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Abstract
Acute liver failure (ALF) usually results in hepatocellular dysfunction and
coagulopathy and carries a high mortality rate. Hepatic stellate cells (HSCs) are
famous for their role in liver fibrosis. Although some recent studies revealed that
HSCs might participate in the pathogenesis of ALF, the accurate mechanism is
still not fully understood. This review focuses on the recent advances in
understanding the functions of HSCs in ALF and revealed both protective and
promotive roles during the pathogenesis of ALF: HSC activation participates in
the maintenance of cell attachment and the architecture of liver tissue via
extracellular matrix production and assists liver regeneration by producing
growth factors; and HSC inflammation plays a role in relaying inflammation
signaling from sinusoids to parenchyma via secretion of inflammatory cytokines.
A better understanding of roles of HSCs in the pathogenesis of ALF may lead to
improvements and novel strategies for treating ALF patients.
Key words: Acute liver failure; Hepatic stellate cells; Inflammation; Fibrosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Acute liver failure (ALF) is a rare life-threatening disease with a high mortality
rate and is characterized by massive hepatocyte death and overactivation of hepatic
inflammation. Hepatic stellate cells (HSCs) play both protective and promotive roles
during the pathogenesis of ALF: HSC activation participates in the maintenance of cell
attachment and the architecture of liver tissue via extracellular matrix production and
assists liver regeneration by producing growth factors; and HSC inflammation plays a
role in relaying inflammation signaling from sinusoids to parenchyma via secretion of
inflammatory cytokines. A better understanding of roles of HSCs in ALF will lead to
improvements for treating ALF patients.
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INTRODUCTION
Liver failure, including acute, chronic and acute-on-chronic liver failure, is a rare but
dramatic clinical syndrome characterized by massive hepatocyte death and
overactivation of hepatic inflammation[1]. Acute liver failure (ALF), characterized by a
rapid deterioration of liver function without pre-existing liver disease, usually results
in hepatocellular dysfunction and coagulopathy and carries a high mortality rate. The
main causes of ALF include viral hepatitis, ischemia and drug-induced toxicity[2].
Currently, ALF continues to be a huge therapeutic challenge and apart from liver
transplantation, few effective therapies are available.
Hepatic stellate cells (HSCs) are resident mesenchymal cells that have features of
resident fibroblasts and pericytes and account for 15% of total resident cells in the
normal human liver. HSCs are one of the key nonparenchymal components in the
sinusoid with multiple functions in the liver and are known for their roles in fibrosis[3].
Under physiological conditions, HSCs exhibit a quiescent state and contain numerous
vitamin A lipid droplets. Upon liver injury, HSCs lose lipid-rich granules and
transdifferentiate into active myofibroblast-like cells characterized by the expression
of α-SMA, production of extracellular matrix (ECM) and release of cytokines [4] .
Although the involvement of HSCs in liver fibrosis is well recognized, few studies
have examined their roles in ALF. Some recent studies have indicated that the
blockade of fibrosis by depleting activated HSCs in an acetaminophen (APAP)induced mouse ALF model resulted in significantly more severe liver damage and a
lower survival rate[5]. However, due to the dramatic clinical course of ALF, the role of
HSC activation in the process of ALF is still unclear.
HSCs comprise approximately one-third of nonparenchymal cells and constitute
the liver sinusoid together with sinusoidal endothelial cells and Kupffer cells (KCs).
Upon stimulation by the gut microbiota and microbial byproducts in septic liver
injury, KCs and sinusoidal endothelial cells produce inflammatory cytokines in the
sinusoidal lumen and serve as the first gate against inflammatory stimuli in the portal
circulation[6]. Although the role of HSC activation in liver fibrosis has been widely
accepted and attracts much attention, whether and how HSCs participate in hepatic
inflammation have not been examined. Anatomically, HSCs seem to respond to
inflammatory stimuli from the sinusoids. Recent studies have revealed that activated
HSCs may release inflammatory cytokines such as interleukin (IL)-1β and IL-18. HSCs
from both humans and rodents produce inflammatory cytokines promoting
hepatocellular carcinoma and immune-mediated hepatitis[7-9]. However, how HSCs
participate in hepatic inflammation, and whether and how HSC inflammation is
involved in the pathogenesis of ALF are still unknown (Figure 1).

PATHOGENESIS OF ALF
To date, ALF remains a life-threatening syndrome with a high mortality rate, and is
characterized by massive hepatocyte death and overactivation of hepatic inflammation.

Cell death and regeneration in ALF
Hepatocyte injury and subsequent cell death are important during the pathogenesis of
ALF[10]. Two different types of programmed cell death are thought to be involved in
this process, including apoptosis and necrosis. Apoptosis is defined by chromatin
condensation, nuclear fragmentation, cell shrinkage, blebbing of the plasma
membrane, and the formation of apoptotic bodies that contain nuclear or cytoplasmic
material; and necrosis, which is an alternative to apoptotic cell death and is
considered to be a toxic process with the characteristics of cytoplasmic swelling,
dilation of organelles, and mechanical rupture of the plasma membrane [11] . The
relative contribution of apoptosis and necrosis during liver failure remains
controversial. Studies have shown that a variety of injurious stimuli induce apoptosis
at low dose while the same stimuli may result in necrosis at higher dose. The etiology
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Figure 1

Figure 1 Hepatic stellate cell activation and inflammation participate in acute liver failure. A: At homeostasis;
B: During acute liver failure, the roles of hepatic stellate cell activation and inflammation remain unclear.

may also alter the type of cell death in ALF: necrosis is considered a prominent death
pathway of hepatocytes in drug-induced ALF, and apoptosis is always found in viraland toxin-mediated liver failure[12,13].
Clinicians have observed that some ALF patients may recover spontaneously and
the clinical outcomes largely depend on the balance between hepatocyte loss and
regeneration [14] . Under mild conditions, lost cells can quickly be replaced by
neighboring healthy hepatocytes via replication in an attempt to restore hepatic
architecture and function. However, the regenerative capacity of the remaining
hepatocytes may not be sufficient upon extensive injury and massive hepatocyte
death, and the resident liver progenitor cells (LPCs) are then activated to take over the
role of hepatocytes in hepatic regeneration [15] . However, for many liver failure
patients, even the regenerative process by LPCs is inadequate to match the rapid
process of hepatocyte death and dramatic deterioration in liver function, which means
that apart from liver transplantation, few effective therapies exist[16]. To date, the
mechanisms promoting hepatic cell death and the processes mediating liver
regeneration are not fully understood.

Hepatic inflammation in ALF
Overactivation of hepatic inflammation is another important characteristic of ALF.
Clinically, ALF shares many features with severe sepsis, including a systemic
inflammatory response and progression to multi-organ failure[17]. Patients with ALF
often present with endotoxemia and increased serum lipopolysaccharide (LPS) levels
due to increased gut permeability[18]. LPS can cause the release of a wide variety of
inflammatory mediators and contribute to the pathogenesis of various diseases,
including ALF. Studies have also found elevated plasma inflammatory cytokines,
such as IL-1β, IL-6, IL-8 and tumor necrosis factor (TNF)-α, in ALF patients [19] .
Moreover, approximately 60% of ALF patients fulfill the criteria for systemic
inflammatory syndrome irrespective of the presence or absence of infection [20] .
Inflammasome activation serves as a double-edged sword, which contributes to both
the protective antimicrobial response and cell death when excessively active during
the pathogenesis of various diseases[21]. Inflammation is a common element in the
pathogenesis of most liver diseases. ALF is now known as an inflammation-mediated
hepatocellular injury process. During the disease process of ALF, inflammation first
participates in the initiation and amplification steps leading to cell injury and
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hepatocyte death; these injured/dead hepatocytes then release damage-associated
molecular patterns that can drive inflammasome activation, directly perpetuate
further cell death, and mediate additional organ failure forming a vicious circle.
Studies have shown that inhibition of hepatic inflammation can successfully
delay/prevent the progression of ALF[22,23]. However, the mechanisms promoting
hepatic inflammation during ALF are still not fully understood.

LIVER FAILURE AND HSC ACTIVATION
Hepatic fibrosis and HSCs in ALF
Liver fibrosis is a highly conserved and coordinated wound-healing process aimed at
maintaining organ integrity, which results from acute or chronic liver injury and is
always associated with excess hepatocellular death[24]. Chronic liver injury always
accompanies progressive hepatocyte apoptosis and subsequent liver fibrogenesis. In
chronic liver injury, fibrosis is widely acknowledged as a damaging process, which
results in cirrhosis, portal hypertension and liver cancer[25]. ALF is associated with
massive short-term hepatocyte death by provoking excessive apoptosis and necrosis,
and consequently, deterioration of liver function[26]. When the disease is not fatal, the
liver has a unique capacity to recover via proliferation and regeneration, and HSC
activation has also been found to participate in the pathogenesis of ALF[27]. However,
data on the roles of fibrosis during the pathogenesis of ALF are still scarce.
HSC activation is the central step during liver fibrogenesis, and HSCs are known
for their role in the initiation, progression and regression of hepatic fibrosis. A recent
study has shown that fibrogenic cells, including HSCs and myofibroblasts, are
activated early after acute/chronic liver injury to produce ECM components[24]. The
engulfment of hepatocyte-derived apoptotic bodies formed during liver failure was
shown to promote the expression of fibrogenic genes in HSCs[28]. Moreover, Dechêne
et al[29] found that ALF was accompanied by active hepatic fibrogenesis and revealed a
positive correlation between liver stiffness, hepatocyte death and HSC activation,
which suggests that fibrosis is an attempt to repair liver damage responding to ALF.
Besides, a decrease of liver stiffness in the remission stage of the disease was also
found in these ALF patients. Our previous data indicated that this short-term
occurrence of fibrosis during the progression stage of ALF is a potentially beneficial
response by the liver and serves as a scaffold to support the parenchyma and
maintain hepatic integrity[30]. Thus, liver fibrosis may play a protective role during
ALF.
Clinical data have revealed that patients with chronic liver disease are not sensitive
to the deleterious effects of toxic compounds due to elevated levels of fibrosis:
patients with long-term elevated liver enzyme levels are less sensitive to the
hepatotoxicity of statins [31] , and patients with chronic liver disease have shown
increased tolerance to APAP compared to healthy individuals [32] . Moreover, in
experimental mouse models, Osawa et al[33] showed that mice with bile duct-ligatedinduced fibrosis were more resistant to the lethal effect of Fas. Acute and chronic
injury can both induce HSC activation and subsequent ECM accumulation. In the
pathogenesis of ALF, ECM has been shown to protect hepatocytes from death
through the maintenance of cell attachment and the architecture of liver tissue[30].
However, the mechanism by which ECM participates in protecting hepatocytes from
death remains complex. In a recent study, collagen 1, the most abundant form of
collagen in both normal and pathologic livers, has been shown to increase resistance
to various injurious stimuli and protect hepatocytes from apoptotic or necrotic death
via activation of the ERK1/2-MAPK signaling pathway[27]. In addition, some adaptor
molecules such as the integrins, focal adhesion kinase, integrin-like kinase, PINCH
and others are also likely to contribute to hepatocyte survival [ 3 4 ] . Matrix
metalloproteinases are a family of proteinases that are capable of degrading all ECM
proteins. A recent study revealed that IL-1β induced the production of matrix
metalloproteinases during liver failure, which provoked the collapse of sinusoids via
ECM degradation and led to parenchymal cell death and loss of liver function in
response to hepatic toxins[35]. Taken together, HSC activation leads to hepatic fibrosis,
which participates in the maintenance of cell attachment and the architecture of liver
tissue and protects hepatocytes from injurious stimuli via ECM production.

Hepatic regeneration and HSCs in ALF
The liver is the main site of drug detoxification. It is exposed to numerous chemicals
in the body that may induce cell injury or even death, and the ability for regeneration
is of importance to maintain liver homeostasis[36]. It is known that the key strategy for
the treatment of ALF is to reduce hepatocyte death and stimulate hepatocyte
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regeneration. Liver regeneration is the process by which the liver is able to replace lost
liver tissue via growth from the remaining tissue. Liver regeneration driven by
epithelial cell (including hepatocytes and LPCs) proliferation is a highly controlled
process regulated by a complex signaling network and has important implications for
stimulating hepatic recovery and improving survival during liver failure[12,37]. The
induction of liver regeneration depends on cross-talk between epithelial cells and
nonparenchymal cells, especially HSCs.
HSCs are liver-specific mesenchymal cells that play vital roles in promoting liver
fibrosis and maintaining hepatic homeostasis. There is growing evidence to show that
HSCs have a profound impact on the proliferation, differentiation and morphogenesis
of other hepatic cell types during liver development and regeneration[38]. HSCs are in
direct contact with hepatocytes and LPCs, and their close anatomic relationship in the
space of Disse suggests that HSCs are part of the local “stem cell niche” for
hepatocytes and LPCs. Activated HSCs have been shown to assist liver regeneration
by producing growth factors, which can modulate the proliferation of both
hepatocytes and LPCs around them. Conditioned medium collected from HSCs at an
early stage of liver regeneration in a 2-acetylaminofluorene/partial hepatectomy
injury model was found to contain high levels of hepatic growth factor and epidermal
growth factor, which target and act primarily on epithelial cells[39]. These factors may
directly enhance the proliferation of hepatocytes and LPCs. It has also been shown
that early-activated HSC-derived paracrine factors can evoke an enhanced liver
protective response in APAP-induced ALF in mice by promoting LPCs
proliferation[40]. In addition, depletion of activated HSCs has been shown to correlate
with severe liver damage and abnormal liver regeneration in APAP-induced acute
liver injury in mice[5]. We hypothesize that HSCs may assist liver regeneration during
liver failure by producing growth factors.

LIVER FAILURE AND HSC INFLAMMATION
Hepatic inflammation and HSCs
Inflammation is one of the most characteristic features of chronic liver disease of viral,
alcoholic, fatty and autoimmune origin[41]. Inflammation has been shown to typically
present in different disease stages and is associated with the pathogenesis of cirrhosis,
hepatocellular carcinoma and ALF[42]. Fibrosis is a highly conserved response to
hepatic injury occurring in diseases with hepatocellular death. A number of studies
have focused on explaining the links between inflammation and fibrosis.
Hepatocyte injury followed by inflammation and activation of the innate immune
system leads to liver fibrosis mediated by HSC activation[43]. HSCs are quiescent in the
normal liver and upon activation by liver injury become activated. HSCs have been
characterized as the main effector cells in liver fibrogenesis and receive a wide range
of signals from injured/dead hepatocytes and liver immune cells, predominantly
KCs. KC-derived transforming growth factor-β1 activates HSCs and is the most
potent fibrogenic agonist. KCs also enhance liver fibrosis by promoting activated HSC
survival in a NF-κB dependent manner. The cross-talk between KCs and HSCs have
been shown to be mediated by inflammatory cytokines, including IL-1β and TNF-α[44].
In addition, inhibition of IL-1β significantly led to increased apoptosis of HSCs and
decreased liver fibrosis[45].
Studies have shown that inflammatory cytokines, such as IL-1β and IL-6, are
produced in activated HSCs. HSCs of murine or human origin are highly responsive
to LPS and other pro-inflammatory cytokines, resulting in the activation of proinflammatory signaling pathways and the subsequent production of inflammatory
chemokines/cytokines. This positive inflammatory feedback loop then maintains a
sustained inflammatory process and ensures the survival and activation of HSCs[46,47].

Hepatic inflammation and HSCs in ALF
ALF is characterized by elevated inflammation. ALF shares many features with severe
sepsis, including a systemic inflammatory response and progression to multi-organ
failure.
Two main mouse models are now used to study ALF, including the LPS/Dgalactosamine and Concanavalin A (Con A) models. Intraperitoneal injection of LPS
may activate immune cells located in the circulation and the sinusoids, and these
activated cells produce large amounts of inflammatory cytokines and chemokines
resulting in massive hemorrhagic liver injury or even hepatocyte death [46] . Dgalactosamine is a hepatotoxic agent, which inhibits protein synthesis and is usually
used together with LPS to create ALF mouse models[48]. A recent study showed that
compared to wild-type mice, HSC-depleted mice presented with decreased cytokine
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and chemokine expression and attenuated liver injury after LPS/D-galactosamine
administration[49]. Con A is a lectin, carbohydrate-binding protein, extracted from the
jack-bean (Canavalia ensiformis). An intravenous injection of Con A constitutively
activates intrahepatic and systemic immune cells resulting in excessive inflammatory
cytokines and chemokines production[50]. In a Con A-induced liver injury mouse
model, inflammatory cytokines, including TNF-α and interferon-β, caused massive
hepatocyte necrosis with dense infiltration of leukocytes. A recent study on a Con Ainduced liver injury model showed that HSCs received inflammatory signals
generated in the sinusoids and relayed them to the liver parenchyma[8]. Thus, we
hypothesize that HSCs have important roles in hepatic inflammation during the
pathogenesis of ALF.
Our recent work showed that during the pathogenesis of ALF, reactive oxygen
species activate the NLRP3 inflammasome and promote inflammation in HSCs. We
also revealed that LPS treatment induced reactive oxygen species generation in HSCs
via mitophagy inhibition[51]. Studies have suggested that in hepatocytes, reactive
oxygen species play important roles in the pathophysiology of diseases, including
ALF. Injured/dead hepatocytes greatly increase oxidative stress during liver failure,
which in turn contributes to inflammation, further hepatocyte loss and impedes
regeneration[52]. Taken together, these data suggest that HSC inflammation is involved
in the pathogenesis of ALF by producing inflammatory cytokines upon stimulation
and relaying inflammation signaling from the sinusoids to parenchyma (Figure 2).

CONCLUSION
ALF is a life-threatening disease, which has a high mortality rate. Hepatocyte death
and overactivation of hepatic inflammation are two main characteristics of ALF. HSCs
play both protective and promotive roles during the pathogenesis of ALF: first, HSC
activation participates in the maintenance of cell attachment and the architecture of
liver tissue via ECM production; second, HSC activation assists liver regeneration by
producing growth factors; and third, HSC inflammation plays a role in relaying
inflammation signaling from the sinusoids to parenchyma via the secretion of
inflammatory cytokines. A better understanding of the roles of HSCs in the
pathogenesis of ALF will lead to improvements and novel strategies for the treatment
of patients with ALF.
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Figure 2

Figure 2 Roles of hepatic stellate cells in liver failure. A: Hepatic stellate cells protect hepatocytes by participating in the maintenance of cell attachment and the
architecture of liver tissue via extracellular matrix production; B: Hepatic stellate cells assist liver regeneration by producing growth factors; C: Hepatic stellate cells
play a role in relaying inflammation signaling from sinusoids to parenchyma via the secretion of inflammatory cytokines.
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Abstract
About 10 million people in China are infected with hepatitis C virus (HCV), with
the seroprevalence of anti-HCV in the general population estimated at 0.6%.
Delaying effective treatment of chronic hepatitis C (CHC) is associated with liver
disease progression, cirrhosis, hepatocellular carcinoma, and liver-related
mortality. The extrahepatic manifestations of CHC further add to the disease
burden of patients. Managing CHC-related advanced liver diseases and systemic
manifestations are costly for both the healthcare system and society. Loss of work
productivity due to reduced well-being and quality of life in CHC patients
further compounds the economic burden of the disease. Traditionally, pegylatedinterferon plus ribavirin (PR) was the standard of care. However, a substantial
number of patients are ineligible for PR treatment, and only 40%–75% achieved
sustained virologic response. Furthermore, PR is associated with impairment of
patient-reported outcomes (PROs), high rates of adverse events, and poor
adherence. With the advent of direct acting antivirals (DAAs), the treatment of
CHC patients has been revolutionized. DAAs have broader eligible patient
populations, higher efficacy, better PRO profiles, fewer adverse events, and better
adherence rates, thereby making it possible to cure a large proportion of all CHC
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patients. This article aims to provide a comprehensive evaluation on the value of
effective, curative hepatitis C treatment from the clinical, economic, societal, and
patient experience perspectives, with a focus on recent data from China,
supplemented with other Asian and international experiences where China data
are not available.

Manuscript source: Unsolicited

Core tip: Chronic hepatitis C is a systemic disease that manifests both hepatically and
extrahepatically, leading to impaired patient-reported outcomes (PROs) and huge
economic burden on the healthcare system and society. Direct acting antivirals are
effective hepatitis C therapies that improve PROs and have broad eligible patient
populations, good efficacy, few adverse events, and high adherence rates. Sustained
virologic response is associated with improved clinical outcomes and increased work
productivity. Curative therapies for hepatitis C was of substantial societal and economic
value because they reduce productivity loss and avoid the management costs associated
with advanced liver disease and extrahepatic manifestations.
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INTRODUCTION
In recent years, direct acting antiviral (DAA) treatments have replaced pegylatedinterferon (PEG-IFN) and ribavirin (RBV) combination therapy (PR) as standard of
care for patients with chronic hepatitis C (CHC) globally[1-3]. DAAs are associated with
over 90% rates of sustained virologic response (SVR), fewer side effects, shorter
treatment durations, and improved adherence compared to PR therapy[4].
Due to the substantial impact of hepatitis C virus (HCV) infection globally on
patients, their families, and public health systems, the World Health Organization
(WHO) has set HCV elimination goals that include reduction of HCV incidence by
80% and HCV-related mortality by 65% by 2030[5]. As part of the strategy to achieve
these goals, the WHO included DAA therapies in its 2017 edition of List of Essential
Medicines[6]. Specifically, the latest (2018) WHO guidelines for HCV treatment make
an updated recommendation of using pan-genotypic regimens for treating adult
patients with chronic HCV infection [5] . Besides their proven high efficacy, pangenotypic regimens enable cost saving and care pathway simplification by
eliminating the need for pre-treatment genotyping, potentially reducing loss to follow
up among patients. Furthermore, the recommended pan-genotypic regimens, such as
sofosbuvir/velpatasvir (SOF/VEL), enable most HCV patients to be treated with
simple treatment strategies regardless of patients’ prior treatment experience or
cirrhosis status, with minimal need for regimen adjustment or on-treatment
monitoring[5]. As reflected in this recommendation by the WHO, the value of highimpact, curative treatment for HCV infection is wide-ranging and goes beyond
clinical efficacy.
In China, the number of individuals infected with HCV is estimated at 10 million,
with a seroprevalence of anti-HCV antibodies of 0.6% among the general
population [7,8] . In addition to the large and growing number of HCV-infected
individuals, there have been a diversification of HCV genotypes (GTs) and a
broadening of the age spectrum among Chinese HCV patients; GT1b or GT2a HCV
patients historically infected through blood transfusion are aging, while an increasing
number of younger patients are becoming infected with GT3a, 3b and 6a HCV
through injection drug use[9-11]. The resulting healthcare expenditures, as well as
reduction in quality of life and loss of work productivity among the Chinese CHC
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population, are expected to have wide-ranging economic and societal implications.
In addition to the heavy disease burden, the management of the HCV epidemic has
been compounded by a lag in adopting DAAs in China: up to early 2017, no DAA had
been approved in China. To improve the availability of innovative treatments
(including DAAs), China introduced policies that expedite the regulatory review
process for drug registration. To date (March 2019), most of the mainstream DAA
regimens used internationally have been approved in China, including daclatasvir
plus asunaprevir (DCV + ASV), sofosbuvir plus simeprevir (SOF + SMV), SOF + DCV,
the fixed-dose combination ombitasvir/paritaprevir/ritonavir with or without
dasabuvir (O/P/r ± D), SOF/VEL, ledipasvir (LDV)/SOF, and elbasvir/grazoprevir
(EBR/GZR). Glecaprevir/pibrentasvir (GLE/PIB) and SOF/VEL/voxilaprevir (VOX)
are also pending approval.
While the rapid improvement in DAA availability is encouraging, China is still far
from universal adoption of DAA-based therapies. In an initial step to address the
issue of drug accessibility, the Chinese government included SOF/VEL in the latest
(October 2018) National Essential Drug List as the first and only DAA treatment[12].
Nevertheless, DAAs are not covered by the National Medical Insurance scheme for
reimbursement, and thus much less affordable compared with IFN-based therapies.
As such, a considerable number of patients, such as those in rural and less-developed
areas and those with limited financial means, would still have to resort to IFN-based
therapies.
In light of how IFN-free DAA regimens have revolutionized treatment for HCVinfected patients, many countries are now aiming for elimination of the disease[13]; the
introduction of DAA regimens in China therefore, also provides the opportunity for
potential hepatitis C elimination. In the 2017–2020 National Viral Hepatitis Action
Plan, the Chinese government emphasized the use of more efficacious treatment as
part of the strategy to reduce the spread of HCV[14]. The overarching Healthy China
2030 Plan also showed the Chinese government’s commitment to establish public
health as the foundation for future economic and societal development[15]. In line with
the country’s strategic approach to healthcare and hepatitis management, this article
aims to comprehensively evaluate the value of curative HCV therapies in the
dimensions of clinical, patient, economic and societal benefits, in the hope of
providing useful references for various stakeholders and policy makers in China.
Where possible, data from China have been used, supplemented with data from other
Asian countries and from around the world when Chinese data are unavailable.

CLINICAL BENEFITS OF CURING HCV INFECTION
Impact of HCV infection and treatment on the liver
The principal impact of HCV is on the liver, the predominant site of HCV replication.
While initial HCV infection resolves spontaneously in around 15%–25% of cases, the
majority of patients will develop CHC [16] . The long-term outcomes of the liver
inflammation caused by HCV infection include the development of fibrosis,
compensated and decompensated cirrhosis, hepatocellular carcinoma (HCC), and
end-stage liver disease (ESLD)[16]. Progression of CHC typically occurs over many
years; it is estimated that 10%–20% of patients will develop cirrhosis and the annual
risk of HCC in patients with cirrhosis is approximately 1%–4%[16]. If left untreated,
CHC patients would progress to more advanced disease stages, which in turn are
associated with accelerated disease progression, elevated risks of developing HCC,
and consequently lower survival rates[4]. A long-term retrospective cohort study in
Japanese CHC patients showed that untreated F0/F1 patients have a 0.5% annual risk
for HCC development, while this increased to 7.9% in F4 patients[17]. A systematic
review of CHC patients in Asia, including China, reported that the 5-year survival for
cirrhotic CHC patients was 73.8%, but falls to 39.2% following progression to ESLD,
wherein liver transplantation is required[18].
China has an estimated annual incidence of 53593 cases (95%CI: 16144–92466) of
HCV-related HCC[19], with > 93000 cases of HCV-related liver cancer deaths recorded
in 2005 [20] . The majority of Chinese HCV patients were infected through blood
transfusion before 1993–1996, in whom age and duration of infection are significant
risk factors for disease progression[21]. As these patients grow older and enter their
third or fourth decade of infection, the occurrence of decompensated cirrhosis (DCC),
HCC and ELSD will rise. On the other hand, China has seen a recent increase in
younger patients with GT3 HCV[10,22]. A study in Shanghai reported evidence that GT3
patients undergo faster disease progression, with GT3 patients < 50 years of age
showing significantly more advanced fibrosis than their non-GT3 counterparts[22]. If
left untreated, considerable numbers of liver sequelae will develop in these younger
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GT3 patients in future.
Antiviral treatment and resultant SVR improve the long-term clinical outcome of
HCV patients[23-28]. The beneficial effects of IFN-based treatment and SVR on reducing
cirrhosis progression, HCC, and mortality have been well documented, and this is
reflected by the recently published results from two large-scale studies in Asia and
two Chinese cohort studies[29-32]. Similar clinical benefits have been observed with SVR
to DAA-based treatment. In a large-scale, retrospective study in Japan, GT1 HCV
patients who achieved SVR to all-oral DAA regimens had a lower cumulative
incidence of HCC than non-SVR patients at 2 years post-treatment (Figure 1) [27] .
Furthermore, a recent Chinese prospective study in DAA-treated and case-matched
PR-treated patients showed no difference in the risk of developing HCC post-SVR[33].
DAA treatment was also associated with a 32% reduction in liver-related mortality
relative to no treatment[25], and DAA-mediated SVR conferred reductions in all-cause
mortality relative to non-SVR in patients with or without advanced liver disease by
79% and 56%, respectively[23,24].
A meta-analysis of 31 studies in predominantly GT1 HCV-infected patients
(including Asian patients) showed that achieving SVR conferred survival benefit
irrespective of patients’ clinical characteristics, with difficult-to-treat populations such
as cirrhotic patients experiencing the largest extent of reduction in 5-year mortality
compared to no SVR[34]. Nonetheless, the hepatic and survival benefits of achieving
SVR are maximized by treating patients in earlier disease stages[31,35]. For instance, for
Asian cirrhotic patients who achieved SVR, despite a reduction in cumulative risk of
HCC by 25.5 percentage points relative to cirrhotic patients without SVR, the
associated risk of HCC was still higher than non-cirrhotic patients with SVR (0.54 vs
0.37)[31]. Thus, the WHO guidelines recommend treating all HCV-infected patients
without disease stage-based restriction or prioritization, with an emphasis on
minimizing treatment delay after diagnosis[5].
Although SVR to either IFN- or DAA-based treatment reduces liver disease
progression, the impact of IFN-based treatment would be limited due to low SVR
rates (40%–75%)[4,36]. In a meta-analysis of 12 studies involving 25497 CHC patients on
IFN-based therapy, although SVR achievement led to a 76% reduction in HCC risk,
only 36% of patients achieved SVR [ 3 7 ] . PR treatment also has numerous
contraindications and side effects, such as RBV-induced hemolytic anemia and
various neuropsychiatric, autoimmune, ischemic, and infectious disorders that may
be caused or aggravated by IFN[38,39]. In the nationwide CCgenos study, 56.7% of
untreated Chinese HCV patients were IFN-ineligible[40]. In contrast, DAA regimens
confer high real-world SVR rates of 90%–100%, and extend HCV cure to patient
populations that could not be effectively treated in the PR era, such as patients with
DCC and/or liver transplant, and patients with concomitant renal impairment or
psychiatric disorders (although the eligible patient populations and efficacy profiles
do differ among DAA regimens)[41]. As such, DAAs would have a greater impact than
IFN-based therapy in significantly reducing HCV-related liver sequelae and deaths at
the population level [42] . Evidence for such populational benefits associated with
expanded DAA use is emerging internationally, and various countries are promoting
the use and reimbursement of DAAs as a key strategy towards the goal of HCV
elimination. For example, in England, a national 40% scale-up of DAA provision in
2015 was followed by reductions in the incidence of HCV-related cirrhosis (42%), liver
transplantations (32%), and deaths (8%)[43]. In 2018, Canada is progressively removing
the eligibility criterion of F2+ fibrosis for DAA reimbursement[44].
In China, DAAs achieved high SVR rates in pivotal clinical studies (Table 1).
Evaluated genotype-specific regimens (DCV + ASV, LDV/SOF, EBR/GZR, and
O/P/r + D) all achieved SVR12 rates ≥ 92% in GT1 or GT1b patients [45-48] . Pangenotypic regimens evaluated in clinical studies included SOF + RBV ± PEG-IFN and
SOF/VEL. For SOF + RBV ± PEG-IFN, cirrhotic patients achieved lower SVR12 rates
than non-cirrhotic patients (Table 1)[49]. For SOF/VEL, the only patient population
with an SVR12 rate below 90% was GT3b cirrhotic patients (Table 1), who also
exhibited a high prevalence of baseline A30K + L31M substitutions[50,51]. Due to the
short period of DAA application, real-world efficacy data in China are only emerging.
Majority of the early real-world studies focused on SOF-based regimens (reviewed by
An et al [52] ); two examples are shown in Table 1, where SOF-based regimens
demonstrated high efficacy in difficult-to-treat patients[53,54].
Using China-specific SVR data where available, modeling studies predicted that
compared to PR, DAA treatment would markedly reduce the HCV-associated longterm disease burden and mortality. A study simulating the national-level disease
burden of CHC in China predicted that with no treatment, the prevalence of HCV
would continue increasing and reach 28.1 million in 2050, with 2.4 million liverrelated deaths, mostly attributable to DCC and HCC[55]. The model predicted that
using PR therapy would not be able to revert the trend of increase in HCV prevalence.
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Figure 1

Figure 1 Viral elimination by all-oral direct acting antiviral treatment reduces rate of hepatocellular
carcinoma in hepatitis C virus-infected patients. Japanese patients with GT1 hepatitis C virus infection initiating
all-oral direct acting antiviral treatment between September 2014 and May 2016 were followed up for a range of
0.1–2.2 years (median follow-up period 1.3 years). The number of patients at risk is shown below each time point.
Patients who achieved sustained virologic response had significantly lower incidence of hepatocellular carcinoma
compared to patients without sustained virologic response. aP = 0.007, log-rank test. SVR: Sustained virologic
response. Adapted with permission from Ogata et al[27], 2017.

In contrast, universal adoption of DAAs from 2021 onward would significantly
reduce the HCV prevalence. Furthermore, compared to using PR therapy, universal
DAA adoption would reduce the cases of incident DCC, HCC, liver transplants, and
liver-related deaths by 61%, 45%, 50%, and 61%, respectively[55]. Similarly, simulations
of 10000 Chinese CHC patients over a lifetime horizon predicted that various DAA
regimens would significantly reduce the incidence of HCV-related liver sequelae and
mortality compared to PR therapy[56,57]. These simulations took into consideration the
composition of different HCV genotypes, treatment history and cirrhotic status of the
patient population, thus, pan-genotypic regimens (SOF/VEL and GLE/PIB) were
predicted to achieve higher overall SVR rates and greater reduction in disease
progression than genotype-specific DAA regimens (Table 2)[56,57].

Extrahepatic manifestations
Besides the direct impact on the liver, HCV-infected patients may experience liverunrelated symptoms that, depending on epidemiological evidence, are considered
extrahepatic manifestations (EHMs) associated or possibly associated with HCV
infection [ 5 8 , 5 9 ] . The most documented EHMs are mixed cryoglobulinemia/
cryoglobulinemic vasculitis and B-cell non-Hodgkin’s lymphoma. A diverse range of
other conditions also occur at higher prevalence in HCV-infected patients, including
type 2 diabetes mellitus, renal diseases, fatigue, cardiovascular disease, and lichen
planus (LP), to name a few[58]. EHMs can occur in > 70% of CHC patients, and can be
present before advancement into ESLD[59]. Underlining the impact of EHMs on HCV
patients, a Taiwanese study reported a cumulative 18-year EHM-related mortality of
19.8% in patients with chronic HCV infection, much higher than the non-liver-related
mortality in those without HCV infection (12.2%)[60]. Published studies on EHMs in
China are few, and there is currently a lack of clinical data on the prevalence and
management of EHMs among Chinese patients[61].
A recent meta-analysis investigated the extrahepatic benefit of antiviral treatment
and SVR in HCV patients [62] . Achieving SVR significantly reduced extrahepatic
mortality (vs no SVR, OR 0.44, 95%CI: 0.28–0.67), was associated with improvements
in cryoglobulinemic vasculitis and B-cell lymphoproliferative diseases, and reduced
the incidence of insulin resistance and diabetes[62]. Concordantly, IFN-based treatment
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Table 1 Clinical efficacy of direct acting antiviral in major empirical studies in China
Study Information

Study regimen

SVR12

DCV + ASV

Non-cirrhotic: 92%

SOF + RBV ± PEG-IFN

Non-cirrhotic GT1/2/3/6:
96%/93%/97%/100%

Pivotal phase 3; TN patients; GT1b

Ref.
[45]

Cirrhotic: 94%
Pivotal phase 3b; TN and TE
patients; GT1, 2, 3, 6

[49]

Cirrhotic GT1/2/3/6:
84%/88%/88%/50%
(GT6 with cirrhosis: n = 2)
[46]

Pivotal phase 3b; TN and TE
patients; GT1b

LDV/SOF

100%

Pivotal phase 3; TN and TE patients;
GT1b, 2, 3, 6

SOF/VEL

GT1b/2/3/6:
100%/100%/83%/100% (Subgroup
SVR12: GT3a: 91%; GT3b noncirrhotic/cirrhotic: 96%/50%)

Pivotal phase 3; TN patients; GT1, 6

EBR/GZR

GT1/6: 97%/80% (GT1: 140/146
patients were GT1b; GT6: n = 5)

Pivotal phase 3; TN and TE patients;
GT1b

O/P/r + D

99%–100%

Prospective cohort; TE; GT1b

SOF + DCV

100% (SVR24)

LDV/SOF

100% (SVR24)

Real-world study; TN and TE HCV
patients with DCC

[50]

[48]

[47]

[53]

PEG-IFN + RBV

28% (SVR24)

SOF-containing regimens

90%; with significant improvement in
hepatic function among SVR patients

[54]

ASV: Asunaprevir; DCC: Decompensated cirrhosis; DCV: Daclatasvir; EBR: Elbasvir; GT: Genotype; GZR: Grazoprevir; HCV: Hepatitis C virus; LDV:
Ledipasvir; O/P/r + D: Ombitasvir/paritaprevir/ritonavir plus dasabuvir; PEG-IFN: Pegylated-interferon; RBV: Ribavirin; SOF: Sofosbuvir; SVR:
Sustained virologic response; TE: Treatment experienced; TN: Treatment naïve; VEL: Velpatasvir.

induced favorable immunologic response in Chinese cryoglobulinemic patients with
HCV infection, and IFN-based SVR reduced the risk for type 2 diabetes mellitus
among Japanese HCV patients[63,64]. Of note, IFN-based treatment may exacerbate
symptoms of cryoglobulinemic vasculitis, likely due to the immune-stimulatory
effects of IFN [ 6 5 , 6 6 ] . IFN also induces lichenoid inflammation, and is thus
contraindicated to LP[66].
Emerging data support the extrahepatic benefit of successful DAA treatment for
HCV patients[67]. In two prospective studies on patients with HCV-related mixed
cryoglobulinemia, SOF-based regimens conferred 100% SVR rates and clinical
improvement or resolution of mixed cryoglobulinemia-associated vasculitis[68,69]. In a
retrospective study on 46 CHC patients with lymphoproliferative disorders, DAA
treatment (mostly SOF-based) achieved an SVR rate of 98%, together with a
lymphoproliferative disease response rate of 67% and survival benefit [70] . In a
prospective Japanese study, 7 patients with HCV-related oral LP all achieved
resolution or improvement of oral LP lesions and cutaneous LP upon DAA-based
SVR[71].
In short, existing data on DAAs are in line with data from the IFN era, showing that
SVR attainment aids the amelioration of HCV-associated EHMs. While further
research is needed on the effect of DAAs on EHMs, the higher virologic efficacy,
fewer side effects, and shorter treatment durations of DAAs would likely amplify the
health benefit of reducing disease burden associated with extrahepatic
complications[67].

Prevention of HCV transmission
Effective treatment of diagnosed patients is an integral part of a comprehensive
approach to preventing HCV transmission, which also requires public education to
raise disease awareness and efficient screening and linkage to care[72]. HCV prevention
strategies also need to be aligned with the predominant mode of transmission[72].
There is substantial regional variation in risk factors for HCV infection in China. In
regions outside Southern China, blood transfusion is the major route of HCV
transmission, accounting for 57.5%–69.3% of existing HCV-infected patients. Infection
through surgery or dental treatment is more common in Northern China than in other
areas, whereas HCV transmission via high-risk behavior such as intravenous drug
abuse is more prevalent in Southern and Western China [10] . Within each broad
geographical region, the modes of HCV transmission may also show urban–rural
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Table 2 Model predicted long-term clinical outcomes of using direct acting antivirals in China
Predicted reduction in liver sequelae relative to PR therapy
Study Information

Regimens compared

Simulating 10000 Chinese CHC patients over a lifetime
horizon;
GT1b, 2, 3, 6

DCC

HCC

Liver transplant Liver-related death

GLE/PIB[57]

-95%

-90%

-95%

-92%

SOF/VEL[56,57]

-96%

-91%

-96%

-93%

DCV + ASV[56]

-51%

-48%

-51%

-49%

O/P/r + D

[56]

-59%

-55%

-59%

-57%

EBR/GZR[56]

-59%

-55%

-59%

-57%

ASV: Asunaprevir; CHC: Chronic hepatitis C; DCC: Decompensated cirrhosis; DCV: Daclatasvir; EBR: Elbasvir; GT: Genotype; GZR: Grazoprevir; HCC:
Hepatocellular carcinoma; O/P/r + D: Ombitasvir/paritaprevir/ritonavir plus dasabuvir; PR: Pegylated-interferon plus ribavirin; RBV: Ribavirin; SOF:
Sofosbuvir; VEL: Velpatasvir.

differences. Current HCV prevention measures in China include screening of all
blood donors, as well as harm reduction services for high-risk groups like injection
drug users (IDUs)[3,73].
In addition to existing prevention measures, treating HCV infection with highly
effective therapy can function as a prevention strategy [treatment as prevention, TasP]
by essentially removing individuals in key populations from the pool of transmitters.
Numerous TasP modelling studies predicted that HCV treatment of sufficient
effectiveness and accessibility would help reduce the incidence and chronic
prevalence of HCV infection among IDUs, prisoners, and men who have sex with
men (MSM)[74]. For example, in Melbourne, with HCV prevalence among IDUs at 50%,
increasing uptake of DAA treatment to 40 per 1000 IDUs annually is expected to halve
HCV prevalence rates within 15 years; while scaling up treatment to 54 per 1000 IDUs
annually could cut prevalence rates by as much as 75%[75].
Empirical evidence verifying these positive projections are currently scarce, but
some real-world programs are underway, reflecting confidence in the potential of
HCV TasP. In Australia, a world-first HCV surveillance and treatment program
assessing the use of SOF/VEL for HCV TasP in prisons is expected to be completed by
2019[76]. Notably, high real-world efficacy of SOF/VEL has been demonstrated among
HCV-infected, treatment-adherent IDUs with recent injection, lending confidence to
the notion that treatment scale-up and adherence management would effectively
control HCV transmission among IDUs[77]. In 2016, Iceland (with a population of
340000) launched the nationwide program of Treatment as Prevention for Hepatitis C
(“TraP Hep C”), offering universal access to DAAs for HCV-infected patients, with an
emphasis on treating high-risk transmitters such as IDUs[78]. International guidelines
also recognized the benefit of reduced transmission with successful HCV
treatment[1,2,79]. Guidelines by the European Association for the Study of the Liver and
the WHO further highlighted that HCV screening and treatment should be prioritized
in individuals at high-risk of transmitting HCV such as IDUs[2,79].
With the regional variations in HCV epidemiology in China, tailored strategies at
the provincial or even district/city level will be necessary for HCV prevention and
control[80]. Suitable measures targeting specific modes of transmission will facilitate
HCV ‘micro-elimination’ within certain populations: such is the strategy adopted by
many countries for HCV elimination, and can form part of a realistic approach in
China towards accomplishing the goals in the National Viral Hepatitis Action Plan[14].
In particular, China has a documented IDU population of 2.95 million, among whom
the estimated HCV prevalence is 50.4%[81,82]. In this key population, efficacious HCV
treatments, together with targeted education campaigns, continued harm reduction
measures, and efficient diagnosis and linkage to care, would be required to reduce the
prevalence and transmission of HCV[14,15].

ECONOMIC AND SOCIETAL VALUE OF CURING HCV
INFECTION
As illustrated in the WHO 2018 guidelines, HCV control strategies are formulated
based on not only the clinical efficacy of treatment options, but also their costeffectiveness and the broader value and benefits they bring to patients and society[5].
Curing HCV infection can generate economic and societal value on many fronts,
depending on the efficacy, safety, and other characteristics of the treatment options
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used. Figure 2 provides an overview of the main factors contributing to the economic
and societal value of DAA- and IFN-based HCV treatment. It is challenging for any
existing value assessment model to incorporate all the factors shown in Figure 2; the
following sections seek to provide relevant information in these areas to enable a
holistic discussion on the value of curing HCV infection.

Significance of economic and societal burden of CHC
Costing studies on the management of CHC generally found that more advanced
disease stages are associated with higher medical costs, which constitute a financial
burden to patients, healthcare systems, and society[83,84]. Within the CHC population in
China, nearly a quarter are hospitalized at least once per year with a median duration
of 2 wk [85] . Since later disease stages are costlier, treatment delay would lead to
increased future costs associated with disease progression. A modelling study in
China captured such a scenario and highlighted the impact of treatment delay on
younger patients who, with a longer life expectancy, would incur higher life-time
disease management costs than older patients with a similar initial disease state[86].
With a 3-year treatment deferment, the projected cost for managing future ESLD in
non-cirrhotic patients aged 40 increased from RMB 4407359 to RMB 7997253, while
the corresponding cost increment for non-cirrhotic patients aged 70 was from RMB
2091499 to RMB 5565547[86]. At the population level, more cases of cirrhosis and HCC
would occur as CHC patients age, leading to higher healthcare costs in the future[87].
China faces both an increasing population of younger, incident patients and an aging
population of prevalent patients[9-11]. Without effective treatment, it was predicted that
over the next 15 years, 420000 new cases of HCV-related cirrhosis and 254000 new
cases of HCV-related HCC would occur, leading to future treatment costs of 589
million and 611 million dollars respectively (Figure 3)[8,88].
Besides the cost of managing liver-related morbidity of CHC, economic burden also
arises from HCV-associated EHMs. In a meta-analysis of 102 studies conducted
between 1996 and 2014, the annual medical costs of managing EHMs, in 2014 dollars,
amounted to approximately $1.5 billion[89]. Therefore, curing HCV would also be
expected to reduce the cost of managing EHMs as well as preventing expensive longterm liver morbidities.
In addition to direct costs related to CHC management, the growing involvement
of younger, work age HCV patients in China also poses a broader societal issue[11,84].
HCV patients may suffer from fatigue, low energy, and impaired general health; the
resultant impairment of work productivity would have repercussions on the financial
and psychological well-being of the HCV-infected young individuals and their
families[89]. Employers of HCV-infected individuals would also face reduced output
and earnings due to loss of worker productivity, in the forms of absenteeism and
presenteeism[90]. Based on a modelling study in HCV GT1-infected Chinese patients,
the monetized productivity losses resulting from non-treatment amount to RMB 37.78
billion per year[91].
By effectively curing HCV infection, HCV therapeutic innovation would help
alleviate the heavy economic and societal burdens caused by CHC, yet such
innovation would require upfront investments. To determine which treatment
strategy offers the best “value for money” (cost-effectiveness), health economic
models are used to weigh the costs of different HCV treatment options against their
long-term cost savings.

Cost-effectiveness considerations in HCV treatment
Health economic analysis in HCV predominantly focuses on the direct medical costs
of managing HCV. As discussed previously, more advanced disease stages are
associated with higher medical costs, and patients who achieve SVR have lower
probabilities of progressing to the later, costlier disease stages. Thus, in theory, more
effective HCV treatments should save more on long-term medical costs by avoiding
disease progression in more patients. Health economic models evaluate the costs thus
saved, along with the benefits of life extension and improved quality of life, against
the upfront investments needed for implementing certain treatment methods.
Currently, health economic research on HCV treatment in China is expanding rapidly.
Emerging health economic analysis results from China will be introduced, together
with analyses from countries with more experience using DAAs, to evaluate the
potential costs and benefits associated with upfront investments in HCV treatment
innovation.
In health economic analysis, the gain in patients’ quantity and quality of life
achieved using a certain treatment is measured in quality-adjusted life years (QALYs),
and the incremental cost-effectiveness ratio (ICER) measures the cost needed to
achieve a unit gain in QALYs; if the ICER of a treatment is below the willingness-topay threshold, it is considered cost-effective. In a systematic review of health
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Figure 2 Main factors contributing to the comparative economic and societal value of direct acting antiviraland interferon-based treatment for hepatitis C virus infection. Predicted relative percentage reductions in
decompensated cirrhosis, hepatocellular carcinoma, and liver transplant: as reported in Wu et al[55], 2019. CHC:
Chronic hepatitis C; DAA: direct acting antiviral; DCC: Decompensated cirrhosis; EHM: Extrahepatic manifestation;
HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; IFN: interferon; PR: Pegylated-interferon plus ribavirin; SVR:
Sustained virologic response; TasP: Treatment as prevention.

economic studies in the United States, Europe, and Australia, second-generation
DAAs, compared to first-generation DAAs, PR therapy, or non-treatment, were
shown to be either cost-saving or cost-effective in the majority of the analyses as
judged by the ICERs calculated[92]. Furthermore, a modelling analysis in the United
States compared various second-generation DAA regimens for treating GT1 patients;
the results predicted that a treatment strategy of 8-wk LDV/SOF for GT1, treatmentnaïve (TN), non-cirrhotic patients with a viral load less than 6 million copies, and
SOF/VEL for all other GT1 patients was the most cost-effective strategy, resulting in
35% fewer cases of advanced liver disease events, with up to 57% reduction in cost
per SVR relative to the other comparator regimens[93].
Moving beyond the conventional methodology using ICERs, recent health
economic studies devised other indicators to better elucidate the economic value of
HCV therapies, by monetizing QALYs gained so that they can be directly compared
against the costs of treatment. A United States economic model study in HCV GT1
patients predicted that all-oral therapies, in relation to PR therapy, improved health
by 1.622 QALYs per patient, thereby leading to an overall decrease of 32730–500599
dollar in quality-adjusted cost of care, which was defined as the increase in the price
of treatment minus the increase in the value of the patient’s expected QALYs when
valued at 50000–300000 dollar per QALY[94].
Unlike the abovementioned counties and regions, China is still early in its
transition from IFN to DAA-based regimens. Health economic studies in China are
fast emerging, mostly focused on comparing DAA regimens with IFN-based
treatments, reflecting an acute need for cost-effectiveness data to inform potential
health technology assessment decisions at this stage. The DCV + ASV regimen was
predicted to be more or comparably cost-effective relative to IFN- or RBV-containing
regimens in GT1b patients in two analyses[95,96]; an SMV-containing regimen was also
predicted to be more cost-effective than PEG-IFN-based therapy in GT1 patients[97].
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Figure 3 Projected chronic hepatitis C-related medical costs in China in the absence of effective hepatitis C
virus treatment. Estimation based on annual data (2005–2013) of hepatitis C virus infection cases from the Chinese
Center for Disease Control and Prevention; graph generated using data reported in Wei et al[88], 2015. HCC:
Hepatocellular carcinoma.

Another study predicted that compared to PR, O/P/r + D would be cost-saving in
GT1b patients, and SOF + RBV cost-effective in GT2/3 patients and cost-saving in
GT6 patients, respectively[98]. One of the aforementioned studies simulating 10000
Chinese CHC patients with various HCV genotypes predicted that all the thenavailable second-generation DAA regimens (DCV + ASV, O/P/r + D, SOF/VEL, and
EBR/GZR) would have cost-effectiveness advantages over PR therapy, with the pangenotypic SOF/VEL conferring the greatest gain in QALYs (by 17%) and reduction in
lifetime cost (by 49%) relative to PR[56]. Among genotype-specific DAA regimens, one
study predicted that for GT1b Chinese patients stratified by cirrhosis status and
treatment history, EBR/GZR would be more cost-effective than DCV + ASV[99].
Cost-effectiveness analyses derived from a real-world prospective cohort predicted
that for Chinese GT1b cirrhotic, PR-experienced patients, 12-wk LDV/SOF and 12-wk
SOF+DCV would be cost-saving and cost-effective, respectively, compared to
repeated PR treatment for 72 wk[53]. Analyzing real-world data from the PR era, a
Taiwanese study reported that the costs per SVR for PR treatment were the highest in
GT1/6 patients co-infected with HIV, due to low SVR rates in these populations;
EBR/GZR, though more expensive than PR, would theoretically offer similar costs
per SVR thanks to significantly higher SVR rates[100]. These two studies highlight the
value of DAAs for traditional difficult-to-treat patient populations, and illustrate how
the benefit of short treatment durations and high efficacy can offset the impact of high
drug price for DAAs to maintain favorable cost-effectiveness profiles. Furthermore,
two budget impact studies, from Hong Kong and three cities in Mainland China
respectively, both predicted that although subsidizing DAAs would incur additional
short-term drug costs, the resultant gain in patients’ health benefit and the avoidance
of long-term disease management costs would be desirable[101,102].
Besides the factor of avoiding disease progression-associated long-term costs of
HCV sequalae, health economic models take into account additional factors
contributing to cost of care[94]. For PR therapy, such additional factors include the costs
of monitoring and managing adverse events, and of re-treating patients who failed or
discontinued the treatment[4]. With a high incidence of adverse events and the need
for frequent monitoring, PR treatment can negatively impact patients’ quality of life
(which will be discussed in a later section), resulting in lower QALY gains compared
to DAA treatment. DAA therapy with its better safety and efficacy profiles can avoid
such costs altogether if used as a first-line treatment. Indeed, one study predicted that
for treatment-naïve Chinese GT1 patients, treatment with all-oral DAA regimens,
either immediate or with a 1-year delay, would generate positive net monetary
benefits of 6832 dollar and 3115 dollar, respectively, compared to immediate PEGIFN-based treatment, at a willingness-to-pay threshold of 21209 dollar per SVR[103]. On
the other hand, certain DAA therapies may incur costs associated with
genotype/subtype or baseline resistance testing; such costs could be avoided with the
application of pan-genotypic DAA regimens and regimens with high resistance
barrier. Further studies would be required to fully elucidate the costs and savings
associated with different DAA regimens in this respect.
In summary, modelling analyses conducted in the United States, Europe, and high-
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income Asian countries thus far have suggested that DAAs are likely to be cost
effective compared to conventional IFN-based therapies; emerging health economic
evidence in China is in line with these international findings. DAA regimens are easy
to use, of shorter treatment duration, and requiring less monitoring than IFN-based
therapy; the management cost thus saved, together with the long-term saving in
CHC-related medical cost, would likely outweigh the upfront investment in DAAs.
This is consistent with the WHO’s recommendation, whereby treatment regimens
with better tolerability and safety profiles that simplify the care pathway would be
preferred by patients and policy makers, which may also facilitate care coverage
expansion and equity in treatment access[5].

Societal value of HCV treatment
The health economic analyses discussed above focus mostly on medical costs and do
not capture the societal value of curing HCV. As will be discussed here, the additional
potential benefits of curing HCV, such as improved productivity in Chinese workers
and reduced HCV transmission, would further offset the upfront investment in HCV
treatment.
Reduced productivity impairment has been predicted in Asian CHC patients with
successful HCV treatment (Figure 4)[104]. Hence, introduction of therapies with high
SVR rates in China would likely improve work productivity among Chinese CHC
patients, and in turn ameliorate the financial burden of HCV infection at an individual
and family level. The resulting economic stability within a family unit owing to
attainment of HCV cure could be of great benefit to China’s societal fabric.
From the employer standpoint, improved worker productivity increases revenue
generation[104]. A modelling study in HCV GT1-infected Chinese patients showed that
treatment with SOF/VEL would generate annual productivity gains equivalent to
RMB 11.37 billion, mainly driven by reduced presenteeism (Figure 4C) [91] . The
consideration of presenteeism in addition to absenteeism in the model is a more
accurate representation of the actual reduction in productivity impairment in the
context of Asian culture that values stoic industriousness.
Besides work productivity, another aspect typically not captured in health
economic analyses is the benefits of stopping onward transmission through effective
HCV treatment in key populations. Based on projections from a modelling study in
the UK, at 10%–100% treatment uptake among IDUs and cost of GBP 20000 per
QALY, reduced HCV transmission with DAA therapy led to an additional net
monetary benefit of GBP 24304–90559 per patient[105]. One modelling study in China
estimated the cost associated with HCV management in IDUs at RMB 21900 per
patient per year[82]. With a predicted 20-year cumulative HCV incidence in 48.28% of
IDUs, effective TasP in IDUs in China would conceivably translate into considerable
societal and economic values[82].
In summary, effective HCV treatment can benefit society through improving
working productivity and reducing HCV transmission. As reflected in the modelling
studies above, such benefits would translate into tremendous value in addition to the
economic benefit of reducing medical costs.

PATIENTS’ EXPERIENCE WITH HCV TREATMENT
While SVR is the main clinical indicator of HCV treatment success, a patient’s overall
experience with the disease and the treatment process can be captured by patient
reported outcomes (PROs). PROs are directly reported by patients without
interpretation by HCPs and are used as proxy indicators of patients’ overall
wellbeing. As mentioned earlier, HCV patients often experience debilitating fatigue
and impairment to work productivity and non-work activities[89]. HCV infection also
causes neuropsychiatric manifestations such as “brain fog”, whereby patients suffer
from difficulty in attention and memory, alongside other cognitive impairments[106].
Clearly, HCV infection and its systemic manifestations negatively impact patients’
health-related quality of life (HRQoL)[89,106]. As such, the importance of assessing PROs
in HCV management has gained considerable attention internationally over the past
decade[107,108]. PRO data can also contribute to informing healthcare policy making[109].
Patients’ demographic characteristics and cultural background may influence how
they perceive and report their conditions; thus country-specific PRO data would be
important for an accurate understanding of the impact of the disease[4].
Multiple PRO instruments can be used to assess HCV patients’ HRQoL, which
typically assess patients’ conditions in several aspects, or domains; the outcomes are
reported using domain and summary scores (Supplementary Table 1).

HCV disease burden in China as reflected in PRO data
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Figure 4 Predicted reduction in hepatitis C virus-related productivity loss with direct acting antiviral treatment. Compared to no treatment, direct acting
antiviral treatment for GT1 hepatitis C virus patients was predicted to reduce productivity loss in Singapore, South Korea (A and B: Adapted with permission from
Younossi et al[104], 2017) and China (C: Graph generated using data reported in Ye et al[91], 2018); modelling was over a one-year time horizon.

HCV infection negatively impacts patients’ health and quality of life throughout the
disease stages. Evidence indicates that there is already measurable damage to HRQoL
in asymptomatic or undiagnosed patients with HCV infection[110]. PRO measurements
deteriorate further as the disease progresses to more severe and advanced stages, as
reported by studies from Thailand and Japan[111,112].
In China, studies on PROs in HCV patients have been scarce. Nevertheless, existing
data showed that impairment in quality of life contributes to the disease burden of
HCV infection. As part of the nationwide CCgenos study, cross-sectional data
collected in 2011 from 997 untreated patients with chronic HCV infection reported a
mean Euro-QoL 5 Dimensions descriptive score of 0.780/1[113]. The percentage of
patients reporting moderate or severe problems was about 34% for both the domains
of pain/discomfort and anxiety/depression, and 7%–8% for the domains of mobility
and usual activities[113]. Similarly, results from local studies in rural Liaoning and
Beijing using the Short Form-36 (SF-36) and/or the Chronic Liver Disease
Questionnaire (CLDQ) scales revealed low quality of life among CHC patients[114,115].
In a community-based survey of CHB and CHC patients in Shanghai using the
Quality of Life Instruments for Chronic Disease-Chronic Hepatitis and the Family
Burden Interview Schedule, multivariable analyses identified HCV infection and
elevated serum alanine aminotransferase level as direct risk factors negatively
impacting both the patients’ quality of life and the burden on their caregivers[116].
Clearly, the wellbeing and quality of life of Chinese HCV patients and caregivers are
adversely affected by the disease, calling for closer attention to patient experience in
HCV management.

Impact of different HCV treatment regimens on patient experience
To understand how treating and curing HCV infection can affect patients’ experience
and wellbeing, PROs are typically measured pre-treatment, at different time points
during treatment, at the end of treatment (EoT), and 12 or 24 wk post-treatment.
Impact of PR therapy on PROs: PR therapy is known to cause on-treatment
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deterioration in PROs due to side effects of and intolerance to the regime. A crosssectional study in Taiwan reported that CHC patients on PR treatment (n = 108)
scored significantly lower than untreated CHC patients on some of the SF-36 and
CLDQ scales[117]. Illustrating the on-treatment PRO impairment more clearly, another
Taiwanese study involving 47 PR-treated CHC patients showed that by treatment
week 12, the patients’ mean scores for all 8 SF-36 domains decreased significantly
from baseline[118].
Upon PR treatment completion, PRO parameters would return to pre-treatment
levels, or improve further upon treatment success. In the afore-mentioned study of 47
PR-treated patients, the SF-36 domain scores of those who achieved SVR (n = 21)
improved significantly over baseline by week 24 post-treatment. In contrast, the
domain scores of non-SVR patients (n = 26), though recovered from treatment week
12 to pre-treatment level by EoT, did not improve further post-treatment[118]. A study
in Guangzhou involving 72 CHC patients treated with PR reported that by EoT and
similarly at week 24 post-treatment, patients’ quality of life as measured by the
Generic Quality of Life Inventory-74 questionnaire improved significantly over
baseline, being significantly better than that of 30 untreated CHC patients at the same
timepoints. This study did not report on-treatment QoL measurements or patients’
SVR status[119].
Impact of DAA regimens on PROs: Throughout the development of DAAs, various
combination therapies have been studied and used, including DAA + IFN + RBV,
DAA + RBV, and DAA-only regimens. For SOF-based regimens, PRO data collected
from pivotal clinical studies in Western countries, Japan and other Asian regions
(China, Hong Kong, Taiwan, South Korea and Vietnam) consistently demonstrated
that for all three types of DAA combination therapy, achieving SVR12 was associated
with post-treatment PRO improvement, although compared to PR-containing or IFNfree, RBV-containing regimens, DAA-only treatment offered better on-treatment
patient experience[120-124].
Specifically for HCV patients in China, pooled analysis of two phase 3 studies on
SOF-based regimens showed that all three types of DAA combination therapy
achieved high SVR12 rates (94.6%–100%)[125]. Patients treated with SOF + IFN + RBV
regimen showed marked HRQoL decrease from treatment week 2, and those treated
with SOF + RBV experienced modest on-treatment HRQoL decline. For both groups,
the HRQoL scores remained at trough level until EoT, before improving to and
beyond pre-treatment levels[125]. In contrast, the HRQoL scores of patients receiving
DAA-only treatment (LDV/SOF) started to improve from treatment week 4, and
continued improving during and after the treatment period[125]. By week 12 posttreatment, the HRQoL scores of the LDV/SOF-treated group were significantly higher
than those of the other two treatment groups[125]. Considering the good safety profile
and tolerability documented for SOF/VEL in clinical and real-world studies,
SOF/VEL is likely to have beneficial effects on PROs, similar to LDV/SOF. Other nonSOF-based, DAA-only regimens have also generally been associated with stable ontreatment PRO profiles and PRO improvements at EoT or post-treatment[126-130].
In summary, curing HCV infection is generally associated with improved patient
experience and quality of life, irrespective of the therapy used. Again, the benefits
availed by PR therapy are likely to be limited in the light of its low treatment success
rate. In fact, poor adherence due to severe on-treatment HRQoL impairment is
considered an important factor contributing to the low real-life SVR rates with PR
therapy[4]. IFN-containing DAA combination regimens can achieve high SVR rates,
but like PR therapy, are associated with severe PRO impairment during treatment.
IFN-free, RBV-containing DAA regimens lead to mild on-treatment PRO impairment.
In contrast, DAA-only regimens can avoid such negative impact on patients, and can
confer rapid, sustained improvements in PROs during and after treatment. In
resource-limited settings or in difficult-to-treat patients, the use of IFN and/or RBV
may be a pragmatic necessity. Nevertheless, the need to minimize on-treatment life
quality deterioration and to optimize patient experience should be taken into
consideration when choosing the appropriate treatment regimens for HCV patients,
and DAA-only regimens have demonstrated added value in this respect.

REMAINING CHALLENGES AND FUTURE DIRECTIONS
Technical considerations in HCV management
In the DAA era, the goal of HCV elimination has become more realistic than ever.
Nevertheless, there remain some challenges and important issues that deserve more
attention in the management of HCV.
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With existing pan-genotypic regimens, GT3 HCV tends to be more difficult to treat
than the other genotypes. Both GLE/PIB and SOF + DCV require treatment duration
extensions for certain subpopulations of GT3 patients, and SOF/VEL’s drug label in
China suggests the addition of RBV for GT3, cirrhotic patients[5,131]. More research
would be needed to optimize the treatment strategy for GT3 patients, especially in
China where the proportion of GT3b subtype and the prevalence of baseline NS5A
RASs are higher than in Western countries[51,132].
Special attention needs to be paid to patients coinfected with hepatitis B virus
(HBV), which has a prevalence of 4.11% among HCV patients in China[133]. HBV/HCV
coinfected patients not on active anti-HBV treatment should be monitored for
potential HBV reactivation during and after DAA treatment[5].
Patients who fail certain DAA regimens may develop treatment-emergent RASs,
the transmission and accumulation of which could potentially cause public health
issues. A study on HCV resistance in China by Huang et al[134]. reported a significantly
higher overall frequency of NS5A RASs in treatment-naïve GT1b patients in 2016 than
in 2008 (42.0% vs 18.4%; P = 0.002). To minimize the risk of treatment-emergence
RASs, it is important to select for initial treatment regimens with high resistance
barriers (such as NS5B inhibitors), or to diligently conduct baseline RAS testing if
planning to use regimens known to be prone to clinical resistance. SOF/VEL/VOX,
the regimen reserved for rescue treatment of patients with DAA failures, is not yet
available in China, but would likely be a valuable tool in the future as more and more
Chinese patients undergo DAA treatments.
While DAAs offer high rates of virologic cure, the issue of HCV reinfection is
coming increasingly into attention. High reinfection rates associated with high risk
behaviors may hamper HCV elimination in key populations, such as IDUs and MSM.
For patients prone to high-risk behavior, reinfection risk counseling and linkage to
harm reduction services should be provided before and after HCV treatment, such as
referring actively injecting IDUs to methadone substitution treatment or needle and
syringe exchange programs, linking MSM to condom distribution programs, and
other behavioral interventions where necessary[135].
Besides curative therapies, another approach explored for facilitating HCV
elimination is the development of prophylactic HCV vaccines. Faced with challenges
ranging from the high genetic variability of HCV to a lack of appropriate animal
model systems for efficacy evaluation, research in this area thus far has not met with
success (for research progress on vaccine candidates, please refer to reviews by
Ghasemi et al[136] and Yan et al[137]).

Value assessment and other considerations in healthcare policy making
In addition to the value aspects discussed in this article, there are other factors
pertaining to curing HCV infection that, though not yet incorporated into value
assessment models, obviously carry considerable importance for patients and society.
For example, the hope of being cured and the removal of societal stigmatization
would be valuable from individual patients’ perspectives. Often, HCV patients are
ostracized by the community and discriminated in the workplace. Individuals
diagnosed with HCV infection may suffer from anxiety and fear, and some may feel
hopeless and give up on seeking treatment. However, with the availability of highly
effective DAA therapies, the possibility of achieving a complete cure with relatively
short and well tolerated treatments would help alleviate the fear in many patients and
contribute towards destigmatizing HCV infection. Another such example is the
scientific “spill-over” effect, whereby introducing and investing in innovative
treatment technology may stimulate future research for better understanding of HCV
and advancement in HCV prevention and control. It could be worthwhile for Chinese
researchers to explore how these aspects can be incorporated into novel value
assessment models to better inform health technology assessment and public health
policy making.
With the first DAA regimens approved in 2017 and the registration process
expedited for innovative HCV medicines, China is undoubtedly shifting from the PR
era towards that of DAAs for HCV treatment. In light of the principles set out in the
2017–2020 National Viral Hepatitis Action Plan and the goals of the Healthy China
2030 Plan, we would like to suggest that Chinese policy makers take further measures
to improve the availability of, and enable large-scale access to, innovative HCV
treatment, so as to capitalize fully on the value of effective HCV cure.
In order to maximize the benefits of highly effective HCV treatment, it would be
essential to have as many HCV-infected patients as possible diagnosed and treated.
The targets set out in the WHO Global Health Sector Strategy on viral hepatitis are
that, by 2030, 90% of HCV-infected patients are diagnosed and 80% of those
diagnosed receive HCV treatment[5]. In this respect, efforts would be needed from
Chinese policy makers and healthcare professionals to improve the public awareness
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of HCV through continued education. Public health resources would also be needed
to support the service coverage of HCV screening, diagnosis, and linkage to care.
Specifically, targeted efforts and aids may be needed to ensure that the diagnosis and
treatment needs are met in rural and less developed areas of China, and that HCV
management capabilities can be enhanced in lower-tier hospitals and healthcare
facilities.

CONCLUSION
The value of curing HCV infection extends far beyond the clinical endpoint of SVR. At
patient level, achieving virologic cure improves the long-term health outcomes and
quality of life. At society level, providing prompt and effective treatment can help
avoid future HCV-related disease and financial burdens. As China stands on the
threshold of the DAA era, it would be important for stakeholders and policy makers
to consider, that when evaluated holistically, the long-term benefits associated with
curing HCV infection would outweigh the initial investment needed for
implementing effective HCV therapies.
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Abstract
BACKGROUND
Current diagnosis of hepatitis C virus (HCV) infection requires two sequential
steps: testing for anti-HCV followed by HCV RNA PCR to confirm viremia. We
have developed a highly sensitive and specific HCV-antigens enzyme
immunoassay (HCV-Ags EIA) for one-step diagnosis of viremic HCV infection.
AIM
To assess the clinical application of the HCV-Ags EIA in one-step diagnosis of
viremic HCV infection in human immunodeficiency virus (HIV)-coinfected
individuals.
METHODS
The study blindly tested HCV-Ags EIA for its performance in one-step
diagnosing viremic HCV infection in 147 sera: 10 without HCV or HIV infection;
54 with viremic HCV monoinfection; 38 with viremic HCV/HIV coinfection; and
45 with viremic HCV and non-viremic HIV coinfection.
RESULTS
Upon decoding, it was 100% accordance of HCV-Ags EIA to HCV infection status
by HCV RNA PCR test. In five sera with HCV infection, HCV RNA was as low as
50-59 IU/mL, and four out of five tested positive for HCV-Ags EIA. Likewise, it
was also 100% accordance of HCV-Ags EIA to HCV infection status by HCV
RNA PCR in 83 sera with HCV and HIV coinfection, regardless if HIV infection
was active or not.
CONCLUSION
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The modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV
RNA levels of approximately 100 IU/mL. It is highly sensitive and specific in the
setting of HIV coinfection, regardless of HIV infection status and CD4 count.
These data support the clinical application of the HCV-Ags EIA in one-step
diagnosis of HCV infection in HIV-infected individuals.
Key words: Hepatitis C virus; Hepatitis C virus antigens; Hepatitis C virus core antigen;
Hepatitis C virus diagnostic test; Diagnostic assay; Enzyme immunoassay
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Core tip: We recently developed a novel and highly sensitive and specific hepatitis C
virus antigens (HCV-Ags) enzyme immunoassay for one-step diagnosis of viremic HCV
infection. The present blindly tested this test’s performance in 147 sera: 10 without HCV
or human immunodeficiency virus (HIV) infection; 54 with viremic HCV
monoinfection; 38 with viremic HCV/HIV coinfection; and 45 with viremic HCV and
non-viremic HIV coinfection. Our results demonstrated that the HCV-Ags enzyme
immunoassay is highly sensitive and specific in the setting of HIV coinfection,
regardless of HIV infection status and CD4 count. These data support the clinical
application of the HCV-Ags test in one-step diagnosis of HCV infection in HIV-infected
individuals.
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DOI: https://dx.doi.org/10.4254/wjh.v11.i5.442

INTRODUCTION
Chronic hepatitis C virus (HCV) infection affects approximately 115 million
individuals worldwide that can progress to chronic hepatitis C or cirrhosis, and it is
associated with development of hepatocellular carcinoma[1,2]. HCV infection is also
common in human immunodeficiency virus (HIV)-infected individuals, as both
infections share the same modes of transmission[3]. The activity and progression of
liver injury are more severe in HCV and HIV coinfected individuals than those with
HCV monoinfection[4]. Research advances have resulted in clinical application of
direct acting anti-viral treatment for HCV infection. All these treatment regimens are
highly safe and effective and associated with > 95% sustained virologic response rates
even in those with HCV/HIV coinfection[5-8]. It is recommended that HIV and HCV
coinfection should not be treated differently than HCV monoinfection[7,8]. Successful
eradication of HCV has been shown to improve the prognosis of HCV-induced liver
disease and reduce the associated mortality[9,10]. Both the World Health Organization
and the United States of America Center for Disease Control have advocated
eradicating HCV infection by 2030 [11,12] . These emphasize the essential need for
effective HCV screening and diagnosis, including HIV-infected individuals, to link
them to appropriate care.
However, the current two-step HCV test process represents one of the main
barriers for effective HCV screening[7,13,14], as it is suboptimal, costly, inconvenient,
time consuming, and globally not widely available. Current anti-HCV tests, although
highly specific and sensitive, cannot distinguish viremic HCV (V-HCV) infection from
resolved HCV (R-HCV) infection [15] . Thus, when anti-HCV is tested positive, an
expensive HCV reverse transcription-polymerase chain reaction (RT-PCR) is
mandatory to further test the presence or absence of viremia. Additionally, anti-HCV
testing cannot be used for diagnosing acute HCV infection and may cause false
negative results in immunocompromised patients, those receiving
immunosuppressive therapy, or on hemodialysis[16,17]. Although serum HCV RNA RTPCR is a highly specific and sensitive test to detect V-HCV infection, the dependence
on expensive equipment, high cost, and time-consuming nature limit its applicability,
especially in developing countries and regions.
Several HCV core antigen (HCVcAg) assays have been reported[18-29]. The detection
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limit of the Ortho HCVcAg enzyme immunoassay (EIA) was reported to be 1.48
pg/mL, corresponding to HCV RNA of 9707 IU/mL. Hence, it is not a sensitive test.
The detection threshold of the Abbott Architect HCVcAg assay is reported to be 3
fmol/L, equivalent to HCV-RNA between 1015-1045 IU/mL, which is in line with
published data showing HCVcAg detection limits corresponding to serum HCV-RNA
levels in the range of 428-2700 IU/mL[30-32]. However, the sensitivity of the Abbott
Architect HCVcAg assay was only 64.7% to 81.9% when serum HCV RNA was < 4 log
IU/mL and 0.0% to 19.7% when serum HCV RNA was < 3 log IU/mL [31,33] .
Furthermore, a high false positive rate occurred in patients with R-HCV infection (i.e.,
negative HCV RNA and positive anti-HCV results) when tested with the current
HCVcAg assay[32-34]. Currently available HCVcAg assays have limited clinical utility
due to their low specificity and sensitivity. Recently, we developed a highly sensitive
and specific HCV-Ags EIA that could be used for one-step diagnosis of V-HCV
infection by testing serum or urine specimens[35].
The goals of the present study were to further assess the sensitivity and specificity
of the HCV-Ags EIA and its value for one-step diagnosis of viremic HCV infection in
HCV monoinfected and HCV/HIV coinfected individuals through a blinded way, i.e.
obtaining serum samples from one lab (Kenneth E Sherman; KES) and performing
HCV-Ags EIA in another lab (Ke-Qin Hu). Our results indicated that HCV-Ags EIA
holds high specificity and sensitivity for detection of V-HCV infection in individuals
with HCV monoinfection as well as HCV/HIV coinfection.

MATERIALS AND METHODS
HCV and HIV diagnosing criteria, serum specimen, and clinical data collection
Chronic V-HCV infection was defined as positive anti-HCV and HCV RNA tests for 6
mo. R-HCV (or past) infection was defined on the basis of a known history of prior
HCV infection, a positive anti-HCV test, but negative HCV RNA RT-PCR performed
at least twice. Chronic viremic HIV infection was diagnosed by positive tests for both
anti-HIV and HIV RNA PCR. Whereas, non-viremic HIV infection was defined by
history of HIV infection, on HIV treatment, and negative HIV RNA test.
The study was approved by Institutional Review Boards of both institutions. After
obtaining informed consent, venous blood specimens were collected, and serum
aliquots were prepared and stored at -80 °C. Quantitative HCV RNA RT-PCR and
HIV RNA RT-PCR were performed on the same day in the clinical laboratory. The
clinical records were also reviewed for details regarding clinical diagnosis and course.
Anti-HCV test was performed using the Architect Anti-HCV Assay, a
chemiluminescent microparticle immunoassay (Abbott Laboratories, Abbott Park, IL,
United States). Serum HCV RNA was quantitated using the Abbott Real Time HCV
assay, which has a lower limit of quantification of 12 IU/mL (Abbott Laboratories,
Abbott Park, IL, United States). Anti-HIV was performed using Abbott's Architect
HIV Ag/Antibody Combo assay for the simultaneous detection of both HIV antigen
and antibodies. HIV RNA test was performed by LabOne, Inc. using the Roche
Diagnostics Amplicor HIV-1 Monitor test kit with a linear range of 400-750000 HIV-1
RNA copies/mL.

Serum specimens and study conduction
The present studies utilized a blind fashion to assess the performance of the HCV-Ags
EIA that was recently reported highly sensitive and specific[35] in sera with (1) HCV
mononfection and (2) HCV and HIV coinfection. For study enrollment, patients must
have a full assessment for HCV and HIV infection as described above. Serum samples
were collected from the KES lab, and divided into four groups without HCV and HIV
infection, HCV monoinfection, and HCV and HIV coinfection with different HIV
replication status as shown in Table 1.
All the serum specimens were blindly coded in the KES lab and sent to the Ke-Qin
Hu lab to perform HCV-Ags EIA. The test results were then sent back to the KES lab
for decoding and used for statistical analysis. The related clinical data, such as age,
gender, and CD4 count, were collected in the KES lab.

HCV-Ags EIA
All coded serum samples underwent HCV-Ags EIA that was performed in the Ke-Qin
Hu lab, as previously reported[35]. Briefly, 96 microtiter plates were coated with HCVAgs-specific capture antibodies followed by addition of HCV detection antibodies
specific to HCV antigens (i.e., HCVcAg and non-structural S3-S5 proteins) and HRPconjugated secondary antibodies. Finally, a color reaction was produced using
substrate solution, and optical density was measured using ELX 800 Universal
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Table 1 Blinded 147 serum samples in four groups for hepatitis C virus antigens enzyme immunoassay
Group

Diagnosis

Cases

HCV infection

HIV infection

1

No HCV/HIV

2

HCV alone

10

No (anti-HCV -/HCV PCR -)

No (anti-HIV -)

54

Yes (anti-HCV +/HCV PCR +)

3

HCV/viremic HIV

No (anti-HIV -)

38

Yes (anti-HCV +/HCV PCR +)

Yes (anti-HIV +/HIV PCR +)

4

HCV/non-viremic HIV

45

Yes (anti-HCV +/HCV PCR +)

Yes (anti-HIV +/HIV PCR +)

147

Total

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

Microplate Reader. Results were expressed as optical density values.

Statistical analysis
The categorical data were presented as percentage, and continuous data were
expressed as the mean and standard deviation. A 2 x 2 table was used to calculate the
test sensitivity, specificity, positive, and negative predictive values. The P values less
than 0.05 were considered statistically significant. SPSS software was used for
statistical analysis.

RESULTS
Study groups, serologic and virologic data, and CD4 count
As summarized in Table 1, a total of 147 coded serum specimens were used in the
present study in the following four groups. Group 1 included 10 sera without HCV or
HIV infection (i.e., negative anti-HCV, HCV RNA, anti-HIV, and HIV RNA tests);
group 2 included 54 sera with HCV monoinfection (i.e., positive HCV RNA, negative
anti-HIV tests); group 3 included 38 sera with viremic HCV and HIV coinfection (i.e.,
positive for both HCV RNA and HIV RNA tests), and group 4 included 45 sera with
viremic HCV infection, but non-viremic HIV infection (i.e., history of positive HCV
RNA and anti-HIV, on HIV treatment, and currently negative HIV RNA tests).
In group 2, HCV genotype (GT) distribution was GT1 = 47, GT3 = 4, GT4 = 1, and
GT mixed = 2, and the range of serum HCV RNA load was from 4.8 x 2 log to 2.6 x 7
log IU/mL. In group 3, HCV GT distribution was GT1 = 28 and GT4=10. The range of
serum HCV RNA load was from 4.6 x 5 log to 7.8 x 7 log IU/mL. The range of serum
HIV RNA load was from 4.7 x 1 log to 1.2 x 6 log copies/mL, and mean CD4 count
was 482.3 (282-800). In group 4, HCV GT distribution was GT1 = 35, GT2 = 6, GT4 = 2,
and ND = 2. The range of serum HCV RNA load was from 9.5 x 3 log to 2.1 x 7 log
IU/mL. All were negative for HIV RNA, and mean CD4 count was 594 (174-1106).
Additionally, five sera with HCV monoinfection and HCV RNA load ranging from
50-59 IU/mL were tested by the HCV-Ags EIA.

Performance of HCV-Ags EIA in HCV monoinfection
As shown in Table 2, in ten sera without HCV and HIV infection, all (100%) tested
negative for HCV-Ags EIA. All 54 (100%) sera with viremic HCV infection tested
positive for HCV-Ags EIA regardless of serum HCV RNA level and GT. Thus, the test
results of HCV-Ags EIA were in 100% accordance to HCV infection status by HCV
RNA PCR. Statically, HCV-Ags EIA test was confirmed to have 100% sensitivity and
specificity for HCV viremic infection. Additionally, in five sera with low viremic HCV
infection (HCV RNA level ranged between 50-59 IU/mL), 4/5 were positive for HCVAgs EIA.

Performance of HCV-Ags EIA in HCV/HIV coinfection
As shown in Table 3, in 38 sera with viremic HCV and HIV coinfection, all (100%)
were positive for HCV-Ags EIA. In 45 sera with viremic HCV and non-viremic HIV
coinfection, all (100%) were positive for HCV-Ags EIA. Thus, the test results of HCVAgs EIA were in 100% accordance to HCV infection status by HCV RNA PCR,
regardless if HIV infection was active and of the CD4 count.

DISCUSSION
HCV infection affects approximately 115 million people globally [1] . Currently,
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Table 2 The accordance of serum hepatitis C virus antigens enzyme immunoassay test results
to hepatitis C virus RNA PCR in sera with hepatitis C virus monoinfection
Serum HCV-Ags EIA
Groups

Interpretation

Cases
Positive (%)

Negative (%)

1 (anti-HCV -/HCV RNA -)

No HCV infection

10

0 (0.0%)

10 (100.0%)

2 (anti-HCV +/HCV RNA +)

Chronic HCV infection

54

54 (100.0%)

0 (0.0%)

64

54

10

Subtotal

HCV: Hepatitis C virus; HCV-Ags EIA: HCV-antigens enzyme immunoassay.

diagnosis of HCV infection requires two sequential steps: testing anti-HCV to screen,
followed by HCV RNA RT-PCR to confirm viremia[7,13,14]. The latest anti-HCV tests are
highly sensitive and specific, but they cannot differentiate acute HCV infection with
V-HCV and R-HCV infection. Therefore, all positive anti-HCV test results need to be
further tested by HCV RNA RT-PCR. Although HCV RNA RT-PCR tests are highly
sensitive and specific for V-HCV infection, it is time consuming, costly, and not
available and affordable in many developing countries and regions.
Recently, we developed a novel HCV-Ags test that is more sensitive and specific
than traditional HCVcAg tests and holds potential for one-step serologic diagnosis of
V-HCV infection[35]. In the present study, we used a blinded fashion to further test the
sensitivity and specificity of the HCV-Ags EIA in HCV sera with monoinfection and
HCV/HIV coinfection. The serum samples were from one laboratory with coding,
and HCV-Ags EIA were performed blindly in another laboratory, then decoded for
data analysis.
In 64 sera, 10 without HCV and HIV infection and 54 with viremic HCV infection, it
was in 100% accordance of HCV-Ags EIA test results to HCV infection status by HCV
RNA PCR. This blinded study further confirmed our previous report that the HCVAgs EIA is highly specific and sensitive in diagnosing viremic HCV infection in those
with HCV monoinfection. In an additional five sera with viremic HCV infection as
low as HCV RNA load ranging between 50-59 IU/mL, 4/5 were positive for HCVAgs EIA, further confirming the lowest limits of detection of the HCV-Ags assay as
previously reported[35].
We then tested utility of HCV-Ags EIA in sera with HCV and HIV coinfection. In 38
sera with viremic HCV and HIV coinfection and 45 sera with viremic HCV and nonviremic HIV coinfection, it was in 100% accordance of HCV-Ags EIA test results to
HCV infection status by HCV RNA PCR, regardless if HIV infection was active and of
the CD4 count. These results confirmed that the HCV-Ags EIA is highly specific and
sensitive in diagnosing viremic HCV infection in those with HCV and HIV
coinfection, no matter if HIV infection was active or not. The present study confirmed
the potential that HCV-Ags EIA may provide an equal and cost-effective way for onestep screening and diagnosing viremic HCV infection. As HCV infection is common
in HIV-infected individuals, these results are very promising in further study on the
clinical application of the HCV-Ags EIA in the population with risk for both HCV and
HIV infection, an important addition to the World Health Organization and the
Center for Disease Control’s commitment of HCV elimination globally[11,12].
It should be noted that the main advantage of the present study is the blinded
fashion, but the sample size was small. Further larger, prospective studies are needed
to assess the value of clinical application of the HCV-Ags EIA.
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Table 3 Accordance of serum hepatitis C virus antigens enzyme immunoassay to hepatitis C virus PCR testing results in sera with
hepatitis C virus/human immunodeficiency virus coinfection
Serum HCV-Ags EIA
Groups

HIV status

Cases
Positive (%)

Negative (%)

1 (anti-HCV +/HCV RNA +)

Viremic HIV infection

38

38 (100.0%)

0 (0.0%)

2 (anti-HCV +/HCV RNA +)

No viremic HIV infection

45

45 (100.0%)

0 (0.0%)

83

83

0

Subtotal

HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HCV-Ags EIA: HCV-antigens enzyme immunoassay.

ARTICLE HIGHLIGHTS
Research background
Current diagnosis of hepatitis C virus (HCV) infection requires two sequential steps: testing for
anti-HCV followed by HCV RNA PCR to confirm viremic infection. We have developed a highly
sensitive and specific HCV-antigens (Ags) enzyme immunoassay (EIA) for one-step diagnosis of
viremic HCV infection. However, it has not been tested blindly and especially in those with HCV
and human immunodeficiency virus (HIV) coinfection.

Research motivation
Although HCV RNA RT-PCR tests are highly sensitive and specific for viremic HCV infection, it
is time consuming, costly, and not available and affordable in many developing countries and
regions. Further confirming the sensitivity and specificity of HCV-Ags EIA will provide
additional support of its clinical value for one-step screening and diagnosing HCV viremic
infection.

Research objectives
The present study was aimed to blindly assess the clinical application of the HCV-Ags EIA in
one-step diagnosis of viremic HCV infection in HCV-infected and HCV/HIV-coinfected
individuals.

Research methods
The study blindly tested HCV-Ags EIA for its performance in one-step diagnosing viremic HCV
infection in 147 sera, 10 without HCV or HIV infection; 54 with viremic HCV monoinfection; 38
with viremic HCV/HIV coinfection; and 45 with viremic HCV and non-viremic HIV coinfection.

Research results
The modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV RNA levels of
approximately 100 IU/mL. It is highly sensitive and specific in the setting of HIV coinfection,
regardless of HIV infection status and CD4 count.

Research conclusions
These data support the clinical application of the HCV-Ags test in one-step diagnosis of HCV
infection in HIV-infected individuals.

Research perspectives
The HCV-Ags EIA will be a novel addition to the current standard and is a more cost-effective
one-step HCV screening and diagnosis method.
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Abstract
BACKGROUND
Progressive familial intrahepatic cholestasis (PFIC) refers to a disparate group of
autosomal recessive disorders that are linked by the inability to appropriately
form and excrete bile from hepatocytes, resulting in a hepatocellular form of
cholestasis. While the diagnosis of such disorders had historically been based on
pattern recognition of unremitting cholestasis without other identified molecular
or anatomic cause, recent scientific advancements have uncovered multiple
specific responsible proteins. The variety of identified defects has resulted in an
ever-broadening phenotypic spectrum, ranging from traditional benign recurrent
jaundice to progressive cholestasis and end-stage liver disease.
AIM
To review current data on defects in bile acid homeostasis, explore the expanding
knowledge base of genetic based diseases in this field, and report disease
characteristics and management.
METHODS
We conducted a systemic review according to PRISMA guidelines. We performed
a Medline/PubMed search in February-March 2019 for relevant articles relating
to the understanding, diagnosis, and management of bile acid homeostasis with a
focus on the family of diseases collectively known as PFIC. English only articles
were accessed in full. The manual search included references of retrieved articles.
We extracted data on disease characteristics, associations with other diseases, and
treatment. Data was summarized and presented in text, figure, and table format.
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RESULTS
Genetic-based liver disease resulting in the inability to properly form and secrete
bile constitute an important cause of morbidity and mortality in children and
increasingly in adults. A growing number of PFIC have been described based on
an expanded understanding of biliary transport mechanism defects and the
development of a common phenotype.
CONCLUSION
We present a summary of current advances made in a number of areas relevant
to both the classically described FIC1 (ATP8B1), BSEP (ABCB11), and MDR3
(ABCB4) transporter deficiencies, as well as more recently described gene
mutations -- TJP2 (TJP2), FXR (NR1H4), MYO5B (MYO5B), and others which
expand the etiology and understanding of PFIC-related cholestatic diseases and
bile transport.
Key words: Cholestasis; Progressive familial intrahepatic cholestasis; Benign recurrent
intrahepatic cholestasis; Intrahepatic cholestasis of pregnancy; Drug induced cholestasis;
Bile acids; Bile transport
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Progressive familial intrahepatic cholestasis is a heterogeneous cohort of
diseases that present both diagnostic and treatment challenges for clinicians. Significant
advancement in the knowledge base related to the genetic underpinnings regulating bile
acid transport physiology has enabled new diseases to be identified with a breadth of
phenotypes from neonates to adults.
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INTRODUCTION
Progressive familial intrahepatic cholestasis (PFIC) refers to a heterogeneous group of
autosomal recessive disorders that are linked by the inability to appropriately form
and excrete bile from hepatocytes, resulting in a hepatocellular form of cholestasis.
While the diagnosis of such disorders had historically been based on pattern
recognition of unremitting cholestasis without other identified molecular or anatomic
cause, recent scientific advancements have uncovered multiple specific responsible
proteins. The variety of identified defects has resulted in an ever-broadening
phenotypic spectrum, ranging from traditional benign recurrent jaundice to
progressive cholestasis and end-stage liver disease.
Bile is a unique aqueous secretion of the liver that is formed by the hepatocyte and
modified downstream by absorptive and secretory properties of the bile duct
epithelium. It is a combination of lipids (mainly phosphatidylcholine), bile acids,
cholesterol, bilirubin, and other substances that serve to move toxins and waste
metabolites out of the liver and into the gut for excretion[1]. Micellarized bile is then
reabsorbed in the enterohepatic circulation in the distal small bowel via the apical
sodium dependent bile transporter (ASBT; SLC10A)[2]. Bile salts are synthesized in
hepatocytes and transported across the canalicular membrane via the bile salt export
pump (BSEP); the expression and trafficking of which is regulated by the farnesoid X
receptor (FXR) and dependent upon of MYO5B respectively[3,4]. The stability of the
canalicular membrane, in which the BSEP transporter lies, is dependent on the FIC1
ATPase that regulates the phospholipid balance and the ABC translocase MDR3
which moves phosphatidylcholine across the canalicular membrane to inactivate bile
acids. The integrity of the system is in part dependent upon hepatocyte connections,
such as the TJP2-anchored tight junctions, which protect hepatocytes from bile salt
reflux and subsequent damage [4] (Figure 1). Defects in these bile acid transport
processes result in the accumulation of bile salts in the hepatic parenchyma, which are
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toxic due to their detergent nature, and the phenotypic manifestations collectively
known as PFIC.

MATERIALS AND METHODS
This systematic review was conducted according to the PRISMA guidelines. We
searched Medline/PubMed in February–March 2019 for established cases of PFIC as
well as reports of defects in PFIC-related genes contributing to morbidity in adult
populations. English language only articles that were fully accessible were included in
the review. Data was manually extracted on disease characteristics in established
PFIC patients. Associated phenotypes with other diseases relating to specific genetic
defects were also collected. Treatment strategies were summarized. Data was collated
and presented in text, figure, and table format.

Statistical analysis
Descriptive statistics were utilized to present the data. The statistical methods of this
study were reviewed by Suraj Nepal, lead data analyst from the UPMC Children’s
Hospital of Pittsburgh department of surgery.

RESULTS
A summary of currently understood protein mechanisms, whose functions are critical
to bile acid homeostasis, and whose dysfunction results in a phenotype of PFIC is
presented in Figure 1. A gene-specific search identified 52 ATP8B1, 158 ABCB11, 250
ABCB4, 56 TJP2, 48 MYO5B, and 363 NR1H4 articles. Manual review to identify
association with liver disease in humans revealed reports summarized in the current
manuscript. The three “Historical” PFIC diseases, the expanded phenotypes, and
emerging data on contributing morbidity in non-pediatric populations relating to
defects in PFIC-related genes are summarized.

Historical PFIC
ATP8B1 (FIC1, PFIC1, Byler’s disease): The first reported PFIC, progressive familial
intrahepatic cholestasis type 1, also called Byler’s disease, was described 1969 in seven
Amish children (from the original Byler kindred in Western Pennsylvania) as a
progressive cholestatic disease with associated extrahepatic symptoms [5] . The
causative ATP8B1 gene and corresponding FIC1 protein was identified by Bull et al[6]
in 1998 by analyzing the genetics of patients from the initial Amish cohort as well as
patients from Northern Europe with benign recurrent intrahepatic cholestasis type 1
(BRIC1). Definitive FIC1 function remains ambiguous. Current understanding of its
action as an aminophospholipid translocase which transports phospholipids from
outside to inside the canalicular membrane is based on studies in Atp8b1-deficient
mice[7]. Additional modifiers of disease phenotype, such as mutation-specific effects
on FIC1 trafficking from the endoplasmic reticulum to the canalicular membrane,
have been proposed[8]. Ultimately, without appropriate concentrations of intracellular
phospholipids, bile acids accumulate intracellularly and are cytotoxic to the
hepatocyte due to their detergent nature[9].
Deficient or defective FIC1 results in a low gamma glutamyl (GGT) cholestasis that
often presents in the neonatal period, though milder forms with transient jaundice
may present later in life[1,9,10]. Affected individuals have hyperbilirubinemia, mildly
elevated transaminases, and elevated serum bile acids. Infants often present
jaundiced, with pruritis and hepatosplenomegaly developing over the first months of
life. Severe disease manifests with persistent, progressive cholestasis and the
development of portal hypertension often in early childhood. Extrahepatic disease is
also notable due to the broad distribution of FIC1, which can clinically distinguish
FIC1 deficiency from other forms of intrahepatic cholestasis. Affected children
frequently exhibit profound diarrhea, poor growth, short stature, pancreatic
insufficiency, elevated sweat chloride, and sensorineural deafness[4,10]. Histopathology
demonstrates canalicular cholestasis with biliary plugs, giant cell transformation,
ductular paucity, and lobular disarray [11] . Visualized bile is termed as “bland”
granular (Byler’s) bile[9,12].
Treatment for FIC1 deficiency, as with all PFIC diseases, is challenging with no
definitive medical therapies available. Supportive measures are focused on improving
nutritional deficiencies and managing complications of end stage liver disease.
Patients should be treated with caloric, fat, and vitamin supplementation, with the
majority of fat being medium chain triglycerides [9] . Ursodeoxycholic (UDCA), a
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Figure 1

Figure 1 Molecular mechanisms of cholestasis at the apical hepatocellular membrane. FXR: Farnesoid X receptor; RXR: Retinoid x receptor alpha; ABCB11:
ATP binding cassette subfamily B member 11; MYO5B: Myosin VB; RAB11A: Ras-related protein Rab11a; FIC1: Familial intrahepatic cholestasis 1; BSEP: Bile salt
export pump; MDR3: Multidrug resistance 3; TJP2: Tight junction protein 2.

hydrophilic bile acid which replaces hydrophobic bile salts and may also induce BSEP
and MDR3 expression, can improve pruritis and biochemical markers of cholestasis[9].
Other antipruritic agents (Table 1) such as rifampin and cholestyramine may also be
utilized but are often less helpful in FIC1 deficiency [9,10] . Certain CFTR folding
correctors have been shown to improve defective trafficking of FIC1 in cell culture [13];
however, studies in human subjects are lacking.
When medical therapy is insufficient, surgical intervention may be considered with
the goal of bypassing the enterohepatic circulation and/or decreasing reabsorption of
bile salts (Figure 2). Procedures including partial external biliary diversion (PEBD),
partial internal biliary diversion, and ileal exclusion have generally, though not
uniformly, resulted in sustained clinical improvement in PFIC patients[14-16]. A large
surgical experience has been described in FIC1 deficiency[14-16].
Early procedures including PEBD were first reported more than 20 years ago[17].
PEBD utilizes an external stomal conduit (generally a cholecystojejunal cutaneous
stoma) to enable partial, unregulated external bile flow, resulting in decreased bile
acids in the enterohepatic circulation and reports of improved pruritis, growth, and
possibly hepatic fibrosis[14,17]. Remarkably, PEBD has been recognized to provide an
alternative to transplant, with many patients surviving with their native liver.
However, complications can occur including recurrent episodes of pruritis, possible
need for biliary diversion revision, continued need for aggressive vitamin
supplementation, or progressive disease necessitating liver transplant[14,18,19].
An alternative to PEBD is the ileal bypass (IB, or ileal exclusion)[20]. This technique
bypasses the distal 15% of the ileum to avoid the major site of bile acid reabsorption
and is particularly useful in patients without an intact gall bladder[20]. Unfortunately,
severe malabsorption can occur and refractory disease has been reported[18,21,22].
More recently, partial internal biliary diversions (PIBD) has been described. The
procedure may involve the creation of a neo-conduit between the gall bladder and the
colon to prevent reabsorption of bile acids in the terminal ileum. This procedure may
utilize a cholecystojejunocolonic, cholecystoileocolonic, cholecystocolostomy, or
cholecystoappendicocolonic anastomosis technique[22,23]. Reports in the literature
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Table 1 Medical management of pruritus in children
Medicine
Cholestyramine

Naltrexone

Rifampicin

Dose

Mechanism of action

Initial dose: 2 g BID

Ion exchange resin which acts as BA binder in the
intestine

(max dose 24 g/d)

Decreased ileal BA absorption, Increased BA
excretion (in feces)

Initial dose: 0.25-5 mg/kg per day

Opioid antagonist

(max dose 50 mg/d)

Block the permissive activity on pruritus neuronal
signaling

Initial dose: 5 mg/kg

PXR agonist
Induces CYP3A4

(max dose 20 mg/kg per day)

Increases metabolism and renal excretion of
pruritogenic substances
Antibacterial effect may modify intestinal
metabolism of pruritogenic substances

Sertraline

Ursodeoxycholic acid

Initial dose: 1 mg/kg per day

Serotonin reuptake inhibitor

(max dose: 4 mg/kg per day)

Proposed mechanism includes increase in central
serotonergic tone, which regulates pruritus

600 mg/m2 per day

Tertiary BA
Increases bile secretion
Reduces ileal absorption of hydrophilic BAs

BA: Bile acid; PXR: Pregnane X receptor.

suggest patients experience not only improvement of intractable pruritis and sleeping
difficulties, but also significant biochemical decrease in both bilirubin and plasma bile
acids[21-23]. Side effects described are most notable for diarrhea, which improved with
cholestyramine [21,23] . Notably, no single procedure has demonstrated definitive
superiority with center-experience likely driving center-specific approaches. Newer
therapeutics including inhibitors of the ileal apical-sodium dependent bile acid
transporter (ASBT) which effectively act as a ‘chemical’ biliary diversion are currently
under investigation (NCT03566238)[24].
Liver transplant is indicated in those with a refractory course and in those who
develop end stage disease. While hepatocellular carcinoma as an indication for
transplant has been reported in other PFIC diseases, FIC1 deficiency is not known to
associate with tumor development. However, mutations in ATP8B1 have been found
while sequencing hepatocellular carcinoma in patients without cholestatic disease[25].
Importantly, patients should be counseled that the diarrhea associated with FIC1
deficiency may persist, or even worsen, following transplant. This phenomenon has
been reported concomitant with the development of both allograft steatosis and
fibrosis, which can progress requiring re-transplantation[9,26]. In order to prevent
damaging steatosis in the graft, ileal diversion at the time of transplant has sometimes
been utilized[27].
Notably, the recognition of variable disease courses and responses to therapy in
individuals with identical ATP8B1 mutations would suggest the presence of disease
modifiers[10,14]. While the majority of FIC1 deficiency presents in childhood, mutations
in the ATP8B1 gene may also lead to more mild manifestations of disease including
BRIC1 and intrahepatic cholestasis of pregnancy type 1 (ICP1) [28-30] . Dozens of
mutations have been described, with missense mutations being more common in
BRIC1 patients and nonsense or large deletions more common in severe FIC1
disease[31].
ABCB11 (BSEP, PFIC2): Historical PFIC2 results from defects or deficiency in the
BSEP encoded by ABCB11. The location of the defect was initially mapped to
chromosome 2q24 to be positional match to BSEP, which had been cloned previously
in the mouse genome and was shown soon after to export bile acids[32,33]. This defect
results in a severe hepatobiliary phenotype due to impairment of bile salt handling
and subsequent damage to hepatocytes[9]. As of this writing, more than 200 causative
mutations have been identified[34]. Affected infants initially present jaundiced, with
pruritis developing around 4-5 mo of age and often progressing to the development of
portal hypertension within the first year of life[9,35,36]. Scleral icterus, hepatomegaly,
excoriation of skin, and poor growth due to fat malabsorption and fat-soluble vitamin
deficiency may also be apparent due to cholestasis, though extrahepatic symptoms are
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Figure 2

Figure 2 Representative surgical interventions for progressive familial cholestasis. A: Partial external biliary diversion; B: Partial internal biliary diversion using
a cholecystocolostomy approach; C: Ileal bypass/exclusion.

less significant than in FIC1 deficiency[4,9]. Laboratory findings demonstrate a low
GGT cholestasis with transaminases typically more than twice the upper limit of
normal[36]. Similar to FIC1 deficiency, treatment is primarily supportive and focuses on
nutritional supplementation and antipruritic agents. Zebrafish models of BSEP
deficiency suggest a potential role for therapies aimed at promoting alternative
transporters to excrete bile[37] while reports in human subjects using cell surface BSEPenhancer molecules (i.e., 4-phenylbutyrate) alone [38] or as part of a cocktail of
medications [39] have shown promise. Both approaches require more complete
investigation, which may be facilitated through new disease models using patientspecific induced pluripotent stem cell-derived hepatocyte like cells [40] . Surgical
interruption of the enterohepatic circulation may improve pruritis but may not
change the course of disease[16]. Notably, the response to diversion has been shown to
be dependent on the gene defect, with those who retain some residual protein
function having better outcomes than those with mutations resulting in severely
dysfunctional or absent protein[41,42]. Pathology typically demonstrates canalicular
cholestasis, hepatocellular disarray, and lobular and portal fibrosis[9]. Importantly,
there is up to 15% rate of malignancy (hepatocellular carcinoma and cholangiocarcinoma) that has been described in children as young as 13 mo [43] . Therefore,
patients with PFIC2 should be screened for malignancy with an alpha-fetoprotein
(AFP) level and abdominal ultrasound every 6-12 mo[9]. Liver transplant has been
successfully used to treat severe BSEP disease and in those who develop tumor. While
organ replacement has historically been considered a ‘’cure’’, patients can develop
allo-reactive antibodies specific to the extracellular loop of the BSEP protein resulting
in an immune mediated recurrence of their BSEP disease in the allograft [44-46] .
Monitoring for disease recurrence is critical as most disease will respond to increased
immunosuppression. However, with refractory disease recurrence, more intensive
management such as B-cell depleting antibody therapy[47], allogenic hematopoietic
stem cell transplant[48], and repeat solid organ transplant[49] may be required.
Similar to ATP8B1, a phenotypic continuum has been recognized with ABCB11
mutations. Transient neonatal cholestasis, benign recurrent intrahepatic cholestasis
type 2 (BRIC2), intrahepatic cholestasis of pregnancy type 2 (ICP2), and drug induced
cholestasis have all been associated with abnormalities in BSEP[50,51]. Two mutations
have been found that prognosticate a modified disease course of BSEP disease: D482G
leads to a more slowly progressive disease with the development of cirrhosis at a later
age, and E297G results in PFIC2 or BRIC2 that may be more responsive to medical
therapy[4,9]. Drug induced cholestasis is often associated with the V444A mutation,
which leads to decreased BSEP expression, and specifically contraceptive induced
cholestasis has been associated with the 1331T>C polymorphism[52,53].
ABCB4 (MDR3, PFIC3): Also described as a cholangiopathy, PFIC3 is secondary to
defects in the multidrug resistance class 3 (MDR3) glycoprotein, encoded by ABCB4[54].
As a phospholipid translocator, MDR3 facilitates the incorporation of
phosphatidylcholine into bile. Without phosphatidylcholine to neutralize bile acids,
the imbalance of free bile acids damages cholangiocytes, and cholesterol crystallizes
into liver-damaging stones[9]. As with other PFIC diseases, there is a spectrum of
disease that can be explained by the extent to which MDR3 is impaired by a particular
genetic mutation[55,56]. Those with a heterozygous mutation typically have a mild
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disease course, including forms of transient neonatal cholestasis[55,57]. Of the described
defects in MDR3, the majority are missense mutations that result in defective
processing or intracellular transport; while the minority have completely absent
MDR3 expression secondary to early truncation or destruction of the protein[9,55,57,58].
While presentation in the first months of life are reported, MDR3 deficiency more
often presents in late adolescence or even adulthood[59]. The phenotype of adults with
ABCB4 mutations can be varied, ranging from slowly progressive disease,
cholelithiasis, ICP, drug induced cholestasis, and benign recurrent intrahepatic
cholestasis[58]. In children and adolescents, symptoms are typically few, and the first
may be variceal bleeding secondary to portal hypertension[9]. A retrospective review
of 38 patients found that those diagnosed in childhood presented with pruritis around
1 year of age and most had hepatosplenomegaly, portal hypertension, and jaundice at
the time of presentation[58]. Pediatric disease has also been associated with growth
restriction, reduced bone density, and learning disabilities [58] . GGT is typically
elevated at presentation, with relatively milder elevation of transaminases and
bilirubin[41,59]. Medical treatment should be initiated early in the disease course. Care is
supportive including nutrition supplementation and antipruritic agents, though it is
not clear if these therapies alter the disease course[4,55]. In vitro studies have suggested
that disease-associated mutations resulting in impaired ABCB4 trafficking may be
functionally rescued by chemical chaperones[56]. Temporizing surgical interventions as
described above are rarely successful due to the severity of disease when diagnosed
and liver transplant remains the only definitive therapy [4,59] . Histology typically
demonstrates portal fibrosis and bile duct proliferation with mild giant cell hepatitis
at disease onset with occasional intraductal cholelithiasis[9]. MDR3
immunohistochemical staining will be absent, decreased, or potentially normal if
there are functional protein defects [9]. Carcinogenesis and the development of both
cholangiocarcinoma and hepatocellular carcinoma have been reported[9,60,61].

Expanded PFIC
TJP2 (TJP2): Recently, alternate proteins have been identified in whom mutations
result in a phenotypic pattern that is similarly to ‘’classic’’ PFIC disease, mainly
cholestasis presenting in the neonatal period. The first of these identified stems from
loss of function mutations in TJP2 encoding the tight junction protein TJP2. TJP2 is
one of the intracellular anchors for tight junctions that seal canaliculi and prevent
damage from cytotoxic detergent bile salts[4,59]. To date the largest case series consists
of 12 infants from 8 families (most consanguineous) who presented ≤ 3 mo of age with
severe liver disease [ 6 2 ] . Though still exceedingly rare, advances in genetic
understanding has enabled retrospective re-classification suggesting TJP2 deficiency
may be more common than previously thought[63]. The disease results from biallelic
mutations in TJP2 with extrahepatic manifestation in the respiratory and neurologic
systems having been reported. The mechanism of injury is thought to relate to TJP2’s
function maintaining junction integrity, the disturbance of which enables toxic
molecules to reflux into the paracellular space; however, this is not clearly
described[62]. Though few samples are available, pathology demonstrates intracellular
cholestasis and giant cell transformation, with absence of TJP2 specific staining[4].
Several mutations have been noted specific to the families who manifested the
disease, but it is not yet clear if some mutations pertain to less severe disease than
others or if there is a milder form of disease that may be appreciated in adult patients.
Hepatocellular carcinoma has been described at presentation in infants[64,65]. Due to the
severity of presentation, 9 of the initial 12 patients described underwent liver
transplant; 2 have survived with portal hypertension, and one passed away of their
disease[62].
NR1H4 (FXR): PFIC phenotype can also result from mutations in NR1H4, which
encodes the FXR, the nuclear receptor transcription factor which regulates BSEP
expression via negative feedback loop and induces FGF19 to repress bile acid
synthesis[4,66]. Patients reported with these defects are extremely rare, with only 5
patients reported in the literature [67,68] . Without appropriate regulation of BSEP,
patients with this defect have presented in the neonatal period with normal GGT
cholestasis, normal liver enzymes, elevated serum bile acids, extremely elevated AFP,
and rapidly progressed to end stage liver disease with vitamin K independent
coagulopathy and hyperammonemia[67,68]. On native liver pathology, the patients were
found to have intralobular cholestasis with ductular reaction, hepatocellular
ballooning, giant cell transformation, and fibrosis with progression to micronodular
cirrhosis. Three patients underwent liver transplant with 2 of 3 showing steatosis in
the graft organ on follow up[67].
MYO5B (MYO5B): Defects in MYO5B, on which BSEP depends to localize to the
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canalicular hepatocellular membrane, usually cause microvillus inclusion disease but
also may result in isolated liver disease[4]. Without appropriate BSEP localization,
secretion of bile acids is impaired and causes hepatocellular toxicity[69]. This results in
a clinical picture of low GGT cholestasis, hepatomegaly, normal or mildly elevated
transaminases. Patients have preserved synthetic function but struggle with pruritis
and present around 1 year of age, similar to FIC1 and BSEP disease [69] . The
hepatocellular damage results in a pathologic pattern of hepatocellular cholestasis
with portal and lobular fibrosis and giant cell transformation. Present but abnormal
BSEP and MDR3 staining suggest that these transporters are made but can’t
appropriately migrate to the canalicular membrane[69].
Because MYO5B interacts with rab11 for appropriate functioning of polarized cells,
extrahepatic manifestations can be present. MYO5B has previously been implicated in
microvillous inclusion disease, thus some patients with genetic cholestasis have also
had diarrheal manifestations of disease[69]. Similarly, some patients also suffer short
stature, though others have normal growth. Finally, some patients with this disease
have neurologic findings, though it is not clear if these are related to the gene
defect[4,69]. In addition to supportive care for nutrition and diarrhea, patients have been
treated with antipruritic and anticholestatic agents, including UDCA, rifampin,
cholestyramine, traditional Chinese medicine[4,69]. If pruritis is refractory to medical
therapy, some success has been seen with PEBD. Finally, liver transplant has been
undertaken if pruritis is refractory, though it does not address extrahepatic
symptoms[69]. At our institution, the association between MYO5B defects, intestinal
failure, and isolated liver disease has made decisions regarding type of transplant
(isolated bowel, liver bowel, multi-visceral, etc) challenging in patients with
microvillus inclusion disease.
USP53 (USP53) and LSR (LSR): A recent report utilizing exome sequencing and
positional mapping was able to identify 2 novel loci with defects associated with lowGGT cholestatic liver disease presenting in childhood[70]. In the first case, 3 members of
a family (2 sisters and a cousin) presented with low-ggt cholestasis, liver enzyme
elevations, and pruritus. Defects in the USP53 protein, thought to colocalize with TJP2
and be part of the tight junction complex[71], was identified. In the second case, a
young boy who presented with hypocalcemic seizures, pruritus, liver enzyme
elevation, and low-ggt cholestasis was found to have a mutation in lipolysisstimulated lipoprotein receptor (LSR). Mechanisms by which LSR contributed to the
liver disease were not reported, although LSRs role in animal models of liver
development suggests an area for future research[70].

Contributions beyond pediatrics
The traditional understanding of the PFIC-associated genes contributing to morbidity
in adults mainly encompass the phenotypes of BRIC and ICP. The phenotype of BRIC
is characterized by intermittent episodes of cholestasis with varying degrees of
severity. Both ATP8B1 and ABCB11 mutations have been associated with the
phenotype[12,51]. While classic descriptions of BRIC note complete symptom resolution
without progression, several cases have been reported to transition to more persistent,
progressive disease[72]. Treatment of cholestatic episodes with steroids, choleretic
agents, and bile acid binders have generally been ineffective, although rifampicin has
been shown to decrease pruritus and shorten exacerbations[73,74]. ICP is a common
condition affecting about 1% of all pregnancies[75]. ICP manifests during pregnancy
with pruritus, hepatic impairment, and cholestasis which usually resolves completely
after delivery. While generally considered benign for the mother, adverse perinatal
outcomes for the child, such as fetal distress, premature birth, and stillbirth, can
occur [75] . While rare, stillbirth has been shown to be associated with bile acid
concentrations of ≥ 100 μmol/L highlighting the importance of close monitoring[76].
The use of ursodiol has been shown to symptomatically improve pruritus and
decrease the risk of premature birth[77,78]. An expanded understanding of the genetics
associated with ICP has identified mutations in ABCB4, ABCB11, ATP8B1, ABCC2
(associated with Dubin-Johnson), and TJP2 contributing to disease[79]. Additionally,
variations in NR1H4 may be implicated in ICP, possibly via downregulation of BSEP
expression[80]. Beyond BRIC and ICP, drug-induced injury has been historically been
linked to PFIC gene associated polymorphisms[52].
More recently, investigators have begun looking more broadly at the contributions
that these genes may have on morbidity in adult populations(Table 2). Mutations in
ATP8B1, ABCB11, ABCB4, and TJP2 have been reported in adults with cryptogenic
cirrhosis[81] while ABCB4 defects have been linked to the development of sclerosing
cholangitis, biliary cirrhosis, and low-phospholipid cholelithiasis [82,83] . Genetic
sequencing of large cholestatic populations have revealed disease causing mutations
in up to a third of patients, with common variants detected in a high number of those
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without known disease-causing defects suggesting that they still may have a
contributing role to the development of cholestasis[83]. Importantly, several of the
recently identified contributing genes, such as NR1H4, MYO5B, USP53 and LSR were
not tested for in these studies, suggesting the burden may still be higher.

DISCUSSION
PFIC is a heterogeneous cohort of diseases that present both diagnostic and treatment
challenges for clinicians. While significant advancement in bile transport physiology
has been made by studying these diseases, the breadth of phenotypes from neonates
to adults demonstrates that there remains much more to be understood. In the future,
precise molecular diagnosis may allow individualized therapy through gene
replacement or protein augmentation therapies.
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Table 2 Adult manifestations of progressive familial intrahepatic cholestasis gene mutations
Etiology

Genetic defect

FIC1 deficiency

ATP8B1

Manifestations
BRIC1
ICP1 and contraceptive-induced cholestasis
Cryptogenic cirrhosis

BSEP deficiency

ABCB11

BRIC2
ICP2 and contraceptive-induced cholestasis
DILI
Cryptogenic cirrhosis

MDR3 deficiency

ABCB4

ICP3 and contraceptive-induced cholestasis
Drug induced cholestasis
Low phospholipid-associated cholestasis
Cholesterol gallstone disease
Biliary fibrosis or liver cirrhosis without cholestasis
Cryptogenic cirrhosis

TJP2 deficiency

TJP2

FXR

NR1H4

Cryptogenic cirrhosis
ICP
Drug induced cholestasis associated with propylthiouracil

BRIC: Benign recurrent intrahepatic cholestasis; BSEP: Bile salt export pump; ICP: Intrahepatic cholestasis of pregnancy; DILI: Drug induce liver injury.

ARTICLE HIGHLIGHTS
Research background
Progressive familial intrahepatic cholestasis (PFIC) is an umbrella term originally used to
describe 3 classic genetic-based cholestatic diseases in children. Recent advancements in how
genetic defects in proteins affect bile acid homeostasis and caused disease has led to an
expanded list of syndromes categorized as PFIC and a growing understanding of how adults can
be affected. In this report, we review the literature to summarize the understanding of ‘classic’
PFIC diseases and present up-to-date information the expanding list of genetic defects that are
now known to contribute to the PFIC phenotype.

Research motivation
Bile acid metabolism, homeostasis, and transport is a complex physiologic process, the
importance of which is underscored when defects in the system cause disease. While recent
advancements have identified critical genes and protein products that, when defective,
contribute to disease, phenotypic variability persists, and treatment remains mainly supportive.
Furthermore, it is clearly that additional genes and proteins are likely to be identified as the field
continues to evolve. In the future, better diagnostics and precise molecular defect identification
may identify individualized therapy options that will improve the care provided to these
patients.

Research objectives
The objectives of this work were to thoroughly review the current published literature and
present an up-to-date summarization of both the ‘’Classic’’ and ‘’Expanded’’ PFIC diseases.

Research methods
A Medline/PubMed search was performed to identify established articles relating to PFIC as
well as reports of defects in PFIC-related genes contributing to morbidity in adult and pediatric
populations. Data was manually extracted on disease characteristics. Associated phenotypes
with other diseases relating to specific genetic defects were also collected. Treatment strategies
were summarized. Data was collated and presented in text, figure, and table format.

Research results
We present a comprehensive summary of the ‘’Classic’’ PFIC disorders resulting from defects in
ATP8B1 (FIC1 protein), ABCB11 (BSEP protein), and ABCB4 (MDR3 protein). We further explore
and summarize the “Expanded” PFIC disorders including those related to TJP1 (TJP2 protein),
NR1H4 (FXR protein), MYO5B (MYO5B protein, USP53 (USP53 protein), and LSR (LSR protein)
defects. While many of these disorders have historically affected children, we also looked to
present the growing literature related to the significant morbidity that these diseases cause in
adults.

Research conclusions
In this review, we present a comprehensive summary of the current understanding and
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management of PFIC-related disorders. The recent identification of the “Expanded” disorders
underscores the importance of continued exploration of the genetic basis of bile acid
homeostasis. However, idiopathic disease remains a considerable challenge to patients and
healthcare professionals suggesting opportunities for further investigation. Future strategies to
improve the treatment provided to patients affected by these devastating diseases are also
critically needed.

Research perspectives
Since their first description in 1969, the last 50 years has brought dramatic advancements in both
the understanding and management of PFIC-related diseases. Still, challenges remain.
Continued idiopathic disease suggest improvement in diagnostic strategies are needed and
treatment options remain frustratingly small. Variability in both phenotype and response to
therapy opens the possibility that specific gene defects or modifiers can identify sub-populations
where more personalized approaches can be more affective. Improved disease models, both in
vitro and in vivo, are needed to better understand mechanisms and identify therapeutic
strategies. Finally, the growing morbidity linked to defects in PFIC-related genes identified in
adults highlights the urgency, but also the opportunity, for future investigation.
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BACKGROUND
Variceal hemorrhage is associated with high mortality and is the cause of death
for 20–30% of patients with cirrhosis. Nonselective β blockers (NSBBs) or
endoscopic variceal ligation (EVL) are recommended for primary prevention of
variceal bleeding in patients with medium to large esophageal varices.
Meanwhile, combination of EVL and NSBBs is the recommended approach for
the secondary prevention. Carvedilol has greater efficacy than other NSBBs as it
decreases intrahepatic resistance. We hypothesized that there was no difference
between carvedilol and EVL intervention for primary and secondary prevention
of variceal bleeding in cirrhosis patients.
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AIM
To evaluate the efficacy of carvedilol compared to EVL for primary and
secondary prevention of variceal bleeding in cirrhotic patients
METHODS
We searched relevant literatures in major journal databases (CENTRAL,
MEDLINE, and EMBASE) from March to August 2018. Patients with cirrhosis
and portal hypertension, regardless of aetiology and severity, with or without a
history of variceal bleeding, and aged ≥ 18 years old were included in this review.
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Only randomized controlled trials (RCTs) that compared the efficacy of
carvedilol and that of EVL for primary and secondary prevention of variceal
bleeding and mortality in patients with cirrhosis and portal hypertension were
considered, irrespective of publication status, year of publication, and language.
RESULTS
Seven RCTs were included. In four trials assessing the primary prevention, no
significant difference was found on the events of variceal bleeding (RR: 0.74,
95%CI: 0.37-1.49), all-cause mortality (RR: 1.10, 95%CI: 0.76-1.58), and bleedingrelated mortality (RR: 1.02, 95%CI: 0.34-3.10) in patients who were treated with
carvedilol compared to EVL. In three trials assessing secondary prevention, there
was no difference between two interventions for the incidence of rebleeding (RR:
1.10, 95%CI: 0.75-1.61). The fixed-effect model showed that, compared to EVL,
carvedilol decreased all-cause mortality by 49% (RR: 0.51, 95%CI: 0.33-0.79), with
little or no evidence of heterogeneity.
CONCLUSION
Carvedilol had similar efficacy to EVL in preventing the first variceal bleeding in
cirrhosis patients with esophageal varices. It was superior to EVL alone for
secondary prevention of variceal bleeding in regard to all-cause mortality
reduction.
Key words: Carvedilol; Liver cirrhosis; Variceal hemorrhage; Portal hypertension;
Prophylaxis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study was an updated meta-analysis of primary prevention and the first
meta-analysis of secondary prevention of variceal bleeding in cirrhotic patients. Seven
relevant randomized controlled trials were included. Based on the pooled analysis,
carvedilol had similar efficacy to endoscopic variceal ligation (EVL) in preventing the
first variceal hemorrhage in cirrhosis patients with esophageal varices. Carvedilol was
superior to EVL for secondary prevention of variceal bleeding in regard to all-cause
mortality reduction by 49% (RR: 0.51, 95%CI: 0.33–0.79).
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INTRODUCTION
Variceal hemorrhage is associated with high mortality and is the cause of death for
20–30% of patients with cirrhosis[1]. The use of nonselective β blockers (NSBBs) or
endoscopic variceal ligation (EVL) is recommended to prevent primary variceal
bleeding in patients with medium to large esophageal varices [2] . Meanwhile, a
combination of EVL and NSBBs (i.e., propranolol or nadolol, with carvedilol as an
alternative) is the standard approach to prevent rebleeding. Treatment selection is
based on the availability of local resources and expertise, patient characteristics and
preferences, contraindications, and side-effects[3] .
NSBBs reduce portal pressure by decreasing cardiac output (β-1 effect) and, more
importantly, by initiating splanchnic vasoconstriction (β-2 effect), thus causing a
reduction in portal vein pressure. A decrease in the hepatic venous pressure gradient
of < 20% or even < 10% from baseline significantly minimizes the risk of the first
variceal hemorrhage[4,5].
Carvedilol, given its additional α-blocking component, has been reported to have
higher efficacy than other NSBBs in reducing intrahepatic vascular resistance. A
significant difference in overall mortality, bleeding-related mortality, and upper
gastrointestinal bleeding between patients treated with carvedilol or EVL to prevent
first variceal hemorrhage was not seen in a previous systematic review. However,
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only two primary prevention studies were included in the review. On the other hand,
until present, there is no systematic review or meta-analysis comparing carvedilol
with EVL for the secondary prevention of variceal bleeding[6-8].
We hypothesized that there was no difference between carvedilol and EVL
intervention for primary and secondary prevention of variceal bleeding in cirrhosis
patients. In many developing countries, EVL intervention is only available at specific
secondary or tertiary healthcare centres. We presumed that carvedilol may be the best
prevention strategy of variceal bleeding, especially in hospitals that are unable to offer
EVL. Therefore, we performed this review with the inclusion of subsequent trials to
summarize and update the evidence.
The study objective was to compare the efficacy of carvedilol and EVL for primary
and secondary prevention of variceal bleeding in cirrhotic patients

MATERIALS AND METHODS
Study sample, design, and setting
Patients with cirrhosis and portal hypertension, regardless of aetiology and severity,
with or without a history of variceal bleeding, and aged ≥ 18 years old were included
in this systematic review and meta-analysis. Only randomized controlled trials (RCTs)
that compared the efficacy of carvedilol and that of EVL for primary and secondary
prevention of variceal bleeding and mortality in patients with cirrhosis and portal
hypertension were considered, irrespective of publication status, year of publication,
and language.

Treatment outcomes
A comparison of the primary outcome (bleeding events, all-cause mortality, and
bleeding-related mortality) was made for patients with and without a history of
variceal bleeding. A bleeding incident was defined as hematemesis or melena and
was detected by endoscopic procedure or signs of hemorrhage. Bleeding from the
band ligation was also counted. All-cause mortality meant death that occurred in each
of the included studies and until follow-up completion.
Serious adverse events, non-serious adverse events, and compliance and treatment
failure were secondary outcomes. An adverse event was considered be serious if it led
to death, was life-threatening, or caused persistent disability.

Search strategy and literature review
Two independent reviewers searched the Medline, Cochrane Central Register of
Controlled Trials (CENTRAL), and EMBASE journal databases from March to August
2018 (Table 1). The reference lists of the retrieved articles were perused for potentially
relevant studies. Abstracts and other gray literatures were also included through a
manual and electronic search of the clinical trial registries and electronic databases.

Selection of study
Relevant studies, screened based on the title and abstract, were selected after
conducting an electronic search. Studies on animals and review articles were
excluded. Disagreement was resolved through discussion, failing which a third
reviewer was consulted. The study selection process was plotted using a Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
The relevant studies were independently appraised using an Oxford Centre for
Evidence-Based Medicine critical appraisal tool.

Assessment of bias
Risk of bias was independently determined using the Cochrane risk-of-bias tool. The
data were then included in a table. Risk of bias was classified as low, high, or unclear.
Disagreement was resolved through discussion, failing which a third reviewer was
consulted.

Statistical analysis
Risk ratios (RR) and 95%CI were used to calculate the dichotomous data. RRs with
95%CI were used as relevant effect measures for variceal bleeding, all-cause mortality,
and bleeding-related mortality. Statistical analysis was performed according to the
Cochrane Handbook for Systematic Reviews of Interventions and using Review
Manager® version 5.3 guidelines.
A random-effects model was chosen a priori for the entire analysis. The χ2 and I2
statistics were calculated. P < 0.10 or I2 of > 60% was considered to indicate substantial
heterogeneity. I2 of > 40% indicated moderate heterogeneity. Analysis was carried out
using a ﬁxed-effects model, in the absence of statistically signiﬁcant heterogeneity,
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Table 1 Search strategy
Journal database

Search Terms

Articles

CENTRAL

(Cirrhosis OR “esophageal varices” OR
“oesophageal varices”) AND (carvedilol) AND
(ligation OR “variceal band ligation” OR
“endoscopic variceal ligation” OR VBL OR EVL)

20

MEDLINE

(Cirrhosis OR “esophageal varices” OR
“oesophageal varices”) AND (carvedilol) AND
(ligation or “variceal band ligation” OR
“endoscopic variceal ligation” OR VBL OR EVL)

5

EMBASE via Ovid
A manual search of abstracts and citation index
from identified paper’s reference list and via
https://library.sydney.edu.au/

Cirrhosis AND Carvedilol AND Ligation

3

“portal hypertension”, “cirrhosis”, “carvedilol”,
“endoscopic variceal ligation”

54

and a random-effects model in the case of signiﬁcant heterogeneity. For the subgroup
analysis, P < 0.05 was considered to denote a difference that was statistically
significant between the subgroups. We assessed the quality of evidence using Grading
of Recommendations, Assessment, Development and Evaluation (GRADE) approach
and created ‘Summary of findings’ table.
Our initial intention was to perform sensitivity analysis of heterogeneity found in
the pooled studies through the exclusion of studies with low-quality results.
However, this did not occur owing to a paucity of data. Subgroup analysis was
conducted of the primary bleeding outcomes based on the grade of varices.

RESULTS
Five, twenty, and three relevant references were identified in the Medline, CENTRAL,
and EMBASE via Ovid databases, respectively. Fifty-four of them were selected
through a manual search of the references lists in the identiﬁed papers. Thirty-five
studies were duplicates and were removed. The abstracts were also filtered, leading to
the removal of a further 22 studies that met the exclusion criteria for various reasons;
i.e., carvedilol or EVL were not used as interventions, the study design was not an
RCT, or the research had been withdrawn or was ongoing. Thirteen full-text studies
were assessed for eligibility. Six of these were excluded, primarily because either EVL
or carvedilol were not evaluated, or carvedilol was assessed but in combination with
other drugs (Figure 1).
Seven RCTs were included in the current study. Primary prevention was assessed
in four trials[9-12], and secondary prevention was evaluated in three[9-15] (Table 2). Three
of the studies were deemed to be of fair quality, and the remaining one was
determined to be of low quality when measured using the Cochrane risk-of-bias tool
(Figures 2 and 3).
In the four studies that assessed primary prevention, 368 patients were randomised
to carvedilol and 374 patients to EVL. The length of follow-up in the studies varied
from 6–24 mo. The mean age of the participants was 47–52 years. Majority of study
subjects in two of the trials were classified as Child class A (Child-Pugh Score) and as
Child class C in one trial, while cirrhosis was not classified in the fourth research.
Most of the trials included cirrhosis patients with medium to large varices (grade II or
higher)[10-12], but one study included patients with grade I and II esophageal varices[13].
There was no difference for bleeding incidence (RR: 0.74, 95%CI: 0.37–1.49), all-cause
mortality (RR of 1.10, 95%CI: 0.76-1.58), and bleeding-related mortality (RR: 1.02,
95%CI: 0.34–3.10) between carvedilol group and EVL (Figure 4 A-C). Subgroup
analysis was conducted on participants with medium to large esophageal varices
(grade II or larger), and the differences between the groups were also without
statistical significance (RR: 0.89, 95%CI: 0.55–1.43). There was little to no evidence of
subgroup differences between Grade I and Grade II varices or higher (χ2 = 2.19,
degrees of freedom = 1, P = 0.14). The differences might be moderate (I2 = 54.4%)
(Figure 4A).
During the follow-up, hypotension was seen to be the most common side-effect of
carvedilol treatment, followed by bradycardia, and asthmatic attack[11]. Following
analysis of the primary prevention studies, a 4.18 times higher risk of treatmentrelated side-effects was attributed to the carvedilol group (95%CI: 2.19–7.95, P ≤ 0.001)
(Figure 5 A). By contrast, EVL was shown to be associated with serious adverse events
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Figure 1

Figure 1 The results of the literature search process used in the current study, depicted using a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram.

(i.e., chest pain that required medication) in 20% of the participants, compared to 0%
of the patients in the carvedilol group (P ≤ 0.001) in another study [10] . However,
subjects in the carvedilol group experienced more non-serious adverse events,
including dyspnea and nausea (P = < 0.001). Patient compliance with the treatment
was similar between the two groups when the primary prevention studies were
analyzed (P = 0.32) (Figure 5 B).
The randomization of 230 participants took place in the three trials in which
secondary prevention was assessed. The mean age of the participants in the studies
ranged from 44–52 years. A median Child-Pugh score of 9 was attained, with a mean
follow-up period of 16–30 mo. There was no difference between the two interventions
with respect to rebleeding incidence (RR: 1.10, 95%CI: 0.75–1.61) (Figure 6 A). The
fixed-effects model showed that carvedilol decreased all-cause mortality by 49% (RR:
0.51, 95%CI: 0.33–0.79) (Figure 6 B) without significant heterogeneity (χ2 = 0.04, P =
0.980, I2 = 0%). Elsewhere, in a study on secondary prevention, Stanley et al[14] reported
a similar incidence of serious adverse events in both intervention groups (P = 0.97).
However, Kumar et al[13] noted considerably more side-effects (28%) due to carvedilol
compared to EVL (2%) (P ≤ 0.05).

DISCUSSION
In this study, we found no significant differences in the incidence of variceal bleeding,
all-cause mortality, and bleeding-related mortality between carvedilol vs EVL for
primary prevention strategy. This finding was consistent with the subsequent
subgroup analysis of participants with medium to large esophageal varices (grade II
or higher). This finding was also similar to that reported in a previous meta-analysis[8],
but the current study extended to an analysis of the side-effects that arose from the
interventions and patient compliance with the medication.
To the best of our knowledge, this study is the first meta-analysis to have assessed
the efficacy of carvedilol vs that of EVL for secondary prevention of variceal bleeding.
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Table 2 Characteristic of included studies
History of
variceal
bleeding

Ref.
Tripathi et al[9]

Shah et al[10]

Treatment
groups

No

No

Age (mean ± SD, yr)

Dosage /
method

n

Follow up(mo)

Carvedilol

54.2 ± 9.4

77

6.25 mg (starting
dose) daily, with
target dose of 12.5
mg daily

24

EVL

54.5 ±11.1

75

Every two weeks
until eradication

24

Carvedilol

48.3 ± 11.3

82

6.25 mg daily,
with target dose
of 6.25 mg twice a
day

up to 24

EVL

47.2 ± 13.2

86

Every three
weeks until
eradication

up to 24

52.1 ± 14.7

125

12.5 mg daily

6

Khan et al[12]

No

Carvedilol
EVL

54.1±14.3

125

Not mentioned

6

Abd ElRahim et
al[11]

No

Carvedilol

51.2 ± 11.0

84

starting dosage of
6.25 mg daily,
titrated up every
4 days to reach up
to 12.5–50 mg

up to 12

EVL

50.6 ± 5.9

88

Every two weeks
until eradication

up to 12

51 ± 10.9

32

6.25 mg daily,
with target dose
12.5 of mg daily

29

Smith et al[15]

Yes

Carvedilol

EVL

50 ± 13.0

31

Not mentioned

29

Stanley et al[14]

Yes

Carvedilol

51.4 ± 10.8

33

6.25 mg daily,
with target dose
12.5 of mg daily

up to 60

EVL

49.6 ± 12.87

31

Every two weeks
until eradication

up to 60

Carvedilol

44.1 ± 8.5 (overall)

47

Not mentioned

11.1 - 21.7

EVL

44.1 ± 8.5 (overall)

56

Not mentioned

11.1 - 21.7

Kumar et al[13]

Yes

EVL: Endoscopic variceal ligation.

Based on our pooled analysis, although there was no significant difference regarding
incidence, carvedilol may be superior compared to EVL by significantly reducing allcause mortality. Unfortunately, the relevant data needed to elucidate this finding
were lacking in the review. In a study conducted by Stanley, most deaths in the
carvedilol group were related to bleeding (15%), whereas only 3% of deaths were due
to bleeding in the EVL group. None of the patients in the carvedilol group died of
liver-related causes not due to bleeding, whereas the latter was responsible for the
deaths of six of the 31 (19%) patients in the EVL group. It is assumed that this result
can be explained by the systematic effect of carvedilol in reducing portal pressure in
patients with cirrhosis.
Carvedilol, an NSBB with weak intrinsic anti-α1-adrenergic activity, is known to
effect a reduction in portal pressure with added vasodilatory α-adrenergic blocking
activity. The α1-adrenergic receptor located in the splanchnic vascular smooth
muscles and vascular smooth muscle at other sites, such as the genitourinary tract.
Blocking the α1-adrenergic receptors leads to a reduction in intrahepatic vascular
tone. Therefore, the α1- and β-receptor-blocking properties of carvedilol can lead to
superior reduction in portal pressure compared to conventional NSBBs (i.e.,
propranolol or nadolol)[16].
The current recommendation for the prevention of variceal rebleeding in cirrhosis
patients is to use a combination of EVL and NSBBs (i.e., propranolol or nadolol). This
study revealed that carvedilol is superior to EVL alone for secondary prevention of
variceal bleeding in regard to all-cause mortality reduction. Regarding this finding,
we encourage that RCTs comparing efficacy of carvedilol vs combination therapy of
EVL and NSBBs should be conducted to strengthen the evidence. This current study
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Figure 2

Figure 2 A risk of bias graph showing the researchers’ opinions on each risk of bias item (presented as
percentages across all the seven included studies).

finding may be of use to physicians working in rural areas or hospitals where an EVL
intervention is unlikely[17].
In the primary prevention studies, patient compliance was similar in both groups
despite a greater number of side-effects being seen in the carvedilol group. This
indicates that the side-effects were nevertheless tolerable to the participants. In the
secondary prevention studies, the data on serious adverse events and side-effects of
both interventions were still insufficient. Further studies are needed to
comprehensively assess the side-effects of each intervention.
There are several limitations in this systematic review and meta-analysis that bear
mentioning. First, we could not retrieve complete data from some included studies
which hindered us to do some subgroup analysis, such as subgroup analysis of
cirrhosis severity or numbers of EVL procedure performed. Most of the included
studies also did not perform specific analysis regarding this particularly topic.
Second, the numbers of available clinical trials are relatively limited which also
hindered us to perform sensitivity analysis for this study.
The quality of evidence of primary prevention for variceal bleeding is low. The
quality is reduced due to lack of blinding in the included studies. On the contrary, the
quality of evidence for the all-cause mortality and the bleeding-related mortality in
primary prevention is high as the included studies showed low risk of bias. The
quality of evidence of secondary prevention for rebleeding is low, because some of the
included studies showed unclear methods while conducting the studies (Table 3).
In conclusion, carvedilol had similar efficacy to EVL in preventing the first variceal
bleeding in cirrhosis patients with esophageal varices. We considered that carvedilol
was superior to EVL alone for secondary prevention of variceal bleeding in regard to
all-cause mortality reduction.
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Table 3 Summary of findings for the main comparison
Relative effect

Participants

Quality of the evidence

(95%CI)

(studies)

(GRADE)

RR 0.38

250

++−−

(0.15-0.93)

(1 Study)

low

Outcomes

Comments

Variceal bleed in primary prevention (Grade I)

Variceal bleed in primary prevention (Grade II)

All-cause mortality in primary prevention

Bleeding-related mortality in primary prevention

Side effect of treatment in primary prevention

Compliance in primary prevention

Rebleeding events in secondary prevention

All-cause mortality in secondary prevention

RR 0.92

492

+++−

(0.42-2.41)

(3 Studies)

moderate

RR 1.10

320

++++

(0.76-1.58)

(2 Studies)

high
++++

RR 1.02

320

(0.34-3.10)

(2 Studies)

high

RR 4.18

276

+++−

(2.19-7.95)

(2 Studies)

moderate

RR 0.90

122

+++−

(0.73-1.11)

(2 Studies)

low

RR 1.10

230

++−−

(0.75-1.61)

(3 Studies)

low

RR 0.51

230

++−−

(0.33-0.79)

(3 Studies)

low

Benefit for Carvedilol group

Benefit for EVL group

Benefit for Carvedilol group

GRADE: Grading of Recommendations, Assessment, Development and Evaluation; Patient or population: Portal hypertension or cirrhosis patients;
Comparison: Endoscopic variceal ligation; Settings: Secondary or tertiary hospital; Intervention: Carvedilol. GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect; Moderate quality: Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate; Low quality: Further research is very likely to have an important
impact on our confidence in the estimate of effect and is likely to change the estimate; Very low quality: We are very uncertain about the estimate.
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Figure 3

Figure 3 A risk of bias summary showing the researchers’ opinions on each risk of bias item for each of the seven included studies.
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Figure 4

Figure 4 Meta-analysis forest plot of primary outcomes in primary prevention studies. A: Variceal bleeding; B: All-cause mortality; C: Bleeding-related mortality.
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Figure 5

Figure 5 Meta-analysis forest plot of secondary outcomes in primary prevention studies. A: Side-effects of treatment; B: Compliance.
Figure 6

Figure 6 Meta-analysis forest plot of primary outcomes in secondary prevention studies. A: Variceal rebleeding; B: All-cause mortality.

ARTICLE HIGHLIGHTS
Research background
Variceal hemorrhage is associated with high mortality and is the cause of death for 20%–30% of
patients with cirrhosis. Either traditional nonselective β blockers (NSBBs) (i.e. propranolol or
nadolol), carvedilol, or endoscopic variceal ligation (EVL) is recommended for primary
prevention of variceal bleeding in patients with medium to large esophageal varices. Meanwhile,
combination of EVL and NSBBs is the recommended approach for the secondary prevention.
Carvedilol has greater efficacy than other NSBBs as it decreases intrahepatic resistance. We
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hypothesized that there was no difference between carvedilol and EVL intervention for primary
and secondary prevention of variceal bleeding in cirrhosis patients.

Research motivation
Some of the major drawbacks of EVL are invasive, costly, and unavailable in many areas,
especially in developing countries. A better understanding of the efficacy of carvedilol compared
to EVL might provide less invasive and more accessible prevention strategy for variceal bleeding
in cirrhosis patients.

Research objectives
We conducted this meta-analysis to evaluate the efficacy of carvedilol compared to EVL for
primary and secondary prevention of variceal bleeding in cirrhotic patients with esophageal
varices

Research methods
We searched relevant literatures in major journal databases (CENTRAL, MEDLINE, and
EMBASE) from March to August 2018. Only randomized controlled trials (RCTs) that compared
the efficacy of carvedilol and that of EVL for primary and secondary prevention of variceal
bleeding and mortality in patients with cirrhosis and portal hypertension were considered,
irrespective of publication status, year of publication, and language.

Research results
Seven RCTs were included in this meta-analysis. For primary prevention strategy, we found no
significant difference between carvedilol and EVL on the events of variceal bleeding, all-cause
mortality, and bleeding-related mortality. For secondary prevention strategy, we found no
difference between two interventions for the incidence of rebleeding. Interestingly, compared to
EVL, carvedilol decreased all-cause mortality by 49% (RR: 0.51, 95%CI: 0.33-0.79), with little or
no evidence of heterogeneity.

Research conclusions
Carvedilol had similar efficacy to EVL in preventing the first variceal bleeding in cirrhosis
patients with esophageal varices. In clinical practice, the use of carvedilol or EVL for prevention
of first variceal bleeding may depends on physicians’ and patients’ preference. For prevention of
rebleeding, we considered that carvedilol was superior to EVL alone in regard to all-cause
mortality reduction.

Research perspectives
This study demonstrated significant benefit of using carvedilol for secondary prevention of
variceal bleeding in cirrhosis patients. We highly suggest that future clinical trials should
compare between carvedilol and combination of EVL and traditional NSBBs (i.e., propranolol or
nadolol) or carvedilol to enrich our understanding about efficacy of carvedilol for the prevention
of esophageal varices rebleeding.
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Abstract
BACKGROUND
Congenital dyserythropoietic anemia type 1 (CDA1) is an autosomal recessive
disorder of ineffective erythropoiesis, resulting in increased iron storage. CDA1 is
usually diagnosed in children and adolescents but can rarely present in the
neonatal period with severe anemia at birth. There are no prior reports of
neonatal liver histologic findings of CDA1. We report a case of CDA1 in a
newborn presenting with severe anemia, cholestasis and liver failure, where liver
biopsy helped confirm the diagnosis.
CASE SUMMARY
A term infant, born via emergency Cesarean section, presented with cholestasis,
hepatosplenomegaly, multiorgan failure and severe anemia at birth. A prior
pregnancy was significant for fetal demise at 35 wk without autopsy or known
etiology for the fetal demise. Parents are both healthy and there is no history of
consanguinity. On further evaluation, the patient was found to have severe
ferritin elevation and pulmonary hypertension. An extensive infectious and
metabolic work-up was negative. Salivary gland biopsy was negative for iron
deposition. At 2 wk of age, a liver biopsy showed findings consistent with CDA1.
A genome rapid sequencing panel revealed novel variants in the CDAN1 gene.
The patient’s liver dysfunction, cholestasis and organomegaly resolved, however
she remains transfusion-dependent.
CONCLUSION
We report liver pathology findings of CDA1 with a novel genetic mutation for
the first time in a newborn.
Key words: Congenital dyserythropoietic anemia; Hemochromatosis; Pulmonary
hypertension; Jaundice; Case report
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Core tip: Congenital dyserythropoietic anemia type 1 (commonly known as CDA1) is an
autosomal recessive disorder of ineffective erythropoiesis, resulting in increased iron
storage. We report a rare case of CDA1 with novel genetic mutations in a newborn
presenting with severe anemia, cholestasis and liver failure. This case highlights how
liver histology helped confirm the diagnosis.
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INTRODUCTION
Congenital dyserythropoietic anemia type 1 (CDA1) is an autosomal recessive
disorder of ineffective erythropoiesis, resulting in increased iron storage, and
considered a form of secondary hemochromatosis[1]. Most CDA1 patients have a
mutation in the CDAN1 gene [2] . CDA1 is usually diagnosed in children and
adolescents with moderate to severe macrocytic anemia. However, it can rarely
present in the neonatal period with severe anemia at birth[2]. Additional clinical
findings include hepatosplenomegaly (HSM), jaundice, cholestasis, liver dysfunction,
transient thrombocytopenia and persistent pulmonary hypertension of the newborn[2].
The diagnosis is based on hematologic abnormalities and positive genetic testing[3].
Bone marrow biopsy findings include spongy heterochromatin, enlargement of
nuclear pores and invagination of cytoplasm into the nuclear area[4].
Prior reports have described liver biopsy findings of extramedullary hematopoiesis
and iron accumulation in autopsies and adult patients[5-8]. There have been no prior
reports of neonatal liver histologic findings of CDA1. We report a case of CDA1 in a
newborn presenting with severe anemia, cholestasis and liver failure, where liver
biopsy helped confirm the diagnosis.

CASE PRESENTATION
Chief complaints
This is a former 37 wk and 3 d old female transferred to our institution due to respiratory failure.

Birth history
The patient was delivered by emergency Cesarean section due to non-reassuring fetal
heart rate tracings at an outside hospital to a 28-year-old, Caucasian, gravida 4, para 2,
0, 1, 2 with an unremarkable pregnancy. A prior pregnancy was significant for fetal
demise at 35 wk without autopsy or known etiology for the fetal demise. Parents are
both healthy and there is no history of consanguinity. Perinatal laboratory results
included maternal blood type O (+) with negative antibody screen, negative venereal
disease research laboratory, hepatitis B, and human immunodeficiency virus and
rubella. Apgar scores were 7 and 8. Birth weight was 3070 g (21st percentile), length 18
inches (16th percentile), occipital frontal circumference 32.5 cm (3rd percentile).

Physical examination upon admission
At birth, this patient had no facial or limb dimorphism. She was started on
supplemental oxygen due to duskiness 10 min after birth. Subsequently, she required
endotracheal intubation and initiation of inhaled nitric oxide. She was then
transferred to our institution due to respiratory failure on day of life (DOL) 1. On
arrival, she was found to have HSM.

Laboratory examinations
On admission to our institution, she was found to have liver dysfunction with an
International normalized ratio (commonly referred to as INR) of 2.1, total bilirubin of
9 mg/dL, direct bilirubin of 2.1 mg/dL, aspartate aminotransferase 655 U/L and
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alanine aminotransferase 65 U/L. Partial thromboplastin time was within normal
limits, with mildly low fibrinogen and elevated D-dimers. Anemia and
thrombocytopenia were also present. The anemia was present since birth with a
hemoglobin of 7.4 g/dL and hematocrit of 23.7%. Her platelets were initially normal
but soon started to decline, with a nadir of 54 k/μL on DOL 1. She was also found to
have pulmonary hypertension, right ventricular hypertrophy and required high
frequency oscillator ventilation due to hypoxemic respiratory failure.
Additional laboratory work-up included serum ferritin of 40664 ng/mL and
normal soluble interleukin 2 receptor. Initially her gamma-glutamyltransferase
(commonly referred to as GGT) was normal and then peaked at 390 U/L on DOL 25.
Infectious studies included negative herpes simplex virus, Epstein-Barr virus,
cytomegalovirus, adenovirus, parvovirus, enterovirus, echovirus, parechovirus and
human herpesvirus 6 PCR. Multiple blood cultures and urine cultures were also
negative. She also had negative work-up for inborn errors of metabolism: normal
serum plasma amino acids, urine organic acids, ammonia and very long/branchedchain fatty acids.

Imaging examinations
Imaging studies included an initial echocardiogram on DOL 1, which showed a large
patent ductus arteriosus, small patent foramen ovale and dilated and hypertrophied
right ventricle with suprasystemic pressures. An abdominal ultrasound showed HSM
with minimal ascites, and a liver Doppler was normal.

Further diagnostic work-up
A salivary gland biopsy performed on DOL 5 did not show any evidence of iron
deposition. On DOL 15, a liver biopsy was performed, which showed iron deposition
(Figure 1) and erythroblasts with spongy appearance (Figure 2). Immunohistochemical staining for cytomegalovirus and HSV were negative. A genome rapid
sequencing panel of over 4500 genes was performed (ARUP Laboratories, Salt Lake
City, UT, United States) and revealed novel compound heterozygous variants in
CDAN1, c.2174G>A (p.Arg725Gln) and c.1003C>T (p.Arg335Trp), each variant
inherited from an asymptomatic parent.

FINAL DIAGNOSIS
The final diagnosis of the presented case is CDAN1 resulting from c.2174G>A
(p.Arg725Gln) and c.1003C>T (p.Arg335Trp) mutations.

TREATMENT
The infant remained on broad spectrum antibiotics, antivirals and required multiple
packed red blood cell, fresh frozen plasma and platelet transfusions. She also received
intravenous immunoglobulin. She was weaned off mechanical ventilation on DOL 16
and was discharged from the neonatal intensive care unit (known as the NICU) at
DOL 43.

OUTCOME AND FOLLOW-UP
Her INR normalized by DOL 2. Her ferritin levels remained elevated but were
declining with a level of 4133 ng/mL at NICU discharge. She had improving liver
enzymes, bilirubin and thrombocytopenia throughout her NICU stay. At discharge,
she was on nasal cannula and sildenafil for persistent pulmonary hypertension. By 7
wk of age, her bilirubin had normalized, and by 4 mo of age, her liver enzymes and
GGT had normalized. At her first gastroenterology follow-up 4 wk after discharge,
her organomegaly had resolved. At 1 year of age, her ferritin level had decreased to
1139 ng/mL and had 9.3 mg of iron/g of liver tissue determined by magnetic
resonance hepatic iron quantification, still consistent with iron overload [5] . She
remains transfusion-dependent.

DISCUSSION
CDA1 is a rare disorder of ineffective erythropoiesis that leads to severe anemia[6]. It
has been mainly described in European countries and in the Bedoiun Israeli
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Figure 1

Figure 1 Approximately 10%-15% of the hepatocytes contained iron granules. Iron deposition was identified in
all three zones of the liver.

population[2]. The diagnosis is more commonly suspected in patients presenting with
hematologic abnormalities such as moderate-severe macrocytic anemia (MCV > 90),
inappropriately low reticulocytes for degree of anemia, macrocytosis, elliptocytes and
basophilic stippling on peripheral blood smear, bone marrow aspirate findings of
erythroid hyperplasia with interchromatic bridges on light microscopy and
erythroblasts with spongy appearance of heterochromatin and invaginations of the
nuclear membrane on electron microscopy[3]. Other common findings may include
jaundice, splenomegaly, limb dimorphism, hypoplastic nails and syndactyly[3].
Diagnosis in the newborn period is rare[2]. The patient described above presented
with multiple clinical characteristics previously described in the literature. HSM and
early jaundice are commonly encountered (65% and 53%, respectively). Neonates can
also present with direct hyperbilirubinemia in up to 20% of cases. Thrombocytopenia
has been described as transient, which is consistent with this patient's presentation[2].
Persistent fetal circulation/pulmonary hypertension has also been reported in up to
15% of patients; the reported cases have had pulmonary hypertension without any
underlying cardiopulmonary abnormalities requiring high pressure ventilation[2,7]. It
is also reported that patients who have clinical manifestations of CDA1 in the
neonatal period have severe intrauterine anemia at birth, and there have been cases of
hydrops fetalis[8,9].
In this case, a liver biopsy supported evidence for the diagnosis of CDA1 before
genetic testing was performed, with identification of typical siderosis and
extramedullary hematopoiesis[6,10]. Both of these findings are consistent with prior
adult liver pathology reports. Most recently in 2016, Salihoglu et al[10] reported a case
of CDA1 in an adult in whom a liver biopsy was performed to exclude Wilson’s
disease and was found to have extramedullary hematopoiesis. Another case report
describes a 28-year-old diagnosed with CDA1 with a liver biopsy that showed
massive siderosis and early cirrhosis[6]. Autopsy reports have also been described with
findings of extramedullary hematopoiesis of the liver and spleen[8].
The initial therapeutic modality for this disease is intermittent blood transfusions,
however if patients become transfusion-dependent, there have been cases of
successful treatment with interferon alpha [6,11,12] . Up to 80% of affected neonates
require blood transfusions in the first month of life, with reported transfusion
independence by 4 mo of age in 88% of patients[2]. There are also three reported cases
of bone marrow transplantation in patients resistant to interferon therapy[3,13]. Our
patient is currently receiving intermittent blood transfusions approximately every 4
wk.
From a gastrointestinal and hepatology standpoint, CDA1 patients have a future
risk of gallstones (reported in patients as young as 4 years of age)[4] and secondary
hemochromatosis; the latter develops with age due to increased iron absorption even
in patients who are not chronically transfused[3]. Hence, it is suggested that patients
are periodically monitored (every 3 mo) for iron overload starting at age 10[3].
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Figure 2

Figure 2 Electron microscopy showing erythroblasts with dense heterochromatin and translucent vacuoles.
There is widening of the nuclear pores with invagination of cytoplasm.

CONCLUSION
Liver biopsy can be a helpful tool in the diagnosis of infants with unexplained liver
dysfunction. This case report describes the liver histopathology and electron
microscopy findings of CDA1 caused by a novel genetic mutation in the pediatric age
group. CDA1 is in the differential diagnosis of infants with unexplained anemia,
hyperbilirubinemia and HSM.
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Abstract
BACKGROUND
Idiopathic non-cirrhotic portal hypertension (INCPH) is mainly associated with
thrombophilia in Western countries. Paroxysmal nocturnal hemoglobinuria
(PNH) is a rare hematologic disease that manifests with hemolytic anemia,
thrombosis, and peripheral blood cytopenias. Portal and hepatic venous
thrombosis were reported in PNH. A rare case of INCPH complicating PNH is
described.
CASE SUMMARY
A 63-year old woman with a 2-year past medical history of PNH without
treatment was admitted because of jaundice and refractory ascites requiring large
volume paracentesis. Liver histology revealed portal venopathy with portal
fibrosis and sclerosis, nodular regenerative hyperplasia, parenchymal ischemic
changes, and focal sinusoidal and perivenular fibrosis without bridging fibrosis
or cirrhosis, all indicative of INCPH. The flow cytometry confirmed PNH
diagnosis and eculizumab treatment was initiated. Her condition was improved
gradually, bilirubin was normalized 6 months following initiation of eculizumab,
and 1 year later diuretics were stopped.
CONCLUSION
Eculizumab improved intravascular hemolysis and reversed clinical
manifestations of INCPH in a patient with paroxysmal nocturnal
hemoglobinuria.
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Core tip Idiopathic non-cirrhotic portal hypertension diagnosis is based on liver
histology, the clinical signs of portal hypertension, and the exclusion of chronic liver
diseases in the absence of portal and hepatic venous thrombosis. We describe a patient
with paroxysmal nocturnal hemoglobinuria who presented with intravascular hemolysis,
jaundice, and refractory ascites. Abdominal portosystemic collaterals were evident in
imaging without varices in endoscopy. Liver histology demonstrated portal venopathy,
features of nodular regenerative hyperplasia, and ischemic parenchymal changes without
cirrhosis, all indicative of idiopathic non-cirrhotic portal hypertension. Eculizumab
treatment achieved improvement of hemolysis and reversion of biochemical and clinical
manifestations of liver disease.

INTRODUCTION
Idiopathic non-cirrhotic portal hypertension (INCPH) is evidenced by the presence of
an increased portal venous pressure gradient despite the absence of a known cause of
chronic liver disease and portal vein thrombosis[1]. In India, INCPH accounts for 23%
of portal hypertension cases[2], while in the Western world, it is very rare[3]. The
etiology is heterogeneous and varies according to the geographical area and the
population studied [4,5] . INCPH is often misdiagnosed as liver cirrhosis, so liver
histology is required to differentiate between the two entities[1]. Histological features
in liver specimens from patients with INCPH include obliterative portal venopathy,
hepatoportal sclerosis, nodular regenerative hyperplasia, and incomplete septal
cirrhosis[1]. It has been suggested that obliterative portal venopathy may represent an
early stage while nodular regenerative hyperplasia is a late stage of the same disease
currently termed porto-sinusoidal vascular disease[6], which may lead to INCPH[7].
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare disease[8] and has not been
reported so far as a cause of INCPH. We herein describe a case of PNH complicated
by INCPH, which was reversed clinically by the administration of eculizumab.

CASE PRESENTATION
Chief complaints
A 63-year old female patient was admitted to the hospital for fatigue, jaundice, and
large-volume ascites.

History of present illness
PNH was diagnosed 2 years earlier when she was admitted for anemia, but she was
lost to follow-up. Six weeks before current admission, portal vein thrombosis was
diagnosed and enoxaparin 60 IU twice daily was initiated.

Physical examination
The abdomen was distended, and the liver was enlarged 4 cm below the right costal
margin. The spleen was mildly enlarged.

Laboratory workup
Blood analysis revealed hemoglobin of 10.8 g/dL, white blood cell count 5.4 × 109/L,
platelets 171 × 109/L, reticulocytes 6.5%, international normalized ratio 1.0, total
bilirubin 4 mg/dL, direct bilirubin 2.6 mg/dL, aspartate transaminase 28 IU/L,
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alanine transaminase 12 IU/L, alkaline phosphatase 456 IU/L, glutamyl
transpeptidase 248 IU/L, total protein 6.6 g/dL, albumin 3.3 g/dL, lactate
dehydrogenase (LDH) 650 U/L, serum haptoglobin < 7 mg/dL, creatinine 1.7 mg/dL,
urea 81 mg/dL. Ascitic fluid had a serum-ascites albumin gradient of 1.7 g/dL (ascitic
fluid total protein 3 g/dL, albumin 1.6 g/dL). Hepatitis B and C and human
immunodeficiency virus serology was negative. Direct globulin test was negative.

Further work-up
In Doppler ultrasonography of splenoportal axis, recanalization of the portal vein and
large abdominal portosystemic anastomoses were evident. Hepatic veins were patent.
Magnetic resonance imaging showed hepatomegaly and confirmed the above
findings. No esophageal or gastric varices were demonstrated in endoscopy. Ascites
was refractory to diuretics and multiple large volume paracenteses were required.
Due to the absence of a clear etiology of portal hypertension, a liver biopsy was
performed.

Liver histology
Changes of portal venopathy with portal fibrosis and sclerosis and features of nodular
regenerative hyperplasia were demonstrated. A spectrum of portal vein lesions was
seen in interlobular portal tracts included in the biopsy, ranging from portal venule
herniation in the periportal parenchyma, to slit-like stenosed portal venules and
sclerosed portal tracts without a visible portal venule. In addition, parenchymal
ischemic changes indicative of decreased venous outflow, mild focal sinusoidal and
perivenular fibrosis, mild cholestasis, and mild secondary siderosis were noted. There
was no bridging fibrosis or cirrhosis (Figure 1). The overall changes supported the
diagnosis of INCPH.

Hematology work-up
The flow cytometry at this point revealed that 16.5% of her red blood cells were PNH,
4.1% were partially deficient for CD59, and 12.4% lacked CD59 completely; 63% of her
granulocytes and 60% of monocytes were PNH.

FINAL DIAGNOSIS
INCPH complicating PNH was diagnosed.

COURSE OF THE DISEASE
Paroxysms of abdominal pain, debilitating fatigue, dyspnea, deepening of jaundice
(total bilirubin 21 mg/dL, direct bilirubin 14.4 mg/dL), worsening of renal function
(creatinine 2.2 mg/dL), anemia (Hb 7.6 g/dL), and thrombocytopenia (80 × 109/L)
developed over the next 8 weeks, and the patient became bedridden. Vaccination for
Neisseria meningitis was performed as a prophylaxis for future therapy with
eculizumab.

TREATMENT
Eculizumab was initiated at a regular dosing for patients with PNH (600 mg weekly
for the first 5 weeks followed by 900 mg biweekly thereafter).

OUTCOME AND FOLLOW-UP
Three months following eculizumab initiation, no more therapeutic paracentesis of
ascitic fluid was required and diuretics were administered. Serum bilirubin, LDH,
hemoglobin, and reticulocyte count improved gradually (Figure 2). Renal function,
serum bilirubin, LDH, and platelets normalized 6 months following initiation of
eculizumab. One year later, diuretics were stopped without reappearance of the
ascites. No direct antiglobulin test was evident during follow-up. Anticoagulation
treatment with enoxaparin was continued during hospitalization and follow-up.

DISCUSSION
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Figure 1 Selected images from the liver biopsy showing changes of portal venopathy and features of nodular regenerative hyperplasia. A: A sclerosed PT
without a visible portal vein. Peripherally, a dilated portal vein radicle herniates into the adjacent hepatic parenchyma (HE, x 10); B: Nodular regenerative hyperplasia.
White dotted line circumscribes a nodule of regenerating hepatocytes surrounded by atrophic hepatocyte trabeculae (arrow), reticulin stain, x 10; C: THV with
perivenular sclerosis. Sinusoidal dilatation in zone 3 (arrow), (HE, x 10); D: Sinusoidal capillarization in ischemic areas highlighted by CD34 immunostain. Arrow points
to a THV (brown CD 34-positive sinusoidal staining), x 10; E: Keratin 7-positive atrophic hepatocytes indicative of ischemia in zone 3 (brown staining), x 10; F:
Sinusoidal zone 3 fibrosis in zone 3 (arrow) and perivenular fibrosis in midleft, Masson trichrome stain, x 10; G: A fibrosed portal tract with a slit-like portal venule
(arrow), PAS stain, x 20. PT: Portal tract; THV: Terminal hepatic vein; HE: Hematoxylin & eosin.

Our patient fulfilled all the criteria for the diagnosis of INCPH, including the clinical
signs of portal hypertension (ascites and portovenous collaterals in our case), the
exclusion of cirrhosis on histology, the absence of chronic liver diseases causing
cirrhosis or other conditions causing INCPH, and the patency of portal and hepatic
veins [1] . Although called idiopathic, INCPH has been associated with various
conditions, including thrombophilia[9], hematological malignancies[10], infections[11],
medication and toxins [12] , genetic [13] and immunological disorders [14] . The main
symptoms of patients with INCPH are upper gastrointestinal bleeding and
splenomegaly[2,15]. Ascites, as in the current case, was present in 50% of cases in a
French[16] and in 26% in a Spanish study[17]. Prothrombotic disorders accounted for
48% in the former and 8% in the latter. Our case demonstrated the presence of large
abdominal portosystemic collaterals. However, esophageal or gastric varices were not
evident, probably due to the early stage of portal hypertension. Chronic ascites may
be attributed both to portal hypertension and the concomitant renal failure in keeping
with published literature[1]. Kidney disease is a common manifestation of PNH and is
a result of tubular damage caused by microvascular thrombosis and renal iron
accumulation[8].
From a pathophysiology point of view, in thrombophilia cases of INCPH, increased
intrahepatic resistance ensuing from obliteration of the portal venous microcirculation
may result in an increase in portal blood pressure[7,18]. High levels of endothelin-1
might further increase vascular resistance and stimulate periportal collagen
production[19]. Another hypothesis is that the prothrombotic disorder affects the
sinusoidal and portal vein wall causing fibrosis, obstruction, and secondary
alterations in hepatic architecture[10]. In the case of PNH, the accumulation of high
levels of free hemoglobin, which is a potent nitric oxide scavenger[20], may play a role
in increasing vascular resistance. Nitric oxide maintains smooth muscle relaxation and
inhibits platelet activation and aggregation[21]. Its deficiency may contribute to smooth
muscle tone increase and platelet activation.
In PNH, deficiency of the glycosyl phosphatidylinositol-anchored complement
regulatory proteins CD55 and CD59 induces the intravascular hemolysis that is the
main clinical manifestation of the disease[22,23]. Thrombotic events occur in about 27%

WJH

https://www.wjgnet.com

486

May 27, 2019

Volume 11

Issue 5

Alexopoulou A et al. Non-cirrhotic portal hypertension complicating paroxysmal nocturnal hemoglobinuria
Figure 2

Figure 2 Clinical and laboratory course of the disease before and after treatment with eculizumab.

of patients with PNH and are the main cause of mortality, accounting for
approximately 40% of deaths[24]. Hepatic and portal veins are considered common
sites of thrombosis[25]. Eculizumab is a monoclonal blocking antibody to complement
protein C5, which inhibits cleavage to C5a and C5b and impedes terminal
complement complex C5b-9[26]. Trials with eculizumab demonstrated a reduction in
hemolysis, stabilization of hemoglobin levels, and a reduction in transfusion
requirements but also a protection against the complications of hemolytic PNH, such
as deteriorating renal function, pulmonary hypertension, and thromboembolism[27].
The patient presented has a large clone (> 50% PNH granulocytes and > 10% PNH
red cells) combined with a notably increased LDH as evidence of intravascular
hemolysis and a high reticulocyte count. In addition, platelet count was normal and
anemia was mild without transfusion requirement, indicating an adequate bone
marrow reserve. Thus, she had many chances to benefit from eculizumab treatment as
the drug is highly effective in abrogating the intravascular hemolysis of PNH and
reducing the risk of thrombosis but does not alleviate bone marrow failure if
present[28]. Eculizumab is expensive and should be administered indefinitely for
achieving sustained response. It has been stated that the drug has changed the natural
course of PNH[29].
In our case, long-term treatment with eculizumab in combination with
anticoagulation in a patient with PNH and INCPH resulted in improvement of the
symptoms of liver disease, elimination of intravascular hemolysis, gradual resolution
of kidney disease, and improvement of quality of life. The beneficial effect of the drug
on liver microcirculation may be a result of the elimination of the prothrombotic
disorder and the decrease of vascular resistance of the sinusoidal and portal venous
walls.

CONCLUSION
Long-term administration of the monoclonal antibody eculizumab controlled the
symptoms and life-threatening complications of PNH. More specifically, it reversed
the complications of INCPH, as indicated by the elimination of large ascites and
jaundice and normalization of liver function tests. Furthermore, it abrogated the
intravascular hemolysis and improved dramatically the quality of life.
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