) had high sensitivity and specificity in 
differentiating HCC from HH. See Supplementary Tables 
S1–S3.

Standard deviation of the mean CT values: For the 
standard deviation of the mean CT values of HCC, HH, and 
FNH in AP and PP (Table 3), there were significant differ-
ences at 40 to 100 keV during PP between HCC and HH, 
and from 40 to 140 keV during PP between HH and FNH. In 
addition, sensitivity (88.2%) and specificity (100%) showed 
that the standard deviation of mean CT values at 40 keV in 
PP (AUC=0.882) had the best performance in differentiating 
HH from FNH. The standard deviation of mean CT values 
from 40–140 keV in PP showed low sensitivity and specific-
ity in differentiating between HCC and FNH. The standard 
deviation of mean CT values at 40–100 keV in PP, especially 
at 50 keV (AUC=0.846), had the best sensitivity and speci-
ficity in differentiating between HCC and HH. See Supple-
mentary Tables S4–S6.

Quantitative assessments

For the spectral CT imaging-specific quantitative assess-
ments of HCC, HH, and FNH, there were significant differ-
ences in IUR, slope in AP and PP, NIC in AP (which tended to 
increase from HH, HCC to FNH) between every two groups 
of HCC, HH, and FNH (Table 4). IDM in both AP and PP, WDM 
in PP, and ICR revealed significant differences between HH 
and FNH, as well as IDM in AP and PP, and ICR between HH 
and HCC, WDM in PP between HCC and FNH also differed 
significantly (Table 4). ROC curve analysis demonstrated 
that ICR and slope in AP had the best diagnostic perfor-
mance (AUC=0.992) in differentiating HH from FNH. While 
IUR in AP had better performance (AUC=0.903) in differen-
tiating HCC from FNH. For distinguishing HCC from HH, IDM 
and slope in AP, ICR had good performance (AUC=0.890). 
See Supplementary Tables S7–S9.

Qualitative analysis

The CT features of the HH, HCC, and FNH groups were 
analyzed and listed in Table 5. Feeding vessels were found 
in 15 (48.4%) of the 31 HCCs, 6 (85.7%) of the 7 FNHs, 
and none was found in HHs (both p<0.001 for HCC vs. HH, 
FNH vs. HH, respectively). Thirteen (76.5%) of seventeen 
HHs showed globular or nodular enhancement during AP, 
whereas neither HCCs nor FNHs showed it (both p<0.001 
for HH vs. HCC and for HH vs. FNH). Fourteen (82.4%) 
of seventeen HHs demonstrated expansion change of en-
hancement between AP and PP (p<0.001 for HH vs. HCC 
and p=0.001 HCC vs. FNH, respectively), whereas twenty-
two (71%) of the thirty-one lesions of HCC demonstrat-
ed washout change of enhancement between AP and PP 
(p<0.001 for HH vs. HCC and p=0.001 for HCC vs. FNH, 
respectively).

In the conventional qualitative analysis of imaging fea-
tures with combined AP and PP, we achieved sensitivity of 
83.9% (26 of 31 HCCs) and specificity of 82.4% (14 of 17 
HHs), respectively, for differentiating between HCC and HH, 
which was lower than quantitative image analysis with CT 
spectral imaging, which had sensitivity of 87.1% and speci-
ficity of 88.2%. Meanwhile, for differentiating between FNH 
and HH, we achieved sensitivity of 76.5% (13 of 17 HHs) 
vs. 100%, specificity 71.4% (5 of 7 FNHs) vs. 100%. In 
addition, we achieved sensitivity of 80.6% (25 of 31 HCCs) 
vs. 100%, and specificity 71.4% (5 of 7 FNHs) vs. 90.3%, 
respectively.

Table 1.  Characteristics of the patients

Variable HCC, n=31 HH, n=13 FNH, n=7

Number of lesions 31 17 7

Age in years, median (IQR) 57.0 (16.0) 48.0 (18.0) 24.0 (11.0)

Male, n (%) 26 (83.4) 2 (15.4) 2 (28.6)

Background liver status, n (%)

  Normal liver 2 (6.5) 13 (100) 7 (100)

  Cirrhosis 29 (93.5) 0 0

Cause, n (%)

  HBV infection 28 (90.3) 0 0

  HBV and alcoholic cirrhosis 1 (9.7) 0 0

Tumor size in cm, median (IQR) 3.00 (3.00) 5.30 (3.35) 5.00 (2.00)

FNH, focal nodular hyperplasia; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HH, hepatic hemangioma; IQR, interquartile range.
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Discussion

The present study suggests that spectral CT can be helpful 
for differentiating HCC from HH and FNH. HH had the lowest 
mean CT values, while FNH had the highest mean CT values 
at different energy levels. The different slopes clearly indi-
cated that the CT spectral imaging could distinguish HCC, 
HH, and FNH.

Treatment options and the prognosis of HCC, HH, and 
FNH are markedly different. Previous studies discussed the 
role of CT in the diagnosis of HCC, HH, and FNH,9,11,19,20,30–
33 but they were primarily focusing on analyzing the im-
aging features of the lesions qualitatively. Some studies 
reported quantitative evaluations of spectral CT in differen-
tiating small HH,43 FNH,45 or angiomyolipoma46 from HCC 
with only a few parameters. This study systematically and 
comprehensively compared CT values derived from a set 
of monochromatic images (from 40 to 140 keV at 10-keV 
intervals), and quantitative assessments including ID, WD, 
and the slopes of the spectral curve for differentiating HCC, 
HH, and FNH. The study expands the results of previous 
studies43,45,46 that only examined spectral CT features of 
HCC vs. one lesion type and with limited energy levels. This 
is supported by Wang et al.,48 who showed that spectral CT 

features could differ between malignant and benign liver 
lesions.

The present study shows that the mean CT values and 
the standard deviation of mean CT values measured on 
monochromatic images at low energy levels (40–90 keV), 
especially in AP, have better contrast resolution compared 
to monochromatic images at high energy levels (100–140 
keV). This means that the CT values and their standard 
deviation (which represent the heterogeneity of lesions in 
CT values) measured on monochromatic images at certain 
energy levels could be helpful for the differential diagno-
sis of different hypervascular hepatic tumors. This is partly 
similar to the studies reported by Lv et al.40 and Yu et al.,45 
who found that monochromatic images at energy levels of 
40–70 keV could improve the differential diagnosis of small 
HCC compared to conventional polychromatic images. ROC 
curve analysis in the study also confirmed that quantita-
tive analysis of CT spectral data had higher sensitivity and 
specificity with those of conventional qualitative CT image 
analysis during combined phases for differentiating HCC, 
FNH and HH.

According to the present study results, all values of IUR 
in the AP for HCC, FNH, and HH were >1, which means that 
all three groups showed hyperenhancement appearance 
during AP. The value of IUR in the PP of HCC was <1 during 

Table 2.  Mean CT attenuation values of HCC, HH, and FNH at energy levels ranging 40–140 keV (at 10-keV intervals) during AP and PP

Energy in keV HH, n=17 HCC, n=31 FNH, n=7
p

HCC vs. HH HCC vs. FNH FNH vs. HH

AP

40 102.77 (57.02) 210.02 (125.86) 318.74 (165.34) <0.001* 0.004* <0.001*

50 81.67 (36.37) 156.48 (83.43) 224.71 (113.64) <0.001* 0.003* <0.001*

60 66.45 (23.41) 115.87 (57.17) 166.84 (71.39) <0.001* 0.006* <0.001*

70 59.31 (17.24) 95.09 (41.81) 130.42 (42.74) <0.001* 0.001* <0.001*

80 54.65 (15.29) 81.35 (29.19) 113.65 (26.49) <0.001* <0.001* <0.001*

90 48.65 (15.52) 71.15 (23.73) 103.64 (16.13) <0.001* <0.001* <0.001*

100 47.45 (16.05) 65.59 (22.63) 90.07 (15.13) <0.001* 0.001* <0.001*

110 46.99 (15.41) 61.76 (20.84) 78.06 (17.20) 0.002* 0.001* <0.001*

120 45.56 (15.06) 58.96 (20.06) 69.62 (18.75) 0.004* 0.001* <0.001*

130 44.08 (14.76) 56.62 (17.53) 65.52 (21.27) 0.008* 0.002* <0.001*

140 42.89 (14.21) 53.91 (16.29) 62.56 (23.54) 0.018* 0.004* <0.001*

PP

40 179.57 (89.33) 246.44 (78.64) 338.48 (63.72) 0.001* 0.004* 0.001*

50 131.95 (58.34) 176.12 (50.17) 238.85 (38.62) 0.001* 0.002* 0.001*

60 102.98 (40.96) 132.85 (36.90) 177.56 (32.60) 0.002* 0.001* 0.001*

70 84.44 (28.58) 105.22 (25.08) 142.38 (28.65) 0.003* 0.001* 0.001*

80 72.55 (22.82) 87.80 (19.26) 114.83 (26.14) 0.004* <0.001* <0.001*

90 64.49 (19.53) 74.59 (16.54) 98.60 (24.60) 0.010* <0.001* <0.001*

100 59.04 (18.46) 66.74 (16.56) 87.38 (23.48) 0.036* <0.001* <0.001*

110 54.73 (17.71) 60.70 (16.34) 79.44 (22.23) 0.065 <0.001* <0.001*

120 50.80 (16.64) 56.48 (15.14) 73.88 (21.25) 0.113 0.001* <0.001*

130 47.87 (15.76) 53.57 (13.83) 69.62 (21.17) 0.185 0.001* <0.001*

140 47.05 (15.01) 50.92 (13.13) 66.25 (21.36) 0.200 0.002* 0.001*

Data are expressed as median (interquartile range). *p<0.05. AP: arterial phase; FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma; HH, hepatic heman-
gioma.
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Fig. 2.  Spectral curves of HH, HCC, and FNH in AP and PP. (A) The spectral curves of HH, HCC, FNH at different energy levels (40–140 keV). CT values peaked 
at 40 keV and decreased as photon energy increased in the AP for all three lesions. (B) The spectral curves of HH, HCC, and FNH at different energy levels (40–140 
keV). CT values peaked at 40 keV and decreased as photon energy increased in the PP for all three lesions. AP, arterial phase; FNH, focal nodular hyperplasia; HCC, 
hepatocellular carcinoma; HH, hepatic hemangioma; PP, portal venous phase.

Table 3.  Standard deviations of mean CT attenuation values (the heterogeneity of lesions in mean CT values) of HCC, HH, and FNH at energy levels 
ranging 40–140 keV (at 10-keV intervals) during AP and PP

Energy in keV HH, n=17 HCC, n=31 FNH, n=7
p

HCC vs. HH HCC vs. FNH FNH vs. HH

AP

40 74.15 (54.18) 62.04 (20.15) 58.32 (47.92) 0.407 0.985 0.589

50 48.04 (35.43) 42.05 (14.65) 41.27 (36.32) 0.438 0.778 0.727

60 33.63 (23.01) 31.79 (12.21) 34.00 (24.50) 0.659 0.665 0.924

70 23.63 (15.87) 21.77 (7.81) 23.16 (17.35) 0.643 0.624 0.775

80 21.84 (7.10) 20.42 (5.83) 19.89 (10.86) 0.316 0.585 0.727

90 23.60 (4.95) 19.87 (8.73) 22.82 (7.54) 0.152 0.721 0.727

100 24.24 (6.80) 19.71 (12.44) 22.88 (5.92) 0.337 0.836 0.193

110 23.00 (7.59) 20.26 (14.06) 21.16 (4.60) 0.407 0.985 0.216

120 23.23 (8.71) 19.52 (12.42) 19.82 (3.55) 0.525 0.778 0.172

130 23.45 (9.56) 19.64 (12.36) 18.73 (2.92) 0.553 0.679 0.266

140 23.67 (10.21) 19.44 (13.13) 17.92 (2.42) 0.511 0.638 0.357

PP

40 125.30 (73.50) 52.41 (30.98) 54.04 (18.74) <0.001* 0.778 0.001*

50 81.20 (46.81) 35.60 (16.82) 39.27 (11.48) <0.001* 0.440 0.001*

60 54.92 (31.65) 25.12 (13.28) 31.96 (6.28) <0.001* 0.463 0.001*

70 39.25 (21.45) 17.61 (8.43) 21.41 (4.70) <0.001* 0.283 0.002*

80 32.81 (13.96) 18.22 (5.73) 18.30 (3.85) <0.001* 0.865 0.001*

90 28.89 (8.62) 21.07 (10.46) 20.15 (5.14) <0.001* 0.463 0.001*

100 27.20 (5.05) 21.02 (10.67) 19.20 (6.34) 0.011* 0.275 0.001*

110 24.88 (6.76) 20.76 (11.82) 17.73 (6.82) 0.054 0.251 0.003*

120 24.86 (8.45) 20.67 (13.16) 16.73 (7.17) 0.200 0.236 0.006*

130 24.72 (10.42) 20.86 (14.19) 15.98 (7.39) 0.258 0.236 0.010*

140 24.31 (11.75) 20.01 (15.08) 15.44 (7.55) 0.337 0.221 0.010*

Data are expressed as median (interquartile range). *p<0.05. AP: arterial phase; FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma; HH, hepatic heman-
gioma; PP, portal venous phase.
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PP, which was in line with the characteristics of “washout” 
feature of typical HCC during PP. While the value of IUR of 
FNH >1 during PP conformed to persistent enhancement 
characteristics of most FNH during PP. On the other hand, 
the value of IUR <1 in PP for HH, was contrary to the typi-
cally persistent enhancement feature. This could be due to 
the measurement of IDM in PP, including the part of HH 
without iodine filling during AP or PP. The ROI encompassed 
as much of the lesions as possible in order to measure the 
heterogeneity of lesion, and this caused the IUR in PP (IDM 
in PP of the lesion divided by the IDM in the PP of the liver) 
to be >1.

The present study did have some limitations. First, this 
was a retrospective study, with all the biases inherent to 
that study design. Second, this was a preliminary study with 
a small number of patients and needs to be verified by ad-
ditional studies performed with a larger number of patients. 
Third, the HCCs in the present study were not classified by 
histopathological grade, because the numbers of patients 
in grades I and IV were too small. Fourth, because only 
one reader examined the images, intra- or inter-observer 
variability data were lacking. Fifth, and most importantly, 
there was a lack of correlation with conventional MDCT mor-
phologic findings and typical features. Finally, quantitative 
analysis is time-consuming, and many of the described pa-
rameters could not be quantitated on picture archiving and 
communication system (PACS) and would need a dedicated 
AW workstation. Additional studies are necessary to ad-
dress these issues.

Conclusions

In conclusion, spectral CT provides a set of monochromatic 
images, iodine-based MD images, and the quantitative pa-
rameters based on iodine concentration analysis that may 
help to increase the accuracy of the differentiation of HCC, 
HH, and FNH.
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Abstract

Background and Aims: Tenofovir alafenamide (TAF) has 
similar efficacy to tenofovir disoproxil fumarate (TDF) but 
with improved renal and bone safety in chronic hepatitis B 
patients studied outside of China. We report 3-year results 
from two phase 3 studies with TAF in China (Clinicaltrials.
gov: NCT02836249 and NCT02836236). Methods: Chinese 
hepatitis B e antigen (HBeAg)-positive and -negative chron-
ic hepatitis B patients with viremia and elevated alanine 
aminotransferase were randomized 2:1 to TAF or TDF treat-
ment groups and treated in a double-blind fashion for 144 
weeks (3 years). Efficacy responses were assessed by indi-
vidual study while safety was assessed by a pooled analysis. 
Results: Of the 334 patients (180 HBeAg-positive and 154 
HBeAg-negative) randomized and treated, baseline charac-
teristics were similar between groups. The overall mean age 
was 38 years and 73% were male. The mean HBV DNA was 

6.4 log10 IU/mL. The median alanine aminotransferase was 
88 U/L, and 37% had a history of antiviral use. At week 
144, the proportion with HBV DNA <29 IU/mL was similar 
among the two groups, with TAF at 83% vs. TDF at 79%, 
and TAF at 93% vs. TDF at 92% for the HBeAg-positive and 
-negative patients, respectively. In each study, higher pro-
portions of TAF than TDF patients showed normalized ala-
nine aminotransferase (via the American Association for the 
Study of Liver Diseases and the China criteria) and showed 
loss of HBsAg; meanwhile, the HBeAg seroconversion rates 
were similar. Treatment was well-tolerated among the TAF 
patients, who showed a smaller median decline in creati-
nine clearance (−0.4 vs. −3.2 mL/min; p=0.014) and less 
percentage change in bone mineral density vs. TDF at hip 
(−0.95% vs. −1.93%) and spine (+0.35% vs. −1.40%). 
Conclusions: In chronic hepatitis B patients from China, 
TAF treatment provided efficacy similar to TDF but with bet-
ter renal and bone safety at 3 years.

Citation of this article: Hou J, Ning Q, Duan Z, Chen Y, Xie 
Q, Wang FS, et al. 3-year treatment of tenofovir alafena-
mide vs. tenofovir disoproxil fumarate for chronic HBV in-
fection in China. J Clin Transl Hepatol 2021;9(3):324–334. 
doi: 10.14218/JCTH.2020.00145.

Introduction

The World Health Organization estimated that 257 million 
people worldwide are chronically infected with the hepati-
tis B virus (HBV) and recent modeling-based analyses sug-
gested this figure could be as high as 292 million, which 
represents a global prevalence of 3.9%.1,2 In China, the 
prevalence previously was higher; however, due to the in-
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troduction of universal HBV immunization in 1992, com-
bined with other public health measures, the prevalence 
reduced to 7.2% in 2006, and 6.15% recently.2,3 Over 95 
million people in China are chronic HBV carriers and ≥20 
million have active disease.2,3 If untreated, chronic HBV in-
fection progresses to cirrhosis, hepatic decompensation, or 
hepatocellular carcinoma (HCC), or both.4,5 Worldwide, liver 
cancer is the third leading cause of cancer deaths and is the 
second most common cancer in China where up to 80% of 
HCC cases are attributed to HBV.3

Treatment with potent antivirals that have a high resist-
ance barrier allows for long-term suppression in the ma-
jority of patients; therefore, the risk of liver-related com-
plications is reduced, and slowing or reversing the disease 
progression is possible.6 However, a limited number achieve 
a functional cure for chronic hepatitis B (CHB) (long-lasting 
loss of hepatitis B surface antigen [HBsAg]); therefore, life-
long treatment is normally required.7,8 In an aging popula-
tion with increased comorbidity risk, side effects, such as 
renal and bone complications that are seen with tenofovir 
disoproxil fumarate (TDF) use can become problematic.9–11

Tenofovir alafenamide (TAF) is a novel prodrug of tenofo-
vir (TFV), which is a nucleotide analog that inhibits reverse 
transcription of HBV.12,13 Compared with TDF, TAF has in-
creased plasma stability that enables more efficient hepatic 
delivery of the active drug (TFV-diphosphate).12,14 At the 
currently approved dose of 25 mg once daily, the levels of 
circulating TFV are approximately 90% lower than with the 
TDF 300 mg once daily dosing regimen which forms the ba-
sis for an improvement in renal and bone safety with TAF.15

Studies GS-US-320-0110 (Study 110, in HBeAg-positive 
patients) and GS-US-320-0108 (Study 108, in HBeAg-neg-
ative patients) are ongoing, randomized, double-blind, in-
ternational (excluding China) Phase 3 studies that compare 
TAF versus TDF in a combined population of 1,298 treat-
ment-naïve and treatment-experienced patients with CHB, 
which includes those with compensated cirrhosis. In each 
study, TAF demonstrated statistical non-inferiority to TDF in 
antiviral efficacy (HBV DNA <29 IU/mL at week 48), which 
was confirmed at week 96.16–18 In addition, a smaller mean 
percentage decrease in bone mineral density (BMD) at the 
hip and spine, and a smaller median decline in the esti-
mated creatinine clearance were seen with TAF versus TDF 
in each study at week 48 and by pooled safety analysis at 
week 96.16–18 In addition, TAF-treated patients had signifi-
cantly smaller changes in biomarkers for bone turnover and 
reductions in markers for proximal tubular function com-
pared with TDF.18 For the first time, the efficacy and safety 
results from 3 years of double-blind treatment in a separate 
cohort of patients that were enrolled in Studies 110 and 108 
in China are presented.

Methods

Patients and study design

The randomized, double-blind, active-controlled phase 3 tri-
als were identical in design and differed only by the patient 
population as previously described.16,17 Briefly, patients 
were ≥18 years of age, HBsAg positive for ≥6 months with 
HBV DNA levels ≥20,000 IU/mL, and alanine transaminase 
(ALT) level of >60 U/L in men or >38 U/L in women. All 
patients had an estimated creatinine clearance ≥50 mL/min 
by using the Cockcroft-Gault (eGFRCG) equation. Patients 
were excluded with clinical or laboratory evidence of de-
compensated liver disease, aspartate transaminase or ALT 
>10 times the upper limit of normal (ULN), hepatocellular 
carcinoma, or co-infection with hepatitis C, hepatitis D, or 
the human immunodeficiency virus.

Patients were randomly assigned (2:1) to TAF 25 mg or 
TDF 300 mg given orally once a day for 144 weeks. All pa-
tients received placebo tablets that matched the alternative 
treatment; patients and investigators were blinded to the 
treatment assignment throughout the double-blind period. 
A limited number of individuals from the clinical research, 
biometrics, safety, and regulatory departments of the spon-
sor were unblinded at the 48-week time point to undertake 
measures that lead to the submission for TAF registration in 
China. Randomization was stratified by HBV DNA levels (≥8 
log10 IU/mL versus 7 to 8 log10 IU/mL versus <7 log10 IU/
mL in Study 108, and ≥8 log10 IU/mL versus <8 log10 IU/
mL in Study 110) and by previous oral antiviral (OAV) treat-
ment (treatment-naïve status was defined as <12 weeks of 
previous OAVs for HBV, and treatment-experienced patients 
received ≥12 weeks of previous OAV therapy).

Written informed consent was obtained from all patients 
before enrollment and the study protocols were approved 
by the institutional review board or independent ethics 
committees at all participating sites and were conducted 
according to the principles of the Declaration of Helsinki and 
Good Clinical Practice. All authors had access to the study 
data and reviewed and approved the final manuscript.

Procedures

During the first year, study visits occurred every 4 weeks 
that started at treatment week 4; however, during the sec-
ond and third years study visits were conducted every 8 and 
12 weeks, respectively. Laboratory assessments included a 
complete blood count with platelets, serum chemistries, 
fasting lipid panel, standard measures of renal function (se-
rum creatinine, eGFRCG, proteinuria by dipstick), and quan-
titative markers of proteinuria (protein-to-creatinine ratio 
[UPCR], the albumin-to-creatinine ratio [UACR], retinol 
binding protein-to-creatinine ratio [RBP:Cr], and the β2-
microglobulin-to-creatinine ratio [β2M:Cr]; Covance Labo-
ratories, Shanghai, China). Changes in BMD were assessed 
in patients at sites that were able to perform dual-energy 
x-ray absorptiometry (DXA) scanning of the lumbar spine 
and hip. DXA scans were performed at screening, and then 
every 24 weeks. In addition, fasting serum biomarkers of 
bone turnover were measured, including C-type collagen 
sequences and procollagen type 1 N-terminal propeptide, 
which are sensitive markers of bone resorption and forma-
tion, respectively.

Outcomes

Efficacy endpoints for the 144-week analysis were the pro-
portions of patients with HBV DNA <29 IU/mL, proportions 
of patients with a serological response (loss of HBsAg with 
or without seroconversion to anti-HBs, quantitative change 
in HBsAg, and in HBeAg-positive patients, proportion with 
HBeAg loss with or without seroconversion to anti-HBe). 
Other efficacy endpoints included the proportions of pa-
tients with ALT normalization (defined as ALT >ULN at base-
line becoming ≤ULN at week 144) by the criteria proposed 
by the AASLD; 35 U/L for males and 25 U/L for females).7 
In addition, a ULN of 40 U/L (for men and women) was as-
sessed for ALT normalization, because this cutoff is often 
used as a reference in China, which is referred to as the Chi-
na criteria in this study. Fibrosis was assessed noninvasively 
using serum FibroTest (BioPredictive S.A.S., Paris, France). 
In addition, categorical shifts from baseline were assessed 
using three categories of FibroTest ranges: 0.00–0.48 (ap-
proximately equivalent to Metavir F0/F1; no or minimal fi-
brosis), 0.49–0.74 (F2 or F3; moderate to severe fibrosis), 
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Table 1.  Patient characteristics in the pooled population of studies 110 (HBeAg-positive) and 108 (HBeAg-negative) in patients from China

TAF 25 mg (n = 227) TDF 300 mg (n = 107) Total ( n= 334)

Mean age (years [range]) 38 (18–69) 40 (20–73) 38 (18–73)

  Age ≥ 50 years (n [%]) 31 (14) 24 (22)* 55 (16)

Male (n [%]) 162 (71) 82 (77) 244 (73)

Asian (n [%]) 227 (100) 107 (100) 334 (100)

Mean BMI (kg/m2 [SD]) 24 (3.4) 24 (3.1) 24 (3.3)

Mean HBV DNA (log10 IU/mL [SD]) 6.4 (1.87) 6.4 (1.81) 6.4 (1.85)

  HBV DNA ≥ 8 log10 IU/mL (n [%]) 55 (24) 22 (21) 77 (23)

Median ALT (Q1, Q3) 85 (53, 160) 90 (63, 185) 88 (56, 165)

HBeAg status

  Positive 121 (53)† 59 (55)† 180 (54)

  Negative 106 (47)† 48 (45)† 154 (46)

HBV genotype

  B 90 (40) 33 (31) 123 (37)

  C 131 (58) 74 (69) 205 (61)

  B/C 2 (1) 0 2 (0.6)

  D 2 (1) 0 2 (0.6)

  Unknown 2 (1) 0 2 (0.6)

History of cirrhosis

  Yes 5/56 (9) 7/25 (28)‡ 12/81 (15)

  No 51/56 (91) 18/25 (72) 69/81 (85)

  Indeterminate/unknown 171 82 253

Mean FibroTest score (range) 0.41 (0.04–0.98) 0.44 (0.06–0.96) 0.42 (0.04–0.98)

FibroTest score ≥0.75 24/224 (11) 13/103 (13) 37/327 (11)

Previous nucleos(t)ide use (n [%]) 86 (38) 38 (36) 124 (37)

  Previous adefovir dipivoxil (n [%]) 47 (21) 23 (21) 70 (21)

  Previous lamivudine (n [%]) 35 (15) 18 (17) 53 (16)

  Prior entecavir, n (%) 48 (21) 18 (17) 66 (20)

Median eGFR by Cockcroft-Gault (Q1, Q3) 113 (98, 129) 113 (97, 125) 113 (97, 128)

Diabetes mellitus 21 (9) 5 (5) 26 (8)

Cardiovascular disease 9 (4) 1 (1) 10 (3)

Hypertension 18 (8) 13 (12) 31 (9)

Hyperlipidemia 4 (2) 3 (3) 7 (2)

Total hip BMD clinical status

  Normal (T-score ≥ −1.0) 59/93 (63) 31/54 (57) 90/147 (61)

  Osteopenia (−2.5 ≤ T-score < −1.0) 33/93 (35) 22/54 (41) 55/147 (37)

  Osteoporosis (T-score < −2.5) 0/93 1/54 (2) 1/147 (0.7)

  Status not determined 1/93 (1) 0/54 1/147 (0.7)

Lumbar spine BMD clinical status

  Normal (T-score ≥ −1.0) 38/94 (40) 25/54 (46) 63/148 (43)

  Osteopenia (−2.5 ≤ T-score < −1.0) 51/94 (54) 25/54 (46) 76/148 (51)

  Osteoporosis (T-score < −2.5) 4/94 (4) 4/54 (7) 8/148 (5)

  Status not determined 1/94 (1) 0/54 1/148 (0.7)

Median 25-hydroxy vitamin D (ng/mL [Q1, Q3]) 18.8 (13.2, 24.4) 18.4 (14, 23.6) 18.8 (13.6, 24.4)

*p = 0.044; †HBeAg status for 5 patients (TAF n = 3, TDF n = 2) in Study 108 changed from negative to positive between the screening and baseline visits, and in 
Study 110, HBeAg status for 5 patients (TAF n = 5) changed from positive to negative between the screening and baseline visits; ‡p = 0.0265.
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and 0.75–1.00 (F4; cirrhosis).19 Safety endpoints included 
mean percent change in hip BMD, mean percent change in 
spine BMD, and changes in renal function, as measured by 
mean change in serum creatinine and median change in 
eGFRCG.

Resistance analyses

Baseline samples for all patients were assessed for the 
presence of HBV resistance mutations in the polymerase/ 
reverse transcriptase (pol/RT) region using the HBV INNO-
LiPA Multi-DR v2/3 assay (WuXi AppTec [Shanghai] Co., 
Ltd., Shanghai, China). Resistance surveillance was per-
formed annually and included population or deep sequenc-
ing of the HBV pol/RT at baseline and week 48 for patients 
only with virologic breakthrough (defined as HBV DNA ≥69 
IU/mL at two consecutive visits if previously confirmed <69 
IU/mL, or confirmed ≥1 log10 increase in HBV DNA from na-
dir), and at weeks 96 and 144, pol/RT sequencing was per-
formed for all patients with HBV DNA ≥69 IU/ml, either on 
treatment or at early discontinuation in those with viremia. 
Phenotyping was performed for patients that experienced 
virologic breakthrough and any pol/RT amino acid change or 
conserved site change, and in patients with a polymorphic 
site, substitution provided the change was observed in >1 
patient. For phenotyping, >2-fold change in EC50 for the pa-
tient’s isolate relative to baseline was considered to indicate 
reduced sensitivity to TAF or TDF.

Statistical analysis

A missing equals failure approach was employed for the 
efficacy endpoints. For HBV DNA <29 IU/mL results, 95% 
confidence intervals (CI) were generated by the treatment 
group at each time point. Because the non-inferiority of TAF 
compared with TDF for the proportion of patients with HBV 
DNA <29 IU/mL was previously established for both studies 

in the global (non-China) population,16–18 the sample sizes 
for each study in the China cohort were not determined 
based on statistical considerations, instead enough patients 
were included to show comparable efficacy and safety fol-
lowing local registration requirements in China. Instead, ex-
ploratory statistical analyses were performed for the treat-
ment difference (using 95% CI or p-values) for key efficacy 
and safety endpoints.

Results

Patient disposition

Out of 180 HBeAg-positive patients that were randomized 
and treated in Study 110 (123 TAF and 57 TDF) and 154 
HBeAg-negative patients in Study 108 (104 TAF and 50 
TDF), 165 (92%; 113 TAF and 52 TDF) and 146 (95%; 99 
TAF and 47 TDF), completed the double-blind treatment 
to week 144, respectively. Complete dispositions for each 
study are provided in Supplementary Tables 1A and B.

Baseline demographics for the 334 patients enrolled in 
both studies were similar between treatment groups (Table 
1). Patients were mainly male, mean age 38 years (range 
18–73 years) with a smaller proportion of TAF versus TDF 
patients ≥50 years of age (14% versus 22%; p = 0.044). 
Mean HBV DNA and median ALT at baseline were 6.4 log10 
IU/mL and 88 U/L, respectively. The percentages of HBeAg-
positive and HBeAg-negative patients were comparable 
(54% and 46%, respectively), with HBV genotypes C (61%) 
and B (37%) most common. In a subset of patients, a his-
tory of cirrhosis was known: 5/56 (9%) in the TAF group 
and 7/25 (28%) in the TDF group (p = 0.0265); however, 
for most patients, the cirrhosis status was indeterminate 
or unknown (Table 1). Using a FibroTest score ≥0.75 (i.e., 
suggestive of cirrhosis or Metavir F4),19 11% of patients 
had cirrhosis with similar proportions for both groups. Previ-
ous oral nucleos(t)ide use was reported in 37%, with 21%, 

Table 2.  Efficacy outcomes at week 144 in patients from China

HBeAg-positive patients (Study 110) HBeAg-negative patients (Study 108)

n/N or n/n (%) [95% CI] TAF 25 mg 
(N = 123)

TDF 300 mg 
(N = 57)

Proportional 
Difference 
(95% CI)

TAF 25 mg 
(N = 104)

TDF 300 
mg  
(N = 50)

Proportional 
Difference 
(95% CI)

HBV DNA <29 IU/mL 102 (83) 
[75–89]

45 (79)  
[66–89]

4.1%  
(−9.1%–17.3%)

97 (93) 
[87–97]

46 (92) 
[81–98]

1.5%  
(−8.9%–12.0%)

HBeAg loss* 27/118 (23) 16/57 (28) ND – – –

HBeAg seroconversion* 20/118 (17) 9/57 (16) ND – – –

HBsAg loss† 5 (4) 0 ND 3 (3) 0 ND

HBsAg seroconversion† 3 (2) 0 ND 1 (1) 0 ND

Mean change from baseline 
in HBsAg, log10 IU/mL (SD)

–0.75 (1.190) –0.68 
(0.927)

–0.06  
(–0.41–0.29)

–0.39 
(0.764)

–0.23 
(0.487)

–0.15 
(–0.38–0.08)

ALT normalization by 
2018 AASLD criteria§

87/114 (76) 37/55  
(67)

10.4%  
(–3.9%–24.8%)

74/92 (80) 29/41 (71) 8.8%  
(–8.3%–25.8%)

ALT normalization 
by China criteria‖

83/107 (78) 36/54  
(67)

12.2%  
(–2.3%–26.8%)

74/86 (86) 26/36 (72) 13.3%  
(–4.1%–30.8%)

Mean FibroTest score 
change from baseline (SD)

–0.09 (0.140) –0.09 
(0.184)

–0.01  
(–0.06–0.05)

–0.06 
(0.138)

–0.04 
(0.185)

–0.02 
(–0.07–0.04)

All efficacy results are missing equals failure except for log10 IU/mL change from baseline in HBsAg; ALT, alanine aminotransferase; CI, confidence interval; ND, not 
done. *Among patients who were seropositive for HBeAg and negative for anti-HBe at baseline. †Among patients who were seropositive for HBsAg and negative for 
anti-HBs at baseline. ‡Among patients with ALT at baseline above the central lab normal range. §Among patients with ALT at baseline above the AASLD-defined normal 
range (>35 U/L men and >25 U/L women). ‖Among patients with ALT at baseline >40 U/L.
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20%, and 16% of patients previously treated with adefovir 
(ADV), entecavir, and lamivudine, respectively. Median (Q1, 
Q3) eGFRCG was 113 (97, 128) mL/min at baseline. Out of 
147 patients that had available DXA data, 38% had evi-
dence of bone loss (i.e., osteopenia or osteoporosis based 
on t-scores) at the hip and 57% showed bone loss at the 
spine. Comorbidities (hypertension, diabetes mellitus, car-
diovascular disease, and hyperlipidemia) were present in 
<10% of study participants with a similar prevalence be-
tween treatment groups.

Efficacy

Antiviral efficacy: In both studies, the rates of antiviral 
suppression were slightly higher for TDF versus TAF at week 
48; however, from weeks 72 and 56 onward, similar sup-
pression rates were achieved and maintained in Studies 
110 and 108, respectively (Figs. 1A, B). The proportion of 
HBeAg-positive patients that received TAF with HBV DNA 
<29 IU/mL at week 144 was 83% compared with 79% in 
those that received TDF (proportional difference 4.1% [95% 
CI, –9.1%–17.3%]) (Table 2 and Fig. 1A). The proportion 
of patients with HBV DNA <29 IU/mL who had target not 
detected was 26% in both treatment groups, and the pro-
portion with HBV DNA ≥29 IU/mL was 11% in both groups, 
and 7% and 11% of TAF and TDF patients, respectively, had 
missing data.

The proportion of HBeAg-negative patients that received 
TAF with HBV DNA <29 IU/mL at week 144 was 93% com-
pared with 92% in those that received TDF (Table 2 and Fig. 
1B). The proportions of HBeAg-negative patients with HBV 
DNA <29 IU/mL with target not detected were 61% and 
48% in the TAF and TDF groups, respectively; there were a 

few patients (2 TAF; 1 TDF) with HBV DNA ≥29 IU/mL, and 
similar proportions (TAF 5%; TDF 6%) had missing data at 
week 144.

ALT normalization: The proportion of HBeAg-positive 
patients that achieved ALT normalization at week 144 by 
the AASLD criteria was higher for TAF versus TDF-treated 
patients (76% versus 67%, respectively) (Table 2). In ad-
dition, patients that received TAF had consistently higher 
rates than those on TDF over the 3-year study (Fig. 2A). 
When assessed using the China cutoff of 40 U/L, a similar 
trend was seen with a higher rate of ALT normalization for 
TAF versus TDF at week 144 (78% versus 67%; Table 2).

In addition, HBeAg-negative patients that received TAF 
compared with those that received TDF showed a higher 
rate of ALT normalization at week 144 by the AASLD criteria 
(80% versus 71%; Table 2), with the difference in treat-
ment response becoming more apparent from weeks 72 
to 144 (Fig. 2B). When assessed by the China criteria, a 
similarly higher rate of ALT normalization was seen for TAF 
versus TDF at week 144 (86% versus 72%; Table 2).

Serological efficacy: The proportions of HBeAg-posi-
tive patients with HBeAg loss at week 144 were 23% and 
28%, for the TAF and TDF groups, respectively, and rates 
of anti-HBe seroconversion were similar (17% versus 16%, 
respectively; Table 2). In the TAF group, for HBeAg-positive 
and HBeAg-negative patients, rates of HBsAg loss (4% and 
3%, respectively) and HBsAg seroconversion (2% and 1%, 
respectively) were higher than in the TDF group, where no 
patients in either study achieved this endpoint (Table 2). 
Mean (SD) decreases in HBsAg levels were small and similar 
between treatment groups over 144 weeks of treatment in 
both studies.

FibroTest changes

Mean (SD) FibroTest scores at baseline were similar be-
tween groups in each study (Study 110: TAF 0.37 [0.219] 
versus TDF 0.40 [0.219]; Study 108: TAF 0.46 [0.222] ver-
sus TDF 0.50 [0.265]). For HBeAg-positive patients, similar 
small mean (SD) decreases were seen with TAF and TDF at 
week 144 (Table 2); for HBeAg-negative patients, the mean 
declines were similar between treatments but were nu-
merically smaller compared with HBeAg-positive patients. 
Fibrosis change was assessed by shifts from baseline in Fi-
broTest categories (Supplementary Tables 2A, B). Although 
the numbers were small, the majority of HBeAg-positive 
patients in the highest fibrosis category (≥0.75; cirrhosis 
[F4]) at baseline improved by ≥1 category on study treat-
ment, a finding that was present by week 48 with improve-
ment remaining to week 144 (TAF 9/10 [90%] and TDF 2/3 
[66%]). In contrast, nearly all patients in the lowest cat-
egory at baseline (≤0.48; no or minimal fibrosis [F0/F1]) 
remained stable for the 144 weeks (TAF 79/80 [99%] and 
TDF 28/32 [88%]). For patients in the intermediate catego-
ry (0.49 to 0.74; moderate to severe fibrosis [F2 or F3]), 
most showed a positive shift to the lowest category (TAF 
12/24 [50%] and TDF 11/16 [69%]) with only a few having 
an increase in fibrosis category at week 144. Similar results 
were observed for HBeAg-negative patients for both study 
treatments (Supplementary Table 2B).

Resistance surveillance

Results for resistance surveillance for the 144 weeks are 
provided in Supplementary Table 3. All patients with HBV 
DNA ≥ 69 IU/mL qualified for pol/RT sequencing at weeks 
96 and 144; however, at week 48 only patients with vi-
rologic breakthrough were sequenced given the previous 

Fig. 1.  Viral suppression (HBV DNA <29 IU/mL) by visit week. (A) 
Proportions of HBeAg-positive patients with HBV DNA <29 IU/mL. (B) Propor-
tions of HBeAg-negative patients with HBV DNA <29 IU/mL. Analysis is missing 
equals failure.



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  324–334 329

Hou J. et al: TAF vs TDF for chronic HBV in China

data that showed no resistance to TDF in patients with early 
viremia on treatment.20 In both studies, there were 7 (6 
TAF, 1 TDF), 23 (16 TAF, 7 TDF), and 14 (9 TAF, 5 TDF) 
patients who qualified for sequencing at weeks 48, 96, and 
144, respectively, and of these, there were 1 out of 7, 8 
out of 23, and 5 out of 14 patients, respectively, who had 
no sequence changes from baseline, and 3 out of 7, 6 out 
of 23, and 1 out of 14 patients with polymorphic site sub-
stitutions, and 0 out of 7, 4 out of 23, and 2 out of 14 
patients who had conserved site substitutions. No specific 
conserved site substitution was found in >1 patient in either 
group. Overall, most patients that qualified for sequencing 
had viremia in the absence of virologic breakthrough (i.e., 
persistent viremia, or a viral blip, 24 out of 44 patients). Of 
the patients with available sequencing data, 1 out of 4, 8 
out of 18, and 3 out of 8, qualified for phenotyping testing 
at weeks 48, 96, and 144, respectively. Overall, no pol/RT 
amino acid substitutions associated with resistance to TAF 
or tenofovir were detected during the 144 weeks in either 
group in each study.

Safety

In the pooled safety analysis, which included 227 patients 
that were treated with TAF and 107 that were given TDF, 
each treatment was safe and well tolerated. Adverse events 
(AEs) were mostly mild or moderate in severity (88% and 
92% experienced ≥1 AE in the TAF and TDF groups, respec-
tively; proportional difference −3.9% [95% CI: −10.7%–

2.9%]) (Table 3). One patient in each group experienced 
a Grade 3 or 4 AE related to the study drug, and 1 TDF-
treated patient had treatment discontinued prematurely for 
renal impairment (moderate or Grade 2) which was a seri-
ous adverse event (SAE) and was determined to be related 
to study treatment. Common AEs (≥5% of patients) were 
similar between treatment groups. No patient died during 
the study period and there were no cases of HCC or hepatic 
cancer.

Similar percentages of patients in each group experi-
enced Grade 3 or 4 laboratory abnormalities (TAF 32%; TDF 
34%), with a proportional difference of –1.9% (–12.7%–
8.9%) (Table 3). The most common laboratory abnormali-
ties in ≥3% of patients were elevations in ALT and AST, 
and increased creatine kinase, each occurred at a similar 
frequency with TAF and TDF treatment. More patients had 
elevations in fasting LDL cholesterol or urine glucose abnor-
malities in the TAF group, both were transient and primar-
ily seen in patients with pre-existing hyperlipidemia, dia-
betes mellitus, or both. Occult blood or urine erythrocytes 
were the most common urine abnormalities, which occurred 
mostly in menstruating women.

Changes in fasting lipids

Baseline fasting lipid parameters were similar between 
treatment groups and median (Q1, Q3) values were with-
in the normal ranges for each parameter (Supplementary 
Table 4). Following the initiation of study treatment, de-
creases in fasting total cholesterol were observed in both 
groups with a smaller decline for TAF versus TDF treatment 
(median [Q1, Q3] change at week 144: TAF –8 [–21, 12] 
mg/dL versus TDF –27 [–40, –10] mg/dL; p<0.001). In ad-
dition, treatment with TAF resulted in smaller median de-
clines in high-density lipoprotein (HDL) cholesterol at week 
144 versus TDF (–8 [–15, –2] mg/dL versus –12 [–18, –5] 
mg/dL; p = 0.012). Therefore, the median change in to-
tal cholesterol to HDL ratio at week 144, a commonly used 
measure to assesses the relevance of lipid changes, was 
small and comparable between treatments (TAF 0.4 [0.0, 
0.8] versus TDF 0.3 [–1.0, 0.6]; p = 0.042). A small in-
crease in median fasting low-density lipoprotein (LDL) cho-
lesterol was seen with TAF compared with a small decrease 
with TDF treatment at week 144 (11 [–4, 25] mg/dL versus 
–5 [–15, 7]; p<0.001); a similar trend was observed with 
fasting triglycerides (TAF 11 [–14, 41] mg/dL; TDF –6 [–28, 
15]; p<0.001). In general, the observed differences in fast-
ing lipid changes between the TAF and TDF groups were 
similar at week 48 compared with the results at week 144, 
which supported an early change that did not further pro-
gress over 3 years of treatment (Supplementary Table 4). 
Of note, 3 (1%) out of 227 TAF patients required initiation 
of lipid-lowering (i.e., statin) therapy compared with no pa-
tients in the TDF group (p = 0.554).

Changes in renal parameters

Table 4 provides a summary of renal laboratory results by 
treatment group at week 144. Median eGFRCG decreased 
slightly by week 144 in TAF-treated patients compared 
with a larger decrease in those that received TDF (–0.4 
mL/min versus –3.2 mL/min; p = 0.014). Of note, the 
larger decrease in eGFRCG with TDF occurred early (week 
8) and remained significantly different versus TAF at each 
assessment for the 144 weeks, except for weeks 24 and 
120 (Supplementary Table 5). When eGFRCG change was 
assessed as the percentage with ≥25% decrease at week 
144, less TAF than TDF patients met this endpoint (10% 

Fig. 2.  ALT normalization by visit week using 2018 AASLD criteria.  (A) 
Proportions of HBeAg-positive patients that achieved ALT normalization. (B) 
Proportions of HBeAg-negative patients that achieved ALT normalization. Analy-
sis is missing equals failure and includes only patients with baseline ALT above 
the upper limit of normal for 2018 AASLD criteria (25 U/L and 35 U/L for males 
and females, respectively).
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versus 22%; p = 0.003). In addition, more patients that 
were given TAF versus TDF showed improvement in chronic 
kidney disease (CKD) stage at week 144 (e.g., Stage 2 → 

Stage 1, Stage 3 → Stage 2), and a smaller proportion of 
TAF versus TDF-treated patients had CKD stage worsening 
(e.g., Stage 1 → Stage 2 [no patients negatively shifted to 

Table 3.  Safety during 3 years of double-blind treatment

n (%) or n/N (%) TAF 25 mg (N = 227) TDF 300 mg (N = 107)

Any AE 199 (88) 98 (92)

  Proportional difference (95% CI) –3.9% (–10.7%–2.9%)

Any AE related to study 50 (22) 37 (35)

AE that lead to study drug discontinuation 0 1 (<1)*

Any Grade 3 or 4 AE 16 (7) 4 (4)

  Any Grade 3 or 4 AE related to study drug 1 (<1) 1 (<1)

Any SAE 17 (7) 10 (9)

  Any SAE related to study drug 0 1 (<1)*

Deaths 0 0

AEs that occurred in ≥5% of patients in any treatment group

  Nasopharyngitis 72 (32) 24 (22)

  Upper respiratory tract infection 52 (23) 27 (25)

  Cough 21 (9) 5 (5)

  Oropharyngeal pain 16 (7) 7 (7)

  Pharyngitis 13 (6) 5 (5)

  Influenza 8 (4) 7 (7)

  Diarrhea 14 (6) 7 (7)

  Nausea 4 (2) 7 (7)

  Abdominal distension 8 (4) 6 (6)

  Upper abdominal pain 13 (6) 7 (7)

  Hepatic steatosis 12 (5) 6 (6)

  Urinary tract infection 13 (6) 8 (7)

  Increased amylase 2 (<1) 6 (6)

  Osteopenia 1 (<1) 6 (6)

  Increased blood parathyroid hormone 7 (3) 8 (7)

  Weight decreased 4 (2) 7 (7)

  Toothache 7 (3) 6 (6)

Grade 3 or 4 laboratory abnormalities that occurred in ≥3% of patients in any treatment group†

Any Grade 3 or 4 laboratory abnormality 72/225 (32) 36/107 (34)

  Proportional difference (95% CI) –1.9% (–12.7%–8.9%)

  Alanine aminotransferase >5 × ULN 16 (7) 10 (9)

  Aspartate aminotransferase >5 × ULN 5 (2)‡ 4 (4)‡

  Creatine kinase ≥10 × ULN 9 (4) 4 (4)

  Fasting LDL cholesterol >190 mg/dL 9/224 (4)‡ 0/106

  Hemoglobin <9 g/dL 2 (<1)‡ 5 (5)‡

  Urine glucose (by dipstick) 4+ 7 (3)‖ 1 (1)‖

  Occult blood 24 (11)‖ 13 (12)‖

  Urine erythrocytes 14/114 (12)‖ 8/46 (17)‡

All AEs and Grade 3 or 4 laboratory abnormalities were treatment-emergent. ULN, upper limit of normal range; CI, confidence interval. *64 yr-old woman had study 
treatment discontinued for an AE of Grade 2 renal impairment on Day 290 that was an SAE and related to study drug. †Laboratory results are based on 225 patients 
for TAF 25 mg, and 107 patients for TDF 300 mg, unless otherwise noted. ‡Only Grade 3 abnormalities were observed for these parameters. ‖Grade 3 was the highest 
grade for these parameters.
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Stages 3 or 4]) (Table 4).
When median percentage changes from baseline were 

compared for the markers of proximal tubular function 
(RBP:Cr and β2M:Cr), significant differences were found 
that favored TAF treatment (Table 4 and Supplementary 
Figs. 1A, B). For both parameters, patients that received 
TAF had decreased results compared with increases for 
those on TDF. Significant differences in these highly sensi-
tive markers by treatment were apparent by week 24 and 
were reconfirmed at week 144 (Supplementary Fig. 1A). 
Two TDF and no TAF patients had renal-related AEs: 1 pa-
tient in Study 110 had an AE of renal tubular disorder on 
day 85 that was nonserious, Grade 1 (mild), and resolved 
with continued study treatment on day 167, and another 
TDF patient in Study 108 had an AE of renal failure that was 

associated with a decrease in creatinine clearance that led 
to discontinuation of the study drug during the first year of 
treatment.

Changes in BMD

The mean (SD) percent change in hip BMD from baseline to 
week 144 was –0.95% (3.73%) for the subset of patients 
that underwent DXA scanning and received TAF, which was 
less than the –1.9% (3.83%) change in those that received 
TDF (Fig. 3A). Similarly, mean (SD) percent changes in spine 
BMD from baseline to week 144 were 0.35% (4.56%) and 
–1.4% (3.45%) for the subset of patients with DXA data 

Table 4.  Renal safety parameters at week 144

TAF (N = 227) TDF (N = 107)

Mean serum creatinine (mg/dL [SD])

  Baseline 0.81 (0.144) 0.82 (0.151)

  Change at week 144 –0.012 (0.090) –0.002 (0.092)

        Difference in least squares means (95% CI) –0.011(−0.033–0.010)

Median eGFRCG (mL/min [Q1, Q3])

  Baseline 113 (98, 129) 113 (97, 125)

  Change at week 144 –0.4 (–8.2, 8.6) –3.2 (–11.2, 5.2)

    p-value 0.014

  ≥25% decrease from baseline in eGFRCG (n/n) 22/225 (10) 24/107 (22)

  p-value 0.003

Shifts in CKD stage: baseline →week 144*†

  Improvement

    Stage 2→1 7/32 (22) 1/12 (8)

    Stage 3→2 1/1 (100) 0/2 (0)

  Worsening

    Stage 1→2 12/180 (7) 10/85 (12)

    Stage 2→3 0/32 (0) 0/12 (0)

  No change

    Stage 1→1 168/180 (93) 75/85 (88)

    Stage 2→2 25/32 (78) 11/12 (92)

    Stage 3→3 0/1 (0) 2/2 (100)

    p-value 0.064

Median urinary proximal tubular markers (µg/g [Q1, Q3]) n = 227 n = 107

  RBP:Cr

  Baseline 91 (65, 133) 93 (69, 138)

  % change at week 144 –8 (–35, 41) 27 (–18, 71)

    p-value 0.003

  β2M:Cr

    Baseline 94 (67, 152) 91 (58, 149)

    % change at week 144 –29 (–56, 12.5) 18 (–35, 124)

    p-value <0.0001

eGFRCG, estimated creatinine clearance by the Cockcroft-Gault method. RBP:Cr, urine retinol binding protein-to-creatinine ratio. β2M:Cr, urine beta-2 microglobulin to 
creatinine ratio. *eGFRCG: Stage 1: ≥ 90 mL/min; Stage 2: ≥60 to < 90 mL/min; Stage 3: ≥ 30 to < 60 mL/min; Stage 4:≥15 to <30 mL/min. †There were no Stage 
4 CKD patients at baseline and no patients had moved to Stage 4 at week 144.
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that received TAF and TDF, respectively (Fig. 3B). Using a 
cutoff of >5% decrease at week 144, the proportions of pa-
tients were 25%–50% lower with TAF versus TDF treatment 
(hip BMD 8/67 [12%] versus 10/41 [24%] and spine BMD 
6/71 [8%] versus 5/43 [12%], respectively) (Supplemen-
tary Tables 6A, B). Bone fracture was uncommon, usually 
trauma-related, and was observed at a similar frequency 
by treatment (TAF n = 4 [clavicle, foot, pelvis, and spinal 
compression; 1 patient each] and TDF n = 2 [forearm, 2 
patients]).

Discussion

In previous reports, the 48 and 96-week outcomes from the 
two double-blind, randomized, Phase 3 trials in the global 
(non-China) population confirmed that TAF has an antiviral 
efficacy that is noninferior to TDF with superior bone and 
renal safety in HBeAg-positive and negative patients.16–18 
The results in Chinese HBV patients presented in this study 
agree with the global data and, in November 2018, TAF was 
granted licensing approval by the National Medical Products 
Administration in China. In addition, the results represent 
the first randomized comparison of TAF versus TDF in CHB 
patients over a 3-year treatment period. Further, the popu-
lation enrolled in study sites across multiple provinces in 
China (Supplemental Tables 1, 2) was representative of the 
population of Chinese patients that require HBV treatment.

In the China cohort, the proportions of patients that 
achieved and maintained HBV DNA <29 IU/mL were simi-

lar between the TAF and TDF groups in each study over 
3 years; the results are consistent with earlier data from 
the global program.16–18 In HBeAg-positive and negative 
Chinese patients, high levels of viral suppression were ob-
served at week 144 with TAF versus TDF (83% versus 79%, 
and 93% versus 92%, respectively). The numerically lower 
responses for TAF versus TDF (the 95% CI overlapped) at 
week 48 in each study was mainly due to some TAF patients 
with high baseline viral loads that took slightly longer to 
suppress and some that experienced a transient (one-time) 
viral blip. No difference in viral potency was noted as shown 
by similar proportions with an undetectable target for HBV 
DNA (i.e., full suppression), and similar small proportions 
with HBV DNA ≥29 IU/mL at week 144. Resistance surveil-
lance that was conducted annually over 3 years showed no 
patients in either study had reduced susceptibility to TAF 
or TDF.

In the global studies, a significantly higher rate of ALT 
normalization was reported for TAF compared with TDF.16–18 
When the current ULN cutoffs for men and women recom-
mended by AASLD were applied, results for the HBeAg-pos-
itive and negative patients showed higher ALT normalization 
with TAF treatment. In addition, this finding was observed 
when China ULN criteria were used. The mechanism(s) for 
improved ALT normalization with TAF versus TDF is un-
known, this differential effect has been demonstrated in 
viremic, mostly treatment-naïve patients, and in virally 
suppressed, treatment-experienced patients that switched 
therapy from TDF to TAF.21

In HBeAg-positive Chinese patients, loss of HBeAg oc-
curred at a slightly higher rate with TDF versus TAF at week 
144 (28% versus 23%), although HBeAg seroconversion 
was similar (Table 2). The results for TAF were comparable 
with previously reported data from the global population; 
however, for TDF the rate of HBeAg loss was higher than 
previously reported (i.e., rates at week 96 were 22% and 
18% for TAF and TDF, respectively).18 Over 3 years of treat-
ment, low rates of HBsAg loss (≤4%) and anti-HBs sero-
conversion (≤2%) were observed in patients that received 
TAF, and no TDF patients lost surface antigen. The low rate 
of HBsAg loss in Chinese patients was not unexpected, be-
cause of the previous data from TDF-treated patients that 
showed it to be genotype-related and occurred most often 
in patients with genotypes A and D.22 After 3 years of treat-
ment, mean declines in HBsAg were small (<1 log10) in each 
study and similar between groups.

As in the Phase 3 registration program for TAF, histologic 
changes were not assessed in the Chinese cohort; instead, 
a serum FibroTest was utilized. The impact of treatment-
induced changes in FibroTest with antivirals for CHB has not 
been well studied.19 However, mean serum FibroTest scores 
decreased over 3 years to a similar magnitude with TAF and 
TDF treatment, and most patients in the highest FibroTest 
category (i.e., ≥0.75 or Metavir F4) at baseline showed im-
provement on treatment with a few patients overall show-
ing a categorical worsening. In Phase 3 studies with TDF, 
achievement and maintenance of long-term viral suppres-
sion in CHB patients over 5 years resulted in histologic re-
gression of fibrosis and cirrhosis in most treated patients.8 
These two studies will continue for 8 years, and therefore, 
potentially the relationship between treatment response 
and fibrosis change could be better established.

Safety outcomes in Chinese patients were consistent 
with the results previously reported for the global popula-
tion.16–18 Overall, both treatments were safe and well toler-
ated with similar rates of SAEs and Grade 3 or 4 AEs and 
relatively few events were judged to be related to the study 
drug. No TAF patients required treatment discontinuation 
due to an AE and one TDF patient had treatment stopped 
within the first year after moderate renal impairment de-
veloped.

Fig. 3.  Mean percentage changes in BMD. (A) Mean percentage change 
from baseline in hip BMD at weeks 24, 48, 72, 96, 120, and 144 of treatment 
in the subset of patients that underwent DXA scanning. (B) Mean percentage 
change from baseline in spine BMD at weeks 24, 48, 72, 96, 120, and 144 of 
treatment in the subset of patients that underwent DXA scanning. Analysis is 
missing equals excluded (observed data).
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Differences were noted in fasting lipid profiles between 
TAF and TDF-treated patients, a finding that has been re-
ported by other researchers.18,23,24 In Chinese CHB pa-
tients, TDF treatment resulted in median decreases in HDL, 
LDL, and total cholesterol, as well as in triglycerides, which 
is consistent with its known lipid-lowering effect.23,24 In 
comparison, TAF treatment produced decreases in total and 
HDL cholesterol (however, they were smaller in magnitude 
than TDF), and small increases in LDL and triglycerides 
were observed. The impact of TDF on fasting lipids has been 
reported to be correlated with increased plasma levels of 
TFV;23 given that TFV exposures were approximately 90% 
lower when treated with TAF versus TDF,15 this could explain 
these differences. The small difference observed between 
treatments in total cholesterol to HDL ratio change, as well 
as the small percent of TAF patients (1%) that started on 
statin therapy during the trial, the lipid differences were 
probably not clinically important for most patients. This 
point was recently made by the authors of a meta-analy-
sis that involved >6,000 HIV-1-infected patients that par-
ticipated in 7 randomized, controlled trials that compared 
TAF-based versus TDF-based antiretroviral therapy.24 There 
were more TAF than TDF-treated patients with Grade 3 in-
creases in LDL cholesterol in this pooled analysis; however, 
the elevations were nearly always transient (i.e., seen dur-
ing a single study visit) and were in all cases preceded by an 
elevated baseline level of LDL, which suggested pre-existing 
hyperlipidemia.

In this analysis, differences that favored TAF versus TDF 
treatment were seen for several renal and bone safety 
parameters during the 144 weeks. The findings from this 
analysis were consistent with the global results where sta-
tistically prespecified key bone and renal safety endpoints 
demonstrated a safety benefit with TAF with the stipula-
tion that noninferior efficacy to TDF must be established 
first.16–18 Tenofovir, the main metabolite of both prodrugs, is 
taken up into renal proximal tubular cells via organic anion 
transporters 1 and 3 (OAT-1 and OAT-3), which is believed 
to play a central role in TDF-associated nephrotoxicity.25–27 
TAF has greater plasma stability than TDF and is not a sub-
strate for uptake via OAT-1/OAT-3.14,27 With TAF treatment 
the circulating levels of TFV are significantly reduced com-
pared with TDF; therefore, there is less TFV available to the 
kidneys and improved renal safety is seen. This finding was 
reported in HBV and HIV-infected patients that were treated 
with TAF in clinical trials for ≤3 years.18,23,24,28 In this analy-
sis, significant differences in eGFRCG decrease and smaller 
changes in proximal tubular markers were observed. The 
results are particularly relevant because 21% of patients 
that entered these studies reported previous ADV use, a 
nucleotide antiviral that was previously shown to increase 
the potential risk of proximal tubulopathy when TDF was 
then used.29,30

The serial assessments of BMD by DXA were an impor-
tant component of safety monitoring in TDF and TAF clinical 
programs for many years.16–18,23,24 In this report, BMD was 
only assessed in a subset of patients at sites in China that 
could perform these scans. Apart from the subjects being a 
little older (mean age 40 versus 36 years; p = 0.002), there 
were no notable differences between those enrolled at sites 
without (n = 186) or with (n = 148) DXA capability, which 
supports the BMD results generated were probably repre-
sentative of the overall population. Over 3 years, TAF pa-
tients had only small changes in hip or spine BMD compared 
with the declines observed with TDF. Although the magni-
tude of BMD changes reported in this study was slightly 
different from the results in the global population (where all 
patients underwent DXA scanning),18 these results confirm 
a differential difference in BMD in Chinese CHB patients that 
received TAF versus TDF.

This study has several limitations: the sample sizes for 

the two studies could not confirm non-inferiority in efficacy: 
however, they were based on demonstrating comparabil-
ity with global data to meet local registration requirements. 
Similar to the global studies, the inclusion of patients that 
were at a higher risk of TDF-associated bone and renal com-
plications (e.g., older age, comorbidities including hyper-
lipidemia, history of bone, or renal disease, or both)7,8 was 
limited; additional data from these more vulnerable popu-
lations are required Finally, viremic patients with elevated 
levels of serum ALT were included, who meet the criteria to 
initiate treatment.7,8 Additional studies on Chinese patients 
that are virally suppressed and changed to TAF from TDF or 
ETV would be beneficial, as would real world cohort studies 
that evaluate the use of TAF in clinical practice.

In conclusion, in CHB patients from China that were 
treated with TAF or TDF for 3 years, similar efficacy at sup-
pressing HBV replication was found with no virologic resist-
ance, and ALT normalization rates were higher with TAF. The 
safety results showed that TAF was well tolerated and was 
associated with less impact on bone and renal safety, as 
previously reported in the global HBV program.
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Abstract

Background and Aims: The therapeutic effect of teno-
fovir alafenamide fumarate (TAF), tenofovir disoproxil fu-
marate (TDF) and entecavir (ETV) on chronic hepatitis B 
(CHB) patients remains inconsistent. The aim of this study 
was to explore the differences in virological responses to 
TAF, TDF and ETV in patients with CHB. Methods: Litera-
ture searches were conducted of the PubMed, EMBASE, and 
the Cochrane Library databases to identify randomized con-
trolled trials and observational studies published up to July 
21, 2020. Statistical comparisons of virological response 
between TDF, ETV, and TAF were carried out with pooled 
odds ratio (OR) values. Results: The virological response 
in TDF-treated CHB patients was notably superior to that 
of the ETV-treated CHB patients after 12-weeks [OR=1.12, 
95% confidence interval (CI): 0.89–1.41], 24-weeks 
(OR=1.33, 95% CI: 1.11–1.61), 48-weeks (OR=1.62, 95% 
CI: 1.16–2.25), 72-weeks (OR=1.43, 95% CI: 0.78–2.62), 
and 96-weeks (OR=1.56, 95% CI: 0.87–2.81) treatment. 
No significant difference was observed for the virological re-
sponses in CHB patients after 48-weeks treatment with TAF 
or TDF. The virological response in TDF+ETV-treated CHB 
patients was superior to that of TDF-treated CHB patients 
after 24-weeks, 48-weeks (OR=1.54, 95% CI: 1.17–2.02), 
96-weeks, and 144-weeks. Conclusions: The virological 
response in TDF-treated CHB patients was superior to that 
in ETV-treated CHB patients, but there was no significant 
difference between TAF and TDF. In addition, the therapeu-

tic effect of TDF+ETV was superior to TDF alone.

Citation of this article: Ma X, Liu S, Wang M, Wang Y, Du 
S, Xin Y, et al. Tenofovir alafenamide fumarate, tenofovir 
disoproxil fumarate and entecavir: which is the most effec-
tive drug for chronic hepatitis B? a systematic review and 
meta-analysis. J Clin Transl Hepatol 2021;9(3):335–344. 
doi: 10.14218/JCTH.2020.00164.

Introduction

Hepatitis B virus (HBV) infection is a serious global health 
problem and patients are considered to be at high risk of de-
veloping hepatic cirrhosis and hepatocellular carcinoma (re-
ferred to herein as HCC).1 A report from the World Health Or-
ganization indicated that 292 million individuals are positive 
for the hepatitis B surface antigen across the globe, and the 
distribution of chronic hepatitis B (CHB) patients is region-
dependent.2,3 HBV infection has become one of the principal 
causes of liver-related mortality globally, and approximately 
700,000 HBV-related deaths occurred in 2013 alone.3

Tenofovir alafenamide fumarate (TAF), tenofovir diso-
proxil fumarate (TDF) and entecavir (ETV) are recommend-
ed as the first-line oral drugs for patients with CHB.4,5 Fur-
thermore, these drugs exert good effect on the suppression 
of HBV replication, provide histologic improvement, and re-
duce the incidence of HCC after the long-term nucleos(t)ide 
analogue therapy.6,7 TAF is a bioavailable prodrug of teno-
fovir (TFV), which is regarded as an effective therapeutic 
drug for both HBV and human immunodeficiency virus (i.e. 
HIV-1) infection.8,9 A previous study found that TAF pos-
sesses greater plasma stability, safety and toleration than 
TDF.10 According to the clinical trials, TAF was more likely 
to be safe compared to TDF, most notably for patients with 
bone and renal dysfunction.11,12 Ridruejo et al.13 reported 
that ETV had long-term effectiveness and safety for HBV 
patients, while some other studies have demonstrated that 
the rate of HBV DNA suppression achieved was less than 
that with TDF or TAF within 3 years.

In consideration of the inconsistency of the therapeu-
tic effects of TAF, TDF, and ETV for patients with CHB, and 
whether the combination of TAF and ETV possesses a better 
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effect than single-agent TAF treatment in CHB patients, this 
study was designed to explore the difference of virological 
response with TAF, TDF, and ETV, and the combination of 
TAF and ETV in the patients with CHB.

Methods

Study selection

A literature search was performed in the PubMed, Cochrane 
Library, and Embase databases according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(commonly known as PRISMA) process. Studies published 
up to July 21, 2020 and in the English language were consid-
ered. Various combinations of the following keywords were 
applied in the search strategy: tenofovir alafenamide, TAF, 
emlidy, ETV, entecavir, ECV, Enti, En, Viread, tenofovir diso-
prox, TDF.

Inclusion and exclusion criteria

The inclusive criteria were as follows: 1) research type: 
randomized controlled trial (RCT) and observational study; 
2) research subjects: patients with chronic hepatitis B and 
only those patients diagnosed by HBV DNA test; 3) data 
on virological response, defined as undetectable HBV DNA 
level in serum and the lower limit for undetectable HBV DNA 
having been determined; and 4) receipt of treatment with 
TDF, TAF, or ENT or combination of these drugs. The exclu-
sion criteria were as follows: 1) research type: review; 2) 
data unable to be extracted or utilized; 3) data based upon 
animal experiments; or 4) patients co-infected with HIV or 
other hepato-tropic viruses.

Data extraction and quality assessment

Information including the first author, publication date, coun-
try, sample size, study type, intervention mode, and unde-
tectable HBV DNA level were extracted from each study. The 
virological response rate of the intervention group and control 
group were pooled for the meta-analysis. The article list and 
extracted data were checked by a third researcher, to ensure 
no patient overlap was present among the different included 
studies. Quality of the included studies was assessed inde-
pendently by two authors (Xuefeng Ma and Shousheng Liu). 
Any discrepancies were resolved through consensus decision 
upon discussion with a third author. The cohort studies were 
evaluated according to the Newcastle-Ottawa scale (com-
monly known as the NOS).14 The NOS is comprised of the 
following three sections: selection (up to 4 points); compa-
rability (up to 2 points); and, outcome (up to 3 points). The 
maximum score is 9 points. Study quality was classified as 
poor (score, 0–3), fair (score, 4–6), or good (score, 7–9). 
For RCTs, the updated Cochrane tool (https://www.riskof-
bias.info/) was used to assess the risk of bias. The updated 
Cochrane tool was made up of the following domains: ran-
dom sequence generation; allocation concealment; blinding 
of participants and personnel; blinding of outcome assess-
ment; incomplete outcome data; selective reporting bias; 
and other sources of bias. The high, low, or unclear risks of 
bias of each study were determined in those domains.

Statistical analysis

STATA 14 software (Stata Corporation, College Station, TX, 

USA) was used for data analysis in this study. Dichotomous 
variables were expressed as odds ratio (OR; as an effec-
tive indicator) and the estimated value and 95% confidence 
interval (CI) were included as effect analysis statistics. For 
the Q statistic, heterogeneity was considered present when 
p was <0.1 or I2 was >50%. A fixed-effect model was used 
when literature heterogeneity did not exist; otherwise, a 
random-effect model was used. Publication bias was calcu-
lated visually with funnel plots. Publication bias was consid-
ered significant when p was <0.05 in Begg’s test. Subgroup 
analyses were performed according to undetectable HBV 
DNA level and design of the study.

Results

Literature search results and study characteristics

A total of 8,624 studies were identified as potentially rel-
evant studies from the databases. After removing animal 
studies, reviews, non-topical studies and irrelevant resourc-
es, 1,815 studies were retrieved for further evaluation. After 
excluding studies which did not provide detailed information 
of virologic response and those without full-text, 28 studies 
were included for this meta-analysis (Fig. 1). Among these 
selected studies, 17 focused on the comparison of TDF vs. 
ETV, 5 focused on the comparison of TAF vs. TDF, and 6 fo-
cused on the comparison of TDF+ETV vs. TDF. Among these 
selected studies, 13 were RCTs,15–27 14 were cohort stud-
ies,28–41 and only 1 was a cross-sectional study42 (Table 1). 
Quality assessment suggested that all the cohort studies 
and RCTs possessed high quality (Table 1 and Fig. 2). Other 
characteristics of included studies are presented in Supple-
mentary Table 1.

Comparison of the virological response in TDF-treat-
ed vs. ETV-treated CHB patients

A total of 17 studies investigated the difference of virologi-
cal response in patients with CHB after treatment with TDF 
and ETV19,22,26–34,36–39,41,42 (Table 1). Among these studies, 

Fig. 1.  Flow chart of the literature search process. 

https://www.riskofbias.info/
https://www.riskofbias.info/
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four were conducted in South Korea, four in Turkey, two 
in China, one in Japan, one in India, one in Brazil, one in 
Thailand, and one in the USA. Furthermore, 13 were ob-
servational studies, which included 12 cohort studies and 
1 cross-sectional study, and 4 were RCTs. A total of 3,792 
patients were involved in the 17 total studies.

Nine studies reported the virological response of patients 
with CHB after 12 weeks of treatment with TDF and ETV. 
The pooled effects of TDF and ETV on virological response 
were analyzed by using the fixed-effects model (p=0.547, 
I2=0.0%). The results showed that the virological response 
of TDF was superior to that of ETV (OR=1.12, 95% CI: 
0.89–1.41), but the difference was not statistically signifi-
cant (p>0.05) (Fig. 3A). Thirteen studies reported the vi-
rological response of patients with CHB after 24 weeks of 
treatment with TDF and ETV. The outcome was demonstrat-
ed by a fixed fixed-effects model (p=0.053, I2=42.3%), 

and the pooled OR was 1.33 (95% CI: 1.11–1.61, p<0.05) 
(Fig. 3B). Three studies reported the virological response 
of patients with CHB after 36 weeks of treatment with TDF 
and ETV. The outcome was demonstrated by the random-
effects model (p=0.128, I2=51.4%), and the pooled OR 
was 0.93 (95% CI: 0.46–1.87, p>0.05) (Fig. 3C). Twelve 
studies reported the virological response of patients with 
CHB after 48 weeks of treatment with TDF and ETV. The 
outcome was demonstrated by the random-effects model 
(p=0.007, I2=51.8%), and the pooled OR was 1.62 (95% 
CI: 1.16–2.25, p<0.05) (Fig. 3D). Six studies reported the 
virological response of patients with CHB after 72 weeks 
of treatment with TDF and ETV. The outcome was demon-
strated by the random-effects model (p=0.001, I2=75.1%), 
and the pooled OR was 1.43 (95% CI: 0.78–2.62, p>0.05) 
(Fig. 3E). Six studies reported the virological response of 
patients with CHB after 96 weeks of treatment with TDF and 

Fig. 2.  Risk-of-bias summary for the included randomized controlled trials (RCTs). (A) Overall risk of bias of the included RCTs. (B) Performance of bias in 
each study. RCT, randomized controlled trial.



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  335–344340

Ma X. et al: Which is the most effective drug for CHB?

ETV. The outcome was demonstrated by the random-effects 
model (p<0.001, I2=88.0%), and the pooled OR was 1.56 
(95% CI: 0.87–2.81, p>0.05) (Fig. 3F). The virological re-
sponse of patients with CHB after 120 weeks of treatment 

with TDF and ETV was reported in one study and after 144 
weeks treatment was reported in two studies; the results 
suggested that there was no strong difference in the viro-
logical response after treatment with TDF or ETV.

Fig. 3.  Pooled odds ratios (ORs) of virological response in tenofovir disoproxil fumarate (TDF)-treated vs. entecavir (ETV)-treated chronic hepatitis B 
(CHB) patients. After (A) 12 weeks, (B) 24 weeks, (C) 36 weeks, (D) 48 weeks, (E) 72 weeks and (F) 96 weeks of treatment. CHB, chronic hepatitis B; ETV, entecavir; 
OR, odds ratio; TDF, tenofovir disoproxil fumarate.
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Comparison of the virological response in TAF-treat-
ed vs. TDF-treated CHB patients

Five of the studies investigated the difference of virologi-
cal response in patients with CHB after treatment with TAF 
and TDF15–18,20 (Table 1). Among those studies, three were 
conducted in Spain, one was conducted in the UK and 1 
was conducted in China. All were RCTs, and a total of 5,192 
patients were included in these studies.

Four studies reported the virological response of patients 
with CHB after 48 weeks of treatment with TAF and TDF. The 
pooled effects of TAF and TDF on the virological response 
were analyzed by using the fixed-effects model (p=0.783, 
I2=0.0%). The results showed that the virological response 
of TAF was equivalent to that of TDF (OR=0.97, 95% CI: 
0.83–1.14, p>0.05) (Fig. 4). The virological response of pa-
tients with CHB after 96 weeks of treatment with TAF and 
TDF was reported in two studies, the results suggested that 
there was no obvious differences in the virological response 
after treatment with TAF and TDF.

Comparison of the virological response in TDF+ETV-
treated vs. TDF-treated CHB patients

Six studies investigated the difference of virological re-
sponse in patients with CHB after treatment with TDF+ETV 
and TDF21,23–25,35,40 (Table 1). Among these, four were con-
ducted in South Korea, one was conducted in China and one 
was conducted in the USA. Furthermore, two studies were 
cohort studies and one was an RCT; a total of 926 patients 
were included in these studies.

The virological response of patients with CHB after 24 

weeks of treatment with TDF+ETV or TDF alone was report-
ed in two studies. The results suggested that the therapeutic 
effect of TDF+ETV was significantly superior to that of TDF 
alone. Six studies reported the virological response of pa-
tients with CHB after 48 weeks of treatment with TDF+ETV 
or TDF alone. The outcome was demonstrated by the ran-
dom-effects model (p=0.529, I2=0.0%), and the pooled OR 
was 1.54 (95% CI: 1.17–2.02, p<0.05) (Fig. 5). The viro-
logical response of patients with CHB after 96 weeks and 
144 weeks of treatment with TDF+ETV or TDF alone was 
reported in two studies and one study, respectively. The re-
sults suggested that the therapeutic effect of TDF+ETV was 
significantly superior to that of TDF alone.

Discussion

In this study, we systematically compared the therapeutic 
effect of TDF, TAF, ETV, and TDF+ETV on CHB patients. Our 
results suggest that in the TDF-treated CHB patients, the 
virological response was markedly superior to that of ETV-
treated CHB patients after 12-, 24-, 48-, 72-, and 96-weeks 
treatment, which supports that TDF can be superior to ETV 
for the treatment of CHB patients. When compared to the 
therapeutic effect of TAF and TDF, no obvious difference was 
observed, which suggests that TAF is comparable to TDF for 
the treatment of CHB patients. In addition, we found that 
the virological response in TDF+ETV-treated CHB patients 
was superior to that of TDF-treated CHB patients after 24-, 
48-, 96-, and 144-weeks treatment, which suggests that 
TDF combined with ETV exerts a better therapeutic effect 
for CHB patients than TDF alone.

TDF and ETV are two types of nucleos(t)ide analogues 
that can efficiently inhibit the replication of HBV via the 

Fig. 4.  Pooled OR of virological response in tenofovir alafenamide fumarate (TAF)-treated vs. TDF-treated CHB patients after 48 weeks of treatment. 
CHB, chronic hepatitis B; OR, odds ratio; TAF, Tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.
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blockade of DNA polymerase and reverse transcriptase, re-
spectively.43 Nowadays, TDF and ETV are widely used for 
patients with CHB, due to their potent antiviral activities. 
The therapeutic effect of TDF and ETV in CHB patients has 
been investigated in some studies, but the conclusions have 
not been consistent. Yim et al.27 conducted a RCT to inves-
tigate the virological response in CHB patients upon treat-
ment with TDF or ETV. They found that when patients were 
switched to TDF from ETV, the HBV DNA level was signifi-
cantly lower than that detected in the ETV treatment group.

In this meta-analysis, we summarized all the relative 
studies to compare the value of TDF and ETV on the treat-
ment of CHB. We found that TDF was superior to ETV for 
the treatment of CHB patients. However, there were some 
inconsistencies observed regarding safety. Cai et al.19 re-
ported that both TDF and ETV were generally well tolerated, 
and the common adverse events were similar with no obvi-
ous fluctuation of the estimated glomerular filtration rate 
(commonly known as eGFR) found during the observational 
period between the TDF group and ETV group. Meanwhile, 
Centeno et al.34 reported that after 48 weeks of treatment, 
19.4% of patients in the TDF group showed eGFR <60 mL/
min/1.73m2 vs. 15.6% in the ETV group, which demonstrat-
ed the better effect achieved with TDF than ETV.

TAF is a newly developed prodrug of TFV, which can fa-
cilitate better entry of TFV into hepatocytes than TDF. Agar-
wal et al.15 reported that after treatment with TAF, patients 
possessed higher intracellular concentrations of TFV and 
lower plasma concentrations of TFV compared to those who 
were on treatment with TDF. Our meta-analysis indicated 
that there was no significant difference in the virological 
responses of patients treated with TAF vs. TDF. Regarding 

safety, Chan et al.7,20 found that the unique pharmacokinetic 
profile of TAF had caused the declined rates of TFV-related 
major adverse events, kidney dysfunction, and bone min-
eralization, when compared with TDF. Furthermore, many 
studies have displayed that the levels of low-density lipo-
protein, fasting total cholesterol, and high-density lipopro-
tein were all reduced in patients with HIV co-infection;44,45 
although, the precise mechanism for these changes remains 
unclear. Besides the TAF vs. TDF comparison results, we 
also found the TDF+ETV combination can bring about an ef-
fective virological response compared to TDF alone in CHB 
patients. Whereas, Wang et al.40 found slightly increased 
serum creatinine level and decreased serum phosphorus 
level in TDF+ETV-treated CHB patients, but with both of 
which being within the normal range.

The therapeutic effect of TDF or ETV in CHB patients may 
be influenced by the genotype of HBV. Lok et al.25 demon-
strated that loss of hepatitis B surface antigen and hepati-
tis B e antigen seroconversion signifies that patients with 
HBV genotype C infection enjoyed better performance of 
TDF+ETV combination than ETV alone; however, the perfor-
mance of TDF+ETV combination was poorer than ETV alone 
for HBV genotypes A, B and D. In addition, the main indi-
cation and characteristics of patients treated by TDF+ETV 
combination was drug resistance. Except for patients in the 
study by Lok et al.,26 most of the patients in the studies 
using TDF+ETV combination have been reported to have 
resistance to ETV, lamivudine or adefovir dipivoxil.25

There are several inherent limitations to this study, which 
must be considered. First, only two studies were included to 
compare the therapeutic effect of TDF+ENT vs. TDF alone; 
therefore, more RCTs are needed to supported our conclu-

Fig. 5.  Pooled OR of virological response in TDF+ETV-treated vs. TDF-treated CHB patients after 48 weeks of treatment. CHB, chronic hepatitis B; ETV, 
entecavir; OR, odds ratio; TDF, tenofovir disoproxil fumarate.
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sions. Second, almost all of the included studies were RCTs 
or interventional cohort studies, and a potential source of 
bias might have been introduced. Third, age, sex, hepati-
tis B e antigen status, cirrhosis stage, and HBV DNA level 
before therapy, duration of previous therapy, and baseline 
HBV DNA level may be factors associated with virologic re-
sponse but which were not taken into account in our meta-
analysis.

Conclusions

In summary, the therapeutic effect of TDF, ETV, TAF, and 
TDF+ETV in patients with CHB was investigated in this 
study. The virological response in TDF-treated CHB patients 
was superior to that achieved in the ETV-treated CHB pa-
tients, but no significant difference of virological response 
was found between TAF-treated and TDF-treated CHB pa-
tients. In addition, the therapeutic effect of TDF+ETV was 
superior to that of TDF. These conclusions were made from 
the available studies published to recent time, and more 
clinical RCTs or observational studies should be conduct-
ed to verify them. Also, the drug safety of TAF, TDF, and 
TDF+ETV should be investigated more systematically.

NA, not available or not applicable. CHB, chronic hepati-
tis B; ETV, entecavir; TAF, Tenofovir alafenamide fumarate; 
TDF, tenofovir disoproxil fumarate.
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Abstract

Background and Aims: Hepatic sinusoidal obstruction syn-
drome (HSOS) is caused by toxic injury to sinusoidal en-
dothelial cells in the liver. The intake of pyrrolizidine alkaloids 
(PAs) in some Chinese herbal remedies/plants remains the 
major etiology for HSOS in China. Recently, new diagnostic 
criteria for PA-induced HSOS (i.e. PA-HSOS) have been de-
veloped; however, the efficacy has not been clinically vali-
dated. This study aimed to assess the performance of the 
Nanjing criteria for PA-HSOS. Methods: Data obtained from 
consecutive patients in multiple hospitals, which included 86 
PA-HSOS patients and 327 patients with other liver diseases, 
were retrospectively analyzed. Then, the diagnostic perfor-
mance of the Nanjing criteria and simplified Nanjing crite-
ria were evaluated and validated. The study is registered in 
www.chictr.org.cn (ID: ChiCTR1900020784). Results: The 

Nanjing criteria have a sensitivity and specificity of 95.35% 
and 100%, respectively, while the simplified Nanjing criteria 
have a sensitivity and specificity of 96.51% and 96.33%, re-
spectively, for the diagnosis of PA-HSOS. Notably, a propor-
tion of patients with Budd-Chiari syndrome (11/49) was mis-
diagnosed as PA-HSOS on the basis of the simplified Nanjing 
criteria, and this was mainly due to the overlapping features 
in the enhanced computed tomography/magnetic resonance 
imaging examinations. Furthermore, most of these patients 
(10/11) had occlusion or thrombosis of the hepatic vein, 
and communicating vessels in the liver were found in 8/11 
patients, which were absent in PA-HSOS patients. Conclu-
sions: The Nanjing criteria and simplified Nanjing criteria 
exhibit excellent performance in diagnosing PA-HSOS. Thus, 
both could be valuable diagnostic tools in clinical practice.

Citation of this article: Zhang W, Liu L, Zhang M, Zhang 
F, Peng C, Zhang B, et al. Validation of the Nanjing criteria 
for diagnosing pyrrolizidine alkaloids-induced hepatic sinu-
soidal obstruction syndrome. J Clin Transl Hepatol 2021; 
00(00):345–352. doi: 10.14218/JCTH.2020.00124.

Introduction

Hepatic sinusoidal obstruction syndrome (HSOS), which is 
also referred to as hepatic veno-occlusive disease (or sim-
ply HVOD), is a hepatic vascular disease featured by edema, 
detachment of endothelial cells in the small sinusoidal he-
patic and interlobular veins, necrosis, portal hypertension, 
intrahepatic congestion, and liver dysfunction.1–6 It has 
been demonstrated that HSOS is caused by toxic injury to 
sinusoidal endothelial cells in the liver, and that this injury 
can be induced by different etiological factors. In Western 
countries, HSOS usually occurs as a consequence of bone 
marrow hematopoietic stem cell transplantation (HSCT) 
treatment for hematological malignancies.7 In China, the in-
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take of pyrrolizidine alkaloids (PAs) in certain Chinese herbal 
remedies/plants (e.g., Senecio, Crotalaria, heliotropes, and 
Tusanqi) remains the major etiology for HSOS.8 The mani-
festations in HSOS patients include jaundice, abdominal dis-
tention, hepatomegaly and ascites, which overlap with other 
liver diseases, such as Budd-Chiari syndrome (BCS), acute 
liver failure, or decompensated cirrhosis of various caus-
es.9,10 This has posed challenges in the diagnosis of HSOS. 
In recent years, the incidence of PA-induced HSOS (i.e. PA-
HSOS) in China has been increasing. However, PA-HSOS has 
been frequently misdiagnosed as the following diseases: 
acute/subacute severe hepatitis, decompensated cirrhosis, 
BCS, etc. This misdiagnosis delays the proper treatment of 
patients with PA-HSOS, in which a proportion of severe cases 
can progress into severe dysfunction, and even multiple or-
gan failure. Therefore, there is an urgent need to develop 
diagnostic criteria specific to PA-HSOS.4

For HSOS caused by bone marrow HSCT (HSCT-HSOS), 
the diagnosis is made according to the improved Seattle and 
Baltimore criteria.11 However, it has been noted that there are 
significant differences, in terms of epidemiology, ethnicity, eti-
ology and underlying diseases, between PA-HSOS and HSCT-
HSOS, and that patients with PA-HSOS have specific clinical 
characteristics. For instance, previous study2 revealed that 
PA-HSOS patients have a relatively longer incubation period 
from the initial exposure to PA, which ranges from 3 days to 
3 months, and that serum total bilirubin (TBil) <34.2 µmol/L 
can be found in approximately 40% of PA-HSOS patients. In 
addition, as high as 90% of PA-HSOS patients presented with 
distinctive imaging findings, such as hepatomegaly, uneven 
liver perfusion in the balance phase, compressive stenosis 
of the hepatic segmental inferior vena cava in the imaging 
findings of the enhanced computed tomography (CT) scan 
or magnetic resonance imaging (MRI), and decreased peak 
velocity of portal vein blood flow in the Doppler ultrasonogra-
phy. On the other hand, a history of chemotherapeutic expo-
sure for 20 or 21 days before onset and 2%–5% weight gain 
at onset are required in the improved Seattle and Baltimore 
criteria. However, PA-HSOS patients do not often have the ex-
perience of using chemotherapy. Doctors do not usually have 
accurate weight-change data due to the sporadic nature of 
the disease. Based on these reasons, the improved Seattle 
and Baltimore criteria are not suitable for the diagnosis of 
PA-HSOS. Therefore, in 2017, the Chinese Society of Gas-
troenterology Committee of Hepatobiliary Disease reached a 
consensus, and proposed the Nanjing criteria for the diagno-
sis of PA-HSOS (Table 1).6 Nevertheless, to date, the clinical 
efficacy of the Nanjing criteria has not been validated.

The present multi-center retrospective study intends to 
validate the diagnostic performance of the Nanjing criteria 
for Chinese patients with PA-HSOS.

Methods

Study population

During the period between November 2011 and Decem-

ber 2018, a total of 994 consecutive patients in multiple 
centers were retrospectively evaluated for eligibility in the 
present study. The participating hospitals were, as follows: 
(1) Department of Gastroenterology, The Affiliated Drum 
Tower Hospital of Nanjing University Medical School; (2) 
Department of Hepatology, Nanjing Second Hospital, Nan-
jing University of Chinese Medicine; and (3) Liver Diseases 
Center of PLA and Department of Infectious Diseases, Gen-
eral Hospital of Eastern Theater Command, and Bayi Hos-
pital Affiliated to Nanjing University of Chinese Medicine. 
The inclusion criteria used for the enrollment of patients 
were, as follows: (1) presentation of clinical symptoms at 
≤6 months; (2) abnormal liver function [elevated alanine 
transaminase (ALT), aspartate aminotransferase (AST), or 
total bilirubin (Tbil)]; (3) ascites and/or abdominal disten-
sion; or (4) anorexia. Patients with the following criteria 
were excluded from the present study: (1) suspected, but 
not pathologically diagnosed, with PA-HSOS; (2) two or 
more liver diseases, or PA-HSOS in combination with biliary 
diseases; (3) unknown cause of liver disease; (4) missing 
clinical data; and (5) duplicate data from the previous study 
of the Nanjing Criteria.

Finally, 86 patients with PA-HSOS and 327 patients with 
other liver diseases of various etiologies were retrospec-
tively investigated (Fig. 1). All patients with PA-HSOS un-
derwent transjugular liver biopsy (TJLB).

The present study was reviewed and approved by the 
Ethics Committee of each participating hospital. The re-
quirement for written informed consent was waived due to 
the retrospective nature of the study.

Diagnostic criteria

The reference standards of the diagnostic criteria for PA-
HSOS were, as follows: (1) pathologically proven edema, 
necrosis, detachment of hepatic sinusoidal endothelial cells 
in the hepatic acinus zone III, and significant dilation and 
congestion of hepatic sinusoids; and (2) confirmed history 
of intake of PA-containing herbs/plants, or the detection of 
blood pyrrole-protein adducts (PPAs). All liver tissue speci-
mens were independently examined by two experienced 
hepatopathologists.

The clinical components of the Nanjing criteria for PA-
HSOS were, as follows: (1) definite history of intake of PA-
containing plants; (2) abdominal distention and/or pain in 
the hepatic region, hepatomegaly and ascites; (3) elevated 
serum TBil or abnormal serum markers for liver function; 
and (4) typical features in the enhanced CT or MRI exami-
nations (e.g., diffuse hepatomegaly, ascites, and plain scans 
revealing a heterogeneous decreased density of the hepatic 
parenchyma; enhancement characterized by a map-like 
or mottle-like nonhomogeneous appearance in the venous 
phase and equilibrium phase; hepatic vein lumen being 
stenotic or obscured; hepatic segment of the inferior vena 
cava being compressed and thinner; and MRI findings being 
similar to CT findings).

The diagnostic criteria for other liver diseases were de-

Table 1.  Nanjing criteria for the diagnosis of PA-HSOS

No. Diagnostic criteria

i A definite history of PA-containing plants

ii Abdominal distention and/or pain in the hepatic region, hepatomegaly and ascites

iii Elevation of serum TBil or abnormal liver function

iv Typical features in the enhanced CT or MRI

Patients with i, ii, iii, iv or i, and pathological evidence, and the ruling out the other known causes of liver injury can be diagnosed as PA-HSOS.
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termined upon referring to established guidelines or text 
books. The diagnosis was independently performed by two 
experienced hepatologists (Wei Zhang and Yuzheng Zhuge), 
according to the diagnostic criteria. Simply, patients with a 
consistent diagnosis were included in the study, and those 
with inconsistent diagnosis were excluded. The diagnosis of 
BCS was made in accordance with the 2016 European As-
sociation for the Study of the Liver (EASL) Clinical Practice 
Guidelines.12

The diagnosis of decompensated cirrhosis was made ac-
cording to the 2018 EASL Clinical Practice Guidelines for 
the management of patients with decompensated cirrhosis, 
which was based on the characteristic clinical manifesta-
tion, laboratory tests, imaging performance, and histologi-
cal data.13 In addition, the cause of chronic liver damage 
was determined by medical history and laboratory examina-
tion.14–18

The diagnostic criteria for acute liver failure (ALF) or sub-
acute liver failure (SALF) were determined by reference to 
the 2017 EASL Clinical Practical Guidelines on the manage-
ment of acute (fulminant) liver failure.19

The diagnosis for drug-induced liver injury (DILI) was 
made according to the American College of Gastroenterol-
ogy Clinical Guidelines on the diagnosis and management 
of idiosyncratic DILI.20 PA-HSOS is a unique sub-group of 
DILI, and has its own diagnostic criteria. Thus, DILI cases in 
the present study were defined as DILI except when HSOS 
was induced by PA or other drugs.

Quantification of PPAs

Serum PPAs were examined using the pre-column derivati-
zation liquid chromatography-tandem mass spectrometry 
method, as previously reported, with minor modifications.3

Statistical analysis

The statistical analyses were carried out using the SPSS 
version 22.0 software (IBM Corp., Armonk, NY, USA). Con-
tinuous data were expressed as mean ± standard deviation 
(SD), or median and interquartile range (25 and 75 percen-

tiles), according to the data distribution. Baseline data were 
compared between PA-HSOS and other liver diseases (BCS, 
decompensated cirrhosis, DILI, ALF/SALF, and cardiogenic 
ascites), respectively. Continuous variables were compared 
using Student’s t-test or Manne-Whitney U-test, when an 
abnormal distribution was detected. In addition, Pearson’s 
chi-square test or Fisher’s exact test was used to compare 
the categorical variables among different groups. The sensi-
tivity, specificity, overall accuracy, positive predictive value 
(PPV), negative predictive value (NPV), 95% confidence in-
terval (CI), likelihood ratio, Kappa value, and area under 
the receiver operating characteristics curve (commonly re-
ferred to as AUC) were calculated to evaluate the diagnos-
tic accuracy of the Nanjing criteria. A two-tailed p-value of 
<0.05 was considered statistically significant.

Results

Characteristics of the study subjects

A total of 413 patients, treated between November 2011 
and December 2018, who fulfilled the eligibility criteria, 
were retrospectively enrolled in the present study (Fig. 1). 
Among these patients, 86 underwent TJLB and had ascites, 
and the PA of these patients met the criteria for the di-
agnosis of HSOS. The pathological findings confirmed ede-
ma, necrosis, detachment of hepatic sinusoidal endothelial 
cells in hepatic acinus zone III, and significant dilation and 
congestion of hepatic sinusoids (Fig. 2). Among the 86 PA-
HSOS patients, 85 were found to have a clear history of 
intake of PA-containing herbal medicine/plants, and 1 was 
diagnosed with PA-HSOS through a blood test of PPAs that 
confirmed the history of PA intake. The remaining 327 pa-
tients were diagnosed with other various liver diseases, ac-
cording to the diagnostic criteria described in the Materials 
and Methods section (BCS: n=49, DILI: n=33, ALF/SALF: 
n=88, decompensated cirrhosis: n=150, cardiogenic as-
cites: n=6, and liver amyloidosis: n=1).

The demographic, laboratory and clinical characteristics 
of these patients are summarized in Table 2. Patients with 
PA-HSOS were older than patients with other liver diseas-

Fig. 1.  Flow diagram for the patient enrollment. 
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es, and ascites was present in all PA-HSOS patients. The 
findings of the enhanced CT/MRI were significantly differ-
ent between PA-HSOS and other liver injuries (p<0.001). 
Patchy enhancement and heterogeneous hypoattenuation 
were the typical features (Fig. 2). The majority of these 
PA-HSOS patients had mildly elevated TBil, and nearly nor-
mal transaminase and platelet levels. The laboratory char-
acteristics were similar to those in BCS patients but were 
different from patients with decompensated cirrhosis, who 
had decreased platelet levels. For the Child-Turcotte-Pugh 
and Model for End-Stage Liver Disease (commonly known 
as MELD) scores, patients with ALF/SALF had the highest 
scores, followed by patients with DILI, PA-HSOS, decom-
pensated cirrhosis, BCS, and cardiogenic ascites.

Performance of the Nanjing criteria in the diagnosis 
of PA-HSOS

The diagnostic performance of the Nanjing criteria and sim-
plified Nanjing criteria (ii, iii and iv in the Nanjing criteria) in 
diagnosing PA-HSOS was assessed. The results are present-
ed in Table 3. The Nanjing criteria demonstrated a good abili-
ty in diagnosing PA-HSOS, with a sensitivity of 95.35% (95% 
CI: 90.81–99.89), a specificity of 100%, a PPV of 100%, a 
NPV of 98.79% (95% CI: 97.61–99.97), and an overall accu-
racy of as high as 99.03%. In contrast, the simplified Nanjing 
criteria had a sensitivity of 96.51% (95% CI: 92.55–100) 
and a specificity of 96.33% (95% CI: 94.28–98.38) for the 
diagnosis of PA-HSOS. It was noteworthy that the PPV and 
NPV of the simplified Nanjing criteria was 87.37% (95% CI: 
80.57–94.17) and 99.06% (95% CI: 97.99–100), respec-
tively, for the diagnosis of HSOS. The positive likelihood ratio 
for the simplified Nanjing criteria was 25.98. The negative 

likelihood ratios for the Nanjing criteria and simplified criteria 
were 0.046 and 0.036, respectively. The AUC for the Nan-
jing criteria in the diagnosis of PA-HSOS was 0.977 (95% 
CI: 0.951–1.000, p<0.01), while the AUC for the simplified 
Nanjing criteria was 0.964 (95% CI: 0.939–0.990, p<0.01) 
(Fig. 3). As shown in Table 4, the Kappa value between the 
Nanjing criteria and the liver pathology for the diagnosis of 
PA-HSOS was 0.970. In addition, the Kappa value for the 
simplified Nanjing criteria was 0.894, indicating a strong con-
sistency with the gold standard.

Performance of the Nanjing criteria in differentiating 
PA-HSOS from BCS

Performance of the Nanjing criteria in distinguishing PA-
HSOS from BCS was further evaluated. Both conditions 
share similar clinical characteristics and imaging features, 
which has posed difficulties to differential diagnosis. It 
was found that 11 of 49 (22.45%) BCS patients had typi-
cal features of patchy enhancement on the CT/MRI, and 
these patients were misdiagnosed as PA-HSOS according 
to simplified Nanjing Criteria. In order to differentiate BCS 
from PA-HSOS in patients with similar typical features of 
enhanced CT or MRI, the characteristics of the hepatic vein 
were further compared in the Doppler ultrasound and ve-
nography for the 44 PA-HSOS patients who underwent Dop-
pler ultrasound examinations and the above mentioned 11 
BCS patients. As shown in Table 5, among the 11 BCS pa-
tients with typical features of patchy enhancement on the 
CT/MRI, 5 had the hepatic vein type, 5 had the mixed type, 
and 1 had the inferior vena cava type. The Doppler ultra-
sound detected thrombosis or occlusion of the hepatic vein 
in 10 of 11 (90.9%) BCS patients and this was confirmed in 

Fig. 2.  Representative CT images and pathological findings for PA-HSOS patients. (A) The CT imaging revealed diffuse hepatomegaly, ascites, and plain scans 
showing the heterogeneous decreased density of the hepatic parenchyma. (B) The CT enhancement characterized a map-like or mottle-like nonhomogeneous appear-
ance in the equilibrium phase. (C) The CT images showed that the hepatic vein lumen was obscured, and the hepatic segment of the inferior vena cava was compressed 
and thinner. (D) hematoxylin-eosin (HE) ×40, Zone III, Zone I; (E) HE ×100, Zone III, Zone I. The pathological findings confirmed edema, necrosis, detachment of 
hepatic sinusoidal endothelial cells in hepatic acinus zone III, significant dilation and congestion of hepatic sinusoids, but showed no significant changes in zone I.
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the venography, while no thrombosis or occlusion was found 
in PA-HSOS patients. In addition, 8 of 11 (72.7%) BCS pa-
tients had a communicating branched vein within the liver 
detected by Doppler ultrasound, while none of the PA-HSOS 
patients had such feature. Furthermore, 35 of 44 (79.5%) 
PA-HSOS patients and 1 of 11 (9.1%) BCS patients had 
reductions in the diameter or velocity of the hepatic vein. 
However, none of the 11 BCS patients had a history of in-
take of PA. All differences between these two groups were 
statistically significant (p<0.001).

Discussion

The Nanjing criteria has been recently proposed for the diag-
nosis of PA-HSOS. However, its efficacy and reliability has not 
been clinically validated. The present study demonstrated 
that the Nanjing criteria exhibits excellent performance in the 
diagnosis of PA-HSOS. This was demonstrated by multiple 
lines of evidence, including high sensitivity and specificity.

A variety of diagnostic criteria, such as the Baltimore 
criteria and Modified Seattle criteria, are available for the 
diagnosis of HSCT-HSOS.21–23 However, these criteria were 
specifically developed for the diagnosis of HSCT-HSOS and 
the clinical efficacy remains argumentative when applied 
for the diagnosis of PA-HSOS. For example, the first item 
in both the Baltimore criteria and Modified Seattle criteria 
is absent in PA-HSOS patients. Since PA-HSOS is a form 
of sporadic disease, it is difficult to obtain accurate data 
on the patient’s weight gain following the onset of the dis-
ease. In addition, more than 40% of PA-HSOS patients 
have mildly abnormal hepatic function at the time of the 
disease onset, with TBil <34.2 µmol/L, and this largely 
differs from that in HSCT-HSOS patients. Previously, the 
diagnosis of PA-HSOS has largely relied on the pathologi-
cal examination of the liver biopsy specimen. Neverthe-
less, ascites has been detected in nearly all PA-HSOS pa-
tients, and percutaneous liver biopsy might be the cause 
of severe complications (e.g., intraperitoneal bleeding and 
liver rupture). TJLB has been considered to be better than 
percutaneous liver biopsy for PA-HSOS patients. However, 
TJLB has not become a routine procedure in most hospi-
tals, mainly because it is relatively difficult to perform and 
costly. Recently, the Nanjing criteria was proposed and is-
sued in the Expert consensus on the clinical management 
of PA-HSOS.6 To date, no clinical validation has been made 
by assessing the diagnostic performance of the criteria. 
In this context, the present study focused on the clinical 
items in the criteria to verify the diagnostic value of the 
Nanjing criteria for PA-HSOS.

Among the 86 PA-HSOS patients examined in this study, 
82 were diagnosed with PA-HSOS on the basis of the Nan-
jing criteria, while 4 were determined to have been misdiag-
nosed, giving a false negative rate of 4.70% (4/86). Among 
these four patients, one had no history of PA-containing 
plant intake but showed positivity for PPA detection in the 
blood, while the remaining three patients had no typical im-
aging features in their enhanced CT/MRI scans. These re-
sults suggest that the intake of PA is subjective. Therefore, 
an objective proof of PA intake through the examination of 
serum PPAs might be necessary for the confirmation of the 
etiology. Previous studies have indicated that serum PPAs 
have a diagnostic sensitivity of 100%, a specificity of 94.1%, 
and a NPV of 100%.24 Thus, PPAs can be regarded as a spe-
cific biomarker of PA intake. In addition, not every PA-HSOS 
patient has typical features in the enhanced CT/MRI. There-
fore, TJLB might be useful in the diagnosis of PA-HSOS.

In clinic, many PA-HSOS patients were not clear in their 
history of intake of PA-containing plants. Therefore, the di-
agnostic performance of the simplified Nanjing criteria (ii, 
iii and iv in the Nanjing criteria) was evaluated. Notably, 
83 PA-HSOS patients were accurately diagnosed, while the 
remaining 3 patients were misdiagnosed due to the absence 

Fig. 3.  Receiver operating characteristic curves for the Nanjing criteria 
and simplified Nanjing criteria in the study patients. The AUC for the 
Nanjing criteria in the diagnosis of PA-HSOS was 0.977 (95% CI: 0.951–1.000, 
p<0.01), while the AUC for the simplified Nanjing criteria was 0.964 (95% CI: 
0.939–0.990, p<0.01).

Table 4.  Kappa analysis of the Nanjing criteria or simplified Nanjing criteria with the gold standard

Nanjing criteria (i+ii+iii+iv) Simplified Nanjing criteria (ii+iii+iv)

Gold standard 0.970 0.894

Table 5.  Comparison of the characteristics of PA-HSOS and BCS

PA-HSOS, n=44 BCS, n=11 p-value

Thrombosis or occlusion of hepatic vein by Doppler ultrasound, n (%) 0 (0) 10 (90.9) <0.001

Reduction of diameters or velocities of hepatic vein by Doppler ultrasound, n (%) 35 (79.5) 1 (9.1) <0.001

Communicating branched vessels found by Doppler ultrasound, n (%) 0 (0) 8 (72.7) <0.001

Thrombosis or occlusion of hepatic vein confirmed by venography, n (%) 0 (0) 10 (90.9) <0.001

History of PA intake, n 44 0 <0.001
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of typical features in the enhanced CT/MRI. Previous studies 
have demonstrated that the typical imaging features of PA-
HSOS are critical for the diagnosis of PA-HSOS. In a single-
center retrospective study, 293 patients, who were diag-
nosed with PA-HSOS (n=71), BCS (n=57) and liver cirrhosis 
(n=165), were enrolled, and the findings revealed that 
the radiologic finding of patchy liver enhancement yielded 
a sensitivity of 92.96%, a specificity of 92.79%, a PPV of 
80.49%, a NPV of 97.63%, and an accuracy of 91.83%. The 
values for the heterogeneous hypoattenuation were 100%, 
95.05%, 86.59%, 100% and 96.25%, respectively. A study 
indicated that contrast-enhanced CT (commonly referred to 
as CECT) is effective for diagnosing PA-HSOS.25 However, 
it was observed that 11 patients with BCS and 1 patient 
with liver amyloids were misdiagnosed as PA-HSOS in ac-
cordance with the simplified Nanjing criteria, and this was 
mainly due to the overlapping imaging findings with those 
in PA-HSOS. Thus, special caution should be taken in the 
differential diagnosis of PA-HSOS from BCS. Furthermore, it 
may merit attention in the present study that the communi-
cating veins in the liver, thrombosis and occlusion of the he-
patic vein were largely different between BCS and PA-HSOS 
cases. Furthermore, the history of ingesting PA-containing 
herbal medicine/plants and the detection of blood PPAs 
were critical for distinguishing between PA-HSOS and BCS 
cases, especially when the history of ingesting PA-contain-
ing plants was not clear and the simplified Nanjing criteria 
(ii, iii and iv in the Nanjing criteria) was used.24,26

The present study may have some limitations. First, the 
present study was retrospectively performed and not all pa-
tients had liver biopsy results. Hence, selection bias may exist 
in the retrospective design of the study. Second, a significant 
number of patients exposed to PA but who did not present 
with significant clinical symptoms might have been missed. 
In fact, people can be exposed to toxic PAs mainly through 
the consumption of PA-producing plants used as herbal medi-
cines, teas, and dietary supplements and/or PA-contami-
nated staple foods, such as wheat and millets. In addition, 
the carry-over of PA through livestock into dietary foodstuffs 
(e.g., milk, eggs, honey and their downstream contamina-
tion in the food chain) significantly increases PA exposure in 
humans.27–29 Thus, these patients were not even aware that 
they had been exposed to PA. Blood PPAs might represent the 
specific biomarkers for determining exposure to PAs. Hence, 
a prospective study is needed to evaluate the diagnostic val-
ue of blood PPAs and the modified Nanjing criteria.

Conclusions

The present study suggests that the Nanjing criteria and 
simplified Nanjing criteria have excellent performance in 
diagnosing PA-HSOS, thereby representing a valuable di-
agnostic tool. It also merits attention that the differential 
diagnosis of PA-HSOS from BCS is highly recommended due 
to the shared imaging features.
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Abstract

Background and Aims: Nonalcoholic fatty liver disease, 
now renamed metabolic dysfunction-associated fatty liver 
disease (MAFLD), is common in obese patients. Intragastric 
balloon (IGB), an obesity management tool with low com-
plication risk, might be used in MAFLD treatment but there 
is still unexplained heterogeneity in results across stud-
ies. Methods: We conducted a systematic search of 152 
citations published up to September 2020. Meta-analyses, 
stratified analyses, and meta-regression were performed 
to evaluate the efficacy of IGB on homeostasis model as-
sessment of insulin resistance (HOMA-IR), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), and 
gamma-glutamyl transpeptidase (GGT), and to identify pa-
tients most appropriate for IGB therapy. Results: Thirteen 
observational studies and one randomized controlled trial 
met the inclusion criteria (624 participants in total). In the 
overall estimate, IGB therapy significantly improved the se-
rum markers change from baseline to follow-up [HOMA-IR: 
1.56, 95% confidence interval (CI)=1.16–1.95; ALT: 11.53 
U/L, 95% CI=7.10–15.96; AST: 6.79 U/L, 95% CI=1.69–
11.90; GGT: 10.54 U/L, 95% CI=6.32–14.75]. In the strati-
fied analysis, there were trends among participants with ad-
vanced age having less change in HOMA-IR (1.07 vs. 1.82). 
The improvement of insulin resistance and liver biochemis-
tries with swallowable IGB therapy was no worse than that 
with endoscopic IGB. Multivariate meta-regression analy-
ses showed that greater HOMA-IR loss was predicted by 
younger age (p=0.0107). Furthermore, effectiveness on 
ALT and GGT was predicted by basal ALT (p=0.0004) and 

GGT (p=0.0026), respectively. Conclusions: IGB is effec-
tive among the serum markers of MAFLD. Younger patients 
had a greater decrease of HOMA-IR after IGB therapy.

Citation of this article: Zou ZY, Zeng J, Ren TY, Shi YW, 
Yang RX, Fan JG. Efficacy of intragastric balloons in the mark-
ers of metabolic dysfunction-associated fatty liver disease: 
results from meta-analyses. J Clin Transl Hepatol 2021; 
00(00):353–363. doi: 10.14218/JCTH.2020.00183.

Introduction

As the prevalence of obesity and insulin resistance contin-
ues to rise, nonalcoholic fatty liver disease (NAFLD), now 
rebranded as metabolic dysfunction-associated fatty liv-
er disease (MAFLD), has emerged as the most prevalent 
parenchymal liver disease worldwide and explains 9% of 
deaths from liver cirrhosis.1–3 Currently, there are no ap-
proved pharmacotherapies for fatty liver disease.4 Bariatric 
surgery for fatty liver disease has enjoyed a high profile 
due to its remarkable capacity for improving liver enzyme, 
NAFLD activity score, and fibrosis.5,6 However, unexpected 
rates of liver fibrosis progression in patients who undergo 
bariatric surgery and excessive risks of postoperative com-
plications limit the acceptance of bariatric surgery.7,8 Ad-
ditionally, lifestyle modification strategies are difficult to ad-
dress the disadvantage regarding treatment compliance.9,10 
As a result, novel therapeutic applications, which take all 
efficacy, safety, and treatment compliance into account, are 
urgently needed for all MAFLD patients.

Recently, the potential role of endoscopic bariatric and 
metabolic therapies (EBMT) in the management of fatty 
liver disease has been highlighted.11,12 EBMT are devel-
oped to avoid the invasive nature of laparoscopic or open 
bariatric surgery, in contrast, reproducing similar gastroin-
testinal physiological alterations and therapeutic effects.13 
Among these interventions, intragastric balloon (IGB), as 
a space-occupying EBMT device with proven efficacy in in-
ducing weight loss, has been used in diminishing liver vol-
ume to reduce the risks of subsequent bariatric surgery and 
has met with success.14,15 Prior study has demonstrated 
that the change in liver volume was positively correlated 
with the change in intrahepatic fat,16 which suggested the 
potential therapeutic effect of using IGB in fatty liver dis-
ease. In terms of current evidence, a randomized controlled 
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trial (RCT) evaluated changes in histological scores after 
6-month IGB therapy and showed a beneficial effect on 
the severity of fatty liver disease.17 However, due to the 
limited sample size of this trial, we still need to combine 
the existing RCT findings with observational longitudinal 
studies to present the effectiveness of IGB in larger sample 
size, before it is widely recommended for the treatment of 
MAFLD. Therefore, we performed a systematic review with 
meta-analyses to evaluate the therapeutic effect of IGB on 
the markers of MAFLD, such as homeostasis model assess-
ment of insulin resistance (HOMA-IR) index, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), 
and gamma-glutamyl transpeptidase (GGT). Furthermore, 
to identify patients most appropriate for IGB therapy, strati-
fied analyses and meta-regression were both implemented.

Methods

Data sources and search strategy

This systematic review was performed according to the 
preferred reporting items for systematic reviews and meta-
analysis statement (see Table S1).18 The protocol for this 
review is registered in PROSPERO (no. CRD42020214315).

To collect all full-text articles describing the effect of IGB 
on the markers of MAFLD, we performed a search of the 
Medline, Cochrane Library, and Web Of Science with Eng-
lish-language restriction and up to September 2020 using 
the following strategy: (“Intragastric balloon” OR “Gastric 
balloon”) AND (“Alanine aminotransferase” OR “Alanine 
transaminase” OR “ALT” OR “Liver” OR “Nonalcoholic fat-
ty liver disease” OR “Non-alcoholic fatty liver disease” OR 
“NASH” OR “NAFLD” OR “HOMA-IR” OR “Homeostasis model 
assessment” OR “Insulin resistance”). The detailed search 
strategy is summarized in Table S2. Furthermore, the refer-
ence lists of each article were manually searched to prevent 
the omission of any pertinent study.

Study eligibility and selection criteria

Only observational longitudinal studies and RCTs were in-
cluded. Inclusion criteria of the articles were as follows: (a) 
population: all patients who are obese or in need of obesity 
treatment; (b) intervention: liquid-filled IGB procedure; (c) 
comparator: the participants at baseline before IGB place-
ment; and (d) outcome: the decrease of ALT, AST, GGT, 
or HOMA-IR index in all the participants treated with IGB. 
Moreover, the studies which recruited only pediatric patients 
or utilized the gas-filled IGB as an intervention were ex-
cluded to prevent bias.

Data extraction and quality assessment

Data extraction was performed independently by two in-
vestigators (ZYZ, JZ). The information and characteristics 
extracted from the included study were first author, year of 
publication, study design, country, study size of participants 
with IGB therapy, IGB type, dwelling time of IGB, filling of 
IGB, method of IGB implantation, additional nutrition and 
exercise prescription, description of liver disease in exclu-
sion criteria, percentage of male individuals, prevalence of 
diabetes, participants’ age and body mass index (BMI) at 
baseline, and participants’ ALT, AST, GGT and HOMA-IR be-
fore and after IGB therapy. When standard deviation was 
unavailable, it was replaced with a quarter of the range.19 
The risk of bias of the selected studies was evaluated us-

ing the modified Newcastle-Ottawa scale (NOS) for obser-
vational longitudinal studies20 and Cochrane Collaboration’s 
tool for RCT.21

Data analysis

Using R software version 3.6.3 (R Foundation for Statistical 
Computing, Vienna, Austria) and Review Manager version 
5.3 (Nordic Cochrane Centre, The Cochrane Collaboration, 
Copenhagen, Denmark), meta-analyses (quantitative syn-
thesis) were performed to evaluate the pooled mean dif-
ference (MD) in HOMA-IR, ALT, AST and GGT from baseline 
to end of IGB therapy using the inverse variance method 
and random-effect model, with 95% confidence interval 
(CI) and p-value. A p-value <0.05 was considered statis-
tically significant. Publication bias was evaluated by Egg-
er’s test and funnel plot.22,23 Heterogeneity was evaluated 
with inconsistency index (I2), classified as a low (I2≥25%), 
substantial (I2≥50%), or considerable (I2≥75%).24 Strati-
fied analyses were conducted to investigate sources of het-
erogeneity based on the following characteristics: method 
of IGB implantation; mean basal level of serum markers 
(HOMA-IR, ALT, AST, or GGT); age and BMI of the partici-
pants; study region; and NOS score. When meta-regression 
analysis was performed, univariate and multivariate linear 
regression models were utilized to evaluate the slope coef-
ficient between the reduced value of serum marker (HOMA-
IR, ALT, AST, or GGT) after IGB therapy and the following 
covariates: mean basal level of serum marker; percentage 
of male individuals; and age and BMI of the participants. 
To summarize the results, the scatter plots were mapped 
to materialize the linear relationship between the changed 
value after IGB therapy and covariates which had statisti-
cal significance with both univariate and multivariate meta-
regression analysis (p<0.05). Each study was represented 
by a circle of size proportional to the inverse of the variance 
of MD.

Results

Literature search results

Figure 1 summarizes the flow diagram of the selection pro-
cess performed to identify eligible studies in this system-
atic review. Out of 152 references, a total of 14 studies25–38 
comprising 624 participants met the predefined inclusion 
criteria. All studies were published prior to September 13, 
2020.

Improvement of insulin resistance after IGB on ther-
apy

Summary of study characteristics: Eight studies25–27,29, 
33,35,36,38 with a total of 352 individuals were included in 
this meta-analysis of HOMA-IR level, and their character-
istics are summarized in Table 1. All included studies were 
published after 2007. Of these, one38 was a two-arm RCT, 
and the rest25–27,29,33,35,36 were observational longitudinal 
studies, meaning that a total of nine intervention arms 
were included in this analysis. The participants came from 
three countries (Brazil, Italy, Japan). Seven intervention 
arms25–27,29,33,38 applied the Orbera IGB system, one arm36 
used the Orbera/Spatz IGB system, and the single remain-
ing arm35 reported results with the Elipse IGB system. Fur-
thermore, the range of average baseline HOMA-IR was from 
2.36 to 12.30. The results of the quality assessment using 
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the modified NOS and Cochrane Collaboration’s tool can be 
found in Table S3 and Figure S1.

Quantitative synthesis and stratified analyses: Nine 
intervention arms25–27,29,33,35,36,38 of 352 participants evalu-
ated the effect of IGB on HOMA-IR. The pooled mean de-
crease in HOMA-IR levels with IGB therapy was 1.56 (95% 
CI=1.16–1.95, I2=61.1; Fig. 2A). According to the Egger’s 
test and funnel plot, no significant publication bias was pre-
sent (p=0.2665; Fig. S2A). Table 2 presents the results of 
the stratified analyses. Both endoscopic IGB (MD=1.68, 
95% CI=1.24–2.11) and swallowable IGB (MD=0.90, 95% 
CI=0.26–1.54) were effective in inducing HOMA-IR loss. 
There were trends showing the advanced age group had 
less change in HOMA-IR (MD=1.07, 95% CI=0.57–1.56) 
compared to those ≤40 years (MD=1.82, 95% CI=1.25–
2.40), but the findings were not statistically significant 
(p=0.0502). Higher baseline HOMA-IR (>5) was associat-

ed with more significant reductions in HOMA-IR [MD=3.48 
(95% CI=2.46–4.50) vs. MD=1.40 (95% CI=1.25–1.54), 
p<0.0001)]. Consequently, intra-subgroup heterogeneity 
was significantly diminished and almost absent with dif-
ferent basal HOMA-IR (basal HOMA-IR ≤5: I2=0.0; basal 
HOMA-IR >5: I2=0.0).

Meta-regression: Table 3 presents the meta-regression 
findings of HOMA-IR. In univariate meta-regression, ba-
sal HOMA-IR of the participants (slope coefficient=0.3966, 
95% CI=0.1119–0.6814, p=0.0063) and percentage of 
male individuals (slope coefficient=0.0433, 95% CI=0.0183 
to 0.0684, p=0.0007) seemed to be factors significantly as-
sociated with reductions in HOMA-IR. Subsequently, using 
a multivariate meta-regression approach, our final model 
consisted of four covariates: basal HOMA-IR, percentage of 
male individuals, age and BMI of the participants. Greater 
HOMA-IR loss was predicted by younger age (slope coeffi-

Fig. 1.  Flow diagram of the study selection process. 
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cient=−0.0932, 95% CI=−0.1647 to −0.0216, p=0.0107).

Decrease in ALT after IGB therapy

Summary of study characteristics: Eleven observational 
longitudinal studies25–34,37 with a total of 513 individuals 
were included in this meta-analysis of ALT level, and their 
characteristics are summarized in Table 1. All included stud-
ies were published after 2007. The participants included in 
the meta-analysis of ALT level came from six countries (Chi-
na, Croatia, Greece, Italy, Japan, USA). Ten studies25–33,37 
applied the Orbera IGB system, and one study34 reported 
results with the Elipse IGB system. Furthermore, the range 
of average baseline ALT was from 26.0 to 91.6 U/L. The re-
sults of the quality assessment using the modified NOS can 
be found in Table S3.

Quantitative synthesis and stratified analyses: El-
even studies25–34,37 of 513 participants evaluated the effect 
of IGB on ALT. The pooled mean decrease of ALT with IGB 
therapy was 11.53 U/L (95% CI=7.10–15.96, I2=55.4; Fig. 
2B). According to the Egger’s test and funnel plot, no sig-
nificant publication bias was present (p=0.2422; Fig. S2B). 
Table 2 presents the results of the stratified analyses. Both 
endoscopic IGB (MD=10.85 U/L, 95% CI=6.31–15.39) and 
swallowable IGB (MD=20.27 U/L, 95% CI=6.49–34.05) 
were effective in inducing ALT loss. The advanced age group 
had similar change in ALT (MD =15.57 U/L, 95% CI=5.20–
25.93) compared to those ≤40 years (MD =10.40 U/L, 95% 
CI=5.38–15.41). Higher baseline ALT (>40 U/L) was associ-
ated with more significant reductions in ALT [MD=32.43 U/L 
(95% CI=18.49–46.37) vs. MD=9.58 U/L (95% CI=6.18–
12.98), p=0.0018]. Overall, intra-subgroup heterogeneity 
in different basal ALT diminished significantly and was clas-
sified as a low (basal ALT ≤40 U/L: I2=38.7; basal ALT >40 
U/L: I2=0.0).

Meta-regression: Table 3 presented the meta-regression 

findings of ALT. In univariate meta-regression, basal ALT of 
the participants (slope coefficient=0.7314, 95% CI=0.3862–
1.0767, p<0.0001) seemed to be a factor significantly as-
sociated with reductions in ALT. Subsequently, using a multi-
variate meta-regression approach, our final model consisted 
of four covariates: basal ALT; percentage of male individuals; 
age; and BMI. Effectiveness on ALT was predicted by ba-
sal ALT (slope coefficient=0.7135, 95% CI=0.3213–1.1057, 
p=0.0004). The scatter plot showed a linear trend towards 
increasing effectiveness of IGB therapy with increasing basal 
ALT of the participants (Fig. 3A).

Decrease in AST after IGB therapy

Summary of study characteristics: Seven observational 
longitudinal studies26,28,29,31,33,34,37 with a total of 150 indi-
viduals were included in this meta-analysis of AST level, and 
their characteristics are summarized in Table 1. The partici-
pants included in the meta-analysis of AST level came from 
six countries (China, Croatia, Greece, Italy, Japan, USA). 
Six studies26,28,29,31,33,37 applied the Orbera IGB system, 
and one study34 reported results with the Elipse IGB sys-
tem. Furthermore, the range of average baseline AST was 
from 21.7 to 67.5 U/L. The results of the quality assessment 
using the modified NOS can be found in Table S3.

Quantitative synthesis and stratified analyses: Sev-
en studies of 150 participants evaluated the effect of IGB on 
AST. The pooled mean decrease of AST with IGB therapy was 
6.79 U/L (95% CI=1.69–11.90, I2=59.9; Fig. 2C). According 
to the Egger’s test and funnel plot, no significant publica-
tion bias was present (p=0.3768; Fig. S2C). Table 2 presents 
the results of the stratified analyses. Both endoscopic IGB 
(MD=6.74 U/L, 95% CI=0.53–12.96) and swallowable IGB 
(MD=8.60 U/L, 95% CI=2.41–14.79) were effective in induc-
ing AST loss. The advanced age group had a similar change 
in AST (MD =14.54 U/L, 95% CI=−0.04 to 29.12) compared 

Fig. 2.  Forest plots. HOMA-IR (A), ALT (B), AST (C), and GGT (D) decreased after IGB treatment and removal. ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; GGT, gamma-glutamyl transpeptidase; HOMA-IR, homeostasis model assessment of insulin resistance; IGB, intragastric balloon.
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Table 2.  Pooled change in HOMA-IR, ALT, AST, and GGT after IGB treatment and removal: Stratified analyses

Intervention arm, n MD (95% CI) I2

Pooled change in HOMA-IR after IGB treatment and removal

Insertion of IGB (IGB type)

  Endoscopic (Orbera/Spatz) 8 1.68 (1.24–2.11) 60.3

  Swallowable (Elipse) 1 0.90 (0.26–1.54) –

Basal HOMA-IR

  ≤5 7 1.40 (1.25–1.54) 0.0

  >5 2 3.48 (2.46–4.50) 0.0

Mean age, years

  ≤40 4 1.82 (1.25–2.40) 82.0

  >40 5 1.07 (0.57–1.56) 0.0

Mean BMI, kg/m2

  ≤40 4 1.35 (1.19–1.51) 0.0

  >40 5 2.01 (1.25–2.77) 66.4

Region

  Asia 4 1.35 (1.19–1.51) 72.4

  Europe 4 1.41 (1.01–1.81) 29.1

  South America 1 1.39 (1.22–1.56) –

NOS scale

  High 3 1.37 (0.88–1.87) 52.0

  Fair 4 2.16 (0.87–3.44) 81.2

Pooled change in ALT after IGB treatment and removal

Insertion of IGB (IGB type)

  Endoscopic (Orbera) 10 10.85 (6.31–15.39) 55.9

  Swallowable (Elipse) 1 20.27 (6.49–34.05) –

Basal ALT, U/L

  ≤40 7 9.58 (6.18–12.98) 38.7

  >40 4 32.43 (18.49–46.37) 0.0

Mean age, years

  ≤40 6 10.40 (5.38–15.41) 54.6

  >40 5 15.57 (5.20–25.93) 64.6

Mean BMI, kg/m2

  ≤40 2 22.61 (11.49–33.74) 0.0

  >40 9 9.98 (5.59–14.38) 53.7

Region

  Asia 3 25.80 (9.69–41.91) 0.0

  Europe 7 9.58 (6.18–12.98) 38.7

  North America 1 9.88 (7.33–12.44) –

NOS scale

  High 4 12.71 (5.27–20.16) 78.0

  Fair 7 10.59 (4.84–16.35) 29.4

Pooled change in AST after IGB treatment and removal

Insertion of IGB (IGB type)

  Endoscopic (Orbera) 6 6.74 (0.53–12.96) 60.4

(continued)
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to those ≤40 years (MD=3.30 U/L, 95% CI=−0.66 to 7.26). 
Higher baseline AST (>40 U/L) was associated with more sig-
nificant reductions in AST [MD=36.18 U/L (95% CI=13.62–
58.74) vs. MD=4.52 U/L (95% CI=1.05-7.99, p=0.0065)]. 
Overall, intra-subgroup heterogeneity in different basal AST 
diminished significantly and was classified as a low (basal 
AST ≤40 U/L: I2=29.8; basal AST >40 U/L: I2=0.0).

Meta-regression: Table 3 presents the meta-regres-

sion findings of AST. In univariate meta-regression, basal 
AST of the participants (slope coefficient=0.7650, 95% 
CI=0.3319–1.1982, p=0.0005) and age of the partici-
pants (slope coefficient=1.4430, 95% CI=0.5644–2.3216, 
p=0.0013) seemed to be factors significantly associated 
with reductions in AST. Subsequently, using a multivariate 
meta-regression approach, our final model consisted of four 
covariates: basal AST; percentage of male individuals; age; 

Intervention arm, n MD (95% CI) I2

  Swallowable (Elipse) 1 8.60 (2.41–14.79) –

Basal AST, U/L

  ≤40 6 4.52 (1.05–7.99) 29.8

  >40 1 36.18 (13.62–58.74) 0

Mean age, years

  ≤40 4 3.30 (−0.66 to 7.26) 29.9

  >40 3 14.54 (−0.04 to 29.12) 63.5

Mean BMI, kg/m2

  ≤40 2 8.77 (2.95–14.58) 0.0

  >40 5 6.64 (−0.20 to 13.49) 66.8

Region

  Asia 3 11.15 (1.77–20.53) 0

  Europe 3 3.59 (−0.34 to 7.52) 52.1

  North America 1 36.18 (13.62–58.74) –

NOS scale

  High 2 17.67 (−14.52 to 49.86) 87.7

  Fair 5 6.17 (0.53–11.81) 38.2

Pooled change in GGT after IGB treatment and removal

Insertion of IGB (IGB type)

  Endoscopic (Orbera) 8 9.45 (4.46–14.45) 53.0

  Swallowable (Elipse) 0 – –

Basal GGT, U/L

  ≤40 6 8.74 (2.89–14.59) 66.2

  >40 2 12.96 (−0.23 to 26.15) 0.0

Mean age, years

  ≤40 5 8.75 (1.71–15.79) 71.3

  >40 3 8.80 (2.02–15.58) 0.0

Mean BMI, kg/m2

  ≤40 8 9.45 (4.46–14.45) 53.0

  >40 0 – –

Region

  Asia 2 12.96 (−0.23 to 26.15) 0.0

  Europe 6 8.74 (2.89–14.59) 66.2

NOS scale

  High 3 10.10 (2.49–17.72) 80.1

  Fair 5 7.88 (1.86–13.89) 0.0

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; HOMA-IR, homeostasis model assessment of insulin resist-
ance; IGB, intragastric balloon.

Table 2. (continued)
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and BMI. Effectiveness on AST could not be predicted by all 
of the above covariates.

Decrease in GGT after IGB therapy

Summary of study characteristics: Eight observational 
longitudinal studies25–30,32,33 with a total of 452 individuals 
were included in this meta-analysis of GGT level, and their 
characteristics are summarized in Table 1. The participants 
included in the meta-analysis of GGT level came from three 
countries (Croatia, Italy, Japan). All eight studies25–30,32,33 
applied the Orbera IGB system. Furthermore, the range of 
average baseline GGT was from 29.8 to 53.0 U/L. The re-
sults of the quality assessment using the modified NOS can 
be found in Table S3.

Quantitative synthesis and stratified analyses: Eight 
studies25–30,32,33 of 452 participants evaluated the effect of 
IGB on GGT. The pooled mean decrease of GGT with IGB 
therapy was 10.54 U/L (95% CI=6.32–14.75, I2=37.6; Fig. 
2D). According to the Egger’s test and funnel plot, no sig-
nificant publication bias was present (p=0.8620; Fig. S2D). 
Table 2 presented the results of the stratified analyses. The 
advanced age group had a similar change in GGT (MD =8.80 
U/L, 95% CI=2.02–15.58) compared to those ≤40 years 
(MD=8.75 U/L, 95% CI=1.71–15.79). There were trends 
showing that the higher basal GGT group had more change 
in GGT (MD=12.96, 95% CI=−0.23 to 26.15) compared to 
those ≤40 U/L (MD=8.74, 95% CI=2.89–14.59) but the 
findings were not statistically significant (p=0.6919). Over-
all, intra-subgroup heterogeneity diminished significantly in 
the higher basal GGT group (I2=0.0).

Meta-regression: Table 3 presents the meta-regres-
sion findings of GGT. In univariate meta-regression, basal 
GGT of the participants (slope coefficient=0.7968, 95% 
CI=0.2032–1.3904, p=0.0085) seemed to be a factor sig-
nificantly associated with reductions in GGT. Subsequently, 
using a multivariate meta-regression approach, our final 
model consisted of four covariates: basal GGT; percentage 
of male individuals; age; and BMI. Effectiveness on GGT 
was predicted by basal GGT (slope coefficient=1.3773, 95% 
CI=0.4793–2.2754, p=0.0026). The scatter plot showed a 
linear trend towards increasing effectiveness of IGB therapy 
with increasing basal GGT of the participants (Fig. 3B).

Discussion

Principal findings and relevant mechanisms

IGB is the most widely available EBMT with proven efficacy 
in inducing weight loss. According to the IGB type, an emp-
ty balloon is introduced into the stomach by an upper gas-
trointestinal endoscopy or by swallowing the balloon cap-
sule directly. The liquid-filled IGB is inflated with saline and 
methylene blue to occupy the space in the stomach. After 
that, the IGB dwells in the stomach for 4 to 6 months until 
it ruptures or is removed.14,39 Due to its moderate efficacy 
of weight loss and excellent safety profiles, the potential 
utility of IGB was mentioned by the Asian-Pacific clinical 
practice guideline on MAFLD.40 IGB has also been employed 
for clinical research of fatty liver disease. However, there 
is still substantial heterogeneity in results across studies. 
One explanation is that patients with fatty liver disease 
can be subdivided into IGB responder and non-responder 
groups. In this systematic review with meta-analysis, we 
demonstrated that IGB could reverse the serum markers 
of MAFLD, including HOMA-IR, ALT, AST, and GGT levels. 
Furthermore, the change of ALT and GGT with IGB therapy 

had a positive linear relationship with the basal value. This 
means that even at higher levels of disease severity, ab-
normal liver enzymes can be controlled within the reported 
range of included studies (ALT: 26.0–91.6 U/L; GGT: 29.8–
53.0 U/L).

Due to the dearth of eligible studies, the histological 
and radiological findings cannot be quantitatively pooled 
through meta-analyses and can only be described in the 
discussion. In terms of histological variables, a small RCT,17 
with 18 patients who completed the study, reported that 
NAFLD activity score at post-therapy was significantly lower 
among the IGB-treated compared with the sham-treated 
arm. On the other hand, there seemed to be no difference 
between the IGB-treated arm and the sham-treated arm in 
improving fibrosis. Consistent with this finding, according to 
another observational study,37 significant improvement of 
NAFLD activity score was reached in most NAFLD patients 
treated with IGB (p<0.001). Apart from these, some of the 
studies assessed non-invasive radiological parameters of 
NAFLD. A prospective single-arm study27 showed that after 
6 months of IGB therapy, the number of patients with se-
vere hepatic steatosis confirmed by abdominal ultrasound 
decreased from 52% to 4%. Two other clinical studies,32,37 
respectively, demonstrated that hepatic fat fraction and fi-
brosis by magnetic resonance imaging could be significantly 
alleviated by IGB therapy. Taken together, these histological 
and radiological findings were consistent with the results of 
serum markers (HOMA-IR, ALT, AST, and GGT) in our meta-
analyses.

To date, no study has looked at the impact of age on insu-
lin resistance amelioration in patients receiving IGB therapy. 
In our meta-analysis, multivariate linear meta-regression 
and stratified analyses indicated that participants with ad-
vanced age had less change in HOMA-IR after IGB therapy. 
Several weight-dependent and non-weight-dependent hy-
potheses may explain this phenomenon. A previously pub-
lished study reported that advanced age was significantly 
correlated with less excess weight loss in females after IGB 
intervention.41 Given that clinically significant weight loss 
can alleviate insulin resistance,42 age-related differences 
in insulin resistance outcomes might be partly attributed 
to the different weight loss during treatment. Additionally, 
both obesity and aging are linked to and engender insulin 
resistance.43 Among elderly patients, the effect of aging is 
strongly amplified and cannot be eliminated by the obesity 
management tools. Taken together, age might be consid-
ered as a predictor of insulin resistance amelioration in pa-
tients undergoing IGB therapy.

Comparison with other studies or reviews

In terms of the impact of IGB on liver enzymes, a com-
mendable meta-analysis published in 2016 showed that the 
use of IGB could decrease ALT (MD=10.02, 95% CI=6.8–
13.2),19 which was in line with our findings. When their me-
ta-analysis was published, swallowable IGB had not been 
widely used and investigated.14 To help clinicians and re-
searchers keep up to date with current evidence, we per-
formed this systematic review including more updated stud-
ies. Our stratified analysis revealed that the improvement of 
ALT, AST, and HOMA-IR with swallowable IGB therapy was 
no worse than that with endoscopic IGB. Future RCTs are 
needed to comprehensively compare the efficacy and safety 
between these two IGBs.

Limitations and strengths

Our systematic review does have some shortcomings. First, 
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although our review included studies of both endoscopic 
and swallowable IGB, there were still a number of IGB 
types (such as ReShape Duo Balloon and Obalon Gastric 
Balloon) not mentioned in the current review due to the 
lack of relevant clinical research.14 Second, at the time of 
the preliminary search, we found that most of the clini-
cal studies in this field were of longitudinal observational 
design. Thus, when formal screening of the search was 
performed, we defined the patient at baseline, but not the 
sham-treated group, as comparators. However, this ap-
proach ignored the potential for spontaneous remission 
of the disease.44 Despite these limitations, our systematic 
review provides the most comprehensive evaluation of the 
effect of IGB on the serum markers of MAFLD, with low 
intra-subgroup heterogeneity in stratified analysis, sug-
gesting that the evidence is highly credible. More impres-
sively, our observations demonstrate for the first time that 
age has an adverse effect on IGB treatment of insulin re-
sistance.

Conclusions and perspectives

IGB therapy has led to improvements in the serum markers 
of MAFLD, including HOMA-IR, ALT, AST, and GGT. Signifi-
cant reductions in HOMA-IR and liver biochemical param-
eters were seen across different methods of balloon implan-
tation and different age/BMI classes. The improvement of 
insulin resistance and liver biochemistries with swallowable 
IGB therapy was no worse than that with endoscopic IGB. 
Furthermore, greater insulin resistance amelioration with 
IGB therapy was predicted by younger age and the relevant 
mechanism needs further investigation. Although IGB has 
the potential to become a multidisciplinary management 
tool of MAFLD, it cannot be ignored that IGB is a temporary 
measure. If the patient cannot maintain an active lifestyle 
after the first balloon is removed, relapse of MAFLD is an 
expected result. In this regard, IGB combined with other 
pharmacotherapy or sequential IGB therapy could be a po-

tential solution, and further RCT is warranted.
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Abstract

Background and Aims: Multiple regulatory mechanisms 
play an important role in arsenic-induced liver injury. To in-
vestigate whether histone H3 lysine 4 (H3K4) methyltrans-
ferase (SET7/9) and histone H3K4 demethyltransferase 
(LSD1/KDM1A) can regulate endoplasmic reticulum stress 
(ERS)-related apoptosis by modulating the changes of H3K4 
methylations in liver cells treated with arsenic. Methods: 
Apoptosis, proliferation and cell cycles were quantified by 
flow cytometry and real-time cell analyzer. The expres-
sion of ERS- and epigenetic-related proteins was detected 
by Western blot analysis. The antisense SET7/9 expres-
sion vector and the overexpressed LSD1 plasmid were 
used for transient transfection of LO2 cells. The effects of 
NaAsO2 on the methylation of H3 in the promoter regions 
of 78 kDa glucose-regulated protein, activating transcrip-
tion factor 4 and C/EBP-homologous protein were evalu-
ated by chromatin immunoprecipitation assay. Results: 
The protein expression of LSD1 (1.25±0.08 vs. 1.77±0.08, 
p=0.02) was markedly decreased by treatment with 100 µM 
NaAsO2, whereas the SET7/9 (0.68±0.05 vs. 1.10±0.13, 
p=0.002) expression level was notably increased, which 
resulted in increased H3K4me1/2 (0.93±0.64, 1.19±0.22 
vs. 0.71±0.13, 0.84±0.13, p=0.03 and p=0.003). After 
silencing SET7/9 and overexpressing LSD1 by transfec-
tion, apoptosis rate (in percentage: 3.26±0.34 vs. 7.04± 
0.42, 4.80±0.32 vs. 7.52±0.38, p=0.004 and p=0.02) 
was significantly decreased and proliferation rate was no-
tably increased, which is reversed after inhibiting LSD1 (in 
percentage: 9.31±0.40 vs. 7.52±0.38, p=0.03). Further-
more, the methylation levels of H3 in the promoter regions 
of GRP78 (20.80±2.40 vs. 11.75±2.47, 20.46±2.23 vs. 
14.37±0.91, p=0.03 and p=0.01) and CHOP (48.67±4.04 

vs. 16.67±7.02, 59.33±4.51 vs. 20.67±3.06, p=0.004 
and p=0.001) were significantly increased in LO2 cells ex-
posed to 100 µM NaAsO2 for 24 h. Conclusions: Histone 
methyltransferase SET7/9 and histone demethyltransferase 
LSD1 jointly regulate the changes of H3K4me1/me2 levels 
in arsenic-induced apoptosis. NaAsO2 induces apoptosis in 
LO2 cells by activating the ERS-mediated apoptotic signal-
ing pathway, at least partially by enhancing the methylation 
of H3 on the promoter regions of ERS-associated genes, 
including GRP78 and CHOP.

Citation of this article: Han B, Yang Y, Tang L, Xie R, Yang 
Q. Roles of SET7/9 and LSD1 in the pathogenesis of ar-
senic-induced hepatocyte apoptosis. J Clin Transl Hepatol 
2021;9(3):364–372. doi: 10.14218/JCTH.2020.00185.

Introduction

Arsenic is a non-metal element, widely distributed in soil, 
water, minerals and plants in nature; and long-term expo-
sure to a high-arsenic environment can cause arsenic poi-
soning in the organism.1–3 A large number of epidemiologi-
cal investigations and animal experiments have shown that 
arsenic poisoning can cause liver damage, and even lead 
to cirrhosis and liver cancer, which has become the main 
cause of death in patients with arsenic poisoning.4,5 There-
fore, there is an urgent need to identify novel therapeutic 
targets and to develop effective strategies for liver damage 
therapy. At present, studies on the mechanism of liver in-
jury caused by arsenic poisoning mainly focus on oxidative 
stress,6 influence on enzyme activity,7 DNA damage, DNA 
methylation,8 and apoptosis.9,10 Observations of involve-
ment of many various mechanisms indicate that arsenic-
induced hepatocyte apoptosis is one of the core events.11,12

Arsenic can upregulate the expression levels of Fas and 
Fas ligand (i.e. FasL) in liver cells, and increase the apop-
tosis of cells through the death receptor pathway, causing 
liver damage.13,14 Some scholars have found that arsenic 
can increase the expression levels of Bax and p53 proteins 
and induce hepatocyte apoptosis through a mitochondri-
al pathway.15,16 While the endoplasmic reticulum (ER) is 
physiologically responsible for the control of proper protein 
folding and function, many factors such as the unfolded 
protein response, ER overload response and others, can 
disturb ER function, leading to ER stress (ERS). Apoptosis 
induced by ERS is a newly-discovered apoptosis pathway 
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following the death receptor pathway and the mitochon-
drial pathway.17,18 Previous studies have also demonstrat-
ed ERS-mediated hepatocyte apoptosis in rats.19 Further 
study found the PRKR-like endoplasmic reticulum kinase 
(PERK) signaling pathway were activated in arsenic-medi-
ated liver cells.20

However, how the PERK signaling pathway is activated 
has not been deeply researched. In recent years, epigenet-
ics has gradually become a research hotspot. Epigenetics is 
a branch of genetics that studies the heritable changes in 
gene expression without changes in nucleotide sequence. 
Some scholars have found that the expression levels of 78 
kDa glucose-regulated protein (GRP78), histone 3 lysine 4 
methyltransferase (SET7/9) and histone 3 lysine 4 (H3K4) 
me2 are significantly increased in the renal tissues of dia-
betic nephrotic mice,21 suggesting that epigenetic histone 
modification may be associated with ERS. SET/9 specifically 
monomethylates the fourth lysine of histone 3 (i.e. H3K4) 
in multiple modifiable sites of histones.22,23 Studies have 
shown that sodium arsenite can upregulate the level of di-
methyl and methyl modification of H3K4 by downregulating 
the expression level of LSD1, which can open or increase 
the transcription of some genes.24 Lysine-specific histone 
demethylase 1 (LSD1, also known as KDM1A), is a member 
of the amine oxidase family and a member of the demeth-
ylase family. LSD1 serves as a demethylase that specifi-
cally removes dimethyl and methyl modifications of H3K4 
in vitro.

Based on the above research background, this experi-
ment was designed to investigate whether SET7/9 and 
LSD1/KDM1A can regulate ERS-related apoptosis by modu-
lating the changes of H3K4 methylations in liver cells treat-
ed with arsenic.

Methods

Cells and reagents

Human normal hepatocyte L02 cells were obtained from 
the Shanghai Cell Bank of Chinese Academy of Sciences 
(China) and sodium arsenite was obtained from Shandong 
Xiya Reagent Chemical Industry (China). Fetal bovine se-
rum, Dulbecco’s modified Eagle’s medium (GIBCO, New 
York, NY, USA), antibodies against GRP78, C/EBP-homol-
ogous protein (CHOP), LSD1, H3 and H3K4me1 (Abcam, 
Cambridge, UK), antibodies against H3K4me2 (Active Mo-
tif, Carlsbad, CA, USA), GAPDH (Bioprimacy Biotechnology, 
Wuhan, China), secondary antibodies (Boster Biological 
Engineering, Wuhan, China), SET7/9-specific small inter-
fering RNAs (siRNAs) were purchased from Shanghai Jima 
Gene (China), negative small hairpin (sh)RNA and LSD1 
overexpressed plasmids were obtained from Shanghai Jima 
Gene. OG-L002, an effective and selective LSD1 inhibitor, 
was obtained from Selleck Chemicals Company (Houston, 
USA). The chromatin immunoprecipitation assay (ChIP) kit 
and Lipofectamine 2000 were procured from Thermo Fisher 
Scientific (Waltham, MA, USA). The cell cycle and apopto-
sis detection kit were purchased from Bormai Biotechnology 
(Beijing, China)

Real-time cellular analysis

Cell proliferation was monitored using an xCELLigence Real-
Time Cell Analysis instrument (xCELLigence DP System; 
ACEA Biosciences, Inc., San Diego, CA, USA), which can 
continuously monitor live cell proliferation, morphology and 
viability with a label-free assay. A 100 µL aliquot of LO2 sus-

pended droplets were added to an E-Plate, including 10,000 
cells, which was placed at 37°C in a humidified incubator 
containing 5% CO2 for 6–8 h. After L02 cells adhered to the 
plate, arsenic was added at 100 µM,20 and we performed 
continuous monitoring of the cell growth and proliferation 
process for 36 to 48 h.

Western blot

Taking out each cell culture, and adding “protein lysis solu-
tion” and protease inhibitors at a ratio of 99:1, each cell 
suspension was collected into a 1.5 mL centrifuge tube 
after lysing on the ice for 10 m; then, the 1.5 mL centri-
fuge tubes were centrifuged at 4°C and 12,000 r/m for 
20 m. After precipitating, collecting the supernatant, and 
transferring the proteins to PVDF membranes, non-specif-
ic binding was blocked with 5% non-fat dry milk in Tris-
buffered saline with Tween-20, and the membranes were 
probed overnight at 4°C with primary antibodies against 
GRP78 (1:1,500), CHOP (1:1,500), GAPDH (1:1,000), H3 
(1:1,000), H3K4me1 (1:1,000), and H3K4me2 (1:1,000). 
The bound antibodies were detected with horseradish per-
oxidase-conjugated secondary antibodies and visualized 
using enhanced chemiluminescence reagents. The signal 
intensity was measured using Bio-Rad imaging system 
(Hercules, CA, USA) and analyzed by Quantity One soft-
ware (Bio-Rad).

Apoptosis assay

Cells were digested with 0.25% trypsin without ethylene di-
amine tetraacetic acid (commonly referred to as EDTA) and 
washed with phosphate-buffered saline (PBS) 2–3 times; 
then, suspension liquids were collected into 10 mL centri-
fuge tubes. After centrifugation at 1,500 r/m for 5 m, 500 
μL of binding buffer was added into tubes and resuspended. 
Annexin V-FITC (5 µL) and propidium iodide staining solu-
tion (5 µL) were added for a 5–15 m incubation.

Cell cycle assay

After the supernatant of each group was discarded and 
washed with PBS for 2–3 times, the cells of each group 
were digested with trypsin, free of EDTA, and the cell sus-
pension was collected. The supernatant was discarded after 
centrifugation at 2,000 r/m for 5 m, and then washed with 
PBS to repeat the above steps. After the supernatant of 
the centrifuged tube was discarded, 250 µL PBS was added 
for resuspending, and 750 µL precooled anhydrous ethanol 
was added to each group to make the final concentration of 
ethanol 75%; after resuspension, the cells were incubated 
overnight at 4°C. On the second day, the cell suspensions 
of each group were centrifuged at 2,000 r/m for 5 m, and 
the supernatant was discarded. Then, the supernatant was 
processed with PBS in the same way. After the superna-
tant was discarded, the mixture of 500 µL was configured 
for each group in the proportion of RNase: Propidium Io-
dide=1:9.

ChIP-qPCR

LO2 cells (1×106) were seeded onto 10-cm diameter dishes 
and were mock-treated with PBS (0 µmol/L NaAsO2) or 100 
µmol/L NaAsO2 for 24 h. After treatment, ChIP kit (pur-
chased from Thermo Fisher Scientific) was used to perform 
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a ChIP assay. According to the manufacturer’s instructions, 
LO2 cells were cross-linked with 16% formaldehyde, and 
1× glycine was added to terminate the cross-linking. The 
cells were lysed with 2 µL cell nuclease (ChIP grade) lysis 
buffer and the lysates were ultrasound-crushed to a length 
of 150–1,000 bp. Immunoprecipitation was performed at 
4°C for overnight using magnetic beads A/G and the follow-
ing antibodies: rabbit IgG (1:10), anti-RNA polymerase II 
(1:10), anti-H3K4me1 (1:10), and anti-H3K4me2 (1:10). 
The immunoprecipitates were washed and eluted using 
magnetic scaffolding (purchased from Thermo Fisher Scien-
tific). Immunoprecipitated DNA was recovered by reverse 
cross-linking, then purified and dissolved in distilled wa-
ter. The corresponding sample without any antibody added 
served as input control. Objective DNA and input DNA were 
analyzed by reverse transcription-qPCR. The abundance of 
immunoprecipitated target DNA was expressed as the per-
centage of input chromatin DNA. The primer sequences of 
the target genes GRP78, activating transcription factor 4 
(ATF4), and CHOP are listed in Table 1.

Statistical analysis

SPSS 20.0 statistical software was used for analysis. Data 
were expressed as the mean±standard deviation. The one-
way analysis of variance method was used for the multivari-
ate comparison, and the least significant difference method 
was used as a post hoc test. A p-value of <0.05 was consid-
ered to indicate a statistically significant difference.

Results

Arsenic significantly upregulates ERS-related pro-
teins and H3K4me1/me2 in L02 cells

Compared with control group, the levels of SET7/9,20 CHOP 
and H3K4me1 were significantly increased (Fig. 1B and Fig. 
2B), whereas the level of LSD1 was obviously decreased 

Table 1.  DNA sequences of primers used for reverse transcription- and ChIP-quantitative PCR

Gene Forward, 5′–3′ Reverse, 5′–3′

GRP78 GGGATGGAGGAAGGGAGAAC GAGGCATTTCCGCTGGTAAC

ATF4 GGTGGGTTCCATGGTCAAAT AACACATCCACCACTGC

CHOP CACGACCTCAGCCTGTCAAG ACTGGAGTGGTGTGGCAATG

Fig. 1.  Effect of arsenic on H3K4 methylation in L02 hepatocytes. Cells were exposed to arsenic at 100 µmol/L for 24 h. Proteins, prepared from whole cell 
extracts, were analyzed by western blotting. The activities of H3K4me1/me2 were determined with respective specific antibodies. (A) SET7/9 protein knock-down 
efficiency. H3K4me1 expression was measured in control, model and SET7/9 knock-down L02 cells. (B) Data shown are mean±standard deviation of three independ-
ent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group. (C) LSD1 protein knock-down and overexpression efficiency. H3K4me1/me2 
expression was measured in control, model and LSD1 knock-down and OG-L002 group of L02 cells. (D) Data shown are mean±standard deviation of three independent 
experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group.
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in the model group (Fig. 2D). Compared with the negative 
siRNA transfection group, the expression levels of GRP78, 
CHOP, and H3K4me1 in the SET7/9 siRNA transfection 
group (Fig. 1B and Fig. 2B) were significantly decreased.

Compared with the negative shRNA transfection group, 
the expression levels of GRP78, CHOP, H3K4me1, and 
H3K4me2 were significantly decreased in the LSD1 group 
(Fig. 1D and Fig. 2D); the expression levels of GRP78, 
CHOP, H3K4me1 and H3K4me2 were notably increased in 
the OG-L002 group (Fig. 1D and Fig. 2D).

SET7/9 and LSD1 induce changes in apoptosis and 
cell cycle in L02 hepatocytes treated with arsenic

Flow cytometry showed that the apoptosis rate and the pro-
portion of G1 phase cells were significantly increased in the 
model group compared with the control group. Compared 
with the negative transfection group, the apoptosis rate and 
the proportion of G1 phase cells were notably decreased in 
the SET7/9 siRNA transfection group and the LSD1 overex-
pression group, while the apoptosis rate and the proportion 
of G1 phase cells were obviously increased in the OG-L002 
group [Fig. 3A(f)]. These results indicate that arsenic could 
promote apoptosis and increase the proportion of G1 phase 

cells, and histone modifying enzyme of SET7/9 and LSD1 
could regulate apoptosis and cycle in arsenic-induced L02 
cells [Fig. 3B(b) and 3C(b)]. The apoptotic data on SET7/9 
has been published.20

SET7/9 and LSD1 mediate proliferation changes in 
arsenic-induced L02 hepatocytes

Real-time cellular analysis showed that the proliferation 
was significantly decreased in the model group compared 
with the control group. The proliferation rate was notably 
increased in the SET7/9 siRNA transfection group and in 
the LSD1 overexpression group compared with the nega-
tive transfection group, while the proliferation was obvi-
ously decreased in the OG-L002 group (Fig. 4B and 4D). 
These results illustrate that the histone modifying enzymes 
of SET7/9 and LSD1 could regulate proliferation in L02 cells.

Arsenic treatment enhances the methylation level of 
histone H3 in the promoter regions of the GRP78 and 
CHOP genes in L02 hepatocytes

In order to confirm whether the regulation of transcription 

Fig. 2.  Effect of arsenic on ERS-related proteins in L02 hepatocytes. Cells were exposed to arsenic at 100 µmol/L for 24 h. Proteins, prepared from whole 
cell extracts, were analyzed by western blotting. The activities of GRP78, CHOP, and LSD1 were determined with respective specific antibodies. (A) SET7/9 protein 
knock-down efficiency. CHOP expression was measured in control, model and SET7/9 knock-down in L02 cells. (B) Data shown are mean±standard deviation of three 
independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group. (C) LSD1 protein knock-down and overexpression efficiency. GRP78, 
CHOP, and LSD1 expression was measured in control, model and LSD1 knock-down and OG-L002 group of L02 cells. (D) Data shown are mean±standard deviation of 
three independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group.
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Fig. 3.  Effect of arsenic on apoptosis and cycles in L02 hepatocytes. (A) The changes of apoptosis in the LO2 cells of different groups were analyzed by flow cy-
tometry. LSD1 protein knock-down and overexpression efficiency. Apoptosis was measured in control, model and LSD1 knock-down and OG-L002 group of L02 cells. (a: 
control; b: model; c: negative transfection; d: LSD1 overexpression group; e: OG L002; f: the apoptosis rate of different groups) Data shown are mean±standard devia-
tion of three independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group. (B) The cell cycle distribution of each group. SET7/9 protein 
knock-down efficiency. Cell cycles were assessed in control, model and SET7/9 knock-down of L02 cells. (a: cycles diagram for each group; f: the cycles of different groups) 
Data shown are mean±standard deviation of three independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group. (C) The cell cycle 
distribution of each group. Cycles were assessed in control, model and LSD1 knock-down and OG-L002 group of L02 cells. (a: cycles diagram for each group; f: the cycles 
of different groups) Data shown are mean±standard deviation of three independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group. 
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Fig. 3. (continued)

of GRP78, ATF4 and CHOP genes by arsenic is mediated by 
the upregulation of H3K4me1/me2, ChIP was performed. 
Following treatment with arsenic, the L02 cells were ly-
sed and immunoprecipitated with specific anti-H3K4me1/
me2 antibody. qPCR results demonstrated a significant in-
crease in the H3K4me1/me2-associated promoter regions 
of the GRP78 and CHOP genes in L02 cells treated with 100 
µM NaAsO2 (Fig. 5A and 5C), while the promoter region 
of ATF4 did not show a significant increase in H3K4me1/
me2 (Fig. 5B). These results confirmed that arsenic induces 
the expression of ERS-associated molecules by increasing 
their transcription, at least partially through enhancing the 
methylation of histone H3 in the promoter regions of these 
genes.

Discussion

Arsenic can cause injury to many organs of the body,25 
among which liver injury has always been the focus.26,27 
In addition to endemic arsenic poisoning, medicine-induced 
arsenic poisoning also occurs.28 Since ancient times, raw 
plants as well as refined plant products have been in com-
mon use, including as traditional Chinese medicine, Ayur-
veda in India, Kampo in Japan, traditional Korean medicine, 
and Unani in old Greece, all of which have well known as-
sociations with increased risk of liver damage.29 In many 
countries, rice grains and complementary medicines are im-
portant sources of arsenic consumption.30 Ayurvedic is an 
arsenic-containing compound, which is currently in use in 
India to control blood counts of patients with hematological 
malignancies.31 Long-term use of the Ayurvedic drug can 
also cause liver damage.32

The Roussel Uclaf Causality Assessment Method (com-

monly known as RUCAM) is the best way to assess cause 
and effect in liver damage caused by arsenic poisoning from 
herbs and drugs. RUCAM, in its original version (published 
in 1993)33 and its updated version (from 2016),34 repre-
sents sophisticated diagnostic algorithms based on princi-
ples of artificial intelligence (commonly referred to as AI), 
as outlined in a recent editorial.35

At present, a clinical study of arsenic detoxification in 
vivo is under way. The arsenic detoxification treatment with 
dimercaptopropanol and sodium dimercaptopropanesul-
fonate has not achieved the expected efficacy in patients. 
The antagonistic effect of selenium on arsenic, the antioxi-
dant effect of superoxide dismutase on patients with arsenic 
poisoning and the protective effect on liver, lung, kidney, 
heart and other organs have been widely reported in treat-
ment studies. Guizhou province reports of Chinese herbal 
medicine preparation for the treatment of chronic arsenic 
poisoning causing liver damage, such as Lu et al.36 show-
ing that whether by clinical manifestations or through the 
preparation before and after the organizational structure of 
the liver samples of vivisection, compound preparation of 
the Chinese herbal medicine HanDan diisopropylamine di-
chloroacetate liver damage caused by arsenic poisoning still 
produces obvious curative effect. Yun et al.37 used ginkgo 
biloba leaves to treat 84 cases of chronic arsenic poison-
ing caused by coal burning, with anti-liver fibrosis intent. 
Serology and pathological histology observations indicated 
that the serum platelet activation factor (an important fac-
tor involved in liver injury and fibrosis) and four liver fibrosis 
indexes in the treatment group were significantly decreased 
(p<0.01), and the liver pathology was also improved to a 
certain extent in the treatment group, which was statisti-
cally significant when compared with the non-ginkgo biloba 
control group (p>0.01).
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Fig. 4.  Effect of arsenic on growth in L02 hepatocytes. (A) Real-time cellular analysis was employed to detect the SET7/9 protein knock-down efficiency. Pro-
liferation was measured in control, model and SET7/9 knock-down of L02 cells. (B) The proliferation rate in control, model and SET7/9 knock-down. Data shown are 
mean±standard deviation of three independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfection group. (C) Real-time cellular analysis was 
employed to detect the LSD1 protein knock-down and overexpression efficiency. D: The proliferation rate was measured in control, model and LSD1 knock-down and 
overexpression LSD1 group. Data shown are mean±standard deviation of three independent experiments, *p<0.05 vs. control group; #p<0.05 vs. negative transfec-
tion group.

Fig. 5.  Effect of H3K4me1 and H3K4me2 on GRP78, ATF4, and CHOP promoter activity in L02 hepatocytes. (A) Changes in enrichment of H3K4me1 and 
H3K4me2 in the GRP78 promoter region. Data shown are mean±standard deviation of three independent experiments; *p<0.05 vs. control group, **p<0.01 vs. control 
group. (B) Changes of the enrichment of H3K4me1 and H3K4me2 in the ATF4 promoter region. Data shown are mean±standard deviation of three independent experi-
ments; * p<0.05 vs. control group, **p<0.01 vs. control group. (C) Changes of the enrichment of H3K4me1 and H3K4me2 in the CHOP promoter region. Data shown 
are mean±standard deviation of three independent experiments; *p<0.05 vs. control group, **p<0.01 vs. control group.
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Our studies have shown that arsenic can regulate the 
changes of H3K4me1/me2 level by regulating histone 
methyltransferase SET7/9 and histone demethyltransferase 
LSD1 in the process of arsenic-induced hepatocyte apopto-
sis. Histone H3K4me1/me2 is involved in the activation of 
ERS-related proteins of GRP78 and CHOP during the pro-
cess of arsenic-induced hepatocyte apoptosis. This provides 
a theoretical basis for further elucidating the pathogenesis 
of arsenic-induced liver injury.
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Abstract

Background and Aims: Lipid accumulation is the major 
characteristic of non-alcoholic fatty liver disease, the preva-
lence of which continues to rise. We aimed to investigate 
the effects and mechanisms of icaritin on lipid accumula-
tion. Methods: Cells were treated with icaritin at 0.7, 2.2, 
6.7, or 20 µM for 24 h. The effects on lipid accumulation in 
L02 and Huh-7 cells were detected by Bodipy and oil red O 
staining, respectively. Mitochondria biogenesis of L02 cells 
was detected by MitoTracker Orange staining. Glucose up-
take and adenosine triphosphate content of 3T3-L1 adipo-
cytes and C2C12 myotubes were detected. The expression 
levels of proteins in the adenosine 5′-monophosphate-acti-
vated protein kinase (AMPK) signaling pathway, biomarkers 
of autophagy, and mitochondria biogenesis were measured 
by western blotting. LC3 puncta were detected by immu-
nofluorescence. Results: Icaritin significantly attenuated 
lipid accumulation in L02 and Huh-7 cells and boosted the 
mitochondria biogenesis of L02 cells. Icaritin enhanced glu-

cose uptake, decreased adenosine triphosphate content, 
and activated the AMPK signaling pathway in 3T3-L1 adipo-
cytes and C2C12 myotubes. Icaritin boosted autophagy and 
also enhanced the initiation of autophagic flux in 3T3-L1 
preadipocytes and C2C12 myoblasts. However, icaritin de-
creased autophagy and promoted mitochondria biogenesis 
in 3T3-L1 adipocytes and C2C12 myotubes. Conclusions: 
Icaritin attenuates lipid accumulation by increasing energy 
expenditure and regulating autophagy by activating the 
AMPK pathway.

Citation of this article: Wu Y, Yang Y, Li F, Zou J, Wang 
YH, Xu MX, et al. Icaritin attenuates lipid accumulation by 
increasing energy expenditure and autophagy regulated by 
phosphorylating AMPK. J Clin Transl Hepatol 2021;00(00): 
373–383. doi: 10.14218/JCTH.2021.00050.

Introduction

The global prevalence of non-alcoholic fatty liver disease 
(NAFLD) is estimated to be about 24% to 25% of the popu-
lation, which has steadily rose over recent decades.1 NAFLD 
represents a range of diseases, from simple hepatic stea-
tosis to steatohepatitis that eventually leads to cirrhosis 
and hepatocellular carcinoma.2 Lipid accumulation in the 
liver is the major characteristic of NAFLD. Lipid accumula-
tion in skeletal muscles is associated with the development 
of insulin resistance, which is an early marker and signifi-
cantly contributes to NAFLD.3 Adipose acts as a fuel reser-
voir, which controls the mobilization of lipids.4 As such, we 
employed hepatic cells (L02 and Huh-7 cells), C2C12 myo-
blasts, C2C12 myotubes, 3T3-L1 preadipocytes, and 3T3-L1 
adipocytes in this study.

No effective medical interventions can completely re-
verse NAFLD, other than lifestyle and dietary changes, to 
date. Although some drugs show benefits, such as vitamin 
E and pioglitazone, no drugs have been approved by the 
US Food and Drug Administration.5 NAFLD results from the 
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chronic energy imbalance. Increasing energy expenditure 
is an effective strategy to attenuate lipid accumulation and 
combat NAFLD. There is an urgent need to develop candi-
date agents to combat NAFLD through enhancing energy 
expenditure and attenuating lipid accumulation.

Icaritin is a naturally bioactive flavonoid of the traditional 
Chinese herbal medicine Herba Epimedii. Flavonoids of Her-
ba Epimedii have been widely used for their metabolic regu-
lation, anti-oxidation, and hepatoprotective effects.6 Icaritin 
is also the metabolite of the major flavonoid of Herba Epi-
medii, icariin (Fig. 1A).6 Icariin’s lipid-lowering effects have 
attracted widespread attention recently.7 Icaritin inhibited 
intravascular thrombosis and extravascular lipids deposi-
tion.8 However, icaritin’s effects on lipid accumulation have 
not been explored. In this study, we investigated the effects 
and mechanisms of icaritin on lipid accumulation.

Methods

Cell culture and treatments

Human hepatic L02 cells were obtained from the American 
Type Culture Collection (commonly known as the ATCC). 
L02 cells were cultured in RPMI-1640 medium (HyClone, 
Logan, UT, USA) supplemented with 10% fetal bovine se-
rum (FBS) (Biological Industries, Cromwell, CT, USA) and 
1% penicillin-streptomycin (HyClone). Huh-7 cells were a 
kind gift from Prof. Lang Bai of West China Hospital, Sichuan 
University. Huh-7 cells were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM) (HyClone) supplemented with 10% 
FBS and 1% penicillin-streptomycin.

3T3-L1 preadipocytes were obtained from the ATCC, cul-
tured in DMEM supplemented with 10% newborn calf serum 
(referred to herein as “NBCS”) (Biological Industries) and 
1% penicillin-streptomycin. When the cells reached 50% 
confluence, they were induced to differentiate into adipo-
cytes by changing the medium to a differentiation medium 
which was composed of DMEM supplemented with 10% 
NBCS, 0.5 mM 3-isobutyl-1-methylxanthine, 1 µM dexa-
methasone, and 10 µg/mL insulin, for 48 h. Then, the cells 
were cultured with DMEM supplemented with 10% FBS and 
1% penicillin-streptomycin for another 48 h. After being 
induced for 8 to 10 days, more than 90% of the 3T3-L1 
preadipocytes differentiated to adipocytes, which showed 
features of insulin resistance and a fat cellular phenotype 
filled with lipid droplets.

C2C12 myoblasts were cultured in the DMEM supple-
mented with 10% FBS and 1% penicillin-streptomycin. 
When the cells reached 80% confluence, they were induced 
to differentiate into myotubes by changing the medium to a 
differentiation medium which was composed of DMEM con-
taining 2% horse serum (HyClone). C2C12 myoblasts were 
cultured in the differentiation medium for 4 to 6 days, with 
medium change every 48 h, until they differentiated into 
insulin-resistant mature myotubes. Numerous mature myo-
tubes formed and aligned regularly as observed by optical 
microscope (Zeiss, Oberkochen, Germany). All cells were 
cultured at 37 °C in an atmosphere of 5% CO2.

Icaritin (3,7-dihydroxy-8-prenyl-4′-methoxychrysin, 
PubChem CID: 5318980, CAS: 118525-40-9) with purity 
above 99% was commercially obtained from Shanghai Yu-
anye Biotechnology (Cat# B21277; Shanghai, China).

Determination of lipid accumulation

Huh-7 and L02 cells were seeded in 24-well plates and 
treated with sodium oleate at 100 µM for 24 h when 40–

50% confluence was reached. Then, the cells were treated 
with icaritin for 24 h. For Bodipy staining, L02 cells were 
stained with 4 µM Bodipy staining solution (Thermo Fisher 
Scientific, Waltham, MA, USA ) in dark at 37 °C for 15 m 
after treatments.9 Then, the cells were washed twice with 
phosphate buffer saline (PBS) and fixed with 4% paraform-
aldehyde (PFA) (Sangon, Shanghai, China) for 20 m. Finally, 
the nucleus was stained with Hoechst 33258 (Sigma, St. 
Louis, MO, USA) for 3 m. For oil red O staining, L02 and 
Huh-7 cells were washed with PBS and fixed with 4% PFA 
for 20 m at room temperature (RT). Then, the 4% PFA was 
discarded and the cells were washed with PBS. Following, 
60% oil red O solution was added for staining for 45 m at 
RT. The cells were then washed with 60% isopropanol in 
PBS, and the nucleus was stained with hematoxylin for 5 m. 
Finally, the cells were washed with PBS and double-distilled 
water, and sealed with glycerin. Lipid droplets in the cells 
were observed and photographed by an optical microscope 
(Zeiss).

Determination of mitochondria biogenesis

L02 cells, C2C12 myotubes, and 3T3-L1 adipocytes were 
seeded on coverslips in 24-well plates for 24 h. Then, the 
cells were incubated with icaritin at 0.7, 2.2, 6.7, or 20 
µM for 24 h. The number of mitochondria in the cells was 
evaluated by MitoTracker Orange staining.10 The cells were 
first stained with a staining solution containing MitoTracker 
probe (Thermo Fisher Scientific) for 30 m. Then, the cells 
were fixed with 4% PFA for 20 m and permeabilized with 
0.5% Triton X-100 (BBI, Shanghai, China) for 15 m. The 
nucleus was stained with Hoechst 33258 for 3 m. Finally, 
cells were sealed with an anti-fluorescence quenching agent 
and stored at −20 °C. The biogenesis and morphology of 
mitochondria were observed and photographed by confocal 
microscopy (Zeiss).

Glucose uptake analysis

Both C2C12 myotubes and 3T3-L1 adipocytes were seeded 
on coverslips in 24-well plates. After reaching 80% conflu-
ence, the cells were treated with icaritin (2.2, 6.7, or 20 
µM), metformin (2.5 mM), or phloretin (100 µM) for 4 h. 
Phloretin, a glucose uptake inhibitor, was employed as the 
negative control and metformin as the positive control. The 
2-NBDG glucose uptake assay kit (BioVision, San Francisco, 
CA, USA) was employed to measure the amount of glucose 
uptake.11 The cells were incubated with the glucose uptake 
mix for 30 m after washing. Then, the cells were washed, 
fixed, and observed. Amounts of 2-NBDG taken-up were 
determined by fluorescence microscopy (Olympus, Tokyo, 
Japan).

Adenosine triphosphate (ATP) content analysis

C2C12 myotubes and 3T3-L1 adipocytes were treated with 
icaritin at 0.7, 2.2, 6.7, or 20 µM, or metformin at 2.5 mM, 
for 24 h, and harvested with trypsin. Total ATP content was 
measured using an ATP colorimetric/fluorometric assay kit 
(BioVision).12 A 100 µL aliquot of ATP assay buffer was 
added. Interfering proteins were removed by perchloric 
acid. Then, samples were centrifuged at 13, 000 rpm for 
15 m at 4 °C. A 50 µL aliquot of supernatant was added 
to each well of the 96-well plate and mixed with 50 µL 
reaction mix in dark for 30 m. The absorbance was meas-
ured at 570 nm using a microplate reader (Thermo Fisher 
Scientific).
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Fig. 1.  Icaritin attenuated lipid accumulation in sodium oleate-induced L02 and Huh-7 cells, and enhanced the mitochondria biogenesis of L02 cells. 
(A) The chemical structure of icariin and icaritin. (B, C) L02 cells were induced by sodium oleate at 100 µM for 24 h to establish a NAFLD cell model. Then, L02 cells 
were treated with icaritin at 0.7, 2.2, 6.7, or 20 µM for 24 h. Lipid accumulation in L02 cells was attenuated by icaritin, as visualized by Bodipy staining and observed 
by a confocal microscope. (D, E) Huh-7 cells were induced by sodium oleate at 100 µM for 24 h to establish a NAFLD cell model. Then, Huh-7 cells were treated with 
icaritin at 0.7, 2.2, 6.7, or 20 µM for 24 h. Lipid accumulation in Huh-7 cells was attenuated by icaritin, as visualized by oil red O staining. (F, G) L02 cells were induced 
by sodium oleate at 100 µM for 24 h and treated with icaritin for 24 h. The mass of mitochondria in L02 cells was enhanced by icaritin, as detected by MitoTracker 
Orange staining (red). Abbreviation: NAFLD, non-alcoholic fatty liver disease.
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Western blot analysis

C2C12 myoblasts, C2C12 myotubes, 3T3-L1 preadipo-
cytes, and 3T3-L1 adipocytes were incubated with icaritin 
at 0.7, 2.2, 6.7, or 20 µM, or metformin at 2.5 mM, for 24 
h. Cells were harvested by trypsin and lysed by 1× sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (com-
monly known as SDS-PAGE) loading buffer. Then, samples 
were boiled at 98 °C for 10 m. Proteins were separated 
by SDS-PAGE and transferred to a polyvinylidene fluoride 
(commonly known as PVDF) membrane. Non-specific bind-
ing was blocked with 5% skim milk (BBI) for 1 h. Then, 
the PVDF membranes were incubated with primary antibod-
ies, including CaMKKβ (D262840; Sango), LKB1 (D163053; 
Sango), p-LKB1 (D151527; Sango), AMPK (2532s; Cell 
Signaling Technology, Danvers, MA, USA), p-AMPK (2535; 
Cell Signaling Technology), ACC (3662; Cell Signaling Tech-
nology), p-ACC (11818; Cell Signaling Technology), p-62 
(PM045; MBL, Tokyo, Japan), LC3 (M186-3; MBL), SIRT1 
(sc-135791; Santa Cruz Biotechnology, Dallas, TX, USA), 
PGC-1α (66369-1; Proteintech, Rosemont, IL, USA), NRF1 
(66832-1; Proteintech), TFAM (22586-1; Proteintech), and 
GAPDH (sc-32233; Santa Cruz Biotechnology), for 2 h at RT. 
Then, the PVDF membranes were incubated with a second-
ary antibody to rabbit or mouse IgG conjugated to horse-
radish peroxidase at RT for 1 h after washing. Blots were 
developed using enhanced chemiluminescence detection 
reagents (Mei5bio, Beijing, China) and images were taken 
by chemiluminescence imager (Clinx, Shanghai, China).

Immunofluorescence analysis

C2C12 myotubes, C2C12 myoblasts, 3T3-L1 preadipocytes, 
and 3T3-L1 adipocytes were seeded on round coverslips in 
24-well plates for 24 h. Then, the cells were treated with 
icaritin (6.7 µM) alone, or in combination with chloroquine 
(CQ) at 10 µM for 24 h. After, the cells were fixed with 4% 
PFA for 20 m, permeabilized with 0.5% Triton X-100 for 15 
m, and blocked with 4% bovine serum albumin (BioFroxx, 
Einhausen, Germany) for 1 h. Then, the cells were incu-
bated with anti-LC3 antibody (MBL) at RT for 2 h, and with 
the secondary antibody conjugated to fluorescein isothio-
cyanate in dark at RT for 1 h. Finally, nuclei were stained 
with Hoechst 33258 for 3 m after washing. The intensity of 
fluorescence was observed and pictured by confocal micros-
copy (Zeiss).

Statistical analysis

All experiments were performed in triplicate. Results were 
expressed as the mean±standard deviation. All data were 
analyzed with t-test using GraphPad Prism 7.0 (GraphPad 
Software Inc., La Jolla, CA, USA). A p-value of<0.05 was 
defined as statistically significant.

Results

Icaritin attenuated lipid accumulation in L02 and 
Huh-7 cells, and enhanced the mass of mitochondria 
of L02 cells

L02 and Huh-7 cells were treated with sodium oleate at 100 
µM for 24 h to establish the NAFLD cell model. Icaritin at-
tenuated lipid accumulation in L02 cells at 0.7, 2.2, 6.7, 
and 20 µM, as detected by Bodipy staining (Fig. 1B, C). As 

shown in Fig. 1 D and E, icaritin significantly attenuated lipid 
accumulation in Huh-7 cells, as detected by oil red O stain-
ing. Besides, the mass and fluorescence intensity of mito-
chondria in L02 cells was enhanced by icaritin (Fig. 1F, G).

Icaritin enhanced the glucose uptake, decreased 
the ATP content, and activated the LKB1/AMPK/ACC 
pathway in 3T3-L1 adipocytes and C2C12 myotubes

Icaritin significantly enhanced glucose uptake of both 3T3-
L1 adipocytes (Fig. 2A, B) and C2C12 myotubes (Fig. 2C, D) 
in a dose-dependent manner, compared with the untreat-
ed cells. Meanwhile, icairitin decreased the ATP content in 
3T3-L1 adipocytes (Fig. 2E) and C2C12 myotubes (Fig. 2F). 
Icaritin significantly enhanced the expression of CaMKKβ, 
p-LKB1, p-AMPK, and p-ACC in both 3T3-L1 adipocytes (Fig. 
3A–F) and C2C12 myotubes (Fig. 3G–L). The changes of p-
LKB1 and p-AMPK in 3T3-L1 adipocytes occurred in a dose-
dependent manner (Fig. 3C, E). As for C2C12 myotubes, 
the changes of expression of CaMKKβ, p-LKB1, and p-ACC 
also occurred in a dose-dependent manner (Fig. 3G–L). 
Interestingly, the constitutive expression of AMPK was de-
creased in both 3T3-L1 adipocytes and C2C12 myotubes 
(Fig. 3D, J).

Icaritin enhanced autophagy and promoted the initia-
tion of autophagy in autophagic flux in both 3T3-L1 
preadipocytes and C2C12 myoblasts

Icaritin enhanced the number of endogenous LC3 puncta 
in both 3T3-L1 preadipocytes (Fig. 4A, B) and C2C12 myo-
blasts (Fig. 4C, D) at 0.7, 2.2, 6.7, and 20 µM, as detected 
by immunofluorescence. For 3T3-L1 preadipocytes, the en-
hanced trend of LC3 puncta slightly decreased at 20 µM, 
while it was still higher than that observed in the untreat-
ed cells. Meanwhile, the expression of p62 was decreased 
by icaritin in both 3T3-L1 preadipocytes (Fig. 4E, F) and 
C2C12 myoblasts (Fig. 4H, I), compared to the untreated 
cells. The ratio of LC3II/LC3I in both cells was increased by 
icaritin (Fig. 4E, G, H, J). To investigate the role of icaritin 
on autophagic flux, we employed CQ. As shown in Fig. 5A 
and B, the combination of CQ and icaritin further increased 
LC3 puncta than icaritin alone (Fig. 5A, B, F, G). Consistent 
with the above observations, the ratio of LC3-II/I in 3T3-L1 
preadipocytes (Fig. 5C, E) and C2C12 myoblasts (Fig. 5H, J) 
was also increased by icaritin alone or in combination with 
CQ. Meanwhile, the expression of p62 was also increased by 
icaritin in combination with CQ (Fig. 5D, I).

Icaritin inhibited autophagy and enhanced the mito-
chondrial biogenesis in 3T3-L1 adipocytes and C2C12 
myotubes

Given that icartin induced autophagy in undifferentiated 
3T3-L1 preadipocytes and C2C12 myoblasts, we wondered 
whether icaritin was able to work uniformly in insulin-
resistant cells, 3T3-L1 adipocytes, and C2C12 myotubes. 
The western blotting analysis showed that the expression 
of p62 was increased by icaritin in both 3T3-L1 adipocytes 
(Fig. 6A, B) and C2C12 myotubes (Fig. 6D, E). Accordingly, 
the ratio of LC3-II/LC3-I in 3T3-L1 adipocytes and C2C12 
myotubes was decreased by icaritin to some extent (Fig. 
6A, C, D, F). Icaritin significantly boosted the mass and 
density of mitochondria of 3T3-L1 adipocytes (Fig. 7A, B) 
and C2C12 myotubes (Fig. 7H, I). The expression of sev-
eral proteins (SIRT1, PGC-1α, NRF1, and TFAM) which play 
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prominent roles in mitochondria biogenesis, were all signif-
icantly increased by icaritin in both cells (Fig. 7C–G, J–N). 

However, icaritin significantly enhanced the expression of 
TFAM in 3T3-L1 adipocytes only at 6.7 µM (Fig. 7C, G).

Fig. 2.  Icaritin increased the glucose uptake and decreased the ATP content in 3T3-L1 adipocytes and C2C12 myotubes. (A, B) 3T3-L1 adipocytes were 
treated with icaritin (0, 2.2, 6.7, or 20 µM), metformin (2.5 mM), or phloretin (100 µM) for 4 h. Glucose uptake in 3T3-L1 adipocytes was dose-dependently increased 
by icaritin, as observed by fluorescence microscopy after being stained with 2-NBDG. (C, D) C2C12 myotubes were treated as in (A). Icaritin increased the glucose 
uptake of C2C12 myotubes. (E, F) 3T3-L1 adipocytes and C2C12 myotubes were treated with icaritin (0, 2.2, 6.7, or 20 µM), or metformin (2.5 mM) for 24 h. The 
ATP content was decreased by icaritin, as determined using an ATP calorimetric assay kit. All values are presented as mean±standard deviation (n=3). *p<0.05; 
**p<0.01; ***p<0.001 vs. untreated cells. Abbreviations: ATP, adenosine triphosphate; Met, metformin; Phl, phloretin; 2-NBDG, 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-
4-yl) amino]-2-deoxy-D-glucose.
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Fig. 3.  Icaritin activated the AMPK pathway in 3T3-L1 adipocytes and C2C12 myotubes. 3T3-L1 adipocytes and C2C12 myotubes were treated with icaritin 
(0, 0.7, 2.2, 6.7, or 20 µM), or metformin (2.5 mM) for 24 h. (A–F) Icaritin increased the expression of CaMKKβ, the ratio of p-LKB1/LKB1, p-AMPK/AMPK, and p-ACC/
ACC in 3T3-L1 adipocytes, as detected by western blotting. (G–L) Icaritin increased the expression of CaMKKβ, the ratio of p-LKB1/LKB1, p-AMPK/AMPK, and p-ACC/
ACC in C2C12 myotubes, as detected by western blotting. Values are presented as mean±standard deviation (n=3). *p<0.05; **p<0.01; ***p<0.001 vs. untreated 
cells. Abbreviations: ACC, Acetyl-CoA carboxylase; AMPK, adenosine 5′-monophosphate-activated protein kinase; CaMKKβ, Calcium/calmodulin-dependent protein 
kinase kinase β; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; LKB1, liver kinase B1; p-ACC, phospho-ACC; p-AMPK, phospho-AMPK; p-LKB1, phosphor-LKB1.
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Fig. 4.  Icaritin promoted autophagy in 3T3-L1 preadipocytes and C2C12 myoblasts. 3T3-L1 preadipocytes and C2C12 myoblasts were treated with icaritin (0, 
0.7, 2.2, 6.7, or 20 µM) for 24 h. (A–D) 3T3-L1 preadipocytes and C2C12 myoblasts were incubated with an anti-LC3 antibody and the secondary antibody conjugated 
to fluorescein isothiocyanate. Icaritin increased endogenous LC3 puncta in 3T3-L1 preadipocytes and C2C12 myoblasts, as observed by confocal microscopy. (E–J) 
Icaritin decreased the expression of p62 and increased LC3II/LC3I in 3T3-L1 preadipocytes and C2C12 myoblasts, as detected by western blotting. All values were pre-
sented as mean±standard deviation (n=3). *p<0.05; **p<0.01; ***p<0.001 vs. untreated cells. Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Discussion

Accumulating evidence has demonstrated the anti-cancer 
effects of icaritin. However, there have been no reports on 
its roles in NAFLD, so far. Enhancing energy expenditure 

and inhibiting lipid accumulation is an effective strategy to 
combat NAFLD. Our results showed that icaritin significant-
ly attenuated sodium oleate-induced lipid accumulation in 
L02 and Huh-7 cells. Icaritin increased the number and 
fluorescence intensity of mitochondria in L02 cells. Accord-
ingly, icaritin decreased the ATP content of 3T3-L1 adipo-

Fig. 5.  Icaritin promoted initiation of autophagy in autophagic flux of 3T3-L1 preadipocytes and C2C12 myoblasts. 3T3-L1 preadipocytes and C2C12 
myoblasts were treated with icaritin (6.7 µM) alone or in combination with CQ (10 µM) for 24 h. (A, B) 3T3-L1 preadipocytes were incubated with an anti-LC3 antibody 
and the secondary antibody conjugated to FITC. Icaritin increased the endogenous LC3 puncta in 3T3-L1 preadipocytes, which was further increased by the combina-
tion of CQ, as observed by confocal microscopy. (C–E) Icaritin increased the expression of p62 and enhanced LC3II/LC3I of 3T3-L1 preadipocytes, which was further 
increased by the combination of CQ, as detected by western blotting. (F, G) C2C12 myoblasts were treated as in (A). Icaritin increased the endogenous LC3 puncta in 
C2C12 myoblasts, which was further increased by the combination of CQ. (H–J) Icaritin increased the expression of p62 and enhanced LC3II/LC3I of C2C12 myoblasts, 
which was further increased by the combination of CQ, as detected by western blotting. Values are presented as mean±standard deviation (n=3). *p<0.05; **p<0.01; 
***p<0.001 vs. vehicle or as indicated. Abbreviations: CQ, chloroquine; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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cytes and C2C12 myotubes. Our results demonstrated that 
icaritin does attenuate lipid accumulation through increas-
ing energy expenditure, making it a promising candidate 
for NAFLD.

As a well-recognized energy sensor, AMPK is in the cen-
tral position of energy status in the eukaryotic cytoplasm, 
which activates multiple signaling pathways to regulate 
mitochondrial function.13 It is worth noting that enhancing 
AMPK activity has been considered a feasible strategy for 
increasing energy expenditure and improving NAFLD.14 Our 
study demonstrated that icaritin activates the LKB1/AMPK/
ACC pathway. Interestingly, it also decreased the constitu-
tive expression of AMPKα. Decreased expression of AMPKα 
may be compensation or adaptation to the changed energy 
metabolism due to changed cellular status.15 Chronic en-
ergy imbalance is the common ground for many metabolic 
diseases, such as obesity, type 2 diabetes mellitus, and 
NAFLD. Since icaritin can increase energy expenditure by 
activating AMPK, we hypothesized that it may be a promis-
ing candidate for these metabolic diseases, including NAFLD.

Autophagy acts as a dynamic recycling system to gen-
erate new components and energy for cell repair and 
energy homeostasis.16 Autophagy stimulates cholesterol 
efflux, which in turn inhibits lipid accumulation.17 Our re-
sults showed that icaritin regulates autophagy according 
to the cellular status. Icaritin increased autophagy in 3T3-
L1 preadipocytes and C2C12 myoblasts. Similar to our re-
sults, icaritin induced autophagy in human GBM cell line 
U87 cells at 10 and 20 µM.18 The process between fus-
ing with the lysosome and then degrading is termed as 
“the initiation of autophagy”.19 CQ has been widely used 
to inhibit the last stage of autophagy, functioning through 
blocking lysosomal degradation.19 Our results showed that 
the LC3 puncta were significantly increased in both 3T3-
L1 preadipocytes and C2C12 myoblasts when treated with 
icaritin and CQ. Our results, thus, indicate that icaritin 
promotes the initiation of autophagy. However, activating 
autophagy also poses some risks since excess autophagy 

induces cell death.20 Icaritin rescued 3T3-L1 adipocytes 
and C2C12 myotubes out of this danger, which reduced 
the autophagy to a normal level. Fig. 8 summarizes our 
findings.

Our study has a couple of limitations. The effects of icari-
tin on lipid accumulation were explored by in vitro experi-
ments, which should be further confirmed in animal mod-
els. Besides energy expenditure, whether or not icaritin 
decreases energy intake should also be explored in animal 
models. Dysregulated autophagy leads to both impaired mi-
tochondrial biogenesis and mitochondrial dysfunction. The 
effects of icaritin on mitochondrial dysfunction should be 
measured in further studies.

In conclusion, our study demonstrated that icaritin at-
tenuates lipid accumulation by enhancing energy expendi-
ture and regulating autophagy. These effects were induced 
by activating the LKB1/AMPK/ACC pathway.
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Fig. 6.  Icaritin inhibited autophagy in 3T3-L1 adipocytes and C2C12 myotubes. 3T3-L1 adipocytes and C2C12 myotubes were treated with icaritin (0, 0.7, 2.2, 
6.7, or 20 µM) for 24 h. (A–C) Icaritin increased the expression of p62 and decreased LC3II/LC3I to some extent in 3T3-L1 adipocytes, as detected by western blotting. 
(D–F) Icaritin increased the expression of p62 and decreased LC3II/LC3I to some extent in C2C12 myotubes, as detected by western blotting. Values are presented as 
mean±standard deviation (n=3). *p<0.05; **p<0.01; ***p<0.001 vs. untreated cells. Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 7.  Icaritin promoted mitochondria biogenesis of 3T3-L1 adipocytes and C2C12 myotubes. 3T3-L1 adipocytes and C2C12 myotubes were treated with 
icaritin (0, 0.7, 2.2, 6.7, or 20 µM) for 24 h. (A, B) Icaritin enhanced the mitochondria biogenesis of 3T3-L1 adipocytes, as detected by MitoTracker Orange staining 
(red). (C–G) Expression of SIRT1, PGC-1α, NRF1, and TFAM was increased by icaritin in 3T3-L1 adipocytes, as detected by western blotting. Icaritin enhanced the ratio 
of SIRT1/GAPDH, PGC-1α/GAPDH, NRF1/GAPDH, and TFAM/GAPDH in 3T3-L1 adipocytes. (H, I) Icaritin enhanced mitochondria biogenesis of C2C12 myotubes, as de-
tected by MitoTracker Orange staining (red). (J–N) Icaritin enhanced the ratio of SIRT1/GAPDH, PGC-1α/GAPDH, NRF1/GAPDH, and TFAM/GAPDH in C2C12 myotubes. 
Values are presented as mean±standard deviation (n=3). *p<0.05; **p<0.01; ***p<0.001 vs. untreated cells. Abbreviations: GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase; NRF1, nuclear respiratory factor 1; PGC-1α, peroxisome proliferator-activated receptor gamma coactivator 1-alpha; SIRT1, silent mating type informa-
tion regulation 2 homolog 1; TFAM, transcription factor A.
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Abstract

Background and Aims: To investigate the usefulness of 
inflammation biomarkers to serve as a predictors of por-
tal vein thrombosis (PVT) postoperatively (post) in patients 
with portal hypertension after splenectomy and periesoph-
agogastric devascularization. Methods: A total of 177 liver 
cirrhosis patients were recruited from January 2013 to De-
cember 2017. They were divided into a PVT group (n=71) 
and a non-PVT group (n=106), according to ultrasound ex-
amination findings at 7-day post. Inflammation biomark-
ers involving platelet-to-lymphocyte ratio (PLR), neutro-
phil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte 
ratio (MLR), red blood cell distribution width-to-platelet 
ratio(RPR), mean platelet volume-to-platelet ratio (MPR) 
preoperatively (pre) and at 1, 3, 7-days post were record-
ed. Results: The univariate logistic regression analysis in-
dicated that PLR (pre) (odds ratio (OR)=3.963, 95% con-
fidence interval (CI)=2.070–7.587, p<0.000), MLR (pre) 
(OR=2.760, 95% CI=1.386–5.497, p=0.004), PLR (post-
day 7) (OR=3.345, 95% CI=1.767–6.332, p=0.000) were 
significantly associated with the presence of PVT. The mul-
tivariate logistic regression analysis results indicated that 
PLR (pre) (OR=3.037, 95% CI=1.463–6.305, p=0.003), 
MLR (pre) (OR=2.188, 95% CI=1.003–4.772, p=0.049), 
PLR(post-day 7) (OR=2.166, 95% CI=1.053–4.454, 
p=0.036) were independent factors for predicting PVT. 
Conclusions: The PLR (pre), MLR (pre), and PLR (post-day 
7) are predictors of portal vein thrombosis post in patients 
with portal hypertension after splenectomy and periesoph-
agogastric devascularization.

Citation of this article: Han JB, Shu QH, Zhang YF, Yi 
YX. Predictive value of inflammation biomarkers in pa-
tients with portal vein thrombosis. J Clin Transl Hepatol 
2021;9(3):384–391. doi: 10.14218/JCTH.2020.00159.

Introduction

Splenectomy and periesophagogastric devascularization is 
one of the main procedures for the management of portal 
hypertension and hypersplenism, especially for patients with 
variceal bleeding. The incidence of portal vein thrombosis 
(PVT) after such surgery can be as high as 6.3%∼39.0%.1 
PVT is characterized by partial or total occlusion of the por-
tal vein, with the presence of solid intraluminal material. 
It can elevate the resistance to portal inflow as the portal 
venous pressure is increased. Consequently, liver function 
becomes deteriorated due to the decreased blood flow to 
the liver. It also shows increased rate of re-bleeding and 
aggravated progression of bleeding.2,3 The rate of bleeding 
in liver cirrhosis patients with PVT is higher than in those 
without PVT.4 Besides these harmful effects, PVT even influ-
ences the eligibility for liver transplantation, since it makes 
the operative technique more complicated and decreases 
the 1-year survival rate of the recipient.5,6

Vascular endothelial injury, blood flow alteration, and 
prothrombotic condition are the three major determinants 
of venous thrombosis, described as Virchow’s triad.7 Previ-
ous research has indicated that a higher model for end-
stage liver disease (MELD) score, wider splenic vein diame-
ter, increased antithrombin III concentration and prolonged 
prothrombin time are risk factors of PVT after splenectomy 
in patients with liver cirrhosis.8–11

However, an accumulation of evidence suggests that 
systemic inflammatory response is associated with the de-
velopment of venous thrombosis.12–17 Some inflammation 
biomarkers involving platelet-to-lymphocyte ratio (PLR), 
lymphocyte-to-monocyte ratio (LMR), and neutrophil-to-
lymphocyte ratio (NLR) have been demonstrated to be 
useful in predicting venous thromboembolism (deep vein 
thrombosis of the lower limbs and/or pulmonary embolism 
or cerebral vein thrombosis).18–21 Another series of an index 
involving the monocyte-to-lymphocyte ratio (MLR), NLR, 
prognostic nutritional index (PNI), red blood cell distribution 
width-to-platelet ratio (RPR), and mean platelet volume-to-
platelet ratio (MPR) consists of inflammation response bio-
markers associated with the prognostic of inflammatory dis-
ease, viral infection disease, coronary artery disease, and 
malignant tumor.18–24 However, whether these inflammation 
biomarkers are able to detect the probability of PVT forma-
tion is still unclear.

In previous studies, inflammation biomarkers were not 
dynamically observed, and the surgery itself may cause the 
ongoing inflammatory response resulting in change of these 
markers. In this study, inflammatory biomarkers were de-
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tected at certain times before and after surgery. We aimed 
to determine whether these inflammation biomarkers could 
serve as predictors of PVT in liver cirrhosis patients with 
portal hypertension after splenectomy and periesophago-
gastric devascularization.

Methods

Patients

We conducted a retrospective analysis of the patients con-
secutively admitted to the Hospital for portal hypertension, 
who had been diagnosed according to the following crite-
ria: hypersplenism (platelet count <100×109/L) or gas-
troesophageal varices between the dates of January 2013 
to December 2017 (Fig. 1). All selected patients had un-
dergone splenectomy combined with periesophagogastric 
devascularization. Exclusion criteria were as follows: 1) liver 
tumor; 2) liver cirrhosis patients associated with preopera-
tive PVT; 3) liver cirrhosis patients associated with congeni-
tal thrombotic disease or hematopoietic disease; 4) use of 
anticoagulation or anti-inflammation drugs; 5) severe organ 

dysfunction; or 6) incomplete clinical information. Before 
surgical procedures, all patients or their relatives provided 
informed consent and the investigation was carried out in 
line with the principles of the Declaration of Helsinki (as 
revised in Fortaleza, Brazil, October 2013). The Ethics Com-
mittee of the Second Hospital of Nanjing approved the study 
protocol.

Laboratory tests

Blood specimens were collected from the peripheral vein. 
Data collected from blood tests included assessment of liver 
function, renal function, coagulation parameters, etiology of 
liver disease, and blood morphology. Electrocardiography, 
chest radiography, ultrasound examination, endoscopy of 
the upper gastrointestinal tract, and contrast-enhanced spi-
ral computed tomography were performed on each patient 
before the operation. Cirrhosis was confirmed by pathologi-
cal investigation postoperatively (post). The severity of cir-
rhosis was evaluated by the MELD and Child-Turcotte-Pugh 
(CTP) scores. Blood tests, including assessment of liver 
function, renal function, blood coagulation, and blood mor-
phology, were conducted again on days 1, 3, and 7 after 

Fig. 1.  Flow diagram of the study population. PVT, portal vein thrombosis.
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the operation. Two independent radiologists evaluated the 
presence and extent of PVT, velocity of portal blood flow of 
PVT preoperatively (pre) and at day 7 post by color Doppler 
ultrasound examination. Besides, the basic demographic 
and clinical characteristics (age, gender, body mass index), 
etiology of liver cirrhosis, and emergency surgery were also 
recorded.

Definitions

PLR was defined as the absolute platelet count divided by 
lymphocyte count (109/L). NLR was the ratio of absolute 
neutrophils count to lymphocyte count (109/L). MLR was cal-
culated as absolute monocyte count divided by lymphocyte 
ratio count (109/L), and the MPR as mean platelet volume 
divided by platelet count (109/L). While RPR referred to the 
ratio of red cell distribution width to platelet count (109/L).  
PNI was calculated as albumin (g/L) + 5× total lymphocyte 
count (109/L).20

Operation

Although the standard surgical procedure of splenectomy 
with periesophagogastric devascularization has been com-
monly described, we still need to make a brief statement. 
The open operation was performed by using an extended 
left subcostal incision. The routine splenectomy was firstly 
performed, and then periesophagogastric devascularization 
was performed. Firstly, the gastric branch of the right gastric 
vein near the gastric angular incisura and small branches of 
the gastric coronary veins were disconnected. Secondly, the 
esophageal branch (i.e. esophageal branch of the gastric 
coronary vein; high esophageal branch of the gastric coro-
nary vein; aberrant high esophageal branch of the gastric 
coronary vein) was disconnected and suture-ligated, involv-
ing up to 10 cm of the esophageal inferior segment. The 
gastric posterior veins and short gastric veins were discon-
nected, and then the left subphrenic vein was also discon-
nected. In addition, the corresponding arteries, including 
the left gastric artery, left gastroepiploic artery, gastric pos-
terior artery, and left subphrenic artery, were also ligated.

Statistical analysis

The measurement data were presented as mean±standard 
deviation (normal distribution). Statistically significant dif-
ferences were evaluated with Student’s t-test (normal dis-
tribution). Qualitative data were summarized as n (%), and 
statistically significant differences were evaluated using the 
chi-square test. Receiver operating characteristic curves 
were constructed to assess the indicative values of the in-
flammation biomarkers. The areas under the curves (AUCs) 
were calculated with 95% confidence intervals (CIs). The 
Youden index was applied to determine the optimal cutoff 
value for every indicator. Significant variables of PVT from 
univariate analysis were included in multivariate analysis 
when performing forward stepwise logistic regression mod-
eling. Data were analyzed by SPSS version 16 (SPSS Inc., 
Chicago, IL, USA). A p-value of less than 0.05 was consid-
ered statistically significant.

Results

We collected data for 223 patients with splenectomy. In to-
tal, 46 patients were excluded for the following reasons: 

hematopoietic disease (n=6); liver tumor (n=9); PVT pre 
(n=17); no portal vein evaluation pre and post (n=14). Fi-
nally, 177 patients who meet the criteria were enrolled in 
this study. The patients were divided into the PVT group 
(n=71) and the non-PVT group (n=106) according to the 
finding of PVT post. Baseline characteristics and clinical and 
laboratory parameters of the two groups are presented in 
Table 1. There were no significant differences between the 
two groups, with respect to gender, body mass index, etiol-
ogy of liver cirrhosis, emergency surgery, portal blood flow 
velocity, CTP score, and MELD score.

Significant differences in basic characteristics of the pa-
tients, including age (p=0.027), PLR (p=0.007), NLR (p= 
0.035), MLR (p=0.037), and lymphocyte count (p=0.002), 
were observed between the two groups. On day 3 post, the 
PLR of the PVT group was higher than that of the non-PVT 
group (p=0.027). In day 7 post, PLR (p=0.001), MLR (p= 
0.023), PLT (p=0.030), and lymphocyte count (p=0.009) 
were significantly different among the groups. The data are 
illustrated in Table 2.

Youden index analysis showed the optimal cutoff points 
for NLR (pre), PLR (post-day 3), MLR (post-day 7), and PLT 
(post-day 7) were 3.7, 139, 1.055, and 263.5, respectively. 
The cutoff value for PLR (pre) was 70.5, with a sensitivity 
of 0.714 and a specificity of 0.614. The cutoff value for MLR 
(pre) was 0.295, with a sensitivity of 0.783 and a specificity 
of 0.434. The cutoff value for PLR (post-day 7) was 230.5, 
with a sensitivity of 0.657 and a specificity of 0.647 (Table 
3). Receiver operating characteristic curve analysis identi-
fied the AUC for PLR (pre), MLR (pre), PLR (post-day 7), 
and PLR (pre) combined with MLR (pre) as 0.665, 0.618, 
0.655, and 0.697, respectively (Fig. 2). Obviously, they 
were all better than the AUC values for NLR (pre) (0.600), 
PLR (post-day 3) (0.595), MLR (post-day 7) (0.607), and 
PLT (post-day 7) (0.604).

The univariate logistic regression analysis indicated that age 
[odds ratio (OR)=1.958, 95% CI=1.051–3.647, p=0.034], 
NLR (pre) (OR=2.969, 95% CI=1.417–6.220, p=0.004), PLR 
(pre) (OR=3.963, 95% CI=2.070–7.587, p<0.000), MLR (pre) 
(OR=2.760, 95% CI=1.386–5.497, p=0.004), PLR (post-day 
3) (OR=2.615, 95% CI=1.342–5.098, p=0.005), PLR (post-
day 7) (OR=3.345, 95% CI=1.767–6.332, p=0.000), MLR 
(post-day 7) (OR=2.567, 95% CI=1.312–5.022, p=0.006), 
and PLT (post-day 7) (OR=2.437, 95% CI=1.313–4.527, 
p=0.005) were significantly associated with the presence of 
PVT.

Multivariate logistic regression analysis was conducted to 
verify the predictive value of the factors including age, NLR 
(pre), PLR (pre), MLR (pre), PLR (post-day 3), PLR (post-
day 7), MLR (post-day 7), and PLT (post-day 7). The results 
indicated that PLR (pre) (OR=3.037, 95% CI=1.463–6.305, 
p=0.003), MLR (pre) (OR=2.188, 95% CI=1.003–4.772, 
p=0.049), and PLR (post-day 7) (OR=2.166, 95% CI=1.053–
4.454, p=0.036) were independent factors for predicting PVT 
(Table 4).

According to the cutoff values for PLR (pre) and MLR 
(pre), the patients were divided into the following three 
groups: PLR (pre) ≤70.5 with MLR (pre) ≤0.295; PLR (pre) 
≤70.5 with MLR (pre) > 0.295 or PLR (pre) >70.5 with 
MLR (pre) ≤0.295; and, PLR (pre) >70.5 with MLR (pre) > 
0.295. PLR (pre) ≤70.5 with MLR (pre) ≤0.295 was selected 
as reference. Multivariate logistic regression analysis was 
performed and showed that PLR (pre) >70.5 and MLR (pre) 
>0.295 were associated with the greatest predictive value 
between the three groups (Table 5).

Discussion

PVT after splenectomy and periesophagogastric devascu-
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larization is a life-threatening complication for its serious 
consequences involving the increased rate of re-bleeding, 
complicated liver transplantation technique, and deterio-
ration of liver function.25 The relationship between venous 
thromboembolism and inflammation response has been 
controversial, with it being unknown whether inflammation 
is casual in the development of venous thrombosis or in-
stead a consequence of venous thrombosis. A growing body 
of data suggests that inflammation plays a vital role in the 
pathogenesis of venous thromboembolism.13–17 The inflam-
matory process can influence coagulation from the follow-
ing three aspects: down-regulation of physiological antico-
agulant pathways, inhibition of fibrin removal, and initiation 
of coagulation activation.26 This would result in the shift of 
hemostatic balance toward a prothrombotic state. Besides, 
inflammation may increase the damage of endothelial cells. 
Some inflammatory biomarkers, such as PLR, NLR, and 
LMR, have been confirmed as useful predictive measures of 
deep vein thrombus.27–30

There is no significant difference with respect to pre 
platelet count and monocyte count between the PVT group 
and the non-PVT group. Elevated levels of pre PLR and MLR 
in the PVT group primarily result from a decreased number 
of lymphocytes compared with that in the control group. 
The lymphocyte is the major cell component of the immune 
system that represents the immunomodulatory pathway 
and plays a crucial role in regulating systemic inflamma-
tion.31 As systemic inflammation worsens, peripheral lym-
phocyte count becomes reduced as a result of cell apopto-
sis, necrosis, and redistribution. In hepatitis B virus-related 
acute-on-chronic liver failure, systemic inflammation is the 

result of depletion in circulating lymphocytes.32 The lym-
phocyte count in the PVT group of our study was lower 
than that of the control group, indicating suppressed im-
munity. We hypothesized that the intestinal lumen bacterial 
products penetrated into the circulation in patients with ad-
vanced cirrhosis and portal hypertension due to depressed 
immunity. The combination of bacterial distribution and 
suppressed immunity ultimately may result in more critical 
portal vein and systemic inflammation in the PVT group. 
The inflammation of the vessel wall will initiate thrombus 
formation.

The elevated level of PLR (post-day 7) may primarily re-
sult from an increased platelet count and a decreased lym-
phocyte count compared to counts in the control group. We 
found the platelet count to be increasing gradually after 
splenectomy, and the platelet count of the PVT group in 
the 7-day post group to be significantly higher than that of 
the non-PVT group; there were no significant differences for 
that between the groups at pre and post-day 1 or post-day 
3. Evidence suggest that platelets play a less important role 
in venous thrombosis than in arterial thrombosis. This was 
supported by the findings from pathological analysis, which 
showed the arterial thrombi to mainly consist of platelets 
and the venous thrombi to mainly consist of red blood cells 
and fibrin, at least initially. The involvement of platelets in 
the formation of venous thrombosis is slight at an early 
stage; at a later stage, platelets appear to play a slightly 
more major role because the subsequent layers of venous 
thrombi contain some platelets.14 To concretely determine 
the roles of platelets in the formation of venous thrombo-
sis more research is needed. This may be helpful for clini-

Table 1.  Demographic and clinical characteristics of the study population at baseline

Variable PVT, n=71 Non-PVT, n=106 p-value

Age in years 45.90±9.50 49.36±10.48 0.027

Gender, male/female 51/20 68/38 0.286

BMI 23.29±2.88 22.94±3.22 0.478

Etiology, hepatitis B/others 62/9 87/19 0.348

Emergency surgery, yes/no 23/48 26/80 0.252

Velocity of portal blood flow in cm/s 18.33±4.87 17.85±5.34 0.598

Thickness of spleen in mm 61.56±12.59 58.31±15.28 0.184

Longitudinal diameter of spleen in mm 184.84±31.55 169.81±22.87 0.053

CTP score, A/B/C 53/18/0 75/31/0 0.570

MELD score 10.94±2.37 10.77±2.36 0.639

PT in s 15.83±2.04 15.56±2.25 0.423

TBIL in µmol/L 22.88±13.20 23.52±11.64 0.732

DBIL in µmol/L 9.24±5.49 10.95±6.76 0.079

ALB in g/L 37.21±5.07 36.43±5.51 0.345

GLB in g/L 25.77±4.79 27.13±6.92 0.152

AKP in U/L 145.61±53.14 85.42±40.41 0.348

GGT in U/L 143.38±47.89 134.29±73.39 0.299

ACE 3,876.00±1,320.28 3,866.90±1,398.56 0.966

BUN in mmol/L 5.65±2.36 6.73±7.48 0.244

Cr in µmol/L 65.54±15.42 62.97±18.62 0.341

INR 1.37±0.17 1.34±0.20 0.278

ACE, acetylcholinestrase; AKP, alkaline phosphatase; ALB, albumin; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatine; DBIL, direct bilirubin; GGT, glutamyl 
transpeptidase; GLB, globulin; INR, international normalized ratio; PT, prothrombin time; TBIL, total bilirubin.
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cians to determine when and which anticoagulation therapy 
should be recommended. The result indicates that taking an 
anti-platelet drug from the post-day 7 time point should be 
an alternative.

The use of anticoagulation for PVT is strongly recom-
mended because of the fact that spontaneous recanalization 
of PVT rarely happens; however, this therapy is associated 
with anticoagulation-related bleeding. Which subgroup of 
patients who undergo surgery and will benefit most from 
anticoagulant therapy remains an unresolved issue. Early 
selection of appropriate patients is critical. The two inflam-
mation biomarkers, pre PLR and MLR, are significantly asso-

ciated with a diagnosis of PVT. Further analysis demonstrat-
ed that with a combination index of pre PLR >70.5 and MLR 
>0.295, the risk of PVT increased 8.148-fold compared with 
that of PLR ≤70.5 and MLR≤ 0.295. Patients with PLR >70.5 
and MLR >0.295 are at high risk for development of post 
PVT. The increased PLR and MLR preoperatively may reflect 
a serious thrombus burden. As the thrombus burden be-
comes aggravated, the risk of PVT becomes increased. This 
contributes to enhancing our ability to identify the high-risk 
population and provide a bias for clinic intervention at an 
early stage. Resveratrol has been demonstrated to reduce 
the incidence of PVT after splenectomy in an animal model, 

Table 3.  Receiver operating characteristics curve of predictive variables for patients with PVT

Variable Cutoff value AUC (95%CI) Sensitivity, % Specificity, % p-value

NLR (pre) 3.7 0.600 (0.515–0.685) 32.9 85.8 0.025

PLR (pre) 70.5 0.665 (0.585–0.746) 71.4 61.4 0.000

MLR (pre) 0.295 0.618 (0.534–0.703) 78.3 43.4 0.008

PLR (post-day 3) 139 0.595 (0.508–0.682) 73.1 48 0.037

PLR (post-day 7) 230.5 0.655 (0.571–0.739) 65.7 64.7 0.001

MLR (post-day 7) 1.055 0.607 (0.523–0.692) 75.4 45.6 0.017

Table 2.  Characteristics of inflammation biomarkers at pre and post-days 1, 3, and 7

Variables PVT (pre) Non-PVT 
(pre) P-value PVT  

(post-D1)
Non-PVT  
(post-D1) p-value

WBC as 109/L 2.60±2.40 2.66±1.75 0.867 17.61±6.92 16.96±6.80 0.537

Neutrophils as 109/L 1.82±2.14 1.69±1.41 0.609 15.55±6.53 15.06±6.47 0.623

Lymphocytes as 109/L 0.51±0.25 0.67±0.37 0.002 0.69±0.45 0.65±0.37 0.526

Monocytes as 109/L 0.22±0.14 0.23±0.14 0.720 1.29±0.76 1.20±0.63 0.403

PLT as 109/L 44.39±25.68 43.74±24.90 0.869 83.01±29.72 82.69±30.02 0.944

PNI 39.86±5.06 39.62±6.02 0.780 39.48±4.50 38.59±4.55 0.205

PLR 92.61±43.68 73.72±46.13 0.007 175.92±176.30 168.51±112.74 0.735

NLR 3.63±3.21 2.70±2.18 0.035 37.78±59.96 32.26±29.37 0.421

MLR 0.46±0.25 0.38±0.24 0.037 2.69±2.62 2.36±1.87 0.322

RPR 0.49±0.23 0.47±0.21 0.411 0.25±0.14 0.23±0.12 0.307

MPR 0.30±0.14 0.32±0.17 0.334 0.180±0.181 0.16±0.08 0.376

Variables PVT  
(post-D3)

Non-PVT  
(post-D3) p-value PVT  

(post-D7)
Non-PVT  
(post-D7) p-value

WBC as 109/L 13.64±4.75 14.03±5.04 0.608 11.30±4.20 11.65±4.96 0.628

Neutrophils as 109/L 11.21±4.40 11.49±4.70 0.688 8.45±3.67 8.64±4.45 0.770

Lymphocytes as 109/L 0.84±0.43 0.93±0.51 0.266 1.00±0.41 1.19±0.52 0.009

Monocytes as 109/L 1.37±0.65 1.36±0.63 0.927 1.45±0.69 1.39±0.67 0.552

PLT as 109/L 143.35±54.45 130.39±64.60 0.162 275.17±122.08 233.98±123.30 0.030

PNI 39.59±3.69 40.09±4.55 0.458 40.56±4.19 40.75±5.50 0.811

PLR 230.60±160.50 182.03±121.49 0.027 319.23±192.50 223.99±137.22 0.001

NLR 17.19±11.53 15.44±10.42 0.311 9.16±4.74 8.34±5.38 0.301

MLR 2.04±1.23 1.77±1.25 0.166 1.60±0.87 1.31±0.77 0.023

RPR 0.147±0.083 0.153±0.089 0.651 0.08±0.05 0.10±0.08 0.155

MPR 0.096±0.062 0.108±0.057 0.214 0.05±0.04 0.07±0.05 0.071

WBC, white blood cell count.
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via a regulation of platelet function and induction of platelet 
apoptosis.33 Besides that, statins have been used as anti-
thrombotic therapy for their anti-inflammatory effect.34 This 
type of therapy could decrease the rate of venous throm-

bosis via the reduction of proinflammatory cytokines and 
chemokines. However, the current guideline of anticoagu-
lation management did not recommend the treatment of 
inhibiting inflammation. This study may help to suggest the 

Fig. 2.  ROC curve analysis for predicting PVT by PLR (pre), MLR (pre), PLR (post-D7) and combined markers in the estimation cohort. ROC, receiver 
operating characteristic.

Table 4.  Predictive variables of portal vein thrombosis by univariate and multivariate analyses

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age (≤50 vs. >50 years) 1.958 (1.051–3.647) 0.034

NLR (pre) (>3.7 vs. ≤3.7) 2.969 (1.417–6.220) 0.004

PLR (pre) (>70.5 vs. ≤70.5) 3.963 (2.070–7.587) 0.000 3.037 (1.463–6.305) 0.003

MLR (pre) (>0.295 vs. ≤0.295) 2.760 (1.386–5.497) 0.004 2.188 (1.003–4.772) 0.049

PLR (post-day 3) (>139 vs. ≤139) 2.615 (1.342–5.098) 0.005

PLR (post-day 7) (>230.5 vs. ≤230.5) 3.345 (1.767–6.332) 0.000 2.166 (1.053–4.454) 0.036

MLR (post-day 7) (>1.055 vs. ≤1.055) 2.567 (1.312–5.022) 0.006

Table 5.  Multivariate logistic regression analysis of predictive variables

Variable OR 95%CI P-value

PLR (pre) ≤70.5 and MLR (pre) ≤0.295

PLR (pre) >70.5 and MLR (pre) ≤0.295 2.750 1.008–7.502 0.048

PLR (pre) ≤70.5 and MLR (pre) >0.295

PLR (pre) >70.5 and MLR (pre) >0.295 8.148 3.005–22.093 <0.000



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  384–391390

Han J.B. et al: Inflammation biomarkers and thrombosis

role of anti-inflammation therapy as an optimal prophylac-
tic strategy. The identification of inflammation markers rel-
evant to the formation of PVT could provide definite targets 
for future therapy.

In this study, we found that PLR (pre), MLR (pre), and 
PLR (post-day7) are predictors of PVT post in patients un-
dergoing splenectomy and periesophagogastric devascu-
larization. Some potential limitations of this study should 
be noted. Firstly, this is a retrospective study performed in 
a single-center, and additional prospective and multicenter 
studies are needed. Secondly, the portal vein was assessed 
only on the seventh day after surgery. Dynamic observa-
tion of portal vein is proposed, as changes of inflammation 
biomarkers may represent an after-effect. Thirdly, former 
research confirmed that the anatomic extent of deep vein 
thrombosis was associated with changes of inflammation 
marker levels;12 the PVT group was not divided into any 
subgroups according to the extent of PVT.
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Abstract

Background and Aims: Primary biliary cholangitis (PBC) 
and autoimmune hepatitis (AIH) are hepatobiliary diseas-
es of presumed immune-mediated origin that have been 
shown to overlap. The aim of this retrospective trial was to 
use national data to examine the characteristics and out-
comes of patients hospitalized with overlapping PBC and 
AIH (PBC/AIH). Methods: The National Inpatient Sample 
was used to identify hospitalized adult patients with PBC, 
AIH, and PBC/AIH from 2010 to 2014 by International Clas-
sification of Diseases-Ninth Edition Revision codes; patients 
with hepatitis B virus and hepatitis C virus infection were 
excluded. Primary outcomes measures were in-hospital 
outcomes that included mortality, respiratory failure, septic 
shock, length of stay, and total hospital charges. Second-
ary outcomes were the clinical characteristics of PBC/AIH, 
including the comorbid extrahepatic autoimmune disease 
pattern and complications of cirrhosis. Results: A total of 
3,478 patients with PBC/AIH were included in the study. 
PBC/AIH was associated with higher rates of Sjögren’s syn-
drome (p<0.001; p<0.001), lower rates of Crohn’s disease 
(p<0.05; p<0.05), and higher rates of cirrhosis-related 
complications when compared to PBC or AIH alone. There 
were similar rates of mortality between the PBC/AIH, PBC, 
and AIH groups. The PBC/AIH group had higher rates of 
septic shock when compared to the PBC group (p<0.05) 
and AIH group (p<0.05) after adjusting for possible con-
founders. Conclusions: PBC/AIH is associated with a lower 
rate of Crohn’s disease, a higher rate of Sjögren’s syn-
drome, higher rates of cirrhosis-related complications, and 
significantly increased risk of septic shock compared to PBC 

and AIH individually.

Citation of this article: Jiang Y, Xu BH, Rodgers B, Pyr-
sopoulos N. Characteristics and inpatient outcomes of pri-
mary biliary cholangitis and autoimmune hepatitis overlap 
syndrome. J Clin Transl Hepatol 2021;9(3):392–398. doi: 
10.14218/JCTH.2021.00008.

Introduction

Primary biliary cholangitis (PBC) and autoimmune hepati-
tis (AIH) are diseases of presumed immune-mediated ori-
gin that affect the hepatobiliary system. They are distinct 
entities, though they share some similarities clinicopatho-
logically.1 Previous studies have suggested that variant 
forms of AIH develop in patients with PBC at diagnosis or 
during follow-up, and vice versa.2–4 It has also been re-
ported that patients with typical features of PBC or AIH can 
switch from one disease to another over time.3 Moreover, 
some patients present with overlapping features of these 
two disorders within the spectrum of autoimmune liver dis-
eases.5 As a result of these observed clinical correlations, 
there has been an increased focus on the overlap of PBC 
and AIH.

Whether the coexistence of PBC and AIH are sequential, 
a concurrent occurrence of two independent autoimmune 
liver diseases (AILDs), or a primary AILD with one or more 
features of another AILD, is still under debate.6 Neverthe-
less, it is important to recognize the coexisting disease 
pattern because it demonstrates unique clinical character-
istics and outcomes that are different from either PBC or 
AIH. Previous studies have found that patients with both 
features of PBC and AIH developed cirrhosis more rapidly 
and had decreased responses to ursodeoxycholic acid and 
steroid therapy compared to AIH alone.7 Compared to the 
PBC group, patients with PBC and AIH overlap have shown 
higher rates of mortality and orthotopic liver transplanta-
tion, with more cirrhosis-related complications, such as 
symptomatic portal hypertension, esophageal varices, gas-
trointestinal bleeding, and ascites.8,9 Additionally, a large 
number of extrahepatic autoimmune diseases were found 
to be associated with AIH and PBC.10

Due to the relatively low prevalence of both PBC and AIH, 
systemic studies with sufficient numbers have been chal-
lenging. Indeed, the previous studies have been limited by 
small population sizes; thus, variable results have been ob-
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autoimmune diseases; Cirrhosis-related complications; Septic shock; Hospital 
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tained, without firm conclusions. To date, there have not 
been large nationally representative studies to elucidate the 
characteristics and outcomes of PBC and AIH overlap syn-
drome.

In this nationwide study, we aimed to examine the char-
acteristics (including demographics, comorbidities, related 
interventions) and inpatient outcomes [including length of 
stay (LOS), total hospital charges, in-hospital mortality, 
respiratory failure, and septic shock] for patients admitted 
with concomitant PBC and AIH (i.e. PBC/AIH). Specifically, 
we investigated the comorbid extrahepatic autoimmune dis-
ease pattern and complications of cirrhosis in this patient 
population.

Methods

Data source

Data were obtained from the Nationwide Inpatient Sample 
(NIS) database, which is the largest all-payer inpatient care 
database in the USA. It is designed to approximate a 20% 
sample of the USA community hospitals. Yearly sampling 
weights are applied to generate national estimates.11 This 
database has been used previously to provide estimate bur-
dens of AIH12 and PBC13 hospitalizations in the USA. The 
data includes demographics (age, sex, race/ethnicity), hos-
pital information (bed size, type), insurance, discharge dis-
position, total hospital charges, and LOS. Diagnoses and 
procedures were identified by International Classification of 
Diseases-Ninth Edition Revision, Clinical Modification (ICD-9 
CM) codes.

Study design and inclusion criteria

This study was a retrospective cohort study of adult (18–90 
years-old) patients hospitalized with discharge diagnoses of 
both PBC (ICD-9 CM code: 571.6) and AIH (ICD-9 CM code: 
571.42) across the USA, from 2010 to 2014. Two control 
groups from the same time period were selected. One con-
trol group was all PBC patients without diagnosis of AIH 
(the PBC group), while the other control group was all AIH 
patients without diagnosis of PBC (the AIH group). All three 
groups excluded patients with the diagnoses of hepatitis B 
virus infection or hepatitis C virus infection. Demographic 
and clinical characteristics were collected (Table 1).

The Elixhauser Comorbidity Index,14 which measures 29 
common medical conditions and assigns different weights to 
compile a score, was used to analyze the severity of comor-
bidities. Other comorbid conditions included were hypercho-
lesterolemia, vitamin D deficiency, osteoporosis, obesity, 
cirrhosis-related complications, hepatocellular carcinoma, 
inflammatory bowel disease (ulcerative colitis and Crohn’s 
disease), lymphoma, non-dialysis dependent chronic kidney 
disease, end-stage renal disease and autoimmune diseas-
es, including Sjögren’s syndrome (SJS), systemic sclerosis 
(SS), rheumatoid arthritis, systemic lupus erythematosus, 
autoimmune thyroid disease (AITD), psoriasis and celiac 
disease. Hepatobiliary procedures or interventions such as 
liver transplantation and endoscopic retrograde cholangio-
pancreatography (commonly referred to as ERCP) were also 
included. ICD-9-CM codes are provided in the Supplemen-
tary Table 1.

Primary outcomes measures were in-hospital outcomes 
that included mortality, respiratory failure, septic shock, 
LOS, and total hospital charges. Secondary outcomes were 
the clinical characteristics of PBC/AIH, including the comor-
bid extrahepatic autoimmune disease pattern and complica-

tions of cirrhosis.

Statistical analysis

SAS survey procedures (SAS 9.4; SAS Institute Inc, Cary, 
NC, USA) were used for all statistical analyses. The national 
estimates were calculated after accounting for the sample 
design elements (clusters, strata, and trend weights) pro-
vided by the NIS. Continuous variables were reported as 
weighted means±standard errors, and categorical variables 
were reported as weighted numbers (n) and percentages 
(%). The standard errors of weighted means were esti-
mated by using the Taylor linearization method that incor-
porates the sample design. Rao-Scott modified chi-square 
test was used to test the difference of distribution for cat-
egorical variables, while weighted Student’s t-test was used 
to analyze the normally distributed continuous variables. 
Variables that are not normally-distributed were tested by 
Wilcoxon rank-sum tests. A multivariate logistic regression 
was used to estimate the odds ratio of in-hospital mortal-
ity, respiratory failure, and septic shock after adjusting for 
patient demographics, hospital bed size, hospital location/
teaching status, insurance type, median household income, 
Elixhauser Comorbidity Index score, and other comorbidi-
ties that showed statistically significant difference in com-
parisons between groups. In addition, a multivariate linear 
regression was used to estimate the average change in LOS 
and hospital charges after adjusting for the same covariates 
mentioned above.

Ethical information

Only de-identified patient demographics from the NIS data-
base were used and there were no patients actively involved 
in this study. Therefore, Institutional Review Board approval 
was deemed unnecessary.

Results

Patient characteristics (Table 1)

In this study, a total of 56,369 patients were admitted with 
PBC, 82,747 with AIH, and 3,478 with PBC/AIH. Those 
with PBC/AIH, PBC, and AIH were predominantly women 
(89.3%, 84.3%, and 80.2%, respectively) with a Cauca-
sian prevalence (58.2%, 71.2%, and 60%), as shown in 
Table 1. Compared to the PBC group, patients with PBC/AIH 
were younger in age (57.3 vs. 64.4 years, p<0.001) and 
more likely to be admitted to large (69.1% vs. 63.3%) and 
urban teaching (65.8% vs. 58.6%) hospitals. The PBC/AIH 
cohort was also associated with less hypercholesterolemia 
(2.3% vs. 3.8%, p<0.05), a lower rate of non-dialysis de-
pendent chronic kidney disease (10.5% vs. 13.9%, p<0.05) 
and fewer comorbid Crohn’s disease cases (0.4% vs. 0.9%, 
p<0.05). However, the PBC/AIH cohort was associated with 
significantly more SJS (7.2% vs. 3.1%, p<0.001) and sys-
temic lupus erythematosus (5.7% vs. 2.2%, p<0.05). Com-
pared with the AIH group, patients with PBC/AIH were de-
mographically similar but were associated with higher rates 
of vitamin D deficiency (4.1% vs. 2%, p<0.05) and osteo-
porosis (11.4% vs. 7.4%, p=0.002), and a lower rate of 
obesity (10.2% vs. 13%, p<0.05). Fewer comorbid Crohn’s 
disease (0.4% vs. 0.9%, p<0.05) cases and more SJS 
(7.2% vs. 2.4%, p<0.001) and systemic sclerosis (4.7% 
vs. 0.8%, p=0.001) cases were seen in the PBC/AIH group. 
Interestingly, the PBC/AIH group did not show significantly 
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different Elixhauser Comorbidity Index scores when com-
pared to the PBC or AIH groups.

Liver-related comorbid conditions

This study’s analysis revealed that PBC/AIH was associated 
with higher rates of ascites (20.7% vs. 14.8%, p<0.001) 
and portal hypertension (19.6% vs. 15.4%, p<0.05) com-
pared to PBC. Similarly, compared to AIH, PBC/AIH cas-
es were associated with higher rates of ascites (20.7% 
vs. 13.6%, p<0.001) and portal hypertension (19.6% vs. 
12.5%, p<0.001), and associated with higher rates of he-
patic encephalopathy (5.3% vs. 3.5%, p<0.05) and hepa-
torenal syndrome (2.3% vs. 1.1%, p<0.05). Furthermore, 
multivariate analysis (Table 2) demonstrated that PBC/AIH 
was associated with higher rates of ascites compared to 
PBC [adjusted odds ratio (aOR): 0.69, 95% confidence in-
terval (CI): 0.56–0.84, p<0.001] or AIH (aOR: 0.58, 95% 
CI: 0.48–0.71, p<0.001). In addition, PBC/AIH was associ-
ated with higher rates of variceal bleeding (aOR: 0.47, 95% 
CI: 0.25–0.88, p<0.05), portal hypertension (aOR: 0.57, 
95% CI: 0.47–0.7, p<0.001) and hepatorenal syndrome 
(aOR: 0.49, 95% CI: 0.29–0.84, p<0.05). Interestingly, 
when comparing the rates of hepatocellular carcinoma, liver 
transplantation, and interventions including diagnostic and 
therapeutic ERCP, there was no difference between PBC/AIH 
vs. PBC, or PBC vs. AIH.

In-hospital outcomes

For the measures of hospital stay outcomes, there was a 
similar rate of mortality (3.2% vs. 4.1%, p=0.190) and res-
piratory failure (3% vs. 3.4%, p=0.529) between the PBC/
AIH and PBC groups. Moreover, there was no statistically sig-
nificant difference in hospitalization burden found in terms 
of LOS (5.9±0.2 days vs. 5.8±0.1 days, p=0.628) or total 
hospital charges ($61539.8±3977.3 vs. $54295.5±1565.4, 
p=0.075). However, the PBC/AIH group had a significantly 

higher rate of septic shock (3.6% vs. 1.8%, p<0.05) than 
the PBC group. Additionally, compared to the AIH group, the 
PBC/AIH group was associated with a higher rate of septic 
shock (3.6% vs. 1.7%, p<0.05) and higher total hospital 
charges ($61539.8±3977.3 vs. $51638.1±1215.1, p<0.05). 
The rates of mortality (3.2% vs. 3.8%, p=0.380), respirato-
ry failure (3% vs. 2.9%, p=0.881), and LOS (5.9±0.2 days 
vs. 5.8±0.1 days, p=0.628) were not markedly different 
between the PBC/AIH and AIH groups (Table 1). Patients 
with PBC (aOR: 0.54, 95% CI: 0.35–0.83, p<0.05) and AIH 
(aOR: 0.49, 95% CI: 0.32–0.75, p=0.001) retained the 
lower rates of septic shock compared to patients with PBC/
AIH (Table 3) after adjusting for possible confounders.

Discussion

This nationwide study examined the characteristics and 
inpatient outcomes of PBC/AIH compared to PBC or AIH 
alone. The major finding included that PBC/AIH was associ-
ated with a specific extrahepatic autoimmune disease pat-
tern, with SJS being the most common extrahepatic auto-
immune disease. PBC/AIH patients had significantly higher 
rates of cirrhosis-related complications. Furthermore, this 
study found that PBC/AIH was associated with a higher 
rate of septic shock compared to PBC and AIH, individually. 
This finding remained significant after adjusting for possi-
ble confounders, which suggests that PBC/AIH patients may 
present with an increased level of immunosuppression that 
increases the risk of dysregulated response leading to dis-
seminated infection.

In regards to the higher rate of septic shock observed in 
the PBC/AIH cohort in this study, one possible explanation 
is the compromised immune system in PBC/AIH patients. It 
has been reported that PBC and AIH have a shared altered 
immune regulatory mechanism. Lohse et al.15 described 
the concept of “spontaneous immunosuppression” in AIH, 
based upon observations in a murine model of experimental 
AIH as well as in patients. T cells obtained during remission 
markedly suppressed the liver-specific T cell responses by 

Table 2.  Multivariate analysis for cirrhosis-related complications in patients hospitalized with primary biliary cholangitis (PBC), autoimmune hepatitis 
(AIH) and concomitant PBC and AIH (PBC/AIH)

Cirrhosis-related complications Unadjusted OR or 
coefficient (95% CI) p-value aOR or coeffi-

cient* (95% CI) p-value

Ascitesa 0.6 (0.55, 0.66) <0.001 0.58 (0.48, 0.71) <0.001

Hepatic encephalopathya 0.65 (0.56, 0.76) <0.001 0.71 (0.5, 1.02) 0.063

Variceal bleedinga 0.43 (0.32, 0.56) <0.001 0.47 (0.25, 0.88) <0.05

Portal hypertensiona 0.59 (0.54, 0.64) <0.001 0.57 (0.47, 0.7) <0.001

Hepatorenal syndromea 0.47 (0.38, 0.6) <0.001 0.49 (0.29, 0.84) 0.009

Spontaneous bacterial peritonitisa 0.5 (0.37, 0.67) <0.001 0.55 (0.27, 1.11) 0.093

Ascitesb 0.66 (0.61, 0.72) <0.001 0.69 (0.56, 0.84) <0.001

Hepatic encephalopathyb 0.68 (0.58, 0.8) <0.001 0.79 (0.55, 1.13) 0.195

Variceal bleedingb 0.71 (0.54, 0.93) <0.05 0.84 (0.45, 1.57) 0.582

Portal hypertensionb 0.75 (0.69, 0.82) <0.001 0.85 (0.69, 1.04) 0.105

Hepatorenal syndromeb 0.62 (0.49, 0.78) <0.001 0.69 (0.41, 1.19) 0.184

Spontaneous bacterial peritonitisb 0.51 (0.38, 0.7) <0.001 0.63 (0.31, 1.3) 0.215

aPBC/AIH as reference, results for the AIH group.
bPBC/AIH as reference, results for the PBC group.
*Adjusted for age, sex, race, primary insurance payer, hospital type, hospital bed size, income quartile, Elixhauser Comorbidity Index score, hypercholesterolemia, 
vitamin D deficiency, osteoporosis, obesity, Crohn’s disease, Sjögren’s syndrome, systemic sclerosis, systemic lupus erythematosus, autoimmune thyroid disease, and 
non-dialysis dependent chronic kidney disease.
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T cells obtained during the active phase of the AIH. Thus, 
it is postulated that spontaneous remission and long-last-
ing remission after discontinuance of immunosuppressive 
therapy may result from spontaneous immunosuppression. 
In addition, more data have suggested that regulatory T 
cells (Tregs) are numerically impaired in AILDs, especially 
during its active phase.16 Similarly, it was reported that the 
pathogenesis of PBC likely involves an imbalance in im-
mune tolerance rather than an over-reactive immune sys-
tem directed against a self-antigen,17,18 which explains the 
extensive failure of immunosuppressants in treating PBC.19 
Hence, immunoregulatory failure and dysfunction of Tregs 
play a vital role in the initiation and pathogenesis of both 
PBC and AIH, leading to further altered immune regulation 
in PBC/AIH, which may contribute to the increased rate of 
septic shock. An alternative explanation for the higher rate 
of septic shock in patients with PBC/AIH could be attrib-
uted to the treatment method. We hypothesize that more 
aggressive immunosuppressive induction and maintenance 
therapy offered to patients with PBC/AIH based on the rapid 
progression of disease course and higher rates of complica-
tions may further compromise the ability to protect against 
infection. Taken together, underlying dysregulation of the 
immune system from concomitant AILDs and related im-
munosuppressive treatment may increase the risk of septic 
shock.

Despite having the highest rate of septic shock, PBC/AIH 
had similar in-hospital mortality rates and LOS compared 
to PBC and AIH individually after adjusting for confounding 
factors. Previous studies have shown worse long-term mor-
tality rates and more liver-related deaths in the PBC/AIH 
overlap group.8,20 A plausible explanation for the contrary 
finding in this study is that PBC/AIH concomitant disease is 
a chronic progressive disease, either by its pathophysiol-
ogy or as a result of effective treatment, and is associated 
with less acute decompensation that would contribute to 
in-hospital mortality.

This analysis revealed that PBC/AIH patients were rel-
atively young and more likely to be admitted to a large 
teaching hospital when compared to PBC patients. This find-
ing reflects the complexity and severity of PBC/AIH. Not 
surprisingly, PBC/AIH was associated with more vitamin D 
deficiency and osteoporosis. These patients were also less 
likely to be obese when compared to AIH patients. These 
findings can be explained by steatorrhea and weight loss 
from malabsorption due to decreased biliary secretion of 
bile acids, which are commonly seen in advanced PBC.21,22 
Interestingly, this study found significantly less Crohn’s dis-
ease in the PBC/AIH group compared to either PBC or AIH. 
However, there was no difference in the incidence of ulcera-
tive colitis found between all three groups. Ulcerative colitis 
has been reported to share similar human leukocyte antigen 
haplotypes with PBC,23 and the same atypical antineutrophil 
cytoplasmic antibodies with AIH.24 However, the data avail-
able regarding the association between Crohn’s disease and 
PBC or AIH are very limited. The authors of one Japanese 
study commented on genetic polymorphisms, suggesting 
that they may be related to PBC and Crohn’s disease sus-
ceptibility. Three alleles involved in the interleukin-12 sign-
aling pathway perform in opposite directions in these two 
diseases, indicating an opposite pathogenic pathway that 
leads to a different balance of immune responses.25 Further 
investigation on how PBC and AIH interaction can affect the 
pathogenesis of Crohn’s disease is needed.

The observation of concurrent extrahepatic autoim-
mune diseases has been reported frequently in patients 
with AILDs.26,27 The “mosaic of autoimmunity” has been 
proposed to describe this condition.28 In our study’s hos-
pitalized patient cohort, SJS was the most common extra-
hepatic autoimmune comorbidity of PBC/AIH. Consistently, 
two other studies documented SJS as the most common Ta
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systemic autoimmune disease in AILDs.10,26 It is reported 
that both PBC and SJS are characterized by inflammation 
of target epithelial elements sharing a similar target anti-
gen.10,29 Similarly, an inflammatory process with CD3+ T 
cell predominant lymphocytic infiltration on histological ex-
amination has been found in both liver and labial salivary 
glands in AIH patients.30 These findings support a close re-
lationship between PBC/AIH and SJS. AITD was reported 
to have a high prevalence rate in AILDs. In one study that 
focused on the gastroenterology clinic population, AITD was 
found in 18.3% of patients.10 Conversely, this study’s in-
patient population cohort did not show a significantly high 
number of patients with AITD. This result may be attributed 
to underestimation by lacking specific ICD-9 codes or miss-
ing documentation in hospitalized patients, given the rela-
tive chronic course of AITD.

This study revealed higher rates of cirrhosis-related com-
plications, most notably in ascites in the PBC/AIH group 
compared with PBC or AIH alone. Moreover, the PBC/AIH 
group demonstrated higher rates of variceal bleeding, portal 
hypertension and hepatorenal syndrome when compared 
to the AIH group. These results are consistent with previ-
ous findings7–9 in which clinically significant progression to 
cirrhosis-related complications were more likely to be seen 
in the PBC/AIH population. In AILDs such as PBC or AIH, 
liver fibrogenesis is a complex process, influenced by im-
mune and inflammatory mechanisms. The activation of he-
patic stellate cells is considered the most important event in 
the fibrogenesis of both PBC31 and AIH.32 Portal fibroblasts, 
located around portal tracts, have been reported to be of 
particular importance in PBC and differentiate from hepatic 
stellate cells in regards to their profibrogenic function.33 The 
targets of the autoimmune response in AIH are hepatocytes, 
whereas the target in PBC is the biliary epithelial cells. In 
addition to the classic wound healing reaction from un-re-
solving inflammation and persistent liver injury, the prolif-
eration of bile ducts and the direct or indirect contribution 
of bile acid to the fibrogenic process has been reported in 
PBC.34,35 Furthermore, other mediators (such as CD4+ and 
CD8+ T cell response36,37 and nitric oxide38,39) and other 
mechanisms (such as oxidant stress liver injury40,41) for the 
process of liver fibrogenesis have been shown to be shared 
by PBC and AIH. Considering the shared and disease-spe-
cific features between PBC and AIH fibrogenesis pathways, 
it can be hypothesized that an overlapping immune-medi-
ated process accelerates the liver fibrogenesis in PBC/AIH 
overlap syndrome by targeting both hepatocytes and bil-
iary epithelial cells, which may subsequently cause a higher 
prevalence of cirrhosis-related complications. Although the 
exact pathways of the overlapping immune-mediated pro-
cess are unclear, this hypothesis is supported by several 
retrospective studies on the treatment of PBC/AIH, in which 
stable and decreased liver fibrosis states were observed in 
the patients with PBC/AIH who received combined immuno-
suppressive therapy.5,42,43

This study has several strengths and limitations. With 
nationwide samples, the NIS database provided the larg-
est sample size to study two concomitant uncommon con-
ditions, PBC and AIH. Therefore, our results are based on 
a high-power study and provide a national review of the 
disease. However, all diagnoses are dependent on the ac-
curacy of ICD-9 codes, for which validation is routinely per-
formed by the Agency for Healthcare Research and Quality, 
although coding errors may compromise the quality of the 
data. A recent study using the main diagnostic ICD-9-CM 
code (571.6) for PBC showed a good accuracy with most 
clinical and demographic parameters, comparable to the 
previously reported data.13 There are other inherent limi-
tations of this NIS study. For example, NIS provides inpa-
tient data but none of the laboratory values, images, or 
pharmacological interventions are recorded. Therefore, in-

formation about outpatient follow-up, long-term outcomes 
or prognosis are not available, and additional information 
that may help better classify PBC/AIH overlap syndrome, 
such as liver function test results and histologic findings are 
not available. Also, a small proportion of patients who had 
readmissions were counted more than once, and this group 
of patients was non-identifiable. Therefore, the prevalence 
of disease might be overreported.

In conclusion, this national study used a large data set 
from the USA to examine the characteristics and in-hospital 
outcomes of PBC/AIH. Our results strengthened previous 
data showing high rates of cirrhosis-related complications, 
and also SJS as the most common extrahepatic autoimmune 
disease associated with AILDs in patients with PBC/AIH. The 
study identified that PBC/AIH is independently associated 
with a higher rate of septic shock compared to PBC and AIH 
individually. This result provokes clinicians to consider sep-
sis screening early in patients’ presentations to the hospital 
and optimize the treatment of infections. Although previ-
ous studies reported worse liver-related mortality and long-
term survival, this study did not observe worse in-patient 
mortality in PBC/AIH patients. These findings will inspire 
more work to be done in the future. Prospective studies at 
genetic and clinicopathological levels will assist in gaining a 
better understanding of the mechanism of the overlap be-
tween PBC and AIH, including the role of Treg cells and their 
interactions with immunosuppressive therapy. Ultimately, 
more progress in the field of immunomodulated therapy is 
expected.
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Abstract

Hepatitis B virus (HBV), one of the well-known DNA onco-
genic viruses, is the leading cause of hepatocellular car-
cinoma (HCC). In infected hepatocytes, HBV DNA can be 
integrated into the host genome through an insertional mu-
tagenesis process inducing tumorigenesis. Dissection of the 
genomic features surrounding integration sites will deepen 
our understanding of mechanisms underlying integration. 
Moreover, the quantity and biological activity of integration 
sites may reflect the DNA damage within affected cells or 
the potential survival benefits they may confer. The well-
known human genomic features include repeat elements, 
particular regions (such as telomeres), and frequently inter-
rupted genes (e.g., telomerase reverse transcriptase [i.e. 
TERT], lysine methyltransferase 2B [i.e. KMT2B], cyclin E1 
[CCNE1], and cyclin A2 [CCNA2]). Consequently, distinct 
genomic features within diverse integrations differentiate 
their biological functions. Meanwhile, accumulating evi-
dence has shown that viral proteins produced by integrants 
may cause cell damage even after the suppression of HBV 
replication. The integration-derived gene products can also 
serve as tumor markers, promoting the development of 
novel therapeutic strategies for HCC. Viral integrants can 
be single copy or multiple copies of different fragments with 
complicated rearrangement, which warrants elucidation of 
the whole viral integrant arrangement in future studies. All 
of these considerations underlie an urgent need to devel-
op novel methodology and technology for sequence char-

acterization and function evaluation of integration events 
in chronic hepatitis B-associated disease progression by 
monitoring both host genomic features and viral integrants. 
This endeavor may also serve as a promising solution for 
evaluating the risk of tumorigenesis and as a companion 
diagnostic for designing therapeutic strategies targeting 
integration-related disease complications.

Citation of this article: Zhang D, Zhang K, Protzer U, 
Zeng C. HBV integration induces complex interactions be-
tween host and viral genomic functions at the insertion site. 
J Clin Transl Hepatol 2021;9(3):399–408. doi: 10.14218/
JCTH.2021.00062.

Introduction

There are still more than 250 million people infected with 
chronic hepatitis B virus (HBV) worldwide. Hepatocellular 
carcinoma (HCC) imposes a heavy socioeconomic public 
health burden. Among patients with cirrhosis, HBV infection 
has a reported annual incidence of 3%.1 In 1980, shortly 
after the discovery of HBV, its integration was reported into 
HCC tissue cells and hepatoma cell lines.2,3 There has been 
a long debate on the oncogenic roles of HBV integrations.4–6 
It is considered to be involved in the oncogenic process due 
to its intrinsic insertional mutagenesis (Fig. 1). Although 
current treatment using nucleoside or nucleotide analogs 
can efficiently suppress HBV replication, it is still not able to 
eliminate the virus from infected hepatocytes, mainly due 
to the persistent existence of covalently closed circular DNA 
(commonly referred to as cccDNA).7

Meanwhile, double-stranded linear DNA (dslDNA) is the 
alleged dominant substrate that gets incorporated into the 
host genome via repair of DNA double-stranded breaks 
(DSBs).8 Indeed, HBV integrations tend to locate at either 
sites of host genomic instability,9,10 or sites of cellular DNA 
damage.11 Meanwhile, the HBV genome does not encode ei-
ther integrase or other proteins recognizing specific genom-
ic regions for integration,9,12,13 and it is unlikely that HBV 
could deliberately “target” certain genes or regions. By far, 
only repeat elements or short homologous sequences, me-
diating the DNA repairing via non-homologous end joining, 
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are the main genomic feature of integration sites.14 It has 
been known for a long time that the ends of an integrant 
most likely terminate at a 11 bp repeat region (5′-TTCAC-
CTCTGC-3′), namely the cohesive-end regions termed DR1 
and DR2.15 About 37–40% of the reported viral breakpoints 
are mapped within the DR2-DR1 region,16–18 where tran-
scription and replication of the genome are initiated. During 
HBV replication, the reverse transcription from pregenomic 
RNA (commonly referred to as pgRNA) to cccDNA or dslDNA 
uses an 18 nucleotide RNA primer, which is the hydrolysate 
of pgRNA, to initiate the synthesis of the positive-sense DNA 
strand.12 In about 90% of nucleocapsids, the RNA primer 
translocates to the DR2, leading to the synthesis of relaxed 
circular DNA; while in the remaining 10%, it binds to the 
DR1, priming the synthesis of dslDNA as the main source of 
viral DNA incorporated into the host genome.12

The HCC risk due to viral integrations remains as long as 
viral replication continues in liver cells. However, the detailed 
processes underlying viral integration still need clarification 
by investigators attempting to identify novel options to cure 
HBV infection. Recently, much attention has been dedicated 
to reviewing biological processes and consequences related 
to viral integrations in the background of the HBV life cy-
cle.9,12 The development of high-throughput sequencing so-
lutions significantly facilitates resolving thousands of viral 

integration breakpoints.16,18–22 Our objective here is to sum-
marize the features of host genomic sequences surrounding 
integration sites and viral fragments as integrants. These 
features of distinct integrations may be crucial to unraveling 
their contribution to liver disease progression. Pinpointing 
their involvement may aid efforts to identify novel diagnos-
tic markers of disease progression and targets for improved 
therapeutic management of HBV infection.

HBV integration detection: Hybridization, cloning, 
amplification and next-generation sequencing (NGS) 
solutions

The short HBV DNA fragments are difficult to identify after 
being inserted into a large human genome (3Gb) in each 
affected cell. Meanwhile, these cells may also harbor limited 
integrations. In relative homogeneous populations of cell 
lines carrying HBV integrations, there are no more than 10 
dominant integrations. For instance, the HepG2.2.15 cell line 
may contain at most five integrations,21 and the PLC/PRF/5 
cell line had nine integration regions reported.23 Among the 
cell populations of the infected liver, it is estimated that 
there is about 1 integration per 103∼104 cells according to 
observations in an in vitro infection model.8 Therefore, it 

Fig. 1.  HBV integrations in the host nuclear genome. HBV DNA fragments are incorporated into sites in the host nuclear genome, which may include double-
stranded breaks due to diverse factors. Viral integrants can also be transcribed and translated to express viral proteins such as hepatitis B surface antigen and truncated 
X protein, which are involved in liver disease progression. It is well known that repeat elements are characteristic of the integration region, such as ALUs, SINE and 
LINEs. Recently, solutions based on the NGS platform directly determine all of the DNA fragments from the integration sites. Viral-host chimeric fragments are evidence 
of the integration events. Particularly, these chimeric fragments can be enriched by using viral probes to capture those containing viral DNA, which increases the sen-
sitivity of integration detection and extensively reduce the sequencing volume. The “breakpoints” of integrations refer to the position on the chimeric fragments where 
viral and human DNA fragments ligate with each other. They are also the boundaries of the integrations. Integrations may generate either a new promoter region to 
cis-activate the transcription of downstream genes, or directly interrupt the genes and potentially produce fusion transcripts. DNA methylation status in a nearby region 
may regulate the transcriptional activity of integrants.
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requires detection methods that have adequate sensitivity 
to identify such limited events in bulk tissue samples.

Early in the 1980s, the hybridization method was first ap-
plied to prove the existence of HBV integrations in cell lines 
and tumor tissues.2,24 In Southern blot hybridization, di-
gested DNA after a restriction enzyme treatment hybridized 
with 32P-labeled HBV DNA probes, and researchers took the 
autoradiograph of the bands of digested DNA in the separa-
tion gel to identify the fragment harboring HBV DNA. Target 
fragments could be ligated into plasmid as integrant clones, 
which can be further fragmented and radiolabeled as probes 
for in situ hybridization. Prior to Sanger sequencing of in-
tegrant clones,25 in situ hybridization was applied to see 
the cytogenetic locus of these probes binding to metaphase 
chromosomes and thereby determine the chromosome po-
sition of viral integrants.26 The hybridization strategy and 
clone sequencing without an NGS platform are inefficient 
and insensitive to profile integrations.

To improve the methodology of HBV integration profil-
ing, Minami et al.27 (1995) developed the Alu PCR strategy, 
which is more practical for integration screening. Briefly, 
Alu elements, which have over one million copies dispersed 
throughout the human genome,28 separate the entire ge-
nome into relatively small regions, the length of which is 
suitable for performing PCR amplification; the primer pair, 
one of which is Alu-specific and the other binds HBV se-
quences (X gene), may successfully amplify the virus-host 
chimeric regions. With this approach, Devrim et al.29 iden-
tified 21 viral integrations from 18 patients in one study. 
Likewise, Mason et al.30–33 first cleaved total liver cell DNA 
into fragments by NcoI, which cuts HBV DNA at nucleo-
tide 1374, and then ligated these fragments into circles 
for nested PCR of virus-cellular junctions. This sensitive 
inverse-PCR assay is a quantitative method for integration 
detection. Nevertheless, since not all integrations are next 
to an Alu element or the cleavage site of NcoI, some may be 
omitted in subsequent analysis.

NGS solutions, either by direct sequencing or target se-
quencing after viral DNA enrichment (Fig. 1), can presum-
ably achieve unbiased parallel analysis of tens to hundreds 
of samples. Extracted tissue DNA is randomly fragment-
ed for sequencing library construction, the bioinformatic 
analysis aims to identify the so-called “junction read” or 
“chimeric read” in sequencing data, which is composed of 
both HBV and human DNA together and originates from the 
boundaries of integration events. Considering the relatively 
low frequencies of integrations, directly sequencing the 
whole nuclear genome for bulk tissues requires adequate 
sequencing coverage/depth to capture these chimeric frag-
ments. Jiang et al.19 adopted deep whole-genome sequenc-
ing (80X, 240G per sample; and 240X, 720G per sample) 
and identified 255 integrations in paired tumor and adja-
cent liver tissues from three HBV-positive HCC patients. 
The high cost and data analysis requirement will limit its 
application at the population scale. Target DNA enrich-
ment has proven to be highly effective in exome sequenc-
ing of the human genome. It inspires the usage of viral 
DNA probes for HBV DNA enrichment prior to NGS analysis, 
which significantly reduces the sequencing volume to less 
than 2G per sample.16,21 With the increased throughput, 
Zhao et al.16 obtained 4,225 integration breakpoints (host–
virus boundaries at the integration site) from 426 patients 
to characterize a viral integration pattern in one study, fol-
lowed by other teams.17,34–37

Most NGS studies only took the single breakpoint as the 
indicator for one integration event. But one integration has 
two breakpoints (Fig. 1), and they may overestimate the 
number of integrations in each sample.21 Fortunately, dif-
ferent integration events are likely to be far apart from each 
other in the cellular genome of hepatocytes. Therefore, we 
developed a strategy to pair adjacent breakpoints in the 

human genome for the same integration event.21 After the 
breakpoints in the human genome have been successfully 
paired, the corresponding viral breakpoints can then be 
paired. The boundaries of integration events are indicated 
by the sharp and consistent positions of the mapped reads, 
the particular distribution patterns of which have shown di-
verse modes of integrations (Fig. 2A). This pairing strategy 
can be used to predict the integrants and show their pro-
tein-coding ability or harbored regulatory elements. It can 
also illustrate insertion orientation and HBV fragments with-
in the integration site. Besides, this strategy successfully 
uncovered the possibility of multiple fragments with differ-
ent orientations in the same site (Fig. 2B), which have been 
validated in long-read sequencing studies.38 The orientation 
of inserted fragments will determine their upstream and 
downstream directions and hence influence their regulatory 
roles for involved genes in the aforementioned biological 
effects of integrations. Therefore, further complicating the 
regulatory activity of the integration.

Viral integrations have been reported to locate at the 
boundaries of chromosome arrangements, such as large 
deletions, translocations, and inversions (Fig. 2C), which 
make the start and end of the same integrant distant from 
each other even in different chromosomes respectively.39,40 
Only when the structure variations of the host genome 
are dissected, can they have both breakpoints identified. 
Therefore, short-read sequencing will fail to predict the en-
tire integrant for integration sites with complicated local 
sequence rearrangement. To meet the requirement for the 
characterization of entire integrants, long-read sequencing, 
with the longest single read over 2 Mb, is able to directly 
read through the entire integration region.23 It can not only 
reveal integrations affected by large structure variations 
within the host genome but also characterize the organiza-
tion of multiple copies of HBV fragments within the same 
integration site.23

Recurrent genes interrupted by integration events

From the 1980s to the early 1990s, a few studies began to 
report HBV integration that affected the expression levels 
of a series of genes related to tumor development. They 
include HST-1,41 tumor protein p53 (i.e. TP53),25,42 cyc-
lin A2 (CCNA2),43 myc family oncogenes,44,45 retinoic acid 
receptor beta or erb-B-like genes,46,47 and mevalonate ki-
nase gene.48 With the accumulation of identified integration 
events, the frequencies of common recurrent genes affected 
by viral integrations become well characterized. The human 
telomerase reverse transcriptase (i.e. hTERT), which pre-
vents telomere shortening after cell division, is not only the 
first reported recurrent gene affected by HBV integrations 
but it is also the most common one in HCC samples, rang-
ing from nearly 20% (i.e. 17%, 14/82, Fujimoto et al.;49 
24%, 101/426, Sun et al.;18 24%, 101/426, Zhao et al.;16 
27%, 48/177, Péneau et al.50) to over 35% (36%, 34/95, 
Sze et al.37). The second most common recurrent gene was 
lysine methyltransferase 2B (KMT2B, also known as MLL4 
or MLL2), encoding histone methyltransferases, with a fre-
quency of about 10% (2%, Péneau et al.;50 7%, Zhao et 
al.;16 7%, Fujimoto et al.;49 12%, Sun et al.;18 12%, Sze et 
al.37). They were followed by CCNE1 (1%, Fujimoto et al.;49 
1.6%, Zhao et al.;16 2%, Péneau et al.;50 3%, Sze et al.;37 
5% Sun et al.18) and CCNA2 (1%, Fujimoto et al.;49 1.8%, 
Zhao et al.;16 2%, Sze et al.37).

Whereas, integrations seem to account for a relatively 
small proportion of crucial genomic changes of total HCC.51 
For instance, about 70% of all HCC carry TERT mutations, 
and HBV integrations contribute to about 7% of them.52 
In other words, 5% of HCC are due to TERT integration; 
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moreover, 58% of HCC have genomic changes affecting cell 
cycle control, and HBV integrations account for about 8% of 
those interrupting the CCNE1.52 Considering HBV infection 
contributing to 50% of HCC cases, the contribution of inte-
grations should be doubled in HBV-related HCC.53

HBV integration in gene promoter region: cis-activa-
tion effect

Integrations can influence the transcription of nearby genes 
by changing the promoter activity (Fig. 1; Gene Annota-
tion), contributing to phenotype changes of affected cells. 
The integration site can be either only hundreds of base 
pairs (e.g., 257 bp upstream of hTERT54) or over 100 kb 
(e.g., 2,582 kb upstream of CCNE155) from the genes in the 
vicinity along the human genome. In the first large-scale 
screening for HBV integrations in HCC, Sun et al.18 explored 
integrations in the promoter region which were from 0 to 
−5 kb relative to the transcriptional start site (commonly 
referred to as TSS), while Fujimoto et al.49 enlarged this 
region up to 10 kb upstream, which has become widely 
adopted. Nevertheless, the frequency and influence of inte-

gration in the promoter may be underestimated since some 
are located beyond the 10 kb region,56 and Ding et al.35 
further extended the annotation region to 150 kb. However, 
analysis of the effects of long-range integration on gene 
expression regulation may be challenging and need further 
extensive validation.

Meanwhile, both the insertion orientation and the inte-
gration-TSS distance may influence their effect on the pro-
moter activity of viral integrations. Telomerase expression 
was absent in mature hepatocytes, but 90% of the HCC57 
had TERT-related integrations, of which 80% are located in 
the promoter region.18 In 2001, Horikawa et al.58 first de-
scribed the HBV integrations in the cis-activated TERT pro-
moter in an orientation-independent manner. Recently, Sze 
et al.37 found that when the orientation of an inserted HBV 
fragment (harboring enhancer I) was opposite to the TERT 
transcription direction, the promoter activity was reduced 
by 40% in comparison to the same-orientation integration. 
In 2012, Toh et al.34 found that for TERT promoter inte-
grations within 3 kb upstream in HCC tumor samples, the 
nearer it occurred to the TSS, the higher was the level of 
downstream TERT transcription. In tumors, the transcrip-
tional levels of TERT could be over 10-fold higher, and this 

Fig. 2.  Integration identification based on short-read sequencing and cofounding factors. (A) In current solutions based on short-read sequencing, DNA 
samples will be fragmented into ideal size for subsequent library construction. Sequencing experiments will generate millions of reads, generally 150 bp in length, which 
need further bioinformatic analysis to map the reference host and viral genomes. Junction or chimeric reads, originating from an integration boundary, will be split into 
two pieces that are mapped to the host or viral reference genomes, respectively. Each integration event has two breakpoints, which can be paired according to their 
positions in the human genome. After successful pairing, read mapping patterns of paired breakpoints indicate the complicated rearrangement of viral integrants within 
the integration sites. (B) A single copy of an integrant may have either forward or reverse 5′-3′ orientations with the host genome. The multiple copies of viral fragments 
are joined at distinct orientations before being incorporated into the integration site. Their orientation will determine which of them are downstream and affected by the 
integrant due to the cis-activation effect. (C) Large deletions, translocations and inversions are capable of joining two distant regions together and integration events 
tend to occur at the boundary of these structural variations. Such interaction will prevent pairing two breakpoints far apart from one another in the same integration 
event without any information about structural variations.
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increase has been associated with poorer survival of af-
fected patients.16,35,37,49

Intragenic and intergenic integrations: fusion tran-
scripts and trans-activation

Fusion transcript detection from RNA-Seq has revealed 
that integration sites harboring a DR1 fragment, neigh-
bored by regulatory elements such as the enhancer II, 
the preC promoter and the hormone response element, 
may produce virus-host chimeric transcripts.19 This type of 
fusion transcript, commonly originating from interrupted 
genes, may have trans-acting effects on the regulation 
of gene expression (Fig. 1; Gene Annotation). In 1990, 
Takada et al.59 reported the 3′ truncated hepatitis B X gene 
(HBx)-cell fusion product; in 1995, Graef et al.60 showed 
that HBV-mevalonate kinase fusion protein may lead to 
abnormal phosphorylation of cellular proteins by the af-
fecting metabolism of mevalonate. Saigo et al.61 described 
several HBV integrations located within a 300 bp region 
within intron 3 flanked by the Alu element of MLL4, result-
ing in HBx/MLL4 chimeric transcripts and fusion proteins 
that suppressed expression of certain genes. Then, Dong 
et al.62 found integrations within MLL4 could also occur 
in exon 3 and intron 5. In their study, the exonic inte-
gration resulted in an over 5-fold up-regulation of MLL4 
transcription, while the intronic one did not lead to sig-
nificant changes in gene expression.62 Meanwhile, Jiang et 
al.19 observed the one integration, inserting two copies of 
HBV fragments in the 3′ end of the exon 3 of MLL4 gene, 
causing an over 20-fold up-regulation of its overall expres-
sion level; five HBV-MLL4 integrations interrupting exon 
3, 5 and 6 respectively in Furuta et al.’s63 study all led to 
increased MLL4 transcription in tumor samples. Viral inte-
grations within fibronectin 1 (i.e. FN1) are most frequently 
observed in adjacent, non-tumor samples, and those at 
intronic ones are in the majority.18 However, the frequen-
cy of HBV-FN1 integration differs greatly among studies 
(4%, 17/426, Zhao et al.;16 8%, 14/170, Péneau et al.;50 
12.5%, 5/40, Ding et al.;35 19%, 8/42, Furuta et al.;63 
40%, 15/41, Furuta et al.63). HBV-FN1 integrations were 
unlikely to significantly influence the expression level of 
FN1 revealed in all these studies, which indicates different 
transcriptional activity and subsequent biological effects of 
integrations. Furuta et al.63 speculated that HBV-FN1 fu-
sion transcripts might produce fusion protein, which can 
be involved in the pathogenesis of liver fibrosis, consider-
ing the regulatory roles of FN1 in fibrosis. Nevertheless, 
Péneau et al.50 argued that HBV-FN1 may not have a func-
tional effect since the FN1 was not overexpressed due to 
integration. Future efforts should be made to answer why 
non-neoplastic hepatocytes carrying this common integra-
tion are not more likely to transform into tumor cells.

Intergenic integrations possibly account for functional 
chimeric noncoding transcripts. The HBx-long interspersed 
nuclear elements 1 (i.e. LINE1) is another type of fusion 
transcript, acting as a non-coding RNA.10,64 Lau et al.64 
showed functions of HBx-LINE1 did not rely on the fusion 
protein and it may affect β-catenin trans-activity, which 
is suggestive of a role played by Wnt signaling activation. 
Subsequently, Liang et al.65 used the cell-line model to 
confirm that HBx-LINE1 can serve as a miR-122 sponge, 
which is a liver-specific miRNA and a key regulator in 
liver diseases.66 Lau et al.64 reported the incidence of 
HBx-LINE1 in HCC samples from the Chinese population 
reached 23.3% (21/90), but Trung et al.67 did not detect 
this transcript in their 119 Vietnamese patients with HBV-
associated HCC. Further efforts may need to clarify the 
underlying confounding factors, such as heterogeneity of 

tumor samples and diversity of inserted HBx fragments 
with different RNA production ability. LINE1-related genes 
have attracted more and more interest in their roles in 
tumorigenesis and have been proposed as novel targets in 
HCC treatment.10,68,69

Chimeric fragments of HBV DNA and mitochondrial 
DNA (mtDNA)

HBV-mtDNA integrations were observed, and the most 
frequently inserted site reported by Furuta et al.63 is hy-
pervariable region I (also known as HV I or HV1) in the 
control region of mtDNA, which contains the mitochondrial 
origin of replication and transcription. Although there is no 
evidence that HBV DNA can directly integrate into mtDNA, 
mtDNA can enter the cell nucleus via an uncharacterized 
process and is widely believed to integrate into the nuclear 
genome via non-homologous end joining at DSBs, forming 
nuclear copies of mtDNA (NUMTs).70 Therefore, either HBV 
DNA was incorporated into the NUMTs or mtDNA and HBV 
dslDNA could also be ligated together via the same mecha-
nism, but this possibility requires further validation by long-
read sequencing to read through the entire integration site 
to determine if HBV-mtDNA chimeric fragments were defi-
nitely incorporated into the nuclear genome. Similar to HBV 
integrations in hepatocytes, the NUMTs also have diverse 
orientations and multiple fragments within the same site.71 
Multiple mtDNA fragment insertional mutagenesis at a sin-
gle genomic site is unlikely. This is apparent since integra-
tion into a specific site is a random rather than a directed 
process. This consideration accounts for why DSB insertion 
is not likely to occur at a specific site (e.g., previous inte-
gration site) in a particular clone. They may originate from 
multiple copies of mtDNA fragments ligated or concatenated 
before being incorporated into the nuclear genome.71 Delin-
eating the similarities and differences between NUMTs and 
HBV integrations may provide more clues for clarifying the 
complicated underlying biological process.

Repeat elements: Alu PCR was first applied in HBV in-
tegration detection due to its ability to narrow the breadth 
of regions for analysis,27 while accumulated evidence has 
shown that viral integrations (>50%) tend to locate at re-
peat regions within the human genome.35,72 They include 
short interspersed nuclear elements (SINE) (including Alu 
repeats), LINEs and simple repeats (also termed micros-
atellites). The top repeat element is LINE, followed by LTR, 
SINE and SINE-VNTR-Alu according to Budzinska et al.’s73 
observation in chronic hepatitis patients and an in vitro cell 
model. Nevertheless, we found the most common repeat 
region, was directly interrupted rather than abutting the 
cancer-enriched human alpha satellite (ALR/Alpha) identi-
fied in over 40% of the HCC cases.21

(TTAGGG)n is the featured sequence of nucleotides in tel-
omeres, which are commonly affected by integrations. It in-
dicates that the insertion of viral fragments may change the 
telomere length. The telomeres are 8–10 kb long in young 
individuals, decreasing at a rate of 24.8–27.7 bp per year;74 
viral integrations may range from hundreds of base pairs to 
over 3 kb, that increase the length significantly. The elon-
gation of telomeres can prevent affected cells from replica-
tive senescence and sustain cell division activity, leading to 
genomic instability.74 This potential effect may need further 
experimental validation.

Besides, we found the L1ME1 of family LINE-1 (L1) (−20% 
cases) is the most frequently affected LINE element.21 Inter-
estingly, more evidence has been provided revealing that 
the activation of L1 contributes to hepatitis virus-related 
HCC.69,75 Particularly, HBV infection suppresses interferon 
signal transduction by disrupting either STAT1 nuclear im-
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port or phosphorylation.76 The inhibition of interferon is be-
lieved to activate the L1 retrotransposon,77 which subse-
quently creates DSBs in host cells.78 LINEs and SINEs are 
subtypes of transposable elements, which are attracting in-
creasing amounts of attention in recent studies. This inter-
est is due to the realization that they play roles in shaping 
genome structure by their insertional activity and alteration 
of transcriptional networks.79

DNA methylation of HBV integration sites

DNA methylation is one of the main epigenetic modifica-
tions regulating gene expression through chromosomal 
structural alteration, changes in both DNA conformation, 
and DNA stability.80 Aberrant methylations of a CpG island 
in the promoter and gene body are known to lead to tran-
scriptional changes of genes.81 HBV infection is known to 
cause changes in the DNA methylation status of hepato-
cytes, which may not only regulate the viral replication but 
also contribute to host immune responses.82,83 Transcrip-
tion activity at integration sites is likely to be also under 
epigenetic regulation of host cells, and most of “functional” 
viral integrations may have to remain “unsilenced” to con-
tinue their involvement in inducing phenotype changes in 
the infected cells. In 2015, Watanabe et al.84 described that 
the methylation status was consistent in the integrant and 
flanking regions in the host genome in PLC/PRF/5 cell lines 
and HBV-HCC tumor and adjacent tissues. In 2016, Wang 
et al.16 pointed out that HBV integrations in tumor tissues 
were significantly enriched in the CpG islands, which are 
crucial sites wherein changes in the DNA methylation status 
can alter gene expression regulation. In 2020, Zhang et 
al.85 found that, within 6,073 different previously identified 
integration regions, methylation levels of neighboring nu-
cleotides reflected the global hypomethylation in the tumor 
genome well, regardless of whether integration occurred. 
This agreement is supportive of the notion that the integra-
tion regions tend to be hypomethylated during HCC devel-
opment independent of integration occurrence. All of these 
findings point to the idea that the ability of integrations to 
induce altered biological functions may depend on the cor-
responding epigenetic status of inserted sites.

HBV integrants: Latent danger after HBV clearance?

Even after cccDNA clearance, viral integrants can still exist 
stably in the host nuclear genome and replicate along with 
the host genome, as well as most likely not being lost during 
cell divisions.86 To the best of our knowledge, there is so far 
no evidence for the spontaneous removal of viral integrants 
in affected cells. Genome editing technology is a feasible 
solution to eliminate the target fragment in the genome.87 
In 2017, Li et al.88 excised a full-length 3,175-bp integrant 
in a stable HBV cell line HepG2.A64 using the CRISPR-Cas9 
system and also disrupted HBV cccDNA. Assuming viral 
proteins produced by integrants act as neoantigens in tu-
mor cells, this possibility forms the basis of novel immune 
therapeutic strategies for HBV-related HCC.89,90 In 2019, 
Tan et al.91 proposed using expression profiling of HBV inte-
grants in HCC to select T cells for immunotherapy of HCC, 
and showed that even integrants, which encode not whole 
HBsAg but fragmented S genes, may produce hepatitis B 
surface antigen-derived epitopes for T cell receptor-engi-
neered T cell therapy. In 2020, de Beijer et al.92 attempted 
to identify the HBx and polymerase-derived T cell epitopes 
for effective HBV antigen-specific immunotherapies.

Most of the identified integrants only cover partial frag-
ments and no more than one copy of the entire HBV ge-

nome. At least a 1.1-fold over-length HBV genome is re-
quired to achieve viral replication when being cloned into 
plasmids.93 Therefore, natural HBV integrants are “defec-
tive”, which means they are not able to produce viruses.94 
Nevertheless, diverse integrants still have differential activi-
ties. In the aforementioned cis-activation effect of integra-
tions within gene promoter regions, regulatory elements in 
the viral genome, particularly enhancer I, are believed to 
play important roles. Meanwhile, HBV integrations always 
harbor the complete open reading frames pre-S/S, and a 
3′ truncated X gene.12 Without viral replication, they still 
can produce peptides of surface and X proteins, which play 
crucial roles in tumorigenesis during a long history of HBV 
infection. Oncogenic roles of HBx include its pleiotropic 
activities on DNA repair, cell cycle regulation, and diverse 
signaling pathways.95 Particularly, most of the integrated 
X genes are 3′ truncated and able to produce chimeric 
proteins.34 Meanwhile, COOH-terminally truncated HBx is 
known to regulate cell cycle and apoptosis,96,97 activate 
C-Jun/matrix metalloproteinase protein 10 to increase cell 
proliferation,98 and enhance tumor cell invasion and me-
tastasis.99 Early in 1987, Nagaya et al.94 summarized in-
tegrants in 31 reported cases, among which 4 were preS 
partially deleted. These mutants produce truncated surface 
proteins that accumulate in liver cells and may cause endo-
plasmic reticulum stress, with the consequent induction of 
oxidative DNA damage and genomic instability.100 In 2017, 
Wooddell et al.101 revealed that viral integrations may be a 
non-negligible source of hepatitis B surface antigen, which 
may interfere with the endpoint expectations of antiviral 
therapies, depending on the levels of viral proteins.

Indeed, not all integrations are active and some may be 
silenced with epigenetic modifications, consistent with sur-
rounding host genomic regions.84 Nevertheless, genome in-
stability and aberrant methylation of infected hepatocytes 
may lead to variant accumulation or DNA hypomethylation 
during liver disease progression. There would be newly-es-
tablished regulatory relations between integrations and af-
fected genes due to structure variations, or production and 
accumulation of viral proteins coding by an integrant after 
abnormal activation, which may act as a latent risk factor 
in HBV infection that may cause diverse damage to infected 
liver cells.

Reflection of integration events on clone expansion 
of affected hepatocytes

HBV integration may occur frequently in the chronic hepati-
tis stage. As early as 1981, Bréchot et al.102 pointed out that 
HBV integrations may occur early during infection,103 and 
other studies showed viral integrations are already present 
in acute or chronic hepatitis patients. By development and 
application of the inversed PCR, Summers and Mason31–33 
were first able to comprehensively investigate the clonal 
expansion by quantitative analysis of hepadnaviral DNA 
integrations in the woodchuck, chimpanzee, and human 
hepatocytes. Integration can occur immediately after infec-
tion, and large hepatocyte clones with viral integrations can 
be detected in all the stages of chronic hepatitis.8,21,104 For 
spontaneous DSBs required for viral integrations, the ma-
jority appear in the context of DNA replication,105 and about 
10 to 50 DSBs occur per cell per day in any given cell, de-
pending on cell cycle and tissue.106 Considering the sparse 
and random feature of DSBs, it may require adequate dslD-
NA as substrates or generate more DSBs in the host ge-
nome.107 In the chronic hepatitis stage, both hepatocyte 
clone expansion and high HBV replication levels are com-
mon, and studies have observed more integration events in 
relatively normal liver tissues.35,63 Mason et al.108 believe 
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that the existence of these kinds of hepatocyte clones and 
their high level of integration events reflect a substantial 
risk of hepatocarcinogenesis in the near future.

After tumor formation, HCC may not be able to accu-
mulate integrations with the same frequency as in normal 
hepatocytes. First, HCC has undergone down-regulation of 
HBV receptor expression, the Na+/taurocholate polypeptide 
cotransporter (i.e. NTCP),109 is not susceptible to infection, 
during which 10% of the viral particles introduce dslDNA 
into infected cells. Second, efficient HBV replication requires 
infected cells to maintain a state of cell differentiation,110 
which is missing in HCC. Therefore, the HBV replication 
level in HCC tissues is likely to be incompatible with that in 
normal tissues. Halgand et al.111 observed that HBV pgRNA 
was detectable in most (90%) HCC non-tumor tissues but in 
only 67% of the HCC in tumor tissues. Fewer new infections 
and reduced HBV replication reduce the integration possibil-
ity. Regardless of more clone expansion with increased ac-
cumulation of DSBs, fewer integration events were detected 
in HCC tissues.35,63

Integrations do not necessarily occur as driver mutations 
in tumorigenesis, but they can be found in 80–90% HBV-
related HCC.18 This makes HBV integration a novel marker 
to trace the clone evolution during tumorigenesis (Fig. 3). 
Some studies have compared the integrations in multiple le-
sions from the same patient to determine if they were intra-
hepatic metastasis or independent multicentric tumors.112 
Sequencing of cell-free DNA (commonly referred to as cfD-
NA), released from dead cells, will find the chimeric frag-
ments from the integration sites. Interestingly, only inte-
grants originating from tumor clones have been successfully 
identified, despite the coexistence of large clones carrying 
integrations in paired normal tissues, and thereby circulat-
ing chimeric fragments can aid the early detection of HBV-
related HCC.21,113 Chen et al.21 reported no viral integration 
in cfDNA from chronic hepatitis patients, and Wang et al.114 
claimed complete resection of the tumor was manifested by 
the disappearance of integrated fragments in cfDNA. All of 
these results indicate the limited cell death of relatively nor-

mal clones carrying viral integrations. It not only provides 
a non-invasive way to monitor the tumor clone expansion 
but also reminds us of the importance of further efforts to 
explore the interaction between host immune cells and rela-
tively normal hepatocyte clones harboring viral integrations.

Conclusions

HBV DNA integration within cell nuclei impedes the pro-
cess of DNA repair to correct damage due to diverse pres-
sures. This occurrence may directly lead to tumorigenesis 
or reflect the clone evolution history of affected hepatocytes 
during chronic infection. Most of the HBV integrations be-
have like gain-of-function mutations, being responsible for 
a variable phenotype of affected cells. Biological functions 
of HBV integrations within hepatocytes associate with their 
genomic positions within the host nuclear genome, which 
associate with interrupted genes, newly added promoters, 
and alterations of the methylation status mediating control 
of regions in close proximity to regions modulating gene 
promoter activity. HBV integrants possess gene promoter 
regulatory activity based on their ability to modify the cod-
ing of viral proteins, which also contributes to disease pro-
gression. The future profiling of viral integrations requires 
not only comprehensive efforts to combine multilevel fac-
tors in the host genome but also to develop solutions, such 
as long-read sequencing to read through the entire integra-
tion sites to map the entire profile of viral integrants. Taken 
together, these undertakings will make integration profiling 
a powerful tool to provide a more accurate evaluation of 
liver disease progression during HBV chronic infection and 
design personalized treatments targeting viral integrants.
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Abstract

Despite the advances in therapy, hepatitis B virus (HBV) and 
hepatitis C virus (HCV) still represent a significant global 
health burden, both as major causes of cirrhosis, hepatocel-
lular carcinoma, and death worldwide. HBV is capable of incor-
porating its covalently closed circular DNA into the host cell’s 
hepatocyte genome, making it rather difficult to eradicate 
its chronic stage. Successful viral clearance depends on the 
complex interactions between the virus and host’s innate and 
adaptive immune response. One encouraging fact on hepatitis 
B is the development and effective distribution of the HBV 
vaccine. This has significantly reduced the spread of this virus. 
HCV is a RNA virus with high mutagenic capacity, thus ena-
bling it to evade the immune system and have a high rate of 
chronic progression. High levels of HCV heterogeneity and its 
mutagenic capacity have made it difficult to create an effec-
tive vaccine. The recent advent of direct acting antivirals has 
ushered in a new era in hepatitis C therapy. Sustained virolog-
ic response is achieved with DAAs in 85–99% of cases. How-
ever, this still leads to a large population of treatment failures, 
so further advances in therapy are still needed. This article 
reviews the immunopathogenesis of HBV and HCV, their prop-
erties contributing to host immune system avoidance, chronic 
disease progression, vaccine efficacy and limitations, as well 
as treatment options and common pitfalls of said therapy.
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Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infec-
tions remain major global health issues. Although the two 
viruses directly infect the liver, they have very different 
courses. Worldwide, there are an estimated more than 250 
million HBV carriers, of whom roughly 600,000 die annu-
ally from HBV-related liver disease.1,2 Acute HBV infection 
in adults is normally self-limited and subclinical, resulting 
in chronic infection in about 5%, as compared to neonatal 
HBV infection, where the acute infection results in chronic 
infection in 90% of cases. As a DNA virus, it is capable of in-
corporating its covalently closed circular DNA (cccDNA) into 
the host cell’s genome, making it rather difficult to eradicate 
once the infection progresses to the chronic stage.

HCV was first identified in 1989 as a major cause of non 
A or B viral hepatitis.3,4 Approximately 100 million people 
around the world have serologic evidence of HCV exposure 
and 71 million have chronic hepatitis C infection, according 
to a 2015 World Health Organization study.5 It is estimated 
that 60–80% of patients with acute HCV infection will de-
velop chronic infection, with about 20% of these chroni-
cally-infected HCV patients developing cirrhosis over a 25 
year period. Those with cirrhosis have a yearly incidence of 
HCC of about 4–5%.6,7 HCV is an inconstant RNA virus with 
high mutagenic capacity, and this leads to frequent genome 
mutations that enable it to evade the immune system and 
thereby have a high rate of chronic progression.8 Further-
more, due to this high level of HCV heterogeneity, it has 
been difficult to create an effective vaccine.

Understanding the immunopathogenesis of HBV and HCV 
is essential in determining disease progression, chronicity, 
and treatment. The purpose of this article was to review the 
factors associated with HBV and HCV immunopathogenesis, 
disease progression, and pitfalls of current treatment op-
tions (Table 1).

Hepatitis B

Background

HBV is an enveloped DNA virus from the Hepadnaviridae 

Keywords: Hepatitis B immunopathogenesis; Hepatitis C immunopathogenesis.
Abbreviations: +ssRNA, positive sense single-stranded RNA; -ssRNA, negative 
sense single stranded RNA; AHB, acute hepatitis B; ALT, alanine aminotransferase; 
anti-HBc or HBcAb, hepatitis B core antibody; anti-HBs or HBsAb, hepatitis B sur-
face antibody; cccDNA, covalently closed circular DNA; CHB, chronic hepatitis B; 
cLD, cytosolic lipid droplet; CLDN1, claudin 1; DAA, direct-acting antiviral; ESCRT, 
endosomal sorting complex required for transport; HBcAg, hepatitis B virus core 
antigen; HBeAb, hepatitis B virus e-antigen antibody; HBeAg, hepatitis B virus 
e-antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepa-
tocellular carcinoma; HCV, hepatitis C virus; HLA, human leukocyte antigen; IFN, 
interferon; IFN-I, interferon 1; IFN-α, interferon-alpha; IFN-γ, interferon-gamma; 
IL, interleukin; LCMV, lymphocytic choriomeningitis virus; LDL, low density lipid; 
NAs, nucleos(t)ide analogues; NK, natural killer; NKT, natural killer T; NPC1L1, 
Niemann-Pick C1-like 1 cholesterol absorption receptor; NTCP, sodium taurocho-
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family. The virus particle consists of an exterior envelope 
surrounding a viral capsid containing relaxed circular DNA 
(rcDNA). When the virus infects hepatocytes, it leaves a 
stable cccDNA template within the cell’s nucleus. This pro-
vides a stable, long-lasting template for viral replication 
and accounts for HBV’s viral persistence. HBV hepatocyte 

infection can be divided into the following steps: cell entry, 
capsid uncoating, DNA repair and transcription, RNA pack-
aging, reverse transcription, enveloping, and virus secretion 
(Fig. 1).

Viral entry into the hepatocyte is mediated by hepato-
cyte-binding specific envelope proteins. The HBV viral sur-

Fig. 1.  Hepatitis B viral life cycle. 

Table 1.  HBV and HCV immunopathogeneses

Hepatitis B Hepatitis C

Virus structure rcDNA ssRNA

Receptor entry Hepatocyte-specific NTCP receptor: 
Bile acid uptake from portal blood

Multi-step entry mechanism: LDL-R, SR-
BI, CD-81, CLDN1, OCLN, NPC1L

Chronic progression Adult infection: Clearance: 95%, 
Chronic progression: 5%
Neonatal vertical transmission: Clearance: 
10%, Chronic progression: 90%

All patients: Clearance: 60–80%, 
Chronic progression: 20–40%

Mechanisms of 
immune evasion

CD4+ cell inhibiting factors: IL-10, TNF-B
CD8+ cell inhibiting factors: 
PD-1, CD244, CTLA-4

CD4+ cell inhibiting factors (including Tregs): 
IL-10, TNF-B, Overall Reduced CD4+ response
CD8+ cell escape mutations: PD-1, CTLA-4

Approved therapies Interferon therapy: Standard 
INF-α, Pegylated-IFN-α
NAs
Treatment initiation decision: Presence 
of cirrhosis, ALT level, HBV DNA level

Interferon therapy: Pegylated-IFN-α + ribavirin
DAAs
Treatment selection varies by: Genotype, 
presence of cirrhosis, treatment history, 
human immunodeficiency virus co-
infection, renal impairment

Goals of therapy Attain disease suppression: Suppression 
of HBV DNA, Loss of HBeAg, Normalization 
of ALT, Decrease necroinflammatory 
activity, Decrease in fibrosis

Eradicate HCV RNA – attain SVR: Undetectable 
RNA level 12 wk after completion of therapy

Vaccines Approved and effective vaccines: Plasma-
derived vaccination, HBV three-series vaccine

No available effective vaccines
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face contains three proteins: L, M, and S. The virus binds 
and uses the hepatocyte-specific sodium taurocholate 
cotransport polypeptide (NTCP) receptor, which is involved 
in bile acid uptake from portal blood flow for hepatocyte 
cell entry. In a seminal article by Yan et al.,9,10 (2012), the 
pre-S1 domain of the HBV envelope L protein was described 
to bind to the hepatocyte-specific NTCP receptor, leading 
to cell binding and entry. The antigenic loop of HBV surface 
protein S between regions I and II interact with hepatocyte 
heparin sulfate proteoglycans and aid in HBV-NTCP receptor 
interaction and HBV infectivity (Fig. 2).11

Following binding and entry into the hepatocyte, the vi-
ral nucleocapsid containing rcDNA is released into the cy-
toplasm and transported to the cell’s nucleus, where the 
rcDNA is delivered. In the nucleus, the rcDNA is “repaired” 
by the host cell’s DNA repair mechanisms, closing or de-
relaxing the rcDNA to form cccDNA. This cccDNA remains 
permanently in the hepatocyte’s nucleus and acts as a tem-
plate for viral RNA transcription. The RNA transcripts are 
transported into the hepatocytes cytoplasm, where HBV re-
verse transcriptase uses the RNA as templates to produce 
viral rcDNA. The rcDNA is then either repackaged and en-
veloped for cellular export or recycled back to the nucleus, 
amplifying cccDNA concentration.12,13

Acute hepatitis b infection

Acute hepatitis B (AHB) infection occurs by the exchange of 
bodily fluids such as blood, semen, or vaginal fluid. About 
70% of adults who are acutely infected have a subclinical 
and anicteric phase, while the other 30% develop clinically 
significant symptoms and icteric hepatitis. Studies in chim-
panzees by Wieland et al.,14 (2004) and transgenic mice 
studies by Baron et al.,15 (2002) have demonstrated the im-
mune response during HBV infection. In an acute infection, 

HBV has a prolonged incubation period of 45–180 days. The 
initial immune response is mediated by the innate immune 
system. Typically, the innate immune response results in 
about a 90% reduction in serum HBV DNA. In the chim-
panzee and other model systems, it has been shown that 
natural killer (NK) cells and natural killer T (NKT) cells play 
an important role in the early viral control of acute HBV 
infection through interferon-gamma (IFN-γ) and tumor ne-
crosis factor-alpha (TNF-α) secretion. A surge of IFN-γ me-
diated by NK cells, NKT cells, and T cells has been found to 
coincide with a reduction in serum HBV DNA.14 Subsequent 
ex vivo studies have shown that IFN-γ and TNF-α stimula-
tion could destabilize cccDNA via activation of APOBEC3A 
and APOBEC3B.16 These studies also suggested that the in-
nate immune response is important for rapid viral clearance 
during AHB infection, although they cannot clear the virus 
alone.

The adaptive immune response during an acute infection 
function is crucial in three ways: 1) inhibition of HBV at-
tachment and entry, 2) eradication of infected hepatocytes, 
and 3) conference of viral immunity. B cell response and 
antibody production is focused on the various HBV proteins, 
including core protein, surface protein, e-antigen, and poly-
merase. The antibodies specific for the envelope (hepati-
tis B surface antibody, known as anti-HBs or HBsAb) and 
nucleocapsid antigen (hepatitis B core antibody, known as 
anti-HBc or HBcAb) are both clinically important and use-
ful to distinguish between different acute phases of HBV 
infection.17 The discovery of the NTCP and pre-S1on pro-
tein L and the antigenic loop on protein S contributing to 
hepatocyte infection has led to the understanding of how 
anti-HBs leads to disease resolution and virus control. An-
tibodies against these entry antigens effectively block HBV 
infection, contributing to disease resolution and long-term 
immunity.18,19

HBV-specific T lymphocytes are responsible for viral 

Fig. 2.  Hepatitis B DNA integration. 1) HBV pre-S1 domain of envelope L protein binds to the hepatocyte-specific NTCP receptor (involved in bile acid uptake from 
portal blood flow), leading to cell entry.9,10 The antigenic loop of HBV surface protein S between regions I and II interact with hepatocyte heparin sulfate proteoglycans 
and aid in HBV-NTCP receptor interaction.11 2) The viral nucleocapsid containing rcDNA is transported to the nucleus where it is “repaired” by the host cell’s DNA repair 
mechanisms closing or “derelaxing” the rcDNA to form cccDNA. The cccDNA remains permanently in the hepatocyte’s nucleus and acts as a template for viral mRNA and 
pgRNA.12,13 3) Viral mRNA and pgRNA are transported to the cytoplasm. Here, mRNA undergoes translation by host ribosomes to form viral proteins. The viral proteins 
and pgRNA are then assembled and encapsulated. pgRNA undergoes reverse transcription by newly transcribed HBV reverse transcriptase, producing a (−)DNA interme-
diate. pgRNA is then degraded and HBV reverse transcriptase completes transcription, producing an rcDNA containing nucleocapsid. 4) rcDNA containing nucleocapsids 
can either a) be enveloped and secreted as virions or b) cycle back to the nucleus to replenish the cccDNA pool.117 5) Transcription of pgRNA by HBV reverse transcriptase 
in a 3′ to 5′ direction resulting in a (−)DNA. pgRNA is then partially hydrolyzed by HBV reverse transcriptase, leaving an 18 nucleotide RNA primer for synthesis of (+)
DNA strand. In ∼90% of nucleocapsids, the RNA primer translocates to DR2 resulting in rcDNA as HBV reverse transcriptase synthesizes the (+)DNA resulting in an 
rcDNA containing nucleocapsid. In ∼10% of pgRNA containing nucleocapsids, priming for reverse transcription occurs at the DR1 region (instead of DR2 region) of the 
(−)DNA template with resulting in dslDNA. 6) Viral dslDNA can then be transported to the nucleus and can incorporate into host DNA at double-strand DNA breaks.27
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clearance as well as halting liver inflammation. HBV spe-
cific CD8+ T cells are found in the liver during acute HBV 
infection and cause lysis of HBV-infected hepatocytes. This 
is thought to be the mechanism of clearing cccDNA-con-
taining hepatocytes and effectively eliminating HBV infec-
tion.20 CD8+ T cells have also been shown to release INF-γ 
and TNF-α during acute HBV infection, stimulating the in-
nate immune response, a key mechanism in serum HBV 
DNA clearance.21 T cell response is modulated during an 
acute infection by both inhibitory and activating regulatory 
mechanisms, including expression of PD-1, IL-10, and CD4 
T regulatory cells (Tregs).22 Higher expression of T cell in-
hibitory mechanisms (i.e. PD-1, CD244, and CTLA-4) are 
seen in patients who develop chronic hepatitis B (CHB), in-
dicating that inhibition of the T cell response may contribute 
to development of CHB.23–25

CHB

CHB is characterized by both persistent liver inflammation 
and HBV infection. Liver inflammation leading to fibrosis and 
cirrhosis occurs due to chronic inflammation as the immune 
system destroys the cccDNA-containing hepatocytes but is 
unable to clear the HBV infection. Clinically, this is identi-
fied by the presence of hepatitis B surface antigen (HBsAg), 
elevated HBV DNA, with elevated alanine aminotransferase 
(ALT). CHB can be further subdivided into two types: HBV e-
antigen (HBeAg)-positive and HBeAg-negative. HBeAg is an 
immunologically distinct soluble antigen, located between 
the viral nucleocapsid and envelope processed from the 
pre-core protein. Loss of HBeAg is typically associated with 
remission of liver disease; however, in a subset of HBeAg-
negative patients, viral reactivation can occur. The phases 
of HBV infection are detailed below.

The course of HBV infection can be divided into four 
phases that are determined by the host-virus immune re-
sponse. The first phase is the immune tolerance phase, 
characterized by active replication of HBV without substan-
tial hepatic inflammation but with HBeAg positivity and 
normal ALT level. HBeAg accumulates in the serum as an 
immunologically distinct soluble antigen and is used as a 
marker of active viral replication. The function of HBeAg is 
not clearly understood and is dispensable for replication, as 
mutant viruses without HBeAg exist and are both infectious 
and pathogenic. The second phase is the immune clearance 
phase, characterized by elevated ALT levels and decreased 
HBV DNA load. The third phase is the inactive carrier state, 
known as the immune control phase, defined by low HBV 
replication in which HBeAg positive patients lose HBeAg and 
gain antibodies to HBeAg (HBeAb). This phase is character-
ized by disease remission. The fourth phase is viral relapse, 
known as the immune escape phase, and is associated with 
a relatively high rate of liver inflammation, fibrosis, hepa-
tocellular carcinoma (HCC) development, and mortality. In 
this phase, patients who were inactive carriers develop in-
creased viral replication of HBeAg-negative HBV and hepatic 
inflammation with elevated ALT. This phase transition may 
occur in 20–30% of patients in the inactive carrier phase. 
HBeAg-negative CHB is the main form of CHB worldwide 
and is associated with defective T cell function.26 It remains 
unclear what triggers the progression through the various 
phases of infection or the mechanism of defective T cell 
function during the immune escape.

Dysregulation of T cell immune response has been asso-
ciated with progression to CHB. CD4+ helper T cells perform 
antiviral functions and produce a variety of cytokines crucial 
for viral clearance and progression to fibrosis, specifically 
the ratio between Tregs and Th17 T-helper cell subtypes. 
These two subtypes remain antagonistic to each other, 

where Th17 cells mediate inflammatory response leading 
to liver damage and fibrosis while Tregs mediate immune 
tolerance and contribute to the chronicity of infection. Nan 
et al.,27 (2012) found elevated levels of both Tregs and Th17 
cells in peripheral blood in patients with HBV infection; how-
ever, Th17 cells were significantly higher in patients with 
AHB compared to patients with CHB, who showed a higher 
Treg/Th17 ratio. These findings suggest Treg/Th17 imbal-
ance is closely associated with progression of CHB. Further 
studies have shown higher interleukin (IL)-35, which stimu-
lates Treg production, in CHB patients, contributing to the 
dysregulation of the Treg/Th17 ratio and that higher Treg/
Th17 ratios are closely associated with cirrhosis.28,29 CD4+ 
helper T cells play an important role in stimulating and 
maintaining CD8+ T cell response, and insufficient CD4+ 
helper T cell response is strongly associated with impair-
ment of CD8+ T cell function and viral persistence.

Sterilizing cure is defined as the eradication of intrahepat-
ic HBV DNA (intranuclear cccDNA or integrated HBV DNA), 
loss of HBsAg, and undetectable serum HBV DNA. This was 
the goal of interferon (IFN)-based therapies. Once viral DNA 
is incorporated into the host genome or cccDNA in the host 
nucleus, it is a challenge to remove it and may require im-
mune modulation to destroy the infected hepatocyte due 
to the dysregulation of T cell immune response. Luneman 
et al.,30 (2014) discovered that CHB patients paradoxically 
produce CD56bright NK cells that inhibit cytokine produc-
tion and blunt the cytolytic activity of CD8+ T-cells. Studies 
have shown that interferon-alpha (IFN-α) treatment induces 
normal CD56bright NK cell activity, thereby increasing IFN-γ 
expression and cytotoxic function of CD8+ T cells with an 
associated decline viral load.31,32 In a study by Wursthorn 
et al.,33 (2006) IFN therapy can decrease intrahepatic HBV 
DNA in most patients and achieve undetectable levels on 
about 50% of patients based on real-time polymerase chain 
reaction (PCR) of post-treatment liver biopsies. Although 
IFN-α therapy may lead to seroconversion and viral clear-
ance, there is a poor response rate, with about a 30% HBeAg 
seroconversion and 3% HBsAg seroconversion.26 Due to the 
side effect profile, and the mediocre sterilizing cure rate, 
IFN-based therapies have fallen out of use. Functional cure, 
defined by seroclearance of HBsAg with persistence of HBV 
DNA only in the liver, is associated with improved clinical 
outcomes and is the current therapeutic target. Functional 
cure is the goal of nucleus(t)ide analogues (NAs) and is 
achieved by inhibiting viral replication. Due to the persis-
tence of cccDNA in hepatocytes, NAs must be administered 
long term, if not indefinitely. However, some studies have 
shown that NA treatment improves CD8+ T cell cytotoxic 
function and occasionally clearance of HBV DNA-containing 
hepatocytes is achieved.34,35 In a subset of patients, cure 
can occur after prolonged NA treatment.

HBV vaccines and limitations

HBV vaccination has been an effective measure to prevent 
HBV infection. Plasma-derived vaccinations were first de-
veloped then replaced by recombinant HBV vaccines in the 
1980’s, both with similar efficacy.36 These vaccines stimu-
late anti-HBs antibodies in noninfected individuals, with a 
95% effective rate of seroconversion. The reason for 5% 
non-response remains unclear; however, there are certain 
populations affected, including those with chronic disease, 
certain genetic mutations, and those on immunomodula-
tory medications at higher risk for non-response to vaccina-
tion.37 Chronic diseases include old age (>60 years-old), 
human immunodeficiency virus-coinfection, and chronic 
kidney disease. Genetic mutations associated with non-re-
sponse include homozygous mutations for human leukocyte 
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antigen (HLA) DRB1*0301, HLA-B8, SC01, DR-3, HLAB44, 
FC-31, and DR-7.38,39 Methods that induce seroconversion 
include administering a 4th dose of vaccine or a repeat ad-
ministration of the three-series vaccine at a higher dose. 
Other vaccine methods currently under investigation in-
clude intradermal administration of the vaccine, the use of 
adjuvants (including 3-deacylatedmonophosphoryl lipid A), 
use of triple S antigen recombinants, and a vaccine with the 
combination HBsAg and HBcAg.37

The implementation of a rigorous vaccination program 
worldwide has led to a decrease in incidence of hepatitis B 
infection. However, the widespread use of vaccines has led 
to the emergence of certain point escape mutations leading 
to vaccination failure. This phenomenon has been shown 
to cause hepatitis B infection in previously vaccinated pa-
tients. A prospective Chinese study showed 6/176 adults to 
be HBV DNA-positive by PCR at 1 year after receiving the 
HBV vaccine. Four out of these six cases had known HBV 
escape mutations.40 Despite awareness of this emerging is-
sue, there is no consensus currently on the need for vaccine 
redevelopment or need for therapy in individuals infected 
with these mutants.41

Experimental treatments in the pipeline

Currently, there are many classes of medications with vari-
ous targets under investigation for hepatitis B therapy. One 
class under investigation are entry inhibitors targeting NTCP 
and therefore protecting against de novo infection of hepat-
ocytes.42 Myrcludex-B has been shown safe and effective in 
HBV/hepatitis D virus coinfection and is in phase II trials for 
the treatment of chronic HBV.43 Another class undergoing 
active investigation includes small interfering RNAs, which 
target viral RNA and lead to their degradation preventing 
translation of viral proteins crucial for viral capsid formation 
and cccDNA formation.44 Multiple small interfering RNA can-
didates are currently in phase I/II trials.45 Capsid inhibitors 
are another class of drugs currently under investigation. 
The integrity of viral capsids, the protein surrounding the vi-
ral genome, are physically altered, causing both disruption 
of capsid integrity and preventing hepatocyte entry, thereby 
preventing cccDNA formation. This mechanism is distinct 
from entry inhibitors, as capsid inhibitors also exhibit anti-
viral properties.46 Another class of agents, HBsAg inhibitors, 
which are currently in phase II trials, work by inhibiting 
the processing of HBsAg and release from the infected cell. 
Interestingly, they also seem to trigger an antiviral immune 
response, as serum HBsAg titer falls and occasionally HB-
sAb seroconversion occurs after monotherapy use.47 This 
antiviral effect suggests that viral surface proteins in cir-
culation may contribute to impairment of the immune sys-
tem’s antiviral response.47 The role of HBsAg on antiviral 
suppression remains unclear and is an intriguing area of 
study in understanding the progression to chronic HBV and 
potential future immunomodulating therapies.

Investigational therapies using vaccines to stimulate cy-
totoxic T cell response have yielded unsatisfactory results. 
Fontaine et al.,48 (2015) performed a phase I/II trial using 
NAs alongside an HBV envelope expressing DNA vaccine. 
The trial showed no benefit in regard to risk of relapse of 
HBV treated patients, rate of virologic breakthrough, or res-
toration of anti-HBV immune response. Lok et al.,49 (2016) 
performed a phase II trial using T cell-based vaccine after 1 
year of therapy with NAs. The vaccine did not provide sig-
nificant reductions in HBsAg in virally suppressed patients 
with CHB. Currently, PD-1 inhibitors are being studied to 
explore if durable control of CHB can be achieved. Phase 1 
trials have shown that in virally suppressed HBeAg-nega-
tive patients, that nivolumab (PD-1 inhibitor) led to HBsAg 

decline in most patients and sustained HBsAg loss in one 
patient.50 Clinical trials are currently ongoing, studying vari-
ous vaccines and immunomodulatory to achieve sustained 
CHB control.51

Hepatitis C

Background

HCV was isolated in 1989 and is a member of the Flavi-
viridae family (which includes Dengue and Zika virus). HCV 
has infected nearly 3% of the world’s population. It is a 
major cause of liver disease and cancer, where about 30% 
of chronically infected individuals develop cirrhosis, and 
infected individuals are at a 17-fold increased risk of de-
veloping HCC. In the USA, HCV accounts for 50% of the 
cases of HCC.52 The virus consists of a single lipid bilayer 
envelope surrounding a viral nucleocapsid, containing mul-
tiple viral core proteins and single-stranded RNA (ssRNA) 
that encodes for a single large polyprotein transcript. The 
single transcript is further processed into three structural 
proteins (core, envelope-1, envelop-2) and seven proteins 
involved in viral replication. In chronic HCV infection, the 
actions of the virus along with host immune factors cause 
dysregulation of the immune system, leading to failure of 
the immune response to clear the HCV infection. The in-
ability of the immune system to clear the infection leads to 
persistent hepatic inflammation, itself leading to cirrhosis, 
liver failure, or the development of HCC. The virus’s high 
mutation rate due to the lack of proofreading capability by 
its RNA-dependent RNA polymerase leads to escape muta-
tions, allowing the virus to evade the immune system and 
contributes to treatment and vaccine failure.

This high mutation rate leads to a broad range of genetic 
variants categorized into seven main genotypes, each with 
multiple different subtypes. Each genotype has more than 
a 25–35% difference in their nucleotide sequence.53 Geno-
type subtypes differ in nucleotide sequence from each other 
by 15–25%.54 Further genetic variability can be found in 
each individual patient, where multiple viral quasispecies 
containing different mutations can co-exist. Prevalence of 
distribution of HCV genotypes varies geographically. Among 
all the genotypes, genotype 1 (i.e. HCV-1) is the most 
prevalent worldwide. In the USA, HCV-1a and HCV-1b sub-
types account for 60–70% of all patients. HCV-2 is the most 
prevalent in middle and west Africa, HCV-3 in east Asia and 
India, HCV-4 in Egypt and sub-Saharan Africa, HCV-5 in 
South Africa, HCV-6 in China and southwest Asia, and HCV-
7 in central Africa.53,55

HCV infection

HCV circulates in the blood, accessing basolateral hepat-
ocyte surface receptors. The HCV particle has a very low 
density that closely resembles very low density lipoprotein 
(VLDL) and low density lipoprotein (LDL) and uses apoli-
poprotein and serum lipid uptake mechanisms to enter the 
hepatocyte. HCV entry is complex and uses multiple cell en-
try factors that are spatially arranged and bind in a tempo-
rally ordered manner. Five cell surface proteins are essential 
for HCV particle binding and entry, namely CD81, scavenger 
receptor class B type I (SR-BI), claudin 1 (CLDN1), occludin 
(OCLN) and Niemann-Pick C1-like 1 cholesterol absorption 
receptor (NPC1L1). First, HCV attaches to the hepatocyte 
LDL-R via viral apolipoprotein E-like protein.56 Next, SR-BI 
surface protein binds to viral lipoproteins expressed by HCV 
surface E2 gene. SR-BI is involved in high density lipopro-
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tein (HDL) and VLDL binding and is highly expressed by 
hepatocytes, which may explain HCV hepatotropism. SR-
BI then serves to unmask virus particles and exposes the 
CD81 cell membrane protein which binds to HCV E2 surface 
protein.57 The CD81-HCV complex moves laterally across 
the cell membrane to tight junctions, where CLDN1 is lo-
cated, and activates CLDN1 mediated viral entry via clath-
rin-dependent endocytosis.58 OCLN and NPC1L1 are tight 
junction proteins that are involved with HCV entry, however 
their exact roles are unknown. Targeting NPC1L1 with anti-
bodies or its antagonist ezetimibe (already Food and Drug 
Administration-approved as a cholesterol lowering medica-
tion) has been shown to halt or delay cell entry of all seven 
HCV genotypes, providing an intriguing potential therapeu-
tic target.59

The HCV assembly and release processes is not yet fully 
understood; however, it seems to be closely related to lipid 
packaging and release.60 Once inside the cell, the virus par-
ticles are uncoated, the capsid is destroyed, and the viral 
positive sense single-stranded RNA (+ssRNA) is released 
into the cytoplasm.61 The viral RNA then takes over the 
hepatocytes ribosome on the rough endoplasmic reticulum 
to synthesize a single long polyprotein that is later proteo-
lytically processed by viral and cellular proteases into its 10 
proteins, which include 3 structural proteins (core, E1, E2) 
and 7 nonstructural proteins (p7, NS2, NS3, NS4A, NS4B, 
NS5A, NS5B).61 Here in the cytoplasm, newly formed HCV 
RNA-dependent RNA polymerase transcribes the viral +ss-
RNA into an intermediate negative sense single stranded 
RNA (-ssRNA), which is then later transcribed into +ssRNA. 
The newly transcribed +ssRNA is then either packaged into 
new HCV virions or used for further HCV polyprotein trans-
lation by endoplasmic reticulum ribosomes. It is during this 
process, due to the high error rate and lack of proofread-
ing ability of the HCV RNA polymerase, that many muta-
tions are introduced and the many HCV quasispecies are 
formed.61 The error rate of HCV RNA-dependent RNA poly-
merase is estimated to be between one mutation per every 
103–106 nucleotides copied compared to one mutation per 
every 108–1011 nucleotides copied for DNA polymeras-
es.62–64 The virus proteins then arrange on the endoplasmic 
reticulum intracellular lipid membrane, where core proteins 
are shaped and bind to cytosolic lipid droplets (cLDs).65 The 
cLD-bound core proteins assemble into the core nucleocap-
sid via microtubules and dyneins, and +ssRNA are encap-
sulated. The HCV nucleocapsids, containing RNA and core 
proteins, then bud into the endoplasmic reticulum, where 
surface proteins are attached.

The detailed mechanism of HCV viral release is yet un-
known; however, hepatocyte exit seems to depend on 
the pathway for producing VLDLs and on the presence of 
apolipoprotein B and E. It is thought that the HCV particle 
complexes with apolipoprotein B and apolipoprotein E con-
taining VLDLs in order to exit the hepatocyte. A study by 
Huang et al.,66 (2007) showed that blocking VLDL secretion 
reduced HCV viral release from the hepatocytes in a growth 
media by 80%. Recently, another cellular pathway has been 
implicated in HCV release. The endosomal sorting complex 
required for transport (ESCRT) pathway has been implicat-
ed in HCV secretion out of the endoplasmic reticulum and 
cell. This pathway is normally used to bud vesicles out of 
the cell, and HCV may use the ESCRT system too, but little 
is known about this process.67

Innate immune response to hepatitis C infection

The innate immune response is important in HCV infection 
by both limiting viral dissemination through inducing infect-
ed hepatocyte apoptosis and stimulating the antigen specif-

ic adaptive immune response.68 During an acute HCV infec-
tion, viral RNA is detected within the hepatocyte cytoplasm. 
The presence of intracellular HCV RNA after the uncoating 
of HCV virion activates TLR3, RIG-I, and MDA5 of infected 
hepatocytes, which in turn release interferon 1 (IFN-I, a 
and b) and IFN-γ. Circulating HCV RNA is also detected by 
plasmacytoid dendritic cells (pDCs). The activated pDCs 
produce IFN-α. Both IFN-I (a and b) and IFN-γ released by 
infected hepatocytes and circulating pDCs act to directly in-
hibit HCV replication and activate NK cells.69 NK cells play a 
crucial role in the innate immune response to acute HCV in-
fection by cytolytic destruction of infected hepatocytes and 
cytokine release, which both directly inhibit HCV replication 
and stimulate the adaptive immune response. Activated 
NK cells directly induce infected hepatocyte perforin- and 
granzyme B-mediated apoptosis. The cytolytic action of NK 
cells through the perforin/granzyme mechanism causes col-
lateral damage to uninfected surrounding hepatocytes. NK 
cells also produce IFN-γ and TNF-α, which cause dendritic 
cell maturation, leading to IL-12 release which induces the 
adaptive immune response with the differentiation of CD4 
and CD8 T cells.70,71 Lastly, in vitro studies have shown that 
IFN produced by NK cells directly inhibits HCV replication.72

Adaptive immune response, its shortcomings, and 
progression to chronic hepatitis C

Generally, T cell response is the adaptive immune system’s 
main mechanism of viremia control. In HCV, specific CD8+ 
T cells destroy infected hepatocytes via HLA class I antigen 
presenting cells as well as by inducing cytokine secretion 
(TNF-α, IFN-γ).73 Helper CD4+ T cells support this function 
via IL-2 to stimulate CD8+ T cell and NK cell activation.74,75

Chronic HCV infection is defined as persistent viremia for 
more than 6 months.76 In chronic HCV, a continuous yet 
impaired activation of the adaptive immune system occurs. 
HCV has multiple mechanisms to defend against immune 
clearance, resulting in immune system evasion and chronic 
infection.

The first major mechanism of chronic infection is the loss 
of T cell function due to chronic T cell activation. Essentially, 
T cell function is inhibited and their cytotoxic capacity is 
lost. First described in persistently-infected mice with lym-
phocytic choriomeningitis virus (LCMV), high levels of per-
sistent viral antigen production results in chronic T cell acti-
vation, leading to sequential loss of T cell function.77 During 
chronic infection, HCV specific CD4+ helper T cells show 
a reduced production of IL-2, resulting in impaired CD8+ 
T cells activation.78 Additionally, HCV core antibody has 
been implicated in T cell suppression, as it binds to comple-
ment C1q inhibiting Lck/Akt activation of CD4+ and CD8+ 
T cells.79 PD-1-mediated CD8+ T cell suppression has also 
been implicated in inhibiting T cells. Studies have shown 
that isolating CD8+ T cells from chronically infected pa-
tients and exposing the cells to PD-1 blocking drugs in vitro 
can restore T cell function.80,81 Further studies have shown 
that CTLA4 (an inhibitory signal produced by Tregs) along 
with PD-1 may synergistically inhibit CD8+ T cell function.82

CD4+ T cell activity plays an important role in chronic 
HCV infection. It is widely known that a vigorous CD4+ T 
cell response during an acute HCV infection is correlated 
with viral clearance.83–85 Conversely, progression of acute 
HCV infection to chronic infection is strongly associated with 
the downfall of HCV specific CD4+ T cell response.74,83 Both 
the lack of robust CD4+ T cell response during acute infec-
tion and the decrease CD4+ T cell response after the acute 
phase of infection have both been observed and associated 
with the development of chronic progression.86 The mecha-
nism by which CD4+ T cell response dwindles during the 
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acute infection remains unclear. One mechanism proposed 
is HCV escape mutations occurring in patients with various 
HLA epitopes (including HLA-DRB1*15 epitope).86,87

Other Tregs, such as CD25+ T cells, play a role in sup-
pressing immune system activation.88–90 These cells work 
through various mechanisms to suppress the immune re-
sponse during chronic HCV infection, including CD8+ T cell 
inhibition and inhibition of cytokine release such as IL-10 
and transforming growth factor-beta (TGF-β) immunomod-
ulating cytokines.89,91,92 Tregs upregulated during chronic 
infection, decrease to the level of control individuals after 
spontaneous viral clearance and after treatment induced 
sustained virologic response (SVR).89,93 The mechanism of 
Treg upregulation occurring during HCV infection remains 
unclear; however, it has been proposed that HCV itself 
can induce Treg upregulation specifically by HCV core pro-
tein.93,94 Viral escape mutations are a major factor in the 
development of chronic HCV. HCV viral RNA is highly prone 
to mutations due to its RNA-dependent RNA polymerase 
and its lack of proofreading function. Multiple virus mutants 
can co-exist, eventually leading to the selection of CD8+ T 
cell escape variants. Up to 50–70% of patients with chronic 
HCV infections exhibit mutations at viral epitopes targeted 
by CD8+ T cells.95,96 Viral escape mutations emerge during 
the early acute infection and remain fixed in the quasispe-
cies for years, implicating themselves as a mechanism for 
immune system evasion and chronic progression.97 Howev-
er, many viral mutations have been shown to reduce fitness 
and viral replicative capacity.98,99 Thus, as a consequence of 
the viral mutant-impaired fitness, most viral escape muta-
tions will revert to wild-type long term and be the primary 
transmission agent to a new host.100 Some HLA alleles have 
been shown to be protective of the viral escape mutants 
and are associated with a decrease in chronicity. HLA-B27 
positivity is protective against chronic HCV progression; 
however, escape mutations can still occur. HLA-B27–bind-
ing anchor encodes a highly conserved region on viral RNA 
polymerase, where mutations at this epitope often lead to a 
non-functional RNA polymerase.101

IFN and DAA HCV therapy

IFN remains an important immunomodulator involved in 
host defense and treatment of chronic HCV. Upon viral entry 
into the host cell, HCV RNA is detected by TLR3 in the endo-
some and by RIG-I in the cytoplasm. Activation of these re-
ceptor pathways lead to interferon transcription. There are 
3 major types of interferon, Type I and III IFN are produced 
by the infected hepatocyte and Type II IFN are produced by 
NK-cells and natural killer T cells (NKT cells). IFN bind to 
specific transmembrane JAK–STAT receptor signaling path-
ways to regulate gene transcription in the nucleus induc-
ing an “antiviral state” in the cell activating both the innate 
and adaptive immune systems through various stimulatory 
pathways.102–104

Historically, pegylated-IFN and ribavirin have been the 
mainstay of treatment of chronic HCV. Today, DAAs re-
main the preferred treatment choice; however, IFN-based 
therapies remain a treatment option. With IFN use, HCV 
genotypes play an important role in treatment strategy and 
outcome. HCV genotypes 1 and 4 require longer treatment 
(48 weeks) and achieve a SVR of 50%. Meanwhile, HCV 
genotypes 2 and 3 require a shorter treatment time, with a 
higher SVR around 80%.105–107 The divergent response to 
IFN treatment has stimulated intense research, examining 
the mechanisms of non-response in an attempt to identify 
predictors of non-response that may guide therapy. The 
exact mechanism of IFN therapy failure remains unclear; 
however, it is thought that various viral mutations and host 

immune factors contribute to divergent responses to IFN. 
Various mechanisms of IFN treatment failure via inhibition 
of IFN signaling pathways have been shown.108–110 Besides 
HCV genotypes, multiple host factors have also been shown 
to affect IFN treatment response, including host sex, age, 
and race. Male sex, older age and African-American race are 
associated with inferior response to IFN therapy.111

The development of non-IFN-based therapy with DAAs 
have resulted in a much better safety profile and shorter 
duration of therapy, with a dramatic increase in virus cure 
rates, especially in difficult to treat HCV genotypes. The 
use of HCV screening in high risk populations (i.e. intrave-
nous drug users) and highly effective DAA treatments have 
also proven cost-effective in avoiding liver-related mortal-
ity and liver transplantations.112 There are three targets of 
DAA therapy, including NS3/4A protease inhibitors, NS5A 
polymerase inhibitors, NS5B polymerase inhibitors. DAA 
therapy is highly effective, with SVR rates >95% in geno-
type 1-infected patients without cirrhosis including those 
co-infected with human immunodeficiency virus, and about 
78–87% effective in decompensated cirrhotics with Child–
Turcotte–Pugh class C disease.113 Despite the high rate of 
DAA effectiveness in achieving SVR, the sheer magnitude 
of individuals infected with HCV leaves a significant cohort 
of patients who fail their initial therapy. Clinical trials of re-
treatment after failure of initial DAA therapy have shown 
high rates of SVR with DAA salvage therapy. Re-treatment 
regimens utilize strategies such as adding additional active 
agents (other DAA classes and/or ribavirin), using longer 
treatment courses, or both. Clinical trials such as POLA-
RIS-1, POLARIS-4, MAGELLAN-3 have shown a 90–98% ef-
fective re-treatment cure rate after initial DAA failure.114,115 
The mechanism of DAA resistance is thought to be due to 
various mutations seen in the different HCV genotypes and 
the DAA interaction sites that render the drugs ineffective. 
After DAA initiation, wild-type DAA-susceptible HCV species 
are eliminated, selecting for resistant variants. Some stud-
ies have shown that some of the acquired mutations in re-
sistant quasispecies may increase viral fitness, which may 
explain the rapid viral replication seen on treatment (known 
as breakthrough) or after treatment (known as relapse).116 
Genotype-specific DAA treatment regimens and the emer-
gence of drug-resistant variants remain a significant con-
cern. Genotype-specific DAA resistance is associated with 
polymorphisms present in the various HCV genotypes, such 
as the NS5A resistance-associated substitutions present in 
genotype 1, that lead to the decreased efficacy of ledipas-
vir/sofosbuvir regimens, or genotype 3 variations within 
the NS5A region, leading to reduced sensitivity to NAs. The 
emergence of genotype-specific DAA resistance has led to 
an increase in demand for pangenotypic therapies that have 
a higher barrier to drug resistance (such as sofosbuvir/
velpatasvir or glecaprevir/pibrentasvir) for treatment of all 
HCV genotypes, especially in resource-limited areas when 
genotype testing is unavailable.

Conclusions

Understanding the immune response to acute HBV infec-
tion and the immune system’s dysregulation that results in 
chronic HBV infection are important in developing preven-
tive and therapeutic strategies. Both adaptive and innate 
immune responses play major roles in the eradication of 
HBV infection with the dysregulation of T cell immune re-
sponse associated with progression to chronic HBV infec-
tion. Persistence of viral DNA in the form of cccDNA or in-
corporated into the host’s genome, along with the failure of 
the immune system to clear these infected cells, contributes 
to the persistence of HBV infection. The implementation of 
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a vaccination program worldwide has led to an overall de-
crease in incidence of HBV infection. IFN, with its poor rate 
of viral clearance and significant side effects, has fallen out 
of favor for therapy in hepatitis B. NAs are currently the 
treatment of choice and are aimed at suppressing viral rep-
lication by suppressing reverse transcriptase but are rarely 
curative. New strategies for targeting HBV production (RNA 
interference, HBsAg inhibitors, capsid inhibitors) and im-
mune response (PD-1 inhibitors, therapeutic vaccines) are 
currently under investigation as possible curative treatments.

Unlike HBV infection, effective curative regimens using 
DAAs have been developed and successfully implemented for 
HCV; however, no effective vaccinations exist yet. It is the 
sheer magnitude of infected individuals and the cost of treat-
ment that have proven to be significant barriers to disease 
elimination and persistence of HCV-related morbidity and 
mortality. It is the combination of HCV viral escape muta-
tions along with host immune factors that are major contribu-
tors in the development of chronic HCV. Although the exact 
mechanism remains unclear, persistent viral infection results 
in chronic suppressor T cell activation, which leads to a loss of 
T cell response. Ongoing research to develop a safe and effec-
tive vaccine will help decrease incidence and spread of HCV.
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Abstract

Hepatitis C virus (HCV) genotype (GT)3 infection is associ-
ated with a more rapid hepatic disease progression than the 
other genotypes. Hence, early HCV clearance slows down the 
disease progression and is important for improving prognosis 
in GT3-infected patients. Nevertheless, compared with other 
genotypes, GT3 is difficult-to-treat with direct-acting antivi-
rals, especially in the presence of cirrhosis. Current guide-
lines recommend several regimens which have been proven 
to be effective in GT3-infected patients from the Western 
world (North America, Europe, and Oceania). In China, GT3 
infection comprises 8.7–11.7% of the 10 million patients in-
fected with HCV and has strikingly different characteristics 
from that in Western countries. Unlike the Western countries, 
where GT3a is the predominant subtype, GT3a and 3b each 
affect roughly half of Chinese GT3-infected patients, with 
94–96% of the GT3b-infected patients carrying A30K+L31M 
double NS5A resistance-associated substitutions. Phase 3 
clinical trials including GT3b-infected patients have suggest-
ed that GT3b infection is difficult to cure, making the regimen 
choice for GT3b-infected patients an urgent clinical gap to be 
filled. This review includes discussions on the epidemiology 
of HCV GT3 in China, recommendations from guidelines, and 
clinical data from both Western countries and China. The aim 
is to provide knowledge that will elucidate the challenges in 
treating Chinese GT3-infected patients and propose potential 
solutions and future research directions.

Citation of this article: Wang X, Wei L. Direct-acting an-
tiviral regimens for patients with chronic infection of hep-
atitis C virus genotype 3 in China. J Clin Transl Hepatol 
2021;9(3):419–427. doi: 10.14218/JCTH.2020.00097.

Introduction

Direct-acting antivirals (DAAs), with their proven efficacy 
and safety, have replaced pegylated interferon (PegIFN) plus 
ribavirin (RBV) as the first-line treatment for chronic hepa-
titis C virus (HCV) infection in international guidelines.1–4 
However, compared with patients infected with other geno-
types (GTs) of HCV, GT3-infected patients, especially those 
with cirrhosis, tend to achieve lower rates of sustained vi-
rological response (SVR) from DAA regimens.5 Given that 
China has drastically different distributions of HCV GT3 sub-
types and resistance-associated substitutions (RASs) from 
those of Western countries,6 it remains unclear whether 
findings from clinical studies on DAAs in GT3-infected pa-
tients from those countries would be generalizable to Chi-
nese patients. This article will discuss the epidemiology of 
HCV GT3 in China and review guidelines recommendations 
as well as clinical data from GT3-infected patients on DAAs, 
to provide direction for treatment and research among the 
Chinese and the broader Asian GT3-infected population.

HCV GT3 epidemiology in China

There are currently over 71 million HCV-infected patients 
worldwide,7 of which 44–46% are of GT1 and 25–30% are 
of GT3.7,8 South and Southeast Asian countries like Paki-
stan, India, and Malaysia see a higher proportion of GT3 
infection, with 79% of the Pakistani HCV-infected patients 
being of GT3.7 China has around 10 million HCV-infected 
patients,7 with the most common genotypes being GT1b 
(52.2–62.8%) and GT2a (16.7–28.7%).7,9–11 GT3 com-
prises 8.7% to 11.7% of all the local infections,7,9,11 with 
both incidence and prevalence showing an increasing trend 
in recent years.10,11 For instance, one retrospective study 
conducted at a hospital in Shanghai, China found that 
the percentage of GT3-infected patients increased from 
13.4% in 2011 to 22.6% in 2014.12 Geographically, GT3 
has spread from the south and southwest regions to the 
entire country over the last two decades,11,13 albeit with an 
uneven distribution across different regions; up to 38% of 
HCV-infected patients in the southwest region are of GT3, 
while that percentage is only 3% in the northeast region.9 
GT3a and GT3b subtypes each constitute about 50% of the 
Chinese GT3-infected population,6,9,11 with the southwest 
region reporting up to 70% of GT3-infected patients carry-
ing the GT3b subtype.9 The GT3b subtype comprised 90% 
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of the GT3-infected patients in a hospital-based study con-
ducted in Myanmar bordering southwest China.14 These are 
markedly different from the patient composition pattern in 
the Western world (North America, Europe, and Oceania), 
where close to 99% of the GT3-infected patients carry the 
GT3a subtype.15

Prior research in South Korea and the USA has shown 
that compared with GT1- or GT2-infected patients, GT3-
infected patients tend to have a more rapid hepatic disease 
progression, with a higher risk of liver complications, such 
as hepatocellular carcinoma.16–18 Similarly, the Chinese 
prospective, observational cohort study “CCgenos” reported 
that the median time from infection to disease progression 
was shorter in GT3b-infected patients than in GT1-infected 
patients (27.1 vs. 35.6 years).19 The aforementioned study 
at the Shanghai hospital also reported a younger age and 
a shorter duration of infection in cirrhotic patients with GT3 
infection,12 lending further evidence to the rapid disease 
progression associated with GT3.

NS5A RASs such as Y93H, A30K, L31M as well as A30K 
and L31M double substitutions can affect the efficacy of 
NS5A inhibitor-based DAA regimens,20 and are thus a po-
tential key consideration when choosing DAAs for HCV 
treatment. The global prevalence of the Y93H RAS in GT3a-
infected patients is 6%.15 The phase 3 clinical trials of ALLY-
3 in the USA and ASTRAL-3 in Europe, Northern America, 
and Oceania both reported a Y93H prevalence of 9% among 
GT3-infected patients.21,22 However, only 1.6% of GT3-in-
fected and 3.3% of GT3a-infected patients in China have 
the Y93H RAS.6,23 As for GT3b, both Chinese and global 
patient populations have reported a very low prevalence 
of Y93H.15,23 In China, 94–96% of GT3b-infected patients 
carry both A30K and L31M RASs,6,23 which confer high re-
sistance to currently-approved NS5A inhibitors, as shown 
by the elevated half maximal effective concentrations for 
HCV with the RASs.20

Injection drug use is a strong risk factor for HCV infec-
tion worldwide.24 A 2017 global meta-analysis reported an 
HCV antibody prevalence of 43.1% among Chinese people 
who inject drugs (PWID),25 while a 2019 study focusing on 
HCV high-risk populations in China found the prevalence to 
be 72.4% among PWID.26 Most of the early GT3-infected 
patients in China contracted the virus via this route.11 GT3 
is still highly prevalent among the HCV-infected PWID in 
China, with a 2015 study reporting that GT3 accounted for 

55% of HCV-infected PWID.27 A recent study in heroin us-
ers undergoing methadone maintenance therapy in Jiangsu 
Province reported that up to 74.0% of these patients were 
HCV antibody-positive,28 with GT3a and GT3b comprising 
24.6% and 41.7% of the cohort with viremia, respective-
ly.28

Treatment recommendations for GT3-infected pa-
tients

All the DAAs currently approved in China can be found in Ta-
ble 1. All of them except sofosbuvir (SOF) are available only 
as brand-name drugs in China. Seven DAA regimens have 
been approved in China for GT3-infected patients, namely 
SOF+RBV, SOF plus daclatasvir (DCV), SOF plus coblopas-
vir (CLV), ledipasvir (LDV)/SOF+RBV, SOF/velpatasvir 
(VEL), glecaprevir/pibrentasvir (GLE/PIB), and SOF/VEL/
voxilaprevir (VOX); however, not all of them are recom-
mended in the guidelines. The Chinese Medical Association 
(CMA), American Association for the Study of Liver Diseases 
(AASLD), European Association for the Study of the Liver 
(EASL), and World Health Organization (WHO) recently up-
dated their HCV treatment guidelines.1–4,29 The recommen-
dations for GT3-infected patients without or with compen-
sated cirrhosis are summarized in Table 2. It is worth noting 
that the international guidelines were formulated primarily 
based on clinical studies conducted in Western countries, 
where the GT3a subtype predominates among GT3-infect-
ed patients.15 Therefore, the recommendations for “GT3-
infected patients” in these guidelines would likely be more 
applicable to those with GT3a infection.

Non-cirrhotic patients

According to the CMA, AASLD, EASL, and WHO guidelines, 
12-week SOF/VEL is recommended for non-cirrhotic, GT3-
infected patients, regardless of prior PegIFN+RBV treatment 
(Table 2).1–4 Co-administration of RBV with SOF/VEL can be 
considered in GT3b-infected patients, according to the CMA 
guidelines.1 GLE/PIB is recommended for non-cirrhotic, 
GT3-infected patients in the CMA, EASL and WHO guide-
lines, and the treatment duration is dependent on patient 

Table 1.  Approved DAA agents in China

DAA agent Therapeutic class Indicated GTs

Asunaprevira NS3/4A protease inhibitor 1b

CLVa NS5A inhibitor 1, 2, 3, 6

Danoprevir/ritonavira NS3/4A protease inhibitor+CYP3A inhibitor 1b

Dasabuvira None-nucleotide analogue NS5B polymerase inhibitor 1

DCVa NS5A inhibitor 1–6

SOFa Nucleotide analogue NS5B polymerase inhibitor 1–6

EBR/GZR NS3/4A protease inhibitor+NS5A inhibitor 1, 4

GLE/PIB NS3/4A protease inhibitor+NS5A inhibitor 1–6

LDV/SOF NS5A inhibitor+Nucleotide analogue NS5B polymerase inhibitor 1–6

Ombitasvir/paritaprevir/ritonavira NS5A inhibitor+NS3/4A protease inhibitor+CYP3A inhibitor 1, 4

SOF/VEL Nucleotide analogue NS5B polymerase inhibitor+NS5A inhibitor 1–6

SOF/VEL/VOX Nucleotide analogue NS5B polymerase inhibitor+NS5A 
inhibitor+NS3/4A protease inhibitor

1–6

aThe drug needs to be used in combination with other medications to treat chronic HCV infection; more details can be found in the relevant prescribing information.
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treatment history.1,3,4 The regimen is also recommended 
by AASLD as a first-line treatment for treatment-naïve pa-
tients and as an alternative for PegIFN+RBV-experienced 
patients.2 Recent clinical data showed that with 8 weeks of 
GLE/PIB in non-cirrhotic patients, a lower SVR12 rate was 
observed in GT3b-infected patients than in GT3a-infected 
patients,30 indicating that 8 weeks is not an optimal course 
in the former group. Additionally, SOF+DCV is recognized 
only by the WHO as a first-line regimen in non-cirrhotic, 
GT3-infected patients.4

Patients with compensated cirrhosis

Both SOF/VEL and GLE/PIB are recommended regimens 
for GT3-infected patients with compensated cirrhosis in the 
CMA, AASLD, EASL and WHO guidelines.1–4,29 All the guide-
lines recommend an extended course (16 weeks) of GLE/
PIB for treatment-experienced patients.1–4 Co-administra-
tion of RBV with SOF/VEL can be considered irrespective 
of treatment experience according to the CMA guidelines,1 
while SOF/VEL+RBV is included only as an alternative for 
PegIFN+RBV-experienced patients in the AASLD guide-
lines.2 According to EASL and AASLD, GT3-infected patients 
with compensated cirrhosis should receive RAS testing for 
Y93H before initiating treatment with SOF/VEL.2,29 In the 
presence of Y93H, RBV should be co-administered or an 
alternative regimen should be used.2,29 In contrast, the 
CMA does not recommend RAS testing at baseline in gen-
eral and suggests considering RBV co-administration with 
SOF/VEL in cirrhotic, GT3-infected patients.1 SOF/VEL/VOX 
is recommended for both treatment-naïve and treatment-
experienced GT3-infected patients with compensated cir-
rhosis by the CMA and EASL guidelines, but only for those 
who are treatment-experienced in the AASLD guidelines.1–3 
Besides this, SOF+DCV is recommended only by the WHO 

guidelines, for GT3-infected patients with compensated cir-
rhosis.4

Patients with decompensated cirrhosis

Liver transplantation is the primary option for decompen-
sated cirrhosis, whereas antiviral treatment may help pre-
vent reinfection among liver recipients. Due to the safety 
concerns attributable to markedly increased drug exposure 
in patients with decompensated cirrhosis, protease inhibitor 
(PI)-containing regimens, such as GLE/PIB, SOF/VEL/VOX, 
and elbasvir/grazoprevir (EBR/GZR), are contraindicated in 
them.3 The CMA, AASLD, and EASL guidelines recommend 
12 weeks of SOF/VEL+RBV for GT3-infected patients with 
decompensated cirrhosis, and 24 weeks of SOF/VEL if RBV 
is contraindicated or not tolerated.1–3 Additionally, 12 weeks 
of SOF+DCV+RBV or 24 weeks of SOF+DCV (when RBV is 
contraindicated or not tolerated) is also recommended for 
such patients in the CMA guidelines.1 No treatment recom-
mendations were provided by the WHO guidelines for pa-
tients with decompensated cirrhosis; although, the guide-
lines have noted the efficacy and safety of SOF/VEL and 
SOF+DCV in this patient population.4

Inappropriate use of PI-containing regimens in patients 
with decompensated cirrhosis could result in serious com-
plications. In August 2019, the USA’s Food and Drug Ad-
ministration (known as the FDA) issued a warning on the 
risk of serious liver injury in patients with advanced liver 
disease receiving PI-containing regimens, following publica-
tion of several case reports.31 Many of these cases should 
avoid PI-containing regimens, given the presence of signs 
and symptoms of decompensated cirrhosis or other seri-
ous liver problems.31 The FDA thus recommends assessing 
liver disease severity at baseline, and close monitoring for 
worsening liver function when patients with compensated 

Table 2.  Treatment recommendations for GT3-infected patients without and with compensated cirrhosis

Cirrhosis 
status Regimen Treatment 

history CMA1 2019 AASLD2 2019 EASL3,29 2018 WHO4 2018

No cirrhosis SOF/VEL Naïve 12 weeksb 12 weeks 12 weeks 12 weeks

Experienceda 12 weeksb 12 weeksc 12 weeks 12 weeks

GLE/PIB Naïve 8 weeks 8 weeks 8 weeks 8 weeks

Experienceda 16 weeks – 12 weekse 16 weeks

SOF+DCV Naïve – – – 12 weeks

Experienceda – – – 12 weeks

Compensated 
cirrhosis

SOF/VEL Naïve 12 weeks ±RBV 12 weeksd 12 weeksf 12 weeks

Experienceda 12 weeks ±RBV – 12 weeksf 12 weeks

GLE/PIB Naïve 12 weeks 8 weeks 12 weeks 12 weeks

Experienceda 16 weeks 16 weeks 16 weeks 16 weeks

SOF/VEL/VOX Naïve 12 weeks – 12 weeks –

Experienceda 12 weeks 12 weeks 12 weeks –

SOF+DCV Naïve – – – 24 weeks

Experienceda – – – 24 weeks

aTreatment “experienced” refers to prior treatment with PegIFN+RBV in the guidelines by AASLD, EASL and WHO, but with PegIFN+RBV±SOF or SOF+RBV in the CMA 
guidelines. bConsider the co-administration of RBV in GT3b-infected patients. cBaseline RAS testing for Y93H is recommended. When Y93H is present, RBV should be 
co-administered, or an alternative regimen (12 weeks of SOF/VEL/VOX or 16 weeks of GLE/PIB for those treatment-experienced) should be used. dOnly applicable for 
patients without Y93H. When Y93H is present, another regimen should be used (12 weeks of SOF/VEL+RBV or SOF/VEL/VOX as alternatives for such patients). eThe 
European prescribing information for GLE/PIB suggests a 16-week course for PegIFN+RBV-experienced, non-cirrhotic patients with GT3 infection. fOnly applicable for 
patients without Y93H. If Y93H is present, an alternative regimen such as SOF/VEL/VOX should be used, or RBV should be co-administered with SOF/VEL when SOF/
VEL/VOX is not available.
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cirrhosis receive PI-containing regimens.31 The FDA also 
advises discontinuation upon the emergence of signs and 
symptoms of decompensation.31 Therefore, a PI-free regi-
men like SOF/VEL would be more convenient for patients 
with compensated cirrhosis.

Clinical data for DAAs in GT3-infected patients

GT3a-infected patients

A large body of evidence has been generated in patients 
with GT3 infection from Western countries. Given the pre-
dominance of the GT3a subtype in GT3 infections, findings 
from Western GT3-infected patients in clinical trials could 
be largely regarded as those from GT3a-infected patients, 
although the distributions of GT3 subtypes were not always 
reported in studies. A smaller amount of data among GT3a-
infected patients are also available from phase 3 clinical tri-
als conducted in China. This section will review these two 
sets of efficacy data and discuss their implications and rel-
evance for guiding the treatment of Chinese patients with 
GT3a infection.

Western GT3a-infected patients treated with SOF/
VEL: In ASTRAL-3, an international multicenter phase 3 
clinical trial, the overall SVR12 rate in GT3-infected patients 
(with 96% [265/277] infected with GT3a) receiving 12-week 
SOF/VEL was 95% (264/277); of patients with GT3a infec-
tion, 95% (253/265) achieved SVR12.22 Efficacy was inde-
pendent of cirrhosis status, with the SVR12 rates in patients 
without and with compensated cirrhosis reported as 97% 
(191/197) and 91% (73/80), respectively (Supplementary 
Fig. 1).22 An integrated analysis of five phase 3 clinical trials 
with 12 weeks of SOF/VEL, performed by Hezode et al.,32 
reported an SVR12 rate of 93% (53/57) in GT3-infected 
patients with baseline NS5A RASs from ASTRAL-3 and PO-
LARIS-3. The analysis also found that 86% (19/22) of Y93H 
carriers, 96% (27/28) of A30K carriers, and all five of the 
A30K+L31M carriers achieved SVR12,32 suggesting that the 
efficacy of SOF/VEL in GT3a-infected patients is largely un-
affected by the A30K RAS. In another integrated analysis 
of six phase 2 and 3 clinical trials, Roberts et al.33 found an 
SVR12 rate of 94% (316/337) in GT3-infected patients with 
compensated cirrhosis (with 97% [316/326] infected with 
GT3a among patients with available genotype data) after 
12 weeks of SOF/VEL (Supplementary Fig. 1) but noted that 
A30K±L31M- and Y93H- carriers achieved SVR12 rates of 
88% (22/25) and 60% (6/10), respectively.33 These results 
suggest that Y93H-carrying, cirrhotic patients with GT3 in-
fection may represent a particular patient population that do 
not respond optimally to 12-week SOF/VEL.33 As a result, 
the AASLD and EASL guidelines now recommend 12 weeks 
of SOF/VEL for GT3-infected patients with compensated cir-
rhosis,2,3,29 with co-administration of RBV in the presence of 
the Y93H RAS.2,29 Likely due to the low prevalence (1.6%) 
of the Y93H RAS in Chinese GT3-infected patients,6,23 the 
CMA guidelines do not recommend Y93H RAS testing in 
GT3-infected patients prior to treatment with SOF/VEL.

Western GT3a-infected patients treated with GLE/
PIB: In an integrated analysis of five clinical trials of GLE/
PIB including GT3-infected patients (with 99% [683/693] 
infected with GT3a), Flamm et al.34 found that extending 
the treatment duration from 8 weeks to 12 weeks did not 
increase efficacy in treatment-naïve, non-cirrhotic patients, 
with the SVR12 rates at 95% (198/208 and 280/294) in 
both groups (Supplementary Fig. 1). Based on these find-
ings, current guidelines generally recommend 8 weeks of 
GLE/PIB in such patients.1–4 However, the treatment du-
ration affected efficacy in treatment-experienced, non-
cirrhotic patients. The rates of virological failure in those 

receiving 12 and 16 weeks of treatment were 10.2% (5/49) 
and 4.5% (1/22), respectively.34 Currently, the EASL guide-
lines recommend 12 weeks of treatment in this group of 
patients,3 while the CMA and WHO guidelines recommend 
16 weeks.1,4 Flamm et al.34 also reported that 97% (67/69) 
of treatment-naïve patients with cirrhosis achieved SVR12 
following 12 weeks of GLE/PIB, and 94% (48/51) of their 
treatment-experienced counterparts achieved SVR12 fol-
lowing 16 weeks of the regimen. Overall, GIL/PIB showed 
high efficacy among GT3a-infected patients. However, its 
treatment duration is dependent on treatment history and 
cirrhosis status, which may complicate clinical practice and 
affect its use in primary care settings.

Flamm et al.34 also explored the effect of RASs on the 
efficacy of GLE/PIB in GT3-infected patients that were treat-
ment-naïve and non-cirrhotic. In patients receiving 8-week 
GLE/PIB, 100% (10/10) of Y93H carriers and 83% (15/18) 
of A30K carriers achieved SVR12 based on modified inten-
tion-to-treat (mITT) analysis.34 Among those receiving 12-
week GLE/PIB, Y93H carriers and A30K carriers achieved 
mITT SVR12 rates of 86% (12/14) and 93% (13/14), re-
spectively;34 whereas, a meta-analysis showed that both 
the A30K and Y93H RASs can reduce the efficacy of GLE/
PIB in GT3-infected patients.35 More real-world studies with 
larger samples are needed to verify this effect.

Although no head-to-head studies have been conducted 
between SOF/VEL and GLE/PIB, an analysis based on the 
American TRIO Network found that among cirrhotic, GT3-
infected patients, GLE/PIB yielded a lower per-protocol 
SVR rate than SOF/VEL (88% [22/25] vs. 98% [57/58], 
p=0.044).36 This suggests a difference in efficacy between 
GLE/PIB and SOF/VEL in this patient population, but the 
reason for this remains to be investigated.

Western GT3a-infected patients treated with SOF/
VEL/VOX and EBR/GZR+SOF: The phase 3 clinical tri-
als POLARIS-2 and -3, both conducted in North America, 
Europe, and Oceania, found that 8 weeks of SOF/VEL/
VOX achieved high SVR12 rates of 99% (91/92) and 96% 
(106/110) in GT3-infected patients without and with com-
pensated cirrhosis, respectively (Supplementary Fig. 2).37 
Nevertheless, as experiences thus far indicate that GT3 
is difficult-to-treat with DAAs, both the AASLD and EASL 
guidelines recommend a 12-week course for SOF/VEL/VOX 
for precautionary reasons.2,3 The phase 2 study C-ISLE 
in the UK determined the use of EBR/GZR+SOF in GT3-
infected patients with compensated cirrhosis (Supplemen-
tary Fig. 2).38 In this trial, treatment-naïve patients receiv-
ing 8 weeks of EBR/GZR+SOF+RBV and 12 weeks of EBR/
GZR+SOF achieved SVR12 rates of 91% (21/23) and 96% 
(23/24), respectively.38 Treatment-experienced patients 
achieved an SVR12 rate of 100% (17/17) with 12 weeks 
of EBR/GZR+SOF, while addition of RBV or extension to a 
16-week duration did not improve efficacy (with the SVR12 
rates at 94% [17/18] for both).38 Based on these findings, 
the AASLD recommends 12 weeks of EBR/GZR+SOF as an 
alternative for PegIFN+RBV-experienced, GT3-infected pa-
tients with compensated cirrhosis.2

Western GT3a-infected patients treated with oth-
er DAA regimens: In clinical trials for SOF+RBV, LDV/
SOF+RBV, and SOF+DCV, cirrhotic and/or treatment-expe-
rienced GT3-infected patients emerged as difficult-to-treat 
patient populations (Supplementary Fig. 3) and achieved 
lower SVR12 rates compared with their counterparts in clin-
ical trials for SOF/VEL and GLE/PIB.22,34 For GT3-infected 
patients in the European phase 3 clinical trial VALANCE, 
while 24-week SOF+RBV treatment achieved an SVR12 
rate of 91% (172/190) in non-cirrhotic patients, the SVR12 
rates were 68% (41/60) in those with compensated cir-
rhosis and 62% (29/47) in treatment-experienced patients 
with compensated cirrhosis.39 These observations align 
with the findings from the SOF+RBV arm in the ASTRAL-3 
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study.22 The Canadian phase 2 trial study 1701 evaluated 
the efficacy of 12-week LDV/SOF+RBV in treatment-naïve, 
GT3-infected patients (with 95% [105/110] infected with 
GT3a) and found that those with compensated cirrhosis 
had a lower SVR12 rate than those without cirrhosis (79% 
[31/39] vs. 94% [68/72]).40 As for 12-week SOF+DCV, 
the phase 3 study ALLY-3 conducted in the USA reported 
that among GT3-infected patients, the SVR12 rate was 
96% (105/109) in non-cirrhotic patients, but was only 63% 
(20/32) in those with compensated cirrhosis.21 The follow-
up ALLY-3+ study investigated the efficacy of RBV co-ad-
ministration with SOF+DCV in GT3-infected patients with 
compensated cirrhosis from the USA and found that despite 
co-administration with RBV, suboptimal SVR12 rates of 83% 
(15/18) and 89% (16/18) were achieved with 12-week and 
16-week treatment, respectively.41 Possibly for this reason, 
SOF+DCV is now not recommended by the CMA, AASLD, 
and EASL guidelines as a first-line regimen for GT3-infected 
patients.1–3

Chinese GT3a-infected patients: Among the seven 
DAA regimens that have been approved for GT3-infected pa-
tients in China, phase 3 clinical data in Chinese GT3-infect-
ed patients are only available for SOF/VEL (NCT02671500), 
SOF+RBV (NCT02021643), SOF+CLV (NCT03995485), and  
GLE/PIB (NCT03222583 and NCT03235349) (Figs. 1, 2).30,42–
44 It should be noted that no head-to head clinical trials be-
tween these regimens have been conducted among Chinese 
GT3-infected patients.

In Chinese phase 3 clinical trials, the SVR12 rates in 
GT3a-infected patients receiving 12 weeks of SOF/VEL and 
24 weeks of SOF+RBV were 91% (20/22) (89% [17/19] 
and 100% [3/3] in patients without and with compensated 
cirrhosis, respectively) and 100% (58/58), respectively,45,46 
similar to those reported among Western GT3-infected pa-
tients.22,39 Since the prevalence of Y93H (the predominant 
NS5A RAS affecting the efficacy of SOF/VEL in GT3a-infect-
ed patients) is lower in China,6,23 it is reasonable to antici-
pate SOF/VEL to have similar or better efficacy in Chinese 
GT3a-infected patients. Twelve weeks of SOF+CLV achieved 
an SVR12 rate of 91% (21/23) in GT3a-infected patients, 
being 90% (19/21) and 100% (2/2) in patients without and 

with compensated cirrhosis, respectively.44 Thus, SOF+CLV 
and SOF/VEL appear to demonstrate comparable efficacy 
among Chinese patients with GT3a infection.

The two phase 3 studies VOYAGE-1 and -2 of GLE/PIB 
included Chinese GT3-infected patients without and with 
compensated cirrhosis, respectively.30 In these two trials, 
treatment-naïve, GT3-infected patients without and with 
compensated cirrhosis received 8 or 12 weeks of treatment, 
respectively, while those who were GT3-infected and treat-
ment-experienced were treated for 16 weeks regardless of 
cirrhosis status.30 GLE/PIB achieved SVR12 rates of 93% 
(13/14) in non-cirrhotic, GT3a-infected patients in VOY-
AGE-1 and 100% (6/6) in GT3a-infected patients with com-
pensated cirrhosis in VOYAGE-2.30 The SVR12 rate in GT3a-
infected patients across the two trials was 95% (19/20); 
similar to the efficacy of GLE/PIB in Western GT3-infected 
patients.34 As such, recommendations that were largely 
based on clinical data from Western GT3-infected patients 
are most likely also applicable for GT3a-infected patients 
in China.

GT3b-infected patients

Currently, limited data are available on the treatment of 
GT3b infection with DAAs. GT3b infection is under-repre-
sented in Western countries while in China only five phase 3 
trials and a small number of real-world studies have report-
ed on GT3b-infected patients treated with DAAs, revealing 
a gap in treatment needs that could not be sufficiently ad-
dressed based on Western experiences. More China-specific 
data are needed to inform guidelines for treating Chinese 
patients with GT3b infection and until then, preliminary 
strategies could be formulated for managing GT3 infection 
in the Chinese scenario, as discussed below.

SOF-based regimens: In pivotal trials of Chinese GT3b-
infected patients, the SVR12 rates were 78% (29/37) for 
12-week SOF/VEL, 89% (24/27) for 12-week SOF+CLV, and 
91% (62/68) for 24-week SOF+RBV; these were all lower 
than their corresponding SVR12 rates in GT3a-infected pa-
tients in the same trials (Fig. 1).44–46 The SVR12 rate for 

Fig. 1.  SVR12 rates of SOF+RBV,45 SOF/VEL,46 SOF+CLV,44 and GLE/PIB30 in Chinese patients with GT3 infection. aTreatment-naïve patients without or with 
compensated cirrhosis received 8 or 12 weeks of treatment, respectively, while treatment-experienced patients received a 16-week treatment regardless of cirrhosis 
status.
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SOF/VEL in GT3b-infected patients was still as high as 96% 
(22/23) in those without cirrhosis, but decreased to 50% 
(7/14) in those with compensated cirrhosis (Fig. 2).46 Simi-
larly, post hoc analysis found that the SVR12 rates of 12-
week SOF+CLV were 92% (22/24) and 67% (2/3) in GT3b-
infected patients without and with compensated cirrhosis, 
respectively (Fig. 2).44

The Chinese GT3b-infected patients with available se-
quencing data in the phase 3 study of SOF/VEL all car-
ried NS5A RASs, with the A30K+L31M double RASs pre-
sent in 94% (33/35) of them.46 It was thus suggested that 
A30K+L31M, when present concurrently with cirrhosis, 
could reduce the efficacy of SOF/VEL in GT3b-infected pa-
tients.47 It is worth noting that the clinical trial of SOF/VEL 
in China included only 37 GT3b-infected patients, of whom 
38% (14/37) were cirrhotic. This small sample might not 
be representative of the real-world GT3b-infected patient 
population in China.43 Therefore, the effectiveness of SOF/
VEL in this patient population awaits further elucidation.

The above pivotal trial identified cirrhotic, GT3b-infected 
patients (with pervasive key NS5A RASs) as a difficult-to-
treat population, specifically in China. For such patients, 
Chinese data are not yet available on the effect of RBV co-
administration with SOF/VEL. However, a meta-analysis 
of studies from Western countries showed that regardless 
of cirrhosis status, co-administering RBV can improve the 
efficacy of SOF/VEL in GT3-infected patients.48 A Span-
ish randomized, open-label trial reported that 12 weeks of 
SOF/VEL without and with RBV achieved high SVR12 rates 
of 91% (92/101) and 96% (99/103), respectively, among 
GT3-infected patients with cirrhosis.49 In patients carrying 
NS5A RASs, the addition of RBV resulted in a higher SVR12 
rate (95% [21/22] vs. 84% [16/19]).49 The SVR12 rate of 
81% (13/16) achieved by 24 weeks of SOF+RBV in GT3b-
infected patients with compensated cirrhosis also indicates 
the potential benefit from RBV co-administration.45 These 
data, primarily from GT3a-infected patients, point to RBV 
co-administration as a possible strategy for improving the 

efficacy of SOF/VEL in Chinese GT3b-infected patients, like-
ly through reducing the risk of virological relapse. It will also 
be interesting to know whether the addition of PegIFN to 
SOF/VEL could increase its SVR rates among GT3b-infected 
patients with compensated cirrhosis, but this needs further 
investigation.

In this age of treatment pathway simplification for HCV 
management, cirrhotic, GT3-infected patients with base-
line NS5A RASs remain a patient population with special 
treatment needs. Even for SOF/VEL, the regimen with the 
fixed treatment duration across HCV genotypes, cirrhotic 
status, and treatment history, the above patient population 
remains the only sub-group requiring treatment modifica-
tion in the form of RBV co-administration.1,2,29 Here, we 
propose a hierarchical pathway for identifying this specific 
patient population in the Chinese context, while avoiding 
excessive pre-treatment testing. Firstly, patients’ cirrhosis 
status should be evaluated. Since clinical data support SOF/
VEL’s efficacy in non-cirrhotic European and Asian patients 
with various genotypes of HCV,22,43 genotyping would not 
be necessary when initiating 12 weeks of SOF/VEL in non-
cirrhotic patients. In patients with compensated cirrhosis, 
the transmission route could serve as a preliminary indica-
tor of the need for genotyping. In China, given that GT3 is 
particularly common among HCV-infected PWID, genotyp-
ing would be necessary for cirrhotic PWID. Once a cirrhotic 
patient is identified with GT3 infection, the HCV subtype 
can direct the treatment decision, possibly without base-
line RAS testing. As the Y93H RAS has a low prevalence 
in China, cirrhotic, GT3a-infected patients may consider an 
RBV-free regimen; in contrast, the near-universal presence 
of A30K+L31M in Chinese GT3b-infected patients warrants 
RBV co-administration for cirrhotic, GT3b-infected patients.

GLE/PIB: Across VOYAGE-1 and -2, SVR12 was achieved 
by GLE/PIB in 70% (14/20) of Chinese patients with GT3b 
infection (Fig. 1).30 In VOYAGE-1, the SVR12 rate was 58% 
(7/12) in non-cirrhotic, GT3b-infected patients, with 63% 
(5/8) in treatment-naïve patients and 50% (2/4) in treat-

Fig. 2.  SVR12 rates of SOF+RBV,45 SOF/VEL,46 SOF+CLV,44 and GLE/PIB30,50 in Chinese patients with GT3b infection. aTE in this study was defined as prior 
treatment with IFN-based therapy. bTE in these two studies was defined as prior treatment with IFN with or without RBV, and/or SOF+RBV with or without IFN. CC, 
compensated cirrhosis; NC, no cirrhosis; TE, treatment-experienced; TN, treatment-naïve.
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ment-experienced patients (Fig. 2).50 These results are in-
ferior to the SVR12 rates that GLE/PIB achieved in Western 
GT3-infected patients and Chinese GT3a-infected patients, 
as discussed above.30,34 The findings from these two trials 
imply that the recommended 8-week course of GLE/PIB in 
treatment-naïve, non-cirrhotic patients with GT3 infection 
is not feasible in China.1–4 An extended course might be a 
reasonable approach to improve the efficacy in those pa-
tients but would further complicate the treatment duration 
of GLE/PIB, which already depends on HCV genotype, cir-
rhosis status, and treatment history. In contrast, 12-week 
SOF/VEL achieved an SVR12 rate of 96% in non-cirrhotic, 
GT3b-infected patients,46 and thus may be a better option 
for this patient population. In VOVAGE-2, the SVR12 rate 
was 88% (7/8) in GT3b-infected patients with compensated 
cirrhosis; specifically, 6 out of 7 treatment-naïve patients 
and 1 treatment-experienced patient achieved SVR12 (Fig. 
2).50 However, the efficacy of GLE/PIB in cirrhotic patients 
with GT3b infection should be considered inconclusive given 
the small sample size (n=8) of such patients in the trial.30 
All six GT3b-infected patients experiencing virologic failure 
in VOYAGE-1 and -2 carried NS5A M31 polymorphism at 
baseline,30 indicating that the efficacy of GLE/PIB in Chinese 
patients with GT3b infection may be affected by the pres-
ence of NS5A M31 polymorphism.6,23

There is a small amount of real-world data for using 
DAAs among Chinese GT3-infected patients. A retrospec-
tive study conducted in six hospitals across provinces in-
vestigated the efficacy of different DAAs in GT3-infected 
patients.51 The study included 12 patients (5 GT3a, 7 GT3b) 
receiving 12 weeks of SOF+DCV and 10 patients (5 GT3a, 
5 GT3b) receiving 12 weeks of SOF/VEL.51 All patients re-
ceiving SOF/VEL achieved SVR12, but only 3 (60%) GT3a- 
and 4 (57%) GT3b-infected patients in the SOF+DCV group 
achieved SVR12.51 In a cohort study conducted at a ter-
tiary hospital of Sichuan Province in treatment-naïve, GT3-
infected patients, SVR24 was achieved in 86% (49/57), 
92% (22/24), and 100% (21/21) of patients receiving 
SOF+DCV, SOF+DCV+RBV, and SOF/VEL, respectively;52 all 
10 patients with virologic failure were in the SOF+DCV±RBV 
groups.52 Taken together, these data suggest that for Chi-
nese GT3-infected patients, SOF+DCV may be a suboptimal 
option due to higher failure rates, while SOF/VEL tends to 
have better efficacy. As GLE/PIB and SOF+CLV were only 
recently approved in China, their real-world efficacy in Chi-
nese GT3-infected patients remains to be determined.

Future directions

In order to achieve the WHO 2030 HCV elimination goal, 
China would need effective solutions to increase the diagno-
sis and treatment rates and to reduce the incidence of HCV 
infection. Studies have shown a low treatment rate of HCV 
infection in China. One retrospective study in a tertiary hos-
pital in Chongqing, southwest China showed that from 2013 
to 2015, only 46% of the HCV RNA-positive patients re-
ceived antiviral treatment.53 The low treatment rates before 
the availability of DAAs could be partly due to the tedious 
administration method, the various contraindications, and 
the prevalent side effects of PegIFN+RBV, which severely 
limited its use in HCV treatment.

By 2020, all the DAAs recommended in the international 
guidelines have been approved in China, as well as some 
domestically produced ones (Table 1). To increase the treat-
ment rates of HCV infection and reduce the financial burden 
of HCV treatment for patients, the National Healthcare Se-
curity Administration (commonly known as the NHSA) have 
included four regimens (SOF/VEL and SOF+CLV for non-
GT1b patients; LDV/SOF and EBR/GZR for GT1b patients) 

into the National Reimbursement Drug List. It should be 
noted that in the regimen of SOF+CLV, only CLV has been 
included in the list, but generic SOF is given to patients 
free of charge by the CLV manufacturer to form a com-
plete regimen. The prices of the regimens included in the 
list have been reduced drastically as a result of drug pricing 
negotiations between NHSA and the manufacturers. For the 
treatment of GT3 infection, the total price paid by a patient 
and medical insurance is RMB13,104 (∼$2,019 USD) for a 
12-week course of SOF/VEL and RMB10,038 (∼$1,547 USD) 
for a 12-week course of SOF+CLV. To fully capitalize on high 
efficacy and good tolerability of these versatile regimen op-
tions as well as the reduced prices, strategies should be 
devised to roll out DAA treatment on a large scale. These 
regimens would not only help existing HCV-infected pa-
tients achieve virological clearance and thereby slow down 
disease progression but also contribute to reducing the risk 
of further HCV transmission. As discussed above, data for 
cirrhotic, GT3b-infected patients are still insufficient to for-
mulate treatment recommendations and thus clinical trials 
focusing on this subpopulation should be conducted in Chi-
na to determine the optimal regimens.

In terms of HCV prevention, it is important to adopt in-
terventions tailored to the epidemiological characteristics of 
HCV transmission, for different high-risk populations and in 
different geographical regions. Specifically, southwest Chi-
na sees higher prevalence of GT3 and concentration of the 
GT3b subtype.9,11 Considering that injection drug use is the 
main risk factor for contracting GT3 in China,52 strategies 
targeting PWID, such as providing single-use injection sup-
plies and opioid replacement rehabilitation therapy, would 
be critical for controlling HCV transmission in this region.54 
Recently, the number of patients contracting GT3 infection 
from unprotected sex has been rising in China.11 As GT3 in-
fection is also starting to spread beyond southwest China,13 
changes in the epidemiological pattern of HCV transmis-
sion may necessitate adjustments to regional or local HCV 
prevention strategies. Another HCV high-risk population in 
China are patients undergoing hemodialysis (HD), with a 
meta-analysis from 2009 revealing an HCV prevalence of 
41.1% in this group.55 With more stringent hygiene practic-
es in hospitals in recent years, the prevalence of HCV in HD 
patients has decreased dramatically. Nevertheless, a 2011 
cross-sectional study in Beijing showed that the prevalence 
of HCV antibody in patients on HD was still as high as 6.1%, 
and HCV RNA positivity was 4.6%, with GT3a and GT3b 
each taking up 1.1% of these HCV-infected patients.56 The 
national sentinel surveillance for HCV also reported that the 
rate of HCV antibody positivity among Chinese patients on 
HD was 4.5% in 2016 and 4.4% in 2017.57 These findings 
suggest that standard operation procedures and manage-
ment guidelines in HD centers should be strictly enforced 
to further reduce the HCV transmission in this patient 
population.58 Overall, the considerable geographical varia-
tion across the expanse of China calls for more systematic, 
region-specific investigations into the epidemiology of HCV 
in high-risk populations, so that treatment and intervention 
strategies can cater to local needs.

Conclusions

GT3a and GT3b subtypes each account for around half of 
the GT3 infections in China, with the A30K and L31M double 
RASs universally present in GT3b-infected patients. Phase 
3 clinical trials in Chinese GT3-infected patients have sup-
ported the efficacy of SOF/VEL, SOF+RBV, SOF+CLV, and 
GLE/PIB in GT3a-infected patients with high SVR12 rates. 
SOF/VEL for 12 weeks has proven to be highly efficacious 
in non-cirrhotic, GT3b-infected patients but achieved a 
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lower SVR12 rate in GT3b-infected patients with cirrhosis; 
hence, RBV might need to be co-administered for this lat-
ter group to improve SVR12. The clinical data of SOF+CLV 
in GT3b-infected patients are scarce but appear similar to 
those of SOF/VEL. GLE/PIB for 8 weeks produced a subop-
timal SVR12 rate in treatment-naïve, non-cirrhotic patients 
with GT3b infection, and its efficacy is still inconclusive in 
cirrhotic, GT3b-infected patients. For the Chinese popula-
tion, treatment strategies for GT3a-infected patients can 
be formulated based on recommendations in international 
guidelines and current clinical data, but there are insuffi-
cient data to make recommendations for GT3b-infected pa-
tients. More clinical trials with larger sample sizes are thus 
needed to evaluate various regimens and then to determine 
the optimal ones in this group. Additionally, considering the 
increasing number of GT3-infected patients in recent years, 
China needs to adopt active intervention strategies to mini-
mize HCV transmission.
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Abstract

Nonalcoholic fatty liver disease (NAFLD) is one of the most 
common causes of chronic liver disease in the world. The 
rising prevalence of nonalcoholic steatohepatitis (NASH) 
has led to a 170% increase in NASH cirrhosis as the listing 
indication for liver transplantation from 2004 to 2013. As 
of 2018, NASH has overtaken hepatitis C as an indication 
for liver transplantation in the USA. After liver transplanta-
tion, the allograft often develops recurrent NAFLD among 
patients with known NASH cirrhosis. In addition to recurrent 
disease, de novo NAFLD has been reported in patients with 
other indications for liver transplantation. In this review, we 
will discuss the risk factors associated with recurrent and de 
novo NAFLD, natural course of the disease, and manage-
ment strategies after liver transplantation.

Citation of this article: Shetty A, Giron F, Divatia MK, Ah-
mad MI, Kodali S, Victor D. Nonalcoholic fatty liver disease 
after liver transplant. J Clin Transl Hepatol 2021;9(3):428–
435. doi: 10.14218/JCTH.2020.00072.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the leading cause 
of chronic liver disease in the western world, and is strongly 
associated with metabolic syndrome, often referred to as 
the liver manifestation of metabolic syndrome.1 NAFLD is 
also among the most common indications for orthotopic 
liver transplantation (OLT) in the USA.2 The metabolic syn-
drome persists after liver transplant and is often further 
exacerbated among NAFLD patients, thereby leading to re-
currence of NAFLD in the allograft.3,4 Aside from recurrent 
NAFLD, patients transplanted for other etiologies of liver 
disease are also at risk of new onset metabolic syndrome 

and de novo NAFLD in the allograft due to post-OLT weight 
gain and immunosuppression side effects.5 Differentiating 
between recurrent versus de novo NAFLD is challenging and 
is currently limited to pre-OLT identification of NAFLD. In 
this review, we will discuss recurrent and de novo NAFLD, 
their associated risk factors, natural course of the disease, 
diagnosis, and management strategies.

Epidemiology

NAFLD is the most common etiology of chronic liver disease, 
with a global prevalence of 25%. Regions with higher preva-
lence include the Middle East (31.8%) and South America 
(30.4%), while in North America, the estimated prevalence 
is 24.1%.6 The rise in the prevalence of NAFLD over the last 
three decades has mirrored the global epidemic of obesity, 
type 2 diabetes mellitus (T2DM), and metabolic syndrome. 
A recent study estimated a 63% increase in the prevalence 
of nonalcoholic steatohepatitis (NASH) in the USA by 2030, 
accompanied by a 168% rise in decompensated NASH cir-
rhosis patients.7 With such a steep increase in the incidence 
and prevalence of NASH and metabolic syndrome, there has 
been a parallel rise in NASH-related decompensated cirrho-
sis, recently surpassing hepatitis C (commonly referred to 
as HCV) as an indication for OLT in the USA.2,8

The initial studies reviewing recurrence of NAFLD post-
OLT based on protocol liver biopsies demonstrated universal 
100% recurrence within 5-years compared to 25% of de novo 
NAFLD post-OLT.3 Follow up studies have shown variable re-
sults, with recurrence rates for steatosis ranging from 8% to 
100% in known NASH patients, with follow-up ranging from 1 
year to >5 years post-OLT; recurrent NASH rates over a simi-
lar follow up period ranged between 38–57%. In comparison, 
incidence of de novo NAFLD varied from 18% to up to 78% 
for steatosis over a similar range of follow-up, while de novo 
NASH ranged from 13% to 17%.3–5,9–15 Recurrent NAFLD af-
ter transplant is more common compared to de novo NAFLD. 
It is important to note that all the above studies utilized his-
tology to arrive at the diagnosis, with biopsies being pursued 
based on institutional protocols or due to abnormal liver labs. 
Recurrent NAFLD was reported at lower rates when imaging, 
specifically computed tomography (CT), was utilized, with 
1-year recurrence of 12% and 5-year recurrence of 33%.16

Histology and diagnosis

NAFLD encompasses a wide spectrum of histopathological 
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states, which includes simple hepatic steatosis or nonalco-
holic fatty liver (NAFL) to NASH highlighted by hepatocyte 
injury and inflammation which may or may not be accompa-
nied by fibrosis.1 Quantitative histological scoring systems, 
like the NAFLD activity score and the Steatosis, Activity, Fi-
brosis assessment, have been identified and widely used 
to diagnose NAFLD.17,18 In contrast, no histological scoring 
systems currently exist to assess NAFLD in the post-trans-
plant allograft. As such, differentiating between recurrent 
NAFLD and de novo NAFLD is limited to its clinical diagnosis 
based on pre-existing disease prior to OLT.19

Liver biopsy remains the gold standard for diagnosis of 
post-OLT NAFLD/NASH (Fig. 1). There are multiple possi-
ble causes for elevated liver enzymes post-OLT that are not 
easily differentiated without a biopsy. The indications for 
biopsy in a post-OLT patient include confirmation of NAFLD 
(recurrent or de novo), fibrosis, or elevated liver enzymes 
that require further evaluation.20 While liver biopsy is safe 
in the post-OLT patient with low risk of complications, it 
remains an invasive test.21 Currently available noninvasive 
tests can help to direct clinic care but often lack the granu-
larity offered by histology from a liver biopsy.

Steatosis is commonly encountered after liver transplan-
tation. Steatosis is often noted incidentally on imaging for 
protocol testing or on imaging done for abnormal liver en-
zymes.19 To identify steatosis, ultrasound requires the pres-
ence of moderate or greater degree of steatosis, defined as 
>30% involvement of hepatic parenchyma. Ultrasound car-
ries a sensitivity of 65% and specificity of 75% to identify 

hepatic steatosis. CT scan’s ability to identify steatosis is 
similar to that of ultrasound. In comparison, magnetic reso-
nance imaging (MRI) is vastly superior at identifying stea-
tosis, with 90% sensitivity and 91% specificity.22 However, 
imaging modalities are unable to differentiate between NAFL 
and NASH, as their strengths lie in identifying patients who 
may need more specific testing or monitoring of steatosis.

The use of noninvasive testing for fibrosis assessment in 
patients with chronic liver disease is increasingly common. 
There is a growing body of literature in post-OLT patients; 
however, they carry a few limitations. The allograft itself 
may have post-surgical preservation injury or presurgical 
changes of fibrosis that increase graft stiffness. Acute cel-
lular rejection or presence of inflammation can influence 
liver stiffness measurements.23 A meta-analysis evaluating 
noninvasive methods to identify fibrosis after transplant re-
vealed that transient elastography performed better than 
serum biomarkers, such as the aspartate aminotransferase 
to platelet ratio index and FIB-4. However, most of the stud-
ies included in this analysis had evaluated recurrent HCV 
and none looked specifically into NAFLD recurrence, so 
more data is required in this population.24 Magnetic reso-
nance elastography (commonly known as MRE) has been 
studied in small cohorts to identify fibrosis in post-OLT pa-
tients.25 However, there is a relative lack of evidence re-
garding MRE in NAFLD patients post-OLT. Fibrosis assess-
ment remains helpful to the clinician in identifying patients 
with advanced fibrosis. Noninvasive testing has some po-
tential advantages in post-OLT monitoring of NAFLD given 

Fig. 1.  Post-liver transplant NAFLD histology findings. (A) Macrovesicular steatosis with presence of both small droplet (black arrow) and large droplet (H&E, 
200×). (B) Steatohepatitis with several hepatocytes exhibiting ballooning degeneration (red arrow) and chronic lobular inflammation (black arrows) (H&E, 100×). 
(C) Mallory-Denk bodies (black arrows) in ballooned hepatocytes (H&E, 200×). (D) Characteristic centrizonal pericellular fibrosis in steatohepatitis radiating around a 
terminal branch of the central vein. Note the ballooned hepatocytes (black arrows) (Masson-Trichrome stain, 100×). H&E, hematoxylin-eosin.
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its limited side effects. Patients who have an established 
diagnosis of recurrent or de novo NAFLD can likely be fol-
lowed with serial noninvasive testing to determine if they 
have advancing fibrotic disease. These changes likely need 
confirmation with biopsy, however, given the current lack of 
data regarding fibrosis monitoring and the myriad of factors 
that can influence these markers in transplant patients. A 
proposed algorithm for screening and diagnostic evaluation 
is included in Figure 2.

Risk factors for NAFLD in allograft

Historically, the pathogenesis of NAFLD was postulated to be 
a “tale of two hits”, beginning with fat deposition in the liver 
and followed by inflammation; however, our current under-
standing suggests that NAFLD is a complex disorder with 
multiple pathways, all contributing to steatosis, inflamma-
tion, and fibrosis.26,27 A combination of environmental fac-
tors in genetically-predisposed individuals leads to insulin 
resistance, altered lipid homeostasis, dysbiosis of gut mi-
crobiome leading to hepatic steatosis, and initiation of the 
inflammatory cascade leading to steatohepatitis and fibrosis 
development by activation of stellate cells.28 Significant in-
vestigative effort has been put forth to understand this pro-
cess in the non-transplant setting. On the other hand, the 
pathogenesis of recurrent or de novo NAFLD post-OLT has 
not been well delineated but similar processes (Fig. 3) are 
suspected to play a role in post-OLT NAFLD.

Post-transplant patients carry multiple risk factors for de-
veloping NAFLD in the allograft, including pre-OLT body mass 
index (BMI), significant weight gain after OLT, pre-existing 
metabolic syndrome risk factors in patients with NASH cir-

rhosis pre-OLT, and high likelihood of developing metabolic 
syndrome post-OLT due to immunosuppressants and donor 
graft characteristics. These are summarized in Table 1.

Obesity and sarcopenia

Obesity remains a well-known risk factor for NAFLD. Among 
studies reviewing pre-OLT BMI, two retrospective studies 
reported pre-OLT BMI as an associated risk factor for post-
OLT NAFLD.4,29 In comparison, post-OLT BMI, often calcu-
lated at time of the liver biopsy, was noted to carry a higher 
risk for post-OLT NAFLD.4,5,29–31 Weight gain post-OLT car-
ried the highest odds ratio (19.38 [95%CI: 3.5–107.4]) in 
a small retrospective study of 68 patients, with weight gain 
defined as an increase in BMI by greater than 10%.13 This 
risk of post-OLT NAFLD needs to be balanced against the 
expected weight gain early after liver transplantation in the 
majority of patients who are sarcopenic and against studies 
supporting survival and graft benefit with post-OLT weight 
gain.32 Worsening sarcopenia post-OLT was associated with 
increased risk of new onset diabetes mellites in a single 
small study;33 however, studies associating sarcopenia to 
post-OLT NAFLD are lacking. Future studies should consider 
focusing on assessing the ratio between gain in skeletal 
muscle mass versus overall weight gain in order to improve 
our understanding of obesity and post-OLT NAFLD.

Insulin resistance and diabetes mellitus

Insulin resistance is often viewed as the defining feature of 

Fig. 2.  Screening algorithm for post-liver transplant patients. Annual screening for NAFLD is recommended, with an ultrasound. If NAFLD is identified or suspect-
ed by ultrasound or elevated liver enzymes, noninvasive testing can be performed by a combination of transient elastography with serum biomarkers, such as FIB-4. 
If mild fibrosis (≤F1) is present, lifestyle changes, including diet and weight loss, are recommended. If significant fibrosis (≥F2) is suspected, a liver biopsy is recom-
mended. If findings are confirmed, a multidisciplinary approach should be adopted to assist with weight loss and management of metabolic syndrome co-morbidities.
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metabolic syndrome and is strongly associated with NAFLD.1 
While multiple studies looking at pre-existing T2DM and 
post-OLT NAFLD have failed to show a significant associa-
tion.3,4,12,13,15,29,31 some have shown an increased risk of 
post-OLT NAFLD among known diabetic patients.30,34,35 New 
onset T2DM after liver transplantation, in particular poorly 
controlled T2DM, was associated with a higher risk of post-
OLT NAFLD.5,29,30,36 Tight glucose control, sparing using of 
corticosteroids, and early referrals to endocrinology should 
be considered to decrease the risk of NAFLD disease pro-
gression in this patient population.19,37

Hypertension

While pre-OLT hypertension remains a key part of meta-
bolic syndrome and strongly associated with NAFLD, it lacks 
any significant association to post-OLT NAFLD.4,9,12,13,15,29,31 
Onset of post-OLT hypertension is common, but has not 
shown any significant association on multivariate analysis 
across multiple studies to date,4,12,15,16,29,30,38 except for a 
single study by Dumortier et al.5 that showed a positive 
association. A potential reason for a surprising lack of as-
sociation could be related to the duration of follow-up in the 
above studies.

Hyperlipidemia

Pre-OLT hyperlipidemia was not associated with an in-
creased risk of post-OLT NAFLD despite its known associa-
tion to NAFLD.4,9,13,15,29,31 In contrast, post-OLT hyperlipi-
demia had mixed results in multivariate analysis, with a 
few studies supporting a positive association to post-OLT 
NAFLD,4,5,29 while others failed to show a significant asso-
ciation.15,16,30,31

Immunosuppression

Immunosuppressants are linked to multiple aspects of met-
abolic syndrome, with post-OLT corticosteroid treatment 
known to increase risk of obesity, worsening existing T2DM, 
increasing the risk of new onset diabetes mellitus, hyperten-
sion, and hyperlipidemia.20 Studies directly linking post-OLT 
NAFLD to corticosteroids use and duration are limited to two 
small retrospective studies.3,39 Despite limited data, use of 
corticosteroids should be minimized with early tapers.

Insulin resistance, hypertension, and hyperlipidemia are 
well recognized side effects of calcineurin inhibitors (CNIs), 
with tacrolimus more strongly associated with insulin re-

Fig. 3.  Factors involved in the pathogenesis of post-liver transplant NAFLD. Factors similar to non-transplant NAFLD are suspected to play a role in post-liver 
transplant NAFLD. In addition, some post-transplant factors have also been shown to be associated with post-transplant NAFLD.

Table 1.  Summary of factors associated with post-liver transplant NAFLD

Increased risk Possible risk Possible protection

Obesity Sarcopenia Everolimus

T2DM CNI therapy

Hyperlipidemia Donor graft steatosis

PNPLA3 polymorphism

Corticosteroid therapy

Indications: NASH, ALD, HCV
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sistance, while cyclosporine is known to worsen hyperten-
sion.19,20 Studies linking CNI therapy to NAFLD are few, with 
a single retrospective study associating tacrolimus use with 
increased risk of post-OLT NAFLD on multivariate analysis,5 
while other studies’ findings have failed to support this as-
sociation.4,15,29,30

Retrospective studies reviewing mammalian target of 
rapamycin (i.e. mTOR) inhibitors are limited in size and 
have not shown any significant association to post-OLT 
NAFLD.5,13,29,30 In a randomized multicenter study, decreas-
ing exposures to tacrolimus by adding everolimus was asso-
ciated with less weight gain over 2-year follow up, suggest-
ing potential protective effects against onset of metabolic 
syndrome and post-OLT NAFLD.40

Other factors

NASH is a well-known, strong risk factor for recurrent 
NAFLD in the allograft. In addition to NASH, alcohol-related 
liver disease (ALD) cirrhosis and HCV cirrhosis (as prima-
ry etiologies of liver disease) were noted to carry a higher 
risk for de novo NASH in small retrospective studies, while 
auto-immune etiologies seemed to carry the lowest risk of 
de novo NAFLD.5,29,30 Finkenstedt et al.16 highlighted the 
role of recipient genetics, showing that the presence of G-
allele in rs738409 of PNPLA3, a known risk factor for NASH, 
among OLT recipients increased their risk for graft steatosis 
based on CT imaging. Donor graft steatosis led to mixed 
results from small studies, with two studies5,31 suggesting 
increased risk of post-OLT NAFLD, while multiple studies 
failed to show any significant association.11,12,29,30 Factors 
associated with the liver transplantation, such as the model 
for end-stage liver disease score at transplant4,12,29,38 and 
cold or warm ischemia time, did not carry any significant 
risk.10,12

Natural history and outcomes

Long-term follow-up studies of NAFLD in the nontransplant 
setting have found a slowly progressive disease, with time 
to progression between stages of fibrosis approximated as 
∼7 years per stage for NASH patients.41 As noted above, al-
lograft NAFL and NASH was more common in the recurrent 
NAFLD group when compared to de novo NAFLD. Despite 
recurrent steatosis and inflammation in both groups, risk of 
progression to advanced fibrosis (≥F3 stage) and cirrhosis 
was overall low in both groups, with a few exceptions; de-
compensated cirrhosis or graft loss due to post-OLT NAFLD 
was uncommon.

Studies reviewing patients transplanted for NASH or 
cryptogenic cirrhosis presumed to be NASH, demonstrated 
the prevalence of advanced fibrosis to be 2–5% at 5 years, 
5–10% at 10 years, and up to 24% in one of the studies 
that followed patients up to 15 years.3,4,9,15 The single ex-
ception to this was the French study by Vallin et al.,42 which 
reported the prevalence of advanced fibrosis at 71.4% in its 
recurrent NAFLD group at 5 years. Progression to advanced 
fibrosis was mixed in the de novo group, with a 10-year 
prevalence rate of 2.3% for advanced fibrosis reported by 
Dumortier et al.5 compared against the significantly higher 
prevalence of 20% for advanced fibrosis reported by Gal-
vin et al.30 A possible explanation for such discrepancy be-
tween the two studies could be due to a difference in patient 
characteristics, with the latter group having a higher BMI 
and higher prevalence of T2DM. In studies comparing pro-
gression of fibrosis between recurrent and de novo NAFLD 
groups, mixed results were noted with higher rates of ad-
vanced fibrosis at 5 years in the recurrent NAFLD group 

compared to the de novo NAFLD group.42 These findings 
were not supported by two larger studies, which showed 
no significant difference in fibrosis progression between re-
current and de novo NAFLD.29,38 As such, we suspect that 
the risk of progressive fibrosis is not statistically different 
between recurrent and de novo NAFLD, but further studies 
with a closer assessment of individual risk factors to fibrosis 
accompanied with protocoled liver biopsies are needed.

Post-OLT NAFL or NASH, either recurrent or de novo, 
were not associated with decreased survival or graft loss 
across retrospective studies, with up to 15 years follow-up 
data.29,30,38 Similarly, post-OLT NAFLD was not associated 
with a higher risk of cardiovascular events or cardiovascular 
mortality.29,38 While these findings are re-assuring, further 
studies are needed to support these results. The report-
ed 1-, 3-, and 5-year survival rates are similar in patients 
transplanted for NASH compared to ALD, viral hepatitis, or 
autoimmune diseases, with the exception of lower survival 
in patients with NASH and concomitant hepatocellular carci-
noma compared to other indications.43,44

Prevention and management

Currently, there are no Food and Drug Administration ap-
proved treatment options available for NAFLD in the pre-
transplant setting, and no drugs have been studied or 
approved for post-transplant NAFLD. Management for post-
OLT NAFLD is extrapolated from non-transplant NAFLD 
management and relies heavily on lifestyle modification and 
optimization of their metabolic and medical comorbidities, 
as summarized in Figure 4.

Prevention

Pre-transplant identification of risk factors, such as obesity, 
sarcopenia, and uncontrolled T2DM, should be optimized 
aggressively prior to transplant. Bariatric surgery has been 
studied among NAFLD patients, with excellent improvement 
in steatosis, steatohepatitis, and fibrosis, while laparoscopic 
bariatric surgery approaches have been shown to be safe in 
compensated cirrhosis patients.45–47 In the transplant set-
ting, simultaneous sleeve gastrectomy during OLT has been 
compared to weight loss pre-OLT, with lower rates of graft 
loss and new onset T2DM reported in the sleeve gastrec-
tomy group.48 These approaches require a multidisciplinary 
effort at large volume transplant centers with clinical ex-
perience and expertise, and further studies are required to 
optimize patient selection and timing of bariatric surgery 
in the pre-transplant setting. Sarcopenia, while not directly 
associated with post-OLT NAFLD, is an important predictor 
of OLT outcomes and hence requires aggressive manage-
ment with early intervention, optimization of nutrition in 
combination with muscle toning and strengthening exercise 
programs that would improve post-OLT outcomes.49

Aside from recipient optimization, donor graft allocation 
has been an area of contention among NASH recipients, 
as steatosis and PNPLA3 polymorphism in donor graft may 
potentially add to the risk of post-OLT NAFLD. In the era 
of donor shortage accompanied by a surge in prevalence 
of NAFLD within the potential donor pool, optimization 
strategies and prospective studies are needed to decrease 
ischemia/reperfusion injury and to better understand the 
long-term effects of these on the natural course and risk of 
post-OLT NAFLD.50

Prevention of post-OLT NAFLD requires a multidiscipli-
nary approach to avoid excess weight gain post-liver trans-
plant, treatment of metabolic comorbidities as discussed 
below, and among patients without metabolic syndrome, 
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implementing routine screening for glucose intolerance, hy-
pertension, and hyperlipidemia.19,20

Lifestyle modification

The management for all NAFLD patients, whether pre- or 
post-OLT, should start with lifestyle modification, with the 
goal of gradual but sustained weight loss. However, in the 
initial few weeks to months after liver transplantation, pa-
tients are still recovering from their sarcopenic and debili-
tated state and often need to gain weight and muscle mass. 
The data discussed below are from studies in non-transplant 
NAFLD patients, and the optimal time of initiating these 
recommendations should be tailored to individual patients 
based on their recovery and risk factors.

Weight loss has been shown to improve all histological 
features of NAFLD, with 5% of weight loss required for im-
provement in steatosis, 7% required for steatohepatitis re-
duction, and 10% over 12 months for fibrosis regression.51 
While longitudinal studies to confirm similar changes in 
post-OLT NAFLD are lacking, we would suggest similar goals 
for these patients. Weight loss is best achieved through a 
calorie deficit, and the daily deficit goal should be adjusted 
based on the patient’s basal metabolic rate. The Mediter-
ranean diet, often higher in monosaturated fatty acids, has 
been shown to reduce steatosis. In general, despite multi-
ple options for macronutrient-specific diets studied, when 
choosing isocaloric diets, no significant difference in weight 
loss has been noted in patients choosing low-fat, low-car-
bohydrate, or high-protein diets; we would still recommend 
a diet low in carbohydrate for improving insulin resistance. 
Lastly, weight loss is challenging and diet modifications of-
ten require expert guidance; hence, choosing a multidis-
ciplinary approach with the assistance of a nutritionist is 
recommended.52

Exercise offers a synergistic effect in hepatic fat mobili-
zation when paired with calorie restriction, and either aero-
bic or resistance exercises, or both, may be pursued based 
on the patient’s cardiopulmonary fitness, as both exercises 
lead to similar improvement in hepatic steatosis.53 Drinking 
coffee confers a protective effect against multiple chronic 
liver diseases, including NAFLD, ALD, and viral hepatitis.54 
Patients should, therefore, be encouraged to drink 1–2 
cups of unsweetened filtered coffee daily. The association 

of prebiotics, probiotics, and the gut microbiome to meta-
bolic syndrome and NAFLD are areas of great interest with 
emerging data, but their benefits in the post-OLT NAFLD 
population needs to be explored further. Similarly, circadian 
rhythm, the importance of good sleep hygiene, and optimal 
sleep duration of 7–8 h/night have been shown to be asso-
ciated with NAFLD, but further studies are needed to study 
their association to post-OLT NAFLD patients.

Management of comorbidities

Management of the majority of comorbidities among post-
OLT patients is comparable to the general population, but 
the increased risk of renal insufficiency in post-OLT patients 
from their immunosuppressive therapy needs to be remem-
bered. Drug-to-drug interactions with immunosuppressants 
should be evaluated when initiating newer therapies. Ini-
tial hypertension management should begin with sodium 
restriction, weight loss, and exercise, followed by first-line 
therapy with dihydropyridine calcium channel blockers, 
such as amlodipine or nifedipine, as they counteract the 
vasoconstrictive effect of CNIs.55 Second-line therapy op-
tions include beta-blockers in patients without proteinuria, 
while an angiotensin converting enzyme inhibitor or an-
giotensin receptor blocker should be used in patients with 
T2DM and proteinuria.20 Statin therapy should be initiated 
for dyslipidemia if lifestyle modification fails to correct el-
evated low-density lipoprotein cholesterol levels (>100 mg/
dL when fasting), while closely monitoring for hepatotoxic-
ity and drug-to-drug interaction with CNIs. Initial therapy 
for hypertriglyceridemia includes fish oil, up to 4 g per day, 
followed by fibrate therapy if persistently elevated.19,20

Diabetes management often requires endocrine consulta-
tion, as patients routinely need insulin therapy among both 
pre-existing T2DM and new onset diabetes patients, espe-
cially when corticosteroids are a part of their immunosup-
pression regimen. Oral hypoglycemic agents, thiazolidin-
ediones, glucagon-like peptide-1 analogues, and dipeptidyl 
peptidase-4 inhibitors have been studied in non-transplant 
NAFLD patients, yielding promising results, and may be 
considered as the preferred therapeutic options post-OLT as 
well.19,52 Bariatric surgery after liver transplant can lead to 
significant weight loss and decreased insulin requirement, 
as shown in a small study of select patients.56

Fig. 4.  Management for post-liver transplant NAFLD. The cornerstone for management of post-OLT NAFLD is weight loss by lifestyle modifications. When present, 
metabolic comorbidities should be tightly controlled, with early involvement of consultants for a multidisciplinary approach. Bariatric surgery may be an option for a 
select few patients. Immunosuppression optimization should focus on protecting the graft but, when feasible, these corrections should be pursued to decrease their 
side effects.
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Immunosuppression

Immunosuppressant therapy is vital in improving allograft 
survival and outcomes but, unfortunately, they are accom-
panied by multiple side effects, including altered metabolic 
homeostasis. Among the immunosuppressants, corticoster-
oids carry the highest risk of diabetes, hypertension, obe-
sity, and hyperlipidemia, and as such early tapering regi-
mens are recommended.20 CNIs are linked to hypertension, 
diabetes, and hyperlipidemia, as discussed previously and 
dose reduction should be considered in patients with these 
comorbidities, especially when they remain refractory to 
medical therapy.19,20 The mTOR inhibitors are associated 
with significant hyperlipidemia, and an alternate immuno-
suppressant should be considered when hyperlipidemia re-
mains uncontrolled.57 Among the mTOR inhibitors, everoli-
mus has been associated with decreased weight gain in a 
small study, but longitudinal studies are needed to extend 
this benefit to post-NAFLD population.40

Conclusions

The epidemic of NAFLD, in parallel with obesity and meta-
bolic syndrome, is expected to worsen and add to the grow-
ing burden of the post-liver transplant population. After 
liver transplantation, both recurrent and de novo NAFLD are 
common, and their prevalence will likely rise in the upcom-
ing decades. Future basic science studies should help iden-
tify any differences between the pathogenesis of non-trans-
plant versus post-OLT NAFLD. Clinically, longitudinal studies 
are needed to characterize the natural disease course of 
post-OLT NAFLD, using protocoled follow-up with noninva-
sive studies ideally paired with liver biopsies. Among the 
noninvasive tests, fibrosis assessment tools such as tran-
sient elastography and MRE, are of interest to assess dis-
ease progression. Additionally, management strategies and 
their effects on post-OLT NAFLD require long-term studies, 
with a focus on cardiovascular complications in addition to 
allograft and survival outcomes. As our post-liver transplant 
population continues to age, filling the aforementioned 
knowledge gaps will help to improve the transplant com-
munity’s ability to better serve them.
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Abstract

Corona virus disease (COVID)-19 is caused by the novel se-
vere acute respiratory syndrome coronavirus-2 (commonly 
referred to as SARS-CoV-2). In March 2020, the World Health 
Organization declared the COVID-19 outbreak a pandemic. 
Though the target organ for the virus is primarily the lungs, 
with the recent understanding of the pathobiology of this 
disease and the immune dysregulation associated with it, it 
is now clear that COVID-19 affects multiple organ systems. 
Several drugs and therapies have been tried or repurposed 
to combat the wrath posed by this disease. On October 22, 
2020, the USA Food and Drug Administration approved rem-
desivir for use in adults and pediatric patients (12 years of age 
and older). Several of the drugs being tried against COVID-19 
have hepatotoxicity as their potential side effect. This review 
aims to provide the latest insights on various drugs being used 
in the treatment of COVID-19 and their effects on the liver.
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Introduction

Coronavirus disease (COVID)-19 caused by the novel severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
has affected millions worldwide and the numbers of cases 
are consistently rising.1 The ongoing COVID-19 caused by 
SARS-CoV-2 poses a serious threat to healthcare systems 
globally. As the virus continues to create havoc across the 
globe, it is eminent that the knowledge about the impact of 
this virus and its potential impact on different organs will 
evolve. Pulmonary and extra-pulmonary manifestations of 
COVID-19 are increasingly being recognized.2

Information on how COVID-19 affects the liver and how 
the drugs used for its treatment can affect the liver are 
slowly emerging. Although the real burden of this is cur-
rently unknown, as our understanding of the disease is 
constantly evolving, hepatic manifestations are being in-
creasingly recognized. Various management strategies and 
research on drugs for COVID-19 are currently under study, 
many of which may have significant impact on liver.3 In the 
present review we aim to provide updated information re-
garding interplay of liver and COVID-19 in the face of this 
pandemic and to promote understanding of the role of drugs 
used for COVID-19 treatment and their effects on the liver.

Virology: key aspects

SARS-CoV-2 is an enveloped, positive-sense, single-strand-
ed RNA virus classified as the newest member of the family of 
β coronaviruses.4 The life cycle of this spiked virus typically 
involves attachment, penetration, biosynthesis, maturation, 
and release. Angiotensin converting enzyme 2 (ACE2) has 
been identified as an important functional receptor, to which 
the virus attaches and continues its lifecycle. The spike pro-
tein of the virus binds to the ACE2 receptors of the cell, 
which enables the virus to enter and subsequently replicate 
within the cells.5 The receptor is not only present in the 
lungs but is also present in many extra-pulmonary sites like 
the kidney and gastrointestinal tract.6 This may explain the 
extra-pulmonary symptoms associated with COVID-19. The 
virus, after its entry, induces an inflammatory response and 
virus-specific T cells are attracted to the site of infection.7 
The disease manifestations are primarily the result of direct 
viral-mediated damage and immune-mediated injury.8

Clinical manifestations

The symptoms of patients infected with SARS-CoV-2 can 
range from none or minimal to severe respiratory failure 
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with multiple organ involvement.9 The majority of patients 
experience mild symptoms, like fever, cough, myalgia, fa-
tigue and less commonly headache, hemoptysis and diar-
rhea. The clinical severity in the largest published registry 
to date (i.e. Chinese Center for Disease Control and Pre-
vention) reported disease being mild in 81.4%, severe in 
13.9%, and critical in 4.7%.10 The severe clinical manifes-
tations have typically been described as severe pneumonia, 
acute respiratory distress syndrome and respiratory fail-
ure.11 However, the recent literature has shed light on the 
extra-pulmonary manifestations of the virus. Although the 
major manifestations involve the respiratory system, owing 
to its attachment to the ACE2 receptors, the cardiac, vas-
cular, neurological, renal, and hepatic manifestations have 
also been described.12

Liver involvement in COVID-19

Liver injury in patients with COVID-19 might be due to a 
direct viral infection of the liver cells or due to multiple indi-
rect pathways (Fig. 1). Given the higher expression of ACE2 
receptors in cholangiocytes, the liver forms a potential tar-
get for SARS-CoV-2. Studies from biopsy of liver tissues of 
SARS-CoV-2-infected patients have shown liver cell apopto-
sis, which supports the direct hit hypothesis for this virus.13 
In an elegant study by Lagana SM et al,14 histopathologic 
analysis of liver sections in a cohort of 40 COVID-19 autop-
sies was performed. Histologically, the most frequently en-
countered findings were macrovesicular steatosis, minimal-
to-mild portal inflammation, and mild acute hepatitis. Thirty 
eight percent of cases had lobular cholestasis. Two cases 
had pale ovoid sinusoidal inclusions, which at low power 
resembled apoptotic hepatocytes. Vascular findings were 
focal in nature, with sinusoidal microthrombi being present 
in six cases. Polymerase chain reaction (commonly known 
as PCR) was performed on 20 autopsied livers and was posi-
tive in eleven (55%); however, there were no significant 

correlations between PCR positivity and any histologic find-
ings.14 Other reports have described a significant cluster or 
scattered apoptotic hepatocytes, which are characterized by 
condensed nuclear or formed apoptotic bodies. There was 
no eosinophil infiltration, granuloma formation, centrilobu-
lar necrosis, or evidence of interface hepatitis.15 The virus 
may bind to cholangiocytes and cause bile duct dysfunc-
tion, thereby impairing liver regeneration and immune re-
sponses.16

SARS-CoV-2 can affect the liver directly but also indi-
rectly, via several mechanisms.17 Indirect effects may be 
multifactorial, as depicted in Figure 1. Liver injury in pa-
tients with COVID-19 may be accounted for by a systemic 
inflammation induced by the cytokine storm or secondary 
to hypoxia or acute respiratory distress syndrome. The cy-
tokine storm secondary to the virus infection can trigger 
extra-pulmonary systemic hyperinflammation syndrome. 
The cytokine surge (including interleukin (IL)-1, IL-6, and 
IL-10), inflammation and sepsis-related factors can damage 
the liver directly or indirectly.18 The possibility of hypoxia-
induced damage, microthrombi, immune dysfunction or 
drug toxicities are other important mechanisms which can 
impact the liver.19

To battle this new enigmatic virus, a plethora of drugs 
and therapies have been tried or repurposed. Newer drugs 
or drug combinations may have concerns of exacerbating 
liver diseases or causing drug-induced hepatotoxicity, or 
can interact with other drugs to exacerbate their hepato-
toxic potential. Some drugs may also reactivate a latent 
virus, which might lead to liver damage. In patients with 
pre-existing liver disease, COVID-19 infection could trigger 
a potentially fatal acute-on chronic liver failure.20

Several case reports, series and studies have shed light 
on the hepatobiliary manifestations of the disease. Transam-
initis has been found to be associated in up to 14% to 53% 
of COVID-19 cases.21,22 Recent studies have reported ab-
normal liver function tests in as many as 76.3% of patients 
admitted with COVID-19. The authors also noted that liver 
test abnormalities became more pronounced during hospi-

Fig. 1.  Possible mechanisms of effects of SARS-CoV-2 on liver. 
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talization. This can be explained in part by disease progres-
sion and super-added drug-induced liver injury (DILI). Hy-
perbilirubinemia has been documented in 11–18% of cases 
in some series.23 One series from New York, USA showed 
46.5% of the patients had aspartate aminotransferase 
(AST) >40 U/L, 32% had alanine aminotransferase (ALT) 
>40 U/L, and 9.1% had total bilirubin >17.1 μmol/L.24 Cas-
es of acute liver injury (ALI) have been reported and are 
associated with higher mortality.22 Most of the transaminitis 
may be self-resolving; however, more studies are needed to 
determine the significance of mildly deranged liver enzymes 
with the outcome of the disease. An extensive meta-anal-
ysis including 21 studies concluded that altered liver and 
kidney function and increased coagulation parameters are 
seen in severe and fatal cases of COVID-19.25

Patients with chronic medical comorbidities have been 
clearly shown to have severe COVID-19 disease and worse 
outcomes. A systematic review including 1,527 patients 
reported the prevalence of hypertension, cardiac and cer-
ebrovascular disease, and diabetes to be 17.1%, 16.4%, 
and 9.7%, respectively.26 However, there is growing evi-
dence to predict worse outcomes in patients with underly-
ing liver disease.27 Literature has suggested patients who 
have a second ‘hit’, that is liver injury on the background 
of underlying liver disease, have poor outcomes.27 The first 
author of the manuscript has also noted a higher mortality 
in patients with acute-on chronic liver failure, in whom the 
acute precipitant was linked to COVID-19 infection.

Drugs used in the management of COVID-19

Several drugs have been tried in the prophylaxis and treat-
ment of COVID-19 (Fig. 2); however, only one drug (rem-
desivir, RDV) has recently been approved by the USA FDA. 
Supplementary Table 1 depicts the current treatment proto-
col for COVID-19. The following section describes the vari-
ous drugs used for COVID-19 and their implications on liver.

Antivirals

Hydroxychloroquine (HCQ)

HCQ is an oral drug which has both antimalarial and an-
ti-inflammatory properties. It is commonly used in the 
management of rheumatological diseases. It is increas-
ingly being used for management of COVID-19 based on 
in vitro data and initial reports.28 HCQ is supposed to act 
by preventing ACE2-mediated or endosomal-mediated viral 
entry (Fig. 2).29 Although it is considered as a relatively 
safe drug, reports of adverse cardiac effects in patients with 
COVID-19 is concerning (Supplementary Table 1).30 Despite 
retrospective observational studies showing mixed results, 
randomized controlled trials have not shown any benefit in 
COVID-19 patients irrespective of severity (Supplementary 
Table 2).31 HCQ has also been tried for the prophylaxis to 
prevent COVID-19. In an elegant randomized, double-blind, 
placebo-controlled trial, HCQ was used in people within 4 
days of exposure to someone with confirmed COVID-19. 
After a high-risk or moderate-risk exposure to COVID-19, 
HCQ was not found to be effective in preventing illness 
compatible with COVID-19 (Supplementary Table 2).32 
In a study by Cavalcanti et al.,33 the use of HCQ with or 
without azithromycin (AZT) in patients with mild to moder-
ate COVID-19 did not improve clinical status at 15 days, 
as compared with standard care. In another randomized, 
controlled, open-label platform trial, the investigators noted 
that among patients hospitalized with COVID-19, HCQ us-

age did not result in a lower incidence of death at 28 days 
than those who received the usual care.34

HCQ is metabolized in the liver and may alter the me-
tabolism of other drugs. HCQ has not been associated with 
significant elevations of liver enzymes and is not usually 
incriminated as a cause of DILI. ALI with jaundice due to us-
age of HCQ is very rare, with only few reports in the litera-
ture.35 An exception to this is when HCQ is used in patients 
with porphyria cutanea tarda. Its usage in high doses can 
trigger ALI, which is associated with sudden onset of fever 
and marked serum enzyme elevations. This reaction ap-
pears to be caused by the sudden mobilization of porphyrins 
and can be avoided when HCQ is started at lower doses.36 
There have been scattered case reports in literature regard-
ing DILI with the usage of HCQ in patients with COVID-19; 
however, it is to be noted that this is extremely rare.37

With recent data pointing at ineffectiveness of HCQ in al-
tering the course of COVID-19 infection, the authors of this 
manuscript are not in favor of its clinical usage in patients 
with COVID-19.

Azithromycin (AZT)

AZT is commonly used in the treatment of bacterial infec-
tions and might also have antiviral activity against certain 
RNA viruses.38 AZT has also been shown to be effective in 
vitro against viruses such as Zika and rhinovirus, in addition 
to SARS-CoV-2,39 depicts immunomodulatory properties 
and can reduce exacerbations in chronic airway diseases.40 
The COALITION II is an open-label randomized trial evaluat-
ing AZT in addition to standard of care (SOC), which includ-
ed HCQ, compared with SOC alone in patients admitted to 
hospital with severe COVID-19. The investigators however 
found no benefit of AZT on clinical outcomes, including clini-
cal status or mortality when added to SOC (odds ratio 1.36 
[95% confidence interval: 0.94–1.97]; p=0.11).41

AZT may lead to idiosyncratic ALI. The clinical presenta-
tion of AZT-related DILI is usually of a cholestatic hepatitis 
arising within 1–3 weeks after start of treatment. It occa-
sionally arises after AZT is stopped, and can occur even 
after a short 2 to 3 day course. This form of DILI due to AZT 
usually follows a benign course, but in some instances is as-
sociated with a prolonged jaundice and persistence of liver 
test abnormalities for 6 months or more.42 Case reports 
of vanishing bile duct syndrome with AZT usage have also 
been reported.43 AZT can occasionally be associated with 
hepatocellular injury as well. In these instances, the period 
of latency is typically short. Serum aminotransferase levels 
are markedly elevated and alkaline phosphatase (ALP) and 
gamma glutamyl transpeptidase is usually less than twice 
the upper limit of normal (ULN). The hepatocellular forms of 
DILI can be severe and lead to acute liver failure, mandat-
ing the need for an urgent liver transplant (LT) in certain 
patients. AZT has also been linked to the development of 
cutaneous reactions, such as erythema multiforme, Stevens 
Johnson syndrome and toxic epidermal necrosis. These cu-
taneous reactions are often associated with a certain de-
gree of liver injury.44 HCQ and AZT are known to induce 
QT prolongation via a human Ether-à-go-go–related gene 
potassium channel blockade.45 In certain instances, this can 
trigger ventricular arrhythmias.

Lopinavir/ritonavir (LPV/r)

LPV/r is a protease inhibitor used in the treatment of hu-
man immunodeficiency virus (commonly known as HIV) in-
fection. In the initial part of the COVID-19 pandemic, LPV/r 
was one of the first antivirals to be used in an attempt to 
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improve clinical outcomes. Except for minor gastrointes-
tinal disturbances and potential for drug interactions, the 
short-term use of this drug is not associated with major side 
effects (Supplementary Table 1).46 Although retrospective 
observational studies showed faster clearance with LPV/r, 
it was not associated with significantly better outcomes in 

randomized trials. In one of the pivotal randomized, con-
trolled, open-label, platform trials of LPV/r conducted in 
patients admitted to the hospital with COVID-19, the inves-
tigators noted LPV/r not to be associated with reductions in 
28-day mortality, duration of hospital stay, or risk of pro-
gressing to invasive mechanical ventilation or death.47 In 

Fig. 2.  Mechanism of action of drugs used in the treatment for COVID-19. 



Journal of Clinical and Translational Hepatology 2021 vol. 9  |  436–446440

Satsangi S. et al: COVID-19 drugs and their effects on the liver

another key study in patients with severe COVID-19, no 
benefit was noted with LPV/r treatment beyond standard 
care.48

LPV/r is primarily metabolized in the liver, largely via the 
cytochrome (CYP) P450 pathway. This pathway can lead 
to the formation of a toxic intermediate, which can cause 
DILI.49 Though mild elevation of liver enzymes can hap-
pen with LPV/r therapy, clinically apparent hepatotoxicities 
appear to be rare. The rate of DILI is higher in patients 
having underlying hepatitis B virus (HBV) and hepatitis C 
virus (HCV) infection.50 The latency to the onset of symp-
toms is usually 1 to 8 weeks, and the pattern of serum 
enzyme elevations varies from cholestatic to hepatocellular 
or mixed.51 The injury is usually self-limited; however, fa-
tal cases have been reported. Using LPV/r in patients with 
underlying HBV and HCV infection can also lead to exacer-
bation of underlying chronic liver disease, with associated 
rise in HBV DNA or HCV RNA levels.52 In the context of 
LPV/r, the Réseau d’Étude Francophone de l’Hépatotoxicité 
des Produits de Santé (also known as REFHEPS), which is 
a European French-speaking study network, reported that 
within 2 weeks, four cases of LPV/r combination discontinu-
ation occurred in patients with COVID-19 who were being 
treated with this drug.53 As the LPV/r combination is fall-
ing out of practice to treat COVID-19, its potential to cause 
DILI in patients with COVID remains more of a theoretical 
problem.

Remdesivir (RDV)

RDV is an adenosine analogue that is an RNA-dependent 
RNA polymerase (RdRp) inhibitor. It was developed by Gile-
ad Sciences and was initially used for the treatment of Ebola 
virus disease. It is a broad spectrum antiviral drug that has 
shown to inhibit SARS-CoV-2, in vitro and in vivo.54,55 RDV 
has recently been approved by the USA FDA for use in pa-
tients who are older than 12 years of age and weighing at 
least 40 kg for the treatment of COVID-19 requiring hospi-
talization. In a recent double-blind, randomized, placebo-
controlled trial of using intravenous RDV in patients who 
were hospitalized with COVID-19 and had evidence of lower 
respiratory tract infection; the investigators noted that RDV 
was superior to placebo in shortening the time to recovery in 
adults who were hospitalized with COVID-19 (Supplemen-
tary Table 2).56 There have also been reports suggesting the 
use of RDV to not be associated with a difference in time to 
clinical improvement; however, it has been suggested that 
RDV is to be used early in the clinical course of COVID-19 
infection, before the peak viral replication occurs.57,58 The 
duration of therapy in most cases is 5 days.59

RDV is a prodrug and is metabolized in the cells into 
an alanine metabolite which is processed further into the 
monophosphate derivative and ultimately into the active 
nucleoside triphosphate.60 Studies have shown RDV usage 
to be associated with elevations of AST and ALT.61 In most 
instances, the enzyme elevations did not progress to severe 
liver damage, but cases of acute liver failure suspected as 
due to RDV usage have been reported.62 In the report de-
scribing two patients with RDV-induced acute liver failure, 
significant increases in transaminases occurred between 
day 3 and day 10 of RDV usage. This was also associated 
with coagulopathy and hepatic encephalopathy. The authors 
utilized the Naranjo algorithm to determine the possibility 
of a drug-induced effect and both the cases scored as a 
‘probable’ adverse drug reaction, with a score of 6 each. 
After discontinuing the drug and treatment with N-acetyl 
cysteine infusion, there was a marked improvement in 
transaminases and liver functions.62 RDV is suggested to be 
stopped if the ALT >5-times ULN or ALP >2-times ULN, and 

total bilirubin >2-times ULN or in the presence of coagu-
lopathy or clinical decompensation.63 In view of its poten-
tial for hepatotoxicity, the authors of this manuscript have 
not used RDV in patients with decompensated cirrhosis who 
have COVID-19 infection.

Favipiravir (FPR)

FPR is a prodrug with excellent bioavailability and has been 
approved in Japan for the treatment of influenza. FPR un-
dergoes phosphoribosylation to favipiravir-RTP, which is the 
active form of this drug. It acts via inhibition of RdRp and 
also gets incorporated into the viral RNA strand, preventing 
its further extension.64 As the SARS-CoV-2-RdRp complex 
is at least 10-fold more active than any other viral RdRp 
known, the adequate dose of FPR for COVID-19 needs to be 
ascertained.65 The dose usually used in clinical practice is 
1,800 mg twice a day on day 1, followed by 800 mg twice 
a day on days 2–14. An open-label, nonrandomized study 
conducted in China compared the effect of FPR vs. LPV/r in 
the treatment of COVID-19. Both groups had also received 
interferon-alpha (5 million units twice daily) by nasal inha-
lation. Compared with the LPV/r arm, patients in the FPR 
arm showed a statistically significant shorter median length 
of time to viral clearance (4 days vs. 11 days, p<0.001), 
improvement in chest computed tomography findings at 
day 14 (91.4% vs. 62.2%, p=0.004) and lower incidence of 
adverse effects (11.43% vs. 55.56% p<0.001).66 A phase 
3 Russian trial (COVIDFPR 01) using FPR (ClinicalTrials.gov 
Identifier: NCT04434248) is currently ongoing and includes 
330 patients from 30 medical centers across 9 Russian re-
gions. A randomized, multicenter, open-labeled clinical trial 
in Indian patients has just been completed and the results 
are expected to be published soon.64

Though FPR usage can lead to increases in AST, ALP, ALT 
and total bilirubin, clinically apparent DILI seems rare. Less 
than 10% of patients with COVID-19 might experience ALT 
elevation with the use of FPR.63 Patients with severe liv-
er dysfunction (Child-Pugh C) showed an increase in area 
under curve (6.3-fold) and Cmax (2.1-fold). It is thus sug-
gested that FPR dosage should be reduced in patients with 
COVID-19 who have severe liver function impairment.67

Ivermectin (IVN)

IVN is well known for its antiparasitic activity. This drug has 
shown an in vitro reduction of viral RNA in Vero-hSLAM cells 
at 2 h post-infection with the SARS-CoV-2 clinical isolate 
Australia/VIC01/2020.68 IVN has demonstrated a broad 
spectrum of antiviral properties and acts as an inhibitor of 
the nuclear transport, which is mediated by the importin 
α/β1 heterodimer, itself which is pivotal for the transloca-
tion of viral species proteins (i.e. HIV-1 and SV40).69 The 
Ivermectin in COVID-19 trial is a retrospective cohort study 
(n=280) which enrolled patients with COVID-19 infection 
admitted at four Florida hospitals. This study document-
ed a significantly lower mortality rate in the IVN (n=173) 
arm compared with the usual care (n=107) arm (15% vs. 
25.2%; p=0.03).70 More data are needed to assess pulmo-
nary tissue levels in humans and to assess its efficacy in the 
prophylaxis and treatment of COVID-19.

IVN is usually considered a safe drug and reports of 
IVN-related DILI are rare. In a case report where IVN was 
used for the treatment of Loa loa, IVN resulted in DILI that 
manifested 1 month later with aminotransferase elevation, 
showing a hepatocellular type of DILI. Liver biopsy depicted 
acute hepatocellular necrosis, lymphocytic lobular infiltrates 
and no fibrosis. The patient improved clinically within days 
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and serum aminotransferase levels fell rapidly, becoming 
normal 3 months later.71

Immunomodulators

Steroids

In patients with severe COVID-19, the pathogenesis has 
been described in two phases, namely the viremic phase 
and the hyper-inflammatory phase. The use of steroids 
has been proposed in the hyper-inflammatory phase based 
on the observations of trials, including the RECOVERY trial 
(Supplementary Table 2). In the UK-based RECOVERY trial, 
6,425 patients [2,104 randomized to receive dexametha-
sone (DXA) and 4,321 randomized to receive SOC], treat-
ment with DXA lead to a reduction in mortality by one-third 
in patients receiving mechanical ventilation and by one-fifth 
in patients receiving supplemental oxygen compared to 
usual care alone.72 The recommended dose of DXA was 6 
mg for a duration of 10 days. The CoDEX multicenter, open-
label trial enrolled 299 patients in Brazil with COVID-19 and 
moderate to severe acute respiratory distress syndrome to 
20 mg DXA daily (intravenous) treatment for 5 days, then 
10 mg daily for 5 days or until intensive care unit (ICU) dis-
charge atop SOC, or to SOC alone. DXA increased days alive 
and days free from mechanical ventilation during the first 
28 days to a mean of 6.6 vs. 4.0 among controls (p=0.04) 
and also reduced the acute morbidity of the disease, with 
lower mean sequential organ failure assessment (commonly 
referred to as SOFA) scores at day 7 than with usual care 
(6.1 vs. 7.5, p=0.004).73 In a recent meta-analysis by the 
World Health Organization’s Rapid Evidence Appraisal for 
COVID-19 Therapies (otherwise known as REACT) working 
group, a total of 1,703 critically ill patients with COVID-19 
were analyzed. The studies analyzed in the meta-analysis 
enrolled patients who were randomized to receive systemic 
DXA, hydrocortisone, or methylprednisolone, or to receive 
usual care or placebo. The use of steroids reduced 28-day 
mortality by a relative 34% compared with controls and the 
mortality effect size appeared similar between drugs used.74

Studies have also evaluated pulse steroid therapy in 
the treatment of COVID-19. In a single-blind, randomized, 
controlled, clinical trial involving hospitalized patients with 
severe COVID-19 who were in the early pulmonary phase 
of the illness were enrolled. Patients were randomized to 
either the steroid arm or the SOC arm. Methylprednisolone 
pulse was given as an intravenous injection of 250 mg daily 
for 3 days in the steroid arm. Patients with clinical improve-
ment were higher in the methylprednisolone group than 
in the SOC group (94.1% vs. 57.1%), and the mortality 
rate was numerically lower in the methylprednisolone group 
(5.9% vs. 42.9%; p<0.001).75

Though steroids are generally considered safe, they can 
lead to worsening of liver functions in certain specific clini-
cal conditions. Of special interest is HBV reactivation and 
consequent liver involvement. It is well known that ster-
oid treatment can lead to viral flare and HBV reactivation, 
and there exist specific guidelines to address this issue.76 In 
hepatitis B surface antigen (HBsAg)-positive patients, HBV 
reactivation is defined as a sudden and rapid increase in 
HBV DNA levels in patients with previously detectable DNA 
or reappearance of HBV DNA viremia in individuals who did 
not have viremia before the initiation of immunosuppressive 
therapy. In individuals who are initially negative for HBsAg 
and are hepatitis B core antibody (anti-HBc)-positive, HBV 
reactivation is defined by appearance of HBsAg and/or HBV 
DNA. In patients who are HBsAg-positive or patients who 
are HBsAg-negative but positive for anti-HBc, the doses of 
steroids which place the patient at risk of reactivation are 

reported as follows below.76

High risk (>10% risk): Prednisone therapy at either 
medium dose (10–20 mg orally daily) or high dose (>20 mg 
orally daily) for more than 4-week duration increases the 
reactivation in patients who are HBsAg-positive.

Moderate risk (1–10% risk): Low-dose steroid thera-
py equivalent to prednisone 10 mg administered orally daily 
over 4 weeks may increase the risk of reactivation up to 
10% in HBsAg-positive individuals, and medium-dose ster-
oids such as prednisone 10–20 mg administered orally (or 
equivalent) daily may increase the risk of seroconversion in 
HBsAg-negative and anti-HBc-positive individuals.

Low risk (<1% risk): Patients are administered intra-
articular steroid injections or a low dose of prednisone < 10 
mg orally daily.

Recently, a pivotal study was published which analyzed 
the risk of HBsAg seroconversion in 12,997 patients exposed 
to at least one dose of systemic corticosteroids in the pe-
riod between 2001 and 2010. Among the patients analyzed, 
1,800 were positive for anti-HBc. Among those, 830 were 
positive for anti-HBs, which served as a protective factor. 
It was noted that in the remaining group of 970 anti-HBc-
positive/anti-HBs-negative patients, the annual risk of pre-
senting with a hepatitis flare was 16.2%, independent of 
the time of corticosteroid treatment. Patients who were anti-
HBc-positive only had a higher risk of HBsAg Seroreversion 
(1-year incidence was 1.8%) as well.77

Drugs used to treat the disproportionate immune re-
sponse after SARS-CoV-2 infection (mainly IL-6 receptor 
antagonists or high dose corticosteroids) were considered 
to be associated with moderate risk for HBV reactivation in 
HBsAg-negative/anti-HBc-positive individuals. However, a 
recent study enrolling 600 patients with severe COVID-19, 
who were treated with immune-modulator therapy, demon-
strated that the risk of HBV reactivation while undergoing 
immunosuppressive treatment was low.78 This study was 
not randomized and had a small sample size, which is why 
more data is needed in this area to make strong recom-
mendations.

In patients who merit HBV prophylaxis (HBV is otherwise 
inactive, but antiviral therapy is started to prevent HBV re-
activation), it should ideally be started 2–4 weeks before the 
initiation of immunosuppressive therapy and maintained for 
at least 6 months after the last dose of immunosuppressive 
therapy. In patients where a decision to monitor (antiviral 
therapy not being initiated) has been made, the strategy 
should be monitoring of viral reactivation with determina-
tion of aminotransferases and HBV DNA levels conducted 
every 3 months.76

Figure 3 describes an algorithm for COVID-19-positive 
patients who are candidates for treatment with steroid 
therapy according to serological findings of an HBV screen-
ing.76,79

IL-6 receptor antagonists

Tocilizumab (TCZ): TCZ is a humanized IgG1 recombinant 
monoclonal antibody used for the treatment of cytokine re-
lease syndrome associated with rheumatological conditions. 
It inhibits the inflammatory action of IL-6 by inhibiting the 
IL-6 receptor (Fig. 2). Since IL-6 is one of the prominent 
cytokines responsible for the hyper-inflammatory phase of 
COVID-19, it was postulated to have some role in patients 
with a severe or life-threatening disease. In a recent rand-
omized, double-blind, placebo-controlled trial involving pa-
tients with confirmed SARS-CoV-2 infection having features 
of hyperinflammation, patients were randomized to receive 
a single dose of either TCZ (8 mg/kg of body weight) or 
placebo. The hazard ratio for intubation or death in the TCZ 
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group, as compared with the placebo group, was 0.83 (95% 
confidence interval: 0.38–1.81; p=0.64), and the hazard 
ratio for disease worsening was 1.11 (95% confidence in-
terval: 0.59–2.10; p=0.73). It was thus inferred that TCZ 
was not effective for preventing intubation or death in mod-
erately ill hospitalized patients with COVID-19.80 The EM-
PACTA trial is the first global phase III trial to demonstrate 
patients with COVID-19 pneumonia who received TCZ in the 
first 2 days of ICU admission to have a lower risk of in-hos-
pital mortality compared with those not treated with TCZ. 
Patients randomized to the TCZ group were 44% less likely 
to progress to mechanical ventilation or death compared to 
patients who received placebo plus SOC.81

The most common side effects of TCZ are headache, up-
per respiratory symptoms and hypertension. TCZ has mini-
mal hepatic metabolism, and early registration trials of the 

usage of TCZ in rheumatologic conditions have shown mild 
serum aminotransferase elevations to occur in a high pro-
portion (10% to 50%) of patients receiving TCZ. In a minor-
ity of patients (1–2%) levels rose above 5-times the ULN, 
which triggered discontinuation of treatment. The liver inju-
ry with TCZ is predominantly hepatocellular in nature, with 
no immunoallergic or autoimmune features. While the liver 
injury was severe, it was usually self-limited, with complete 
recovery occurring in 2 to 3 months. The mechanism by 
which it causes DILI is unknown, but may be the result of 
its effects on the immune system or on the IL-6 pathway, 
which is important in liver regeneration. TCZ being an im-
munosuppressive medication might also cause liver injury 
indirectly by reactivation of HBV.

Data of TCZ-related DILI when being used in the man-
agement of COVID-19 is scarce and limited to case reports. 

Fig. 3.  Antiviral treatment strategy in patients with COVID-19 at risk for HBV reactivation receiving steroid therapy. 
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Case reports also exist on the usage of TCZ in patients with 
elevated liver enzymes. In one of the case series using TCZ 
for patients with severe COVID-19 and having elevated liver 
enzymes (up to 5-times the ULN), it was noted that after 
TCZ administration, the clinical condition of patients rapidly 
improved and liver function test normalized within 3 weeks 
of treatment.82

TCZ, being an immunosuppressive agent, is associated 
with the risk of hepatitis B reactivation. There have been 
reports of HBV reactivation and flare in patients with rheu-
matoid arthritis who have chronic hepatitis B and receive a 
short course of TCZ therapy, which in severe cases has also 
led to liver failure.83

In patients with past resolved infection, the risk of HBV 
reactivation seems low with the use of TCZ therapy. In a key 
study, which enrolled 152 patients with resolved hepatitis 
B infection managed with disease-modifying anti-rheumatic 
drugs (including 25 patients with TCZ), the risk of HBV reac-
tivation was very low (<5%).84 In a study enrolling patients 
with COVID-19 who received TCZ, the risk of HBV reactiva-
tion was reported to be low in patients with markers of past 
HBV infection.78 Though concrete guidelines on using antivi-
ral prophylaxis to prevent HBV reactivation in patients with 
COVID-19 being treated with TCZ are lacking, we suggest 
using antiviral prophylaxis in patients with chronic hepatitis 
B infection and serial monitoring in patients with past HBV 
infection with undetectable HBV DNA levels (Fig. 4).

Other IL-6 receptor antagonists being tried for COVID-
19-related cytokine release syndrome are siltuximab and 
sarilumab.

IL-1 receptor antagonists

Endogenous IL-1 levels are elevated in patients with COV-
ID-19 and high levels are associated with cytokine release 
syndrome.85 Anakinra (AKR) is the prototype drug being 
studied for COVID-19. A study conducted in Paris, France 
compared the outcomes of 52 patients with COVID-19 who 
were given AKR with 44 historical cohort patients. Admis-
sion to the ICU for invasive mechanical ventilation or death 
occurred for 13 (25%) patients in the AKR group and 32 
(73%) patients in the historical group [hazard ratio of 0.22 
(95% confidence interval: 0.11–0.41; p<0.0001).86 An in-
crease in liver aminotransferases (>3-times the ULN) oc-
curred in seven (13%) patients in the AKR group and four 
(9%) patients in the historical group.

In large registration trials enrolling patients with rheuma-
tologic conditions, ALT elevations occurred in <1% of pa-

tients taking AKR, a rate not different from that in placebo 
recipients, and no cases of clinically apparent liver injury 
with jaundice were reported. AKR-related DILI usually fol-
lows a hepatocellular pattern. Liver biopsies have demon-
strated an acute hepatocellular injury with prominence of 
eosinophils. Most patients with AKR-related DILI recovered 
within 2 to 8 weeks of stopping the drug, without evidence 
of residual injury. There have been cases reported where 
the DILI is severe, protracted and associated with transient 
features of hepatic failure.87

In patients with COVID-19 being treated with AKR, Cav-
alli et al.88 discuss the observations of elevated liver ami-
notransferases in some patients receiving the drug. Three 
of the 29 patients with COVID-19 who received AKR had 
derangement of liver enzymes, while 5 of 16 similar pa-
tients who did not receive AKR also showed increased en-
zymes. The authors, however, chose to taper AKR in those 
with elevated liver enzymes and observed that the LFTs did 
respond to the reduction in the dose of AKR. AKR has not 
been linked to reactivation of hepatitis B or exacerbation of 
chronic hepatitis C.89

Janus kinase (i.e. JAK) and numb associated kinase 
(i.e. NAK) inhibitors

ACE2 receptors are a point of cellular entry for the COVID-19 
virus, which is expressed in lung alveolar epithelial type 2 
cells. A known regulator of endocytosis is the adaptor-as-
sociated protein kinase 1 (i.e. AAK1). Disruption of AAK1 
may interrupt intracellular entry of the virus. Baricitinib is 
a JAK inhibitor and has been identified as a NAK inhibitor, 
with a particularly high affinity for AAK1.90 Drugs which tar-
get NAK are likely mitigate alveolar and systemic inflam-
mation in patients with COVID-19 pneumonia by inhibiting 
cytokine signaling.91 The National Institute of Allergy and 
Infectious Diseases (commonly referred to as the NIAID) 
Adaptive COVID-19 Treatment Trial evaluated the combina-
tion of RDV (100 mg administered intravenously daily, up 
to 10 days) along with baricitinib (4 mg per once daily, up 
to 14 days) compared with RDV alone. In September 2020, 
the investigators reported a 1-day reduction in the median 
time to recovery for the overall population treated with RDV 
plus baricitinib compared with RDV alone.92

In the large prelicensure clinical trials evaluating ba-
ricitinib in patients with rheumatoid arthritis, serum ami-
notransferase derangements occurred in up to 17% of sub-
jects treated with baricitinib compared to 11% in placebo 
recipients. The aminotransferase elevations were typically 

Fig. 4.  Antiviral treatment strategy in patients with COVID-19 at risk for HBV reactivation receiving anti-IL-6 therapy. 
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mild and only in <1% of patients, and the values rose above 
5-times the ULN. Less than 10% of the drug undergoes he-
patic metabolism, which is primarily via the CYP 3A4 path-
way. Serum aminotransferase elevations above 5-times the 
ULN should lead to temporary cessation of the drug. If liver 
enzyme elevations do not completely normalize or improve 
within a few weeks of drug cessation, or if symptoms of DILI 
worsen, baricitinib should be permanently discontinued.93

Convalescent plasma (CP)

Plasma from an individual who has recovered from COV-
ID-19 with high titers of neutralizing antibodies has been 
proposed as a novel therapy for COVID-19. Although there is 
a theoretical risk of antibody enhancement and transfusion-
related reactions, this therapy is otherwise considered safe. 
The FDA granted emergency use authorization on August 
23, 2020 for use of CP in patients who are hospitalized with 
COVID-19. Early data indicated that the use of CP seemed 
to be effective for a better course of COVID-19 in critically 
ill patients.94 However, the multicenter, randomized, con-
trolled PLACID trial, published recently and which enrolled 
464 adults (≥18 years) admitted to the hospital with con-
firmed moderate COVID-19, demonstrated that the use of 
CP was not associated with a reduction in progression to 
severe COVID-19 or all-cause mortality.95 No serious ad-
verse effects have been reported with use of CP; however, 
there exists a theoretical risk of transmission of infections 
like HBV and HCV.

Several other drugs being tried in the treatment of COV-
ID-19 are mentioned in Supplementary Table 3.

Anticoagulants

The risk of venous thromboembolism (VTE) is increased in 
critically ill patients with COVID-19. A recent meta-analysis 
which analyzed 86 studies (33,970 patients) reported that 
VTE occurs in 22.7% of patients with COVID-19 who are 
admitted to the ICU. VTE risk was reported to be higher 
in non-ICU hospitalized patients as well.96 Reports have 
shown that there is a substantial microthrombosis, or im-
munothrombosis, related to hypoxemia, endothelial injury, 
and inflammation.97 Data is emerging on the discrepancy 
between the rate of pulmonary embolism and deep-vein 
thrombosis in patients with COVID-19 infection, and sev-
eral cases are being reported where pulmonary embolism 
is occurring in the absence of deep-vein thrombosis and 
are located in the more peripheral pulmonary arteries. This 
leads to the hypothesis that immunothrombosis is prob-
ably much more prominent in patients with COVID-19 than 
originally recognized.97,98 Most current guidelines thus rec-
ommend that standard doses of anticoagulants be used for 
thromboprophylaxis in patients hospitalized with COVID-19. 
VTE prophylaxis is also to be administered post-discharge in 
patients with known additional risk factors for VTE, such as 
thrombophilia, obesity, advanced age, and a prior history 
of VTE.97

The potential effects of anticoagulants on liver are dis-
played in Supplementary Table 4.

Conclusions

COVID-19 is a disease which causes multisystem involve-
ment. The immune dysregulation and the cytokine release 
syndrome associated with the disease are primarily respon-
sible for the worse outcomes in those affected with it. Sev-
eral drugs have been tried and several others remain in the 

pipeline to combat the deadly effects of this virus. Hepato-
toxicity, reactivation of underlying viral hepatitis and poten-
tial to cause DILI remains with several of the drugs being 
used to treat COVID-19. However, as the involvement of 
liver can be the result of various pathobiologic pathways, in 
many instances it becomes difficult to discern the accurate 
etiology of the same.
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Abstract

Acute-on-chronic liver failure (ACLF) is a risk factor for fungal 
infection. Endogenous fungal endophthalmitis is a serious, 
sight-threatening disease. Common causes include immu-
nocompromised state and intravenous drug use, permitting 
opportunistic pathogens to reach the eye through the blood 
stream. We report a case of Candida endophthalmitis in a 47 
year-old woman who was admitted to our hospital with ACLF 
and poorly controlled diabetes. In addition, she was treated 
with glucocorticoids due to severe jaundice. After treatment 
for ACLF, the patient experienced fever with blurred vision in 
the left eye and was diagnosed with candidemia, endogenous 
Candida endophthalmitis in the left eye, and chorioretinitis 
in the right eye. Systemic and topical antifungal treatment 
was administered based on the positive Candida albicans 
test in intraocular fluid using second-generation sequencing. 
The patient underwent vitrectomy in the left eye and C. al-
bicans was confirmed in vitreous cultures. Follow-up visit, at 
6 weeks after the operation, showed only light perception in 
the left eye and stable visual acuity in the right eye. Physi-
cians should be aware of endogenous fungal endophthalmitis 
in patients with ACLF, especially those with Candida infection, 
a history of glucocorticoid use, and diabetes. A dilated retinal 
examination should be performed by an ophthalmologist if 
ACLF patients develop fever and fungal infection.

Citation of this article: Cao Y, Fan Y, Wang Y, Liu X, Xie W. 
Acute-on-chronic liver failure patient with Candida endoph-
thalmitis: A Case Report. J Clin Transl Hepatol 2021;9(3): 
447–451. doi: 10.14218/JCTH.2020.00092.

Introduction

Acute-on-chronic liver failure (ACLF) is associated with a 

poor outcome. Invasive fungal infections (IFIs) are com-
mon in patients with ACLF due to defects in the host im-
mune system, complications, widespread antibiotic use, 
and invasive procedures.1 IFI indicates patients with a high 
mortality risk in the long term.2 Many studies have report-
ed that the common sites of fungal infection in ACLF are 
the respiratory tract, kidneys, skin/soft tissue, esophagus, 
oropharynx, and peritoneum.3–5 There are few reports of 
endogenous fungal endophthalmitis (EFE) in patients with 
liver failure.6,7

In this case report, a 47-year-old woman with diabe-
tes developed endogenous Candida endophthalmitis in the 
clinical course of ACLF. We suggest that endogenous C. en-
dophthalmitis should be considered in patients with ACLF 
who have fever and Candida infection. In addition, it is im-
portant to perform ophthalmologic examinations and imple-
ment appropriate approaches to eliminate fungal infection.

Case report

A 47-year-old woman was hospitalized with acute onset of 
marked jaundice at a local hospital in April 2019. The most 
disturbing symptoms were asthenia, anorexia, and dark 
urine. The patient received supportive liver protection and 
glucocorticoid therapy for jaundice at a local hospital, while 
liver function became progressively worse. The patient was 
diagnosed with ACLF and transferred to our hospital on May 
24, 2019. Her past medical history suggested that she had 
been a carrier of hepatitis B surface antigen for the past 10 
years, in addition to having poorly controlled sugar levels. A 
physical examination, conducted after admission to our hos-
pital, revealed the following findings: body temperature, 36.3 
°C; blood pressure, 114/67 mmHg; heart rate, 87 beats/m; 
and respiratory rate, 17 breaths/m. There were small ec-
chymoses in the skin, serious yellow sclera and skin, sus-
picious abdominal shifting dullness, and lower limb edema. 
Heart and lung examinations were without remarkable find-
ings. The abdomen was not distended. The liver and spleen 
were not palpable. There was no presence of ascites. Clinical 
examination revealed normal mental status and vital signs.

The laboratory data were as follows: increased white 
blood cell count (11.30 × 109/L), neutrophile granulocyte 
(89.60%), red blood cells (3.29 × 1012/L), hemoglobin 
(104.0 g/L), platelets (143.0 × 109/L); prothrombin time 
activity 58%; international normalized ratio 1.50; severe 
liver function damage (alanine aminotransferase 252.5 
U/L, aspartate transaminase 182.0 U/L, total bilirubin 
477.2 µmol/L, direct bilirubin 384.4 µmol/L, gamma-gluta-
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myl transpeptidase 399.6 U/L, alkaline phosphatase 120.2 
U/L, and albumin 39.0 g/L); elevated HbA1c level (7.2%). 
The hepatitis B virus DNA viral load was 292 IU/mL. Tests 
for hepatitis B surface antigen, hepatitis B surface anti-
body, and hepatitis B core antibody were positive. Mag-
netic resonance cholangiopancreatography revealed small 
stones in the gallbladder, without intrahepatic or extrahe-
patic bile duct dilatation; computed tomography enhance-
ment scanning revealed a low enhancement area around 
the portal vein and little intraperitoneal free fluid but no 
vascular abnormalities. On the basis of clinical manifesta-
tions, she was diagnosed with ACLF, having an ACLF model 
for end-stage liver disease (commonly referred to as MELD) 
score of 24, chronic hepatitis B, and type II diabetes melli-
tus. She was administered entecavir (0.5 mg/day) antiviral 
therapy, oral methylprednisolone (gradually decreased by 
reduction of 5 mg/week and then ceased), which protected 
the liver, reduced enzyme activity, and eliminated jaundice, 
and insulin subcutaneous injection to control blood glucose. 
Her liver function improved. The changes in biochemistry 
parameters are shown in Figure 1.

However, the patient developed a high fever, blurred 
vision, and redness in the left eye at 7 days after hospi-
talization. Ophthalmologic examinations were performed 
immediately. The best-corrected visual acuity (commonly 
referred to as BCVA) was 8/20 in the left eye and 8/20 
in the right eye. The intraocular pressure was 12 mmHg 
in both eyes. Slit lamp examination revealed ciliary hyper-
emia, hypopyon, and Tyn (2+) in the left eye, but no signifi-
cant abnormality in the right eye. Funduscopic examination 
revealed severe vitreous opacity, invisible fundus in the left 
eye, and the presence of a well-demarcated yellowish-white 
round exudate below the macula in the right eye (Fig. 2A, 
B). Optical coherence tomography revealed a small, highly 
reflective clump in the sub-retina of the right eye, and a 
highly reflective clump above the retina of the left eye in the 
first examination (Fig. 3A, B). Laboratory tests showed de-
creased lymphocyte count (0.74 × 109/L) and CD4-positive 

T lymphocyte count (124 cells/µL). The results of the blood 
levels of white blood cell count (12.98 × 109/L), C-reactive 
protein (39 mg/dL), procalcitonin (0.60 ng/mL) and 1, and 
3-β-D glucan (240 pg/mL) were increased on the same day. 
Interferon-γ release assays were performed using T cell 
enzyme-linked immuno-spot (commonly known as T-SPOT) 
tuberculosis assay, and the results were positive (the num-
ber of spot-forming cells was 100/2.5E+5 peripheral blood 
mononuclear cells).

The microbial DNA amplification of the aqueous humor 
using second-generation sequencing technology showed 
positive results for fungal 26s ribosomal RNA, strongly 
suggestive of Candida albicans infection. The urine culture 
showed C. albicans infection. Blood cultures were positive 
for Staphylococcus aureus infection. Chest computed to-
mography images showed nodules in the upper and lower 
lobes of the right lung, considered to be newly infectious 
nodules. Thus, we suspected candidemia, endogenous C. 
endophthalmitis in the left eye, chorioretinitis in the right 
eye, and sepsis. The patient was immediately started on 
systemic intravenous administration of antibiotics (biap-
enem 300 mg twice daily and linezolid 600 mg/day) and 
antifungal agent (voriconazole, loading dose 400 mg twice 
daily for 2 doses, followed by 200 mg twice daily), plus bin-
ocular intravitreal injection of amphotericin B deoxycholate 
for 6 weeks. Intravitreal injections were administered based 
on the response to treatment. The patient received a dose 
of 10 µg in 0.1 mL of intravitreal amphotericin-B, every 3 
days in the left eye and one injection in the right eye for the 
first week, and every week thereafter in both eyes for the 
next 5 weeks. Oral methylprednisolone was discontinued. 
The patient became afebrile 48 h after starting the systemic 
antifungal therapy. The results of white blood cell count, C-
reactive protein, and procalcitonin were normal, and blood 
and urine cultures were negative after 2 weeks of antibiotic 
therapy, and antibiotics were stopped.

After 6 weeks of systemic antibiotics and intravitreal in-
jections, the anterior chamber reaction improved in both 

Fig. 1.  Clinical course and changes of biochemistry parameters after the patient was admitted to our hospital. The levels of hyperbilirubinemia slowly 
trended downward, from over 470 μmol/L to 30 μmol/L. ALP, alkaline phosphatase (U/L); ALT, alanine aminotransferase (U/L); AST, aspartate transaminase (U/L); Dbil, 
direct bilirubin (μmol/L); GGT: gamma-glutamyltransferase (U/L); Tbil, total bilirubin (μmol/L).
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eyes. The routine blood count and liver function test re-
sults were almost normal. The broad-range real-time PCR 
and cultures of the vitreous fluid, blood, and urine cultures 
were all negative. However, the blood level of 1, 3-β D glu-
can was still positive (171 pg/mL). Before the vitrectomy, 
slit lamp examination revealed ciliary hyperemia, corneal 
edema, and Tyn (2+) in the left eye. The fundus of the left 
eye remained invisible. The lesion in the right eye became 
thinner and localized, but the lesion in the left eye showed 
no improvement (Fig. 2C, D and Fig. 3C, D). The BCVA of 
the left eye was reduced to light perception only. Before 
the vitrectomy, slit lamp examination revealed ciliary hy-
peremia, corneal edema, and Tyn (2+) in her left eye. The 
fundus was invisible in her left eye as Binocular B-scan was 
performed in the first examination and before the vitrec-
tomy. The images were shown in Figure S1.

We performed a complete lensectomy, pars plana vit-
rectomy, and silicone oil tamponade. During vitrectomy, 
the dense yellowish-white opacity in the vitreous adhered 
closely to the retina, the proliferating membrane shrank and 
the retina completely detached. There was no hole in the 
retina. The patient received intravitreal amphotericin B in-
jections (10 µg/0.1 mL). After vitrectomy, the vitreous cav-
ity was filled with silicone oil and the retina was reattached.

A culture of the vitreous tissue revealed C. albicans growth. 
Based on the bacterial culture test results, fluconazole (load-
ing dose 800 mg, then 400 daily) was administered with 
intravenous fluids for 2 weeks, and a 200 mg oral flucona-
zole was administered daily for 2 weeks (Table 1). Finally, 1 
month after surgery, the lesions in the right eye disappeared 
by funduscopic examination; the BCVA was still 16/20 in the 
right eye and light perception only in the left eye.

Discussion

In the present study, we report a female patient with a his-
tory of ACLF and diabetes who developed sudden decrease 
in both eyes’ vision due to endophthalmitis caused by C. 
albicans. ACLF patients usually have immune disorders, 
hypoalbuminemia, ascites, dysregulation of intestinal flora, 
impaired gastrointestinal barrier function, susceptibility to 
flora migration, and reduced body defense. On the other 
hand, such patients also often have prolonged antibiotic 
therapy, various kinds of complications, or severe endocrine 
and metabolic disorders (such as diabetes), systemic corti-
costeroid use, the use of central venous catheters, and re-
ceipt of liver replacement therapy. Therefore, ACLF patients 
with IFI are not uncommon.8

In the Asian Pacific Association for the Study of Liver ACLF 
consensus of 2019, it is recommended that hospitalized 
patients with ACLF are closely monitored for the presence 
of infections in order to enable early diagnosis and treat-
ment. Prophylactic administration of antifungal agents in 
ACLF patients with high-risk factors can be performed using 
echinocandins.9,10 In the former reports, the most common 
site of IFI infection in liver failure patients is the lung, fol-
lowed by the intestinal tract, urinary tract, abdominal cav-
ity, bloodstream, and others; intra-ocular infections are rare. 
Toshikuni et al.6 reported the case of a 69 year-old man who 
developed fungemia due to C. albicans and bilateral endog-
enous endophthalmitis associated with liver failure due to 
decompensated liver cirrhosis during hospitalization. Kabu-
raki et al.7 reported a case of C. albicans endophthalmitis 
with subretinal abscess formation in a patient who under-

Fig. 2.  Funduscopic images. (A–B) First fundoscopic examination. (A) A yellowish-white round lesion was seen in the right eye. (B) Vitreous opacity was observed 
in the left eye. (C–D) After 6 weeks antifungal treatment. (C) The lesion in the right eye became thin and localized at this site. (D) Vitreous opacity still existed as 
before in the left eye.
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went liver transplantation for cirrhosis caused by hepatitis 
C. To our knowledge, there have been no reports of ACLF 
with endogenous C. endophthalmitis. EFE is a rare but sight-
threatening condition that requires immediate diagnosis and 
appropriate treatment. EFE is derived from systemic fungal 
infections outside the eye, which are usually caused by can-
didemia. Candida is the most common EFE organism.11 Once 
candida enters the bloodstream, it can access the eyes via 
the short posterior ciliary artery. Infection typically progress-
es vertically, via chorioretinal infiltration, and the vitreous 
is a primary site of localization. It has been suggested that 
higher glucose concentrations support the growth of Can-
dida in the vitreous.12 Our patient had a history of diabetes 
and poor blood glucose control, therefore at higher risk for 

development of endogenous C. endophthalmitis. One unilat-
eral case of C. endophthalmitis after liver transplantation has 
been reported.7 The incidence of C. endophthalmitis is rare 
in patients with candidemia, ranging from 0% to 1.6%.13 In 
contrast, Ueda et al.14 reported that the overall incidence of 
endogenous C. endophthalmitis was 21.2%.

The most common symptom of endophthalmitis is de-
creased vision. Eye pain or discomfort and a red eye are 
also common. Systemic symptoms, such as fever, are often 
present in cases of endogenous endophthalmitis. Diagnosis 
of EFE is based on eye findings rather than vitreous cultures 
in most cases of documented candidemia. Risk factors for 
EFE, such as central venous catheters, total parenteral nu-
trition, broad-spectrum antibiotics, recent abdominal sur-
gery, neutropenia, glucocorticoid therapy and intravenous 
drug use, have been identified.11 In this case, the patient 
had high-risk factors of diabetes and a history of glucocorti-
coid therapy. Unfortunately, there is a lack of understanding 
for factors that could predict EFE. Therefore, early diag-
nosis, timely identification of pathogens, and appropriate 
treatment are particularly important.

All patients with candidemia are recommended to un-
dergo funduscopic examination at the time of diagnosis and 
should be closely monitored within 2 weeks of candidemia 
onset, as ocular involvement sometimes appears later.15,16 
Our patient received systemic antifungal treatment for at 
least 6 weeks, intravitreal amphotericin B injections, and 
had left eye vitrectomy. Both procedures were deemed ef-

Fig. 3.  Eye optical coherence tomography images. (A–B) First optical coherence tomography examination. (A) Small high-reflection was observed in the sub-
retina. (B) Clumps of high reflection were found in front of the retina. (C) After 2 weeks anti-infective therapy. The sub-retina high-reflection was significantly thicker 
than before. (D) After 6 weeks antifungal therapy. The lesion was significantly thinner.

Table 1.  Bacterial culture test results for C. albicans

Cut-off MIC, mg/L

5-Fluorouracil <=4

Fluconazole ≥8≤2 4 SDD

Voriconazole ≥1≤0.125 0.5 I

Amphotericin B <=0.5

Itraconazole ≥1≤0. 25 0.25 S

I, intermediate; MIC, minimum inhibitory concentration; S, sensitive; SDD, sus-
ceptible dose-dependent.
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fective in controlling endophthalmitis. Voriconazole is an 
oral antifungal agent valued for its broad spectrum of activ-
ity, favorable side-effect profile, and relatively good ocular 
penetration. In the Infectious Diseases Society of America 
(commonly known as IDSA) guidelines, fluconazole or vori-
conazole are strongly recommended as the first-line sys-
temic medication for C. endophthalmitis due to their broad 
spectrum of activity and superior ocular penetration. The 
IDSA 2016 guidelines suggest that systemic treatment be 
administered for at least 4–6 weeks, as determined by re-
peated ophthalmological examinations to verify the resolu-
tion.16 The IDSA 2016 guidelines strongly recommend that 
Candida chorioretinitis without vitritis be treated with a sys-
temic antifungal agent for at least 4–6 weeks, while the 
treatment for Candida chorioretinitis with vitritis requires 
systemic therapy plus intravitreal antifungal injections; the 
final duration of treatment should be based on the resolu-
tion of the lesions, as determined by repeated ophthalmo-
logical examinations. The guidelines also strongly suggest 
that vitrectomy should be considered in patients with sig-
nificant vitritis. The literature demonstrates that vitrectomy 
plays an important role in the diagnosis of EFE, enhancing 
the treatment of infection and the management of vision-
threatening post-infectious sequelae.17,18 While the role and 
timing of vitrectomy for EFE is still unclear, randomized con-
trolled trials are needed to measure its effect.

Conclusions

In conclusion, patients with liver failure, especially those with 
high risk factors such as long-term hospitalization, corticos-
teroid uptake, and diabetes, should be wary of the occur-
rence of EFE. It is recommended that patients with candi-
demia have routine funduscopic examinations. Appropriate 
systemic and topical antifungal treatment combined with 
surgical intervention can lead to a beneficial clinical outcome.
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