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Abstract

Severe acute respiratory syndrome coronavirus 2 infection is the cause of corona-
virus disease 2019 (COVID-19), which predominantly affects the respiratory
system; it also causes systemic and multi-organic disease. Liver damage is among
the main extrapulmonary manifestations. COVID-19-associated liver injury is
defined as any liver damage occurring during the disease course and treatment of
COVID-19 in patients with or without pre-existing liver disease, and occurs in
approximately one in five patients. Abnormal liver test results have been
associated with a more severe course of COVID-19 and other complications,
including death. Mechanisms linking COVID-19 to liver injury are diverse.
Particular consideration should be made for patients with pre-existing liver
disease, such as metabolic dysfunction-associated fatty liver disease, chronic liver
disease due to viral or autoimmune disease, liver transplant carriers, or cirrhosis,
given the risk for more severe outcomes. This manuscript summarizes the current
lines of evidence on COVID-19-associated liver injury regarding pathophysiology,
clinical significance, and management in both patients with or without pre-
existing liver disease, to facilitate clinicians” access to updated information and
patient care. Finally, we mention the ideas and recommendations to be considered
for future research.

Key Words: SARS-CoV-2; Coronavirus; COVID-19; Liver; Liver diseases; Liver failure;
Liver injury; Cirrhosis
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Core Tip: Coronavirus disease 2019 (COVID-19)-associated liver injury is defined as
any liver damage occurring during the disease course and treatment of COVID-19 in
patients with or without pre-existing liver disease, with an observed ratio of 1:5. The
presence of abnormal liver biochemical parameters has been associated with a severe
course of severe acute respiratory syndrome coronavirus 2 infection and other complic-
ations, including death. Pathophysiology of COVID-19-induced liver injury is
complex. Also, special consideration should be made in patients with pre-existing liver
disease, such as metabolic dysfunction-associated fatty liver disease, chronic liver
disease due to viral or autoimmune disease, liver transplant carriers, or cirrhosis.
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INTRODUCTION

In December 2019, multiple cases of unexplained pneumonia were reported in Wuhan,
China[1]. The etiology of the outbreak was attributed to a newly identified
coronavirus, initially named ‘2019-nCoV’ (human), and subsequently renamed as
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease was
denominated coronavirus disease 2019 (COVID-19) by the World Health Organization
(WHO)[1,2]. Due to the constantly increasing number of cases worldwide, on March
11, 2020, the WHO formally declared the COVID-19 outbreak as a pandemic[3]. More
than a year after its appearance, SARS-CoV-2 has infected almost 10 million people
worldwide and caused more than 2 million deaths[4].

Coronaviruses are members of the subfamily Coronavirinae in the family
Coronaviridae and the order Nidovirales (International Committee on Taxonomy of
Viruses). This subfamily consists of four genera (Alphacoronavirus, Betacoronavirus,
Gammacoronavirus, and Deltacoronavirus)[5]. The Betacoronavirus include the Middle
East respiratory syndrome (MERS) coronavirus, SARS-CoV, and SARS-CoV-2. These
viruses have a positive-sense single-stranded RNA genome[6]. The angiotensin-
converting enzyme 2 (ACE2) has been identified as the main viral receptor for SARS-
CoV and SARS-CoV-2[5,7]. ACE2 is ubiquitously and widely expressed in many
organs and systems, including the lungs, cardiovascular system, kidneys, pancreas,
intestines, liver, adipose tissue, and muscular and nervous systems[8]. Another
cellular protein, the transmembrane protease serine 2 (i.e., TMPRSS2), facilitates viral
entry into the host cells through plasma membrane surface interaction[9].

SARS-CoV-2 could be transmitted from person to person through close contact,
respiratory droplets, and aerosol[10]. The manifestations of COVID-19 represent a
wide clinical spectrum, which ranges from asymptomatic individuals or mild
respiratory symptoms to severe-critical illness; overall, it is categorized as a mild,
severe, or critical illness[11]. Although SARS-CoV-2 predominantly causes respiratory
symptoms, it can also result in extrapulmonary disease, including thrombotic complic-
ations, myocardial damage, acute kidney failure, gastrointestinal symptoms, hepato-
cellular injury, hyperglycemia and ketosis, neurologic illnesses, ocular symptoms, and
dermatologic manifestations[12,13]. These manifestations can occur in subjects without
identified pre-existing organic disease, as well as in individuals with comorbidities,
such as patients with hypertension, obesity, and chronic liver disease, among others.

The objective of this review is to discuss and show current data regarding liver
dysfunction caused by SARS-CoV-2 infection in patients with or without pre-existing
liver disease, its pathophysiology and management, as well as the prospects for future
research.
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SARS-COV-2 INFECTION AND LIVER DYSFUNCTION IN PATIENTS WITH
NO PREVIOUS LIVER DISEASE

Epidemiology

COVID-19-associated liver injury is defined as any liver damage occurring during
disease course and treatment of COVID-19 in patients with or without pre-existing
liver disease[14]. A summary of the principal studies about liver damage in COVID-19
patients is showed in Table 1. Studies have shown that one in five patients with
COVID-19 develop abnormalities in liver function tests[15]. A large systematic review
that included 64 studies with 11245 patients with SARS-CoV-2 infection showed the
following prevalence of abnormal liver function parameters: Elevated aspartate
aminotransferase (AST) in 23.2%; alanine aminotransferase (ALT) in 21.2%; elevated
total bilirubin in 9.7%; increased gamma-glutamyltransferase (GGT) in 15.0%; and
increased alkaline phosphatase in 4.0%[16]. The presentation of liver injury during
COVID-19 infection occurs mostly during the acute hospitalization period and it is
associated with increased length of hospital stay, worse pulmonary score on computed
tomography (commonly referred to as CT), overall severity of disease, and increased
mortality.

In a single-center retrospective study that described temporal variations of liver
injury during hospitalization due to SARS-CoV-2 infection, the percent of subjects with
elevated aminotransferases (transaminitis) in mild cases was 12.6% vs 46.2% in severe
cases. Most of the patients presented ALT elevations between days 4 and 17 of their
hospitalization, with a mean of 10.7 d and 7.3 d in mild and severe cases, respectively.
During treatment, increases in liver function test parameters were predominantly mild
and elevations in ALT and AST were largely isolated, occurring in 19% of patients. The
majority of patients were discharged with normal liver function parameters[17]. A
large retrospective multicenter cohort study that included 5771 patients with COVID-
19 pneumonia determined the distribution and temporal patterns of liver injury
indicators in these patients; an initial elevation of AST, followed by ALT in severe
patients, and mild fluctuation in total bilirubin levels in both non-severe and severe
disease were found[18]. Another study of 79 in-patients with COVID-19 found that the
extent of pulmonary lesions observed on CT was predictive of liver function damage
[19]. In a systematic review that included 45 studies, abnormal liver biochemical
indicators were detected at admission in 27.2% of cases, which increased to 36%
during hospitalization, and there was a higher incidence of severe and/or critical cases
[20]. Another meta-analysis revealed that, among 15407 patients with SARS-CoV-2
infection, the incidence of elevated liver chemistries was 23.1% at early presentation
and 24.4% throughout the course of illness[21]. A prospective cohort study in 1611
hospitalized patients from 11 Latin American countries found abnormal liver tests on
admission in 45.2% and that such was independently associated with death [odds ratio
(OR): 1.5, 95% confidence interval (CI): 1.1-2.0] and severe COVID-19 (OR: 2.6, 95%ClI:
2.0-3.3)[22]. A systematic review of 24 studies (5961 subjects) found that, among
COVID-19 patients who were critically ill, the OR of hypoalbuminemia was 7.1, of AST
elevation was 3.4, of ALT elevation was 2.5, and of hyperbilirubinemia was 1.7[23].
Systematic reviews with meta-analyses showed that patients with prolonged
prothrombin time had a higher odds for progression to severe disease (OR: 1.82) and
intensive care unit (ICU) admission (OR: 2.18)[24,25]. A synthesis of the literature that
compared survivors and non-survivors with severe COVID-19 patients showed an OR
of 1.98 (95%CI: 1.39-2.82) for liver dysfunction and mortality[26]. Similarly, previous
investigations have shown that liver injury was common among patients infected by
SARS-CoV and MERS coronavirus, and associated with the severity of diseases[27].

In patients with SARS-CoV-2 infection, the degree of transaminitis is generally mild
[22,23], defined as less than 5 times the upper reference limit, and severe liver failure
occurs infrequently[28]. In a cohort of 5700 patients from New York, United States,
AST and ALT were both commonly increased (58.4% and 39.0% of subjects,
respectively). In this same study, 56 (2.1%) patients had developed severe acute liver
injury (defined as an increase in ALT or AST of > 15 times the upper limit of normal)
and an association with mortality was found in 95%[29]. Finally, abnormal liver
function test has been observed in patients with subclinical disease (elevated AST in
8.7% and elevated ALT in 8.9%)[30].

Pathophysiology

The mechanisms of liver injury in patients with SARS-CoV-2 infection are diverse. It
has been postulated that SARS-CoV-2 may cause cytopathic effects due to viral
replication after entrance into the liver and bile duct cells via interaction with ACE2
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Table 1 Principal studies about liver damage in coronavirus disease 2019 patients

Ref. Study Findings
Mao et al[15] SR (35 studies, n = The prevalence of abnormal liver functions was 19% (CI: 9-32). Patients with severe COVID-19 had higher rates of
6686) abnormal liver function including increased ALT (OR: 1.89, CI: 1 30-2 76) and increased AST (OR: 3.08, CI: 2.14-

Wijarnpreecha SR (64 studies, n =
et al[16] 11245)

Wangetal[17]  Single-center
retrospective study
(1 =105)

Lei et al[18] Multicenter
retrospective
cohort study (n =
5771)

Xie et al[19] Retrospective
study (1 =79)

Wu et al[20] SR (45 studies, n =
7228)

Kulkarni et al SR (107 studies, n
[21] =20874)

Mendizabal et~ Multicenter
al[22] prospective cohort
study (n = 1611)

Wong et al[23] SR (24 studies, n =
5961)

Zhu et al[24] SR (34 studies, n =
6492)

Elshazli et al SR (52 studies, n =
[25] 6320)

Wu and Yang SR (13 studies, n =
[26] 3722)

Richardson et al Multicenter
[29] prospective cohort
study (n = 5700)

Shi et al[30] Two-center
retrospective study
(n=81)

Sultan et al[58] SR (47 studies, n =
10980)

4.42) compared with those with non-severe disease

The prevalence of elevated AST, ALT, total bilirubin, GGT, and alkaline phosphatase was 23.2%, 21.2%, 9.7%,
15.0%, and 4.0%, respectively. The prevalence of elevated AST was higher among those with severe cases (45.5%)
compared to non-severe cases (15.0%). Co-existing CLD presented in up to 37.6% of patients with COVID-19

Fifty-six percent of the patients had abnormal ALT, AST, or total bilirubin during the illness (91.4% cases were <3
fold of the ULN). The percentage of patients with elevated both ALT and AST was 12.7% in mild cases vs 46.2% in
severe cases. One third of patients with severe disease started to have abnormal ALT after admission, and 73.3% of
all patients had normal ALT before discharge

The distributional and temporal patterns of liver injury indicators were following: AST elevated first, followed by
ALT, in severe patients. Alkaline phosphatase modestly increased during hospitalization and largely remained in
the normal range. The fluctuation in total bilirubin levels was mild in the non-severe and severe groups

Logistic regression analyses suggested that the extent of pulmonary lesions on CT was a predictor of liver function
damage

The incidence of any abnormal liver biochemical indicator at admission and during hospitalization was 27.2% and
36%, respectively

The prevalence of CLD was 3.6% (CI: 2.5-5.1). The incidence of elevated liver chemistries was 23.1% (CI: 19.3-27.3)
at initial presentation and 24.4% (CI: 13.5-40) during the illness. The incidence of DILI was 25.4% (CI: 14.2-41.4). The
prevalence of CLD among 1587 severely infected patients was 3.9% (3%-5.2%). CLD was not associated with the
developing severe COVID-19 (OR: 0.81, CI: 0.31-2.09) compared to non-CLD patients. COVID-19 patients with
elevated liver chemistries had an increased risk of mortality (OR: 3.46 CI: 2.42-4.95) and severe disease (OR: 2.87,
CI: 2.29-3.6) compared to patients without

Abnormal liver tests on admission were present on 45.2% and were independently associated with death (OR: 1.5,
CI: 1.1-2.0), and severe COVID-19 (OR: 2.6, CI: 2.0-3.3). The prevalence of CLD was 8.5%

In subjects with critical COVID-19, the OR of hypoalbuminemia was 7.1 (CI: 2.1-24.1), of AST elevation was 3.4 (CI:
2.3-5.0), of ALT elevation was 2.5 (CI: 1.6-3.7), and of hyperbilirubinemia was 1.7 (CI: 1.2-2.5)

Patients with severe COVID-19 showed significantly longer PT, and a longer PT was associated with a higher risk
to die

Prolonged PT was associated with a higher risk of progression to severe COVID-19 (OR: 1.82) and ICU admission
(OR: 2.18)

The comparison between survivors and non-survivors with severe COVID-19 patients showed an OR of 1.98 (CL:
1.39-2.82) for liver dysfunction and mortality

In hospitalized COVID-19 patients, AST and ALT were both commonly increased (58.4% and 39.0% of patients,
respectively). Fifty-six (2.1%) subjects developed a severe acute liver injury with a mortality of 95%

Abnormal liver function test was found in patients with subclinical disease (elevated AST in 8.7% and elevated
ALT in 8.9%

The prevalence estimates of elevated liver abnormalities were as follows: AST 15.0% (CI: 13.6-16.5), ALT 15.0% (CI:
13.6-16.4), and abnormal bilirubin 16.7% (CI: 15.0-18.5)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; CLD: Chronic liver disease; COVID-19: Coronavirus disease

2019; CT: Computed tomography; DILIL: Drug-induced liver injury; GGT: Gamma-glutamyltransferase; ICU: Intensive care unit; PT: Prothrombin time; OR:

Odds ratio; SR: Systematic review; ULN: Upper limit of normal.

Jaishideng®

and TMPRSS2[31]. ACE2 expression is considerably higher in cholangiocytes (59.7%)
than in hepatocytes (2.6%)[32]. Cholangiocytes have an important role in immune
response, inflammation, and liver regeneration[33]. Furthermore, the expression of
ACE?2 in hepatocytes increases in cases of liver injury[34]. In postmortem liver biopsies
from two patients who died from COVID-19, typical coronavirus particles were
identified in the cytoplasm of hepatocytes, with cytopathic damage characterized by
mitochondrial swelling, endoplasmic reticulum dilatation, and glycogen granule
decrease[35]. These findings support the hypothesis of virus-related hepatic damage.
However, other liver biopsy specimens of a patient who died from COVID-19 showed
moderate microvesicular steatosis and mild lobular and portal activity, which are not
specific and could have been caused by the viral infection, drug-induced liver injury
(DILI), or nonalcoholic fatty liver disease (NAFLD)[36,37]. In addition, viral inclusion
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bodies were not detected in liver tissue[37]. Another postmortem liver histopathologic
study also reported microvesicular steatosis, accompanied by overactivation of T cells,
suggesting a component of immune-mediated liver injury[38]. SARS-CoV-2 could also
cause liver damage through the generation of endothelitis[39]. Endothelial cells are
involved in ischemia-reperfusion liver damage and promote oxidative stress through
reactive oxygen species and derivatives of nitric oxide[40]. Post-mortem wedge liver
biopsies from 48 patients who died from severe COVID-19 disease showed vascular
alterations characterized by an increased number of portal vein branches associated
with massive lumen dilatation, partial or complete luminal thrombosis of portal and
sinusoidal vessels, and marked focal enlargement and fibrosis of the portal tract[41]. In
addition, transaminitis has been reported in some cases of portal thrombosis due to
SARS-CoV-2 infection[42,43].

The immune overactivation associated with SARS-CoV-2 infection may also be
involved in liver injury. Prominent elevations in serum inflammatory cytokine levels,
such as interferon-y, interleukin (IL)-1p, IL-6, IL-10, soluble IL-2 receptor a, and tumor
necrosis factor, are present in patients with COVID-19, especially those with severe
pneumonia[44,45]. This can lead to immune-mediated liver injury via activation of
intrahepatic CD4+ and CD8+ cells, T cells, Kupffer cells, and a dysregulated innate
immune response[46,47]. This phenomenon has also been described in infections
caused by herpes viruses (Epstein-Barr virus, cytomegalovirus, and herpes simplex
virus), parvovirus, adenovirus, and SARS-CoV[47]. Moreover, COVID-19 patients
with increased AST also have elevated IL-6, ferritin, lactate dehydrogenase, and C-
reactive protein compared to patients with normal AST[48].

In the course of infection by SARS-CoV-2, hepatic ischemia and hypoxia with
impaired tissue perfusion can develop as a consequence of pneumonia-associated
hypoxemia, circulatory failure, respiratory distress syndrome, and multiple organ
failure[49]. Hepatic congestion secondary to high positive end-respiratory pressure in
mechanically-ventilated patients may also enhance the degree of hypoxic damage in
hepatocytes[32,46].

Liver injury associated with COVID-19 may also occur secondary to the potentially
hepatotoxic effects of many drugs used for its treatment, such as acetaminophen,
antivirals, antibiotics, corticosteroids, and immune modulators, among others. The
presence of microvesicular steatosis and liver inflammation in liver biopsies of patients
with SARS-CoV-2 infection could also be drug-related[37]. The drug-cytochrome P-450
interaction could explain some of the liver toxicity secondary to such drugs as
azithromyecin, lopinavir/ritonavir, hydroxychloroquine, and acetaminophen[50].
Additionally, patients with underlying NAFLD might be more susceptible to DILI
because the cytokine monocyte chemoattractant protein-1 (i.e.,, MCP-1) is often
elevated in COVID-19 patients and could exacerbate steatohepatitis[51].In a
systematic review which included 107 articles (n = 20874 patients), the pooled
incidence of DILI in COVID-19 patients was 25.4%[21]. A more detailed description of
the drugs to treat SARS-CoV-2 infection and their potential risk of liver damage is
discussed later.

SARS-CoV-2 RNA has been detected in feces, and it appears plausible that virus and
inflammatory mediators present within the gut lumen could reach the liver through
the portal circulation. Kupffer cells could attempt to clear the viral particles,
consequently increasing the inflammatory response[39,50].

Other causes that are not necessarily associated with direct hepatocyte injury may
explain the abnormal liver biochemical indicators in patients with SARS-CoV-2
infection. Transaminitis could originate from myositis rather than liver damage[52].
Muscular injury [defined as the presence of myalgias and creatinine kinase (CK) > 200
U/L] has been documented in 10% of hospitalized patients by COVID-19 and some
studies have reported increased levels of myoglobin of CK in association with COVID-
19 severity[46,53,54]. Hypoalbuminemia could be explained by decreased hepatic
synthesis, malnutrition, increased catabolism, and albumin extravasation because of
increased capillary permeability[55,56]; we must recall that hypoalbuminemia is also
an acute phase reactant. Alkaline phosphatase and GGT are considered as cholan-
giocyte-related enzymes, but the higher prevalence of abnormal GGT may be
attributed to acute inflammatory stress because the GGT is recognized as a surrogate
marker for increased oxidative stress and inflammation[57].

Management

The recommendations by the American Gastroenterology Association and the World
Gastroenterology Organization regarding the general approach to patients with SARS-
CoV-2 infection and liver injury are as follows[58,59]: (1) In patients with abnormal
liver function test results in the context of suspected or known COVID-19, evaluate for
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alternative etiologies, including proof of viral hepatitis, particularly in developing
countries; (2) Routine outpatient testing of liver biochemistries is not recommended;
(3) In in-patients with COVID-19, obtain baseline liver indicators at the time of
admission and consider its monitoring throughout the hospitalization; and (4) Avoid
routine liver imaging, unless it will alter management.

FATTY LIVER DISEASE

General implications and epidemiology

The presence of metabolic dysfunction-associated fatty liver disease (MAFLD;
previously known as NAFLD)[60] in the patients with infection by SARS-CoV-2 (i.e.,
COVID-19) is important given that specific metabolic and cardiovascular
comorbidities intrinsically related to MAFLD, like hypertension, diabetes, obesity,
coronary artery disease, and cerebrovascular disease, were identified as independent
risk factors associated with increased risk of infection by SARS-CoV-2[61,62],
especially hypertension[52], diabetes[63,64] , and obesity [body mass index (BMI) > 30
kg/m?][65]; furthermore, morbid obesity (BMI > 40 kg/m?) is a strong risk predictor of
hospitalization in patients with COVID-19[66].

MAFLD has been associated with an increased risk for mortality in patients with
community-acquired pneumonia, which is further enhanced in patients with advanced
liver fibrosis[67]. Also, MAFLD has been associated with an increased risk for bacterial
infections, independent of the presence of metabolic syndrome and especially among
patients with vitamin D deficiency[68]. The relevance of this is the recognition of
MAFLD as a risk factor for severe infections.

MAFLD is an independent risk factor for progression of COVID-19 respiratory
disease (OR: 6.4, 95%ClI: 1.5-31.2), and this risk is heightened in patients with
associated liver fibrosis[38,69,70]. In addition, MAFLD is associated with a higher
likelihood of abnormal levels of aminotransferases at time of discharge as well as
increased duration of virus shedding, which renders the individual infectious for 5 d
longer[38,59]. The increased risk for viral infection in patients with MAFLD may be
related to the pre-existent intrinsic up-regulation of ACE2 receptors that occurs in this
disease, as well as in liver injury; in addition, the ACE2 receptors have been identified
as the cellular point of entry of SARS-CoV-2[59].

A multicenter study of COVID-19 patients in the United States found a significant
association between MAFLD and ICU admissions (OR: 2.30, 95%CI: 1.27-4.17, P = 0.03)
as well as need for mechanical ventilation (OR: 2.15, 95%CI: 1.18-3.91, P = 0.02) but did
not find a correlation with increased mortality[71]. A cohort study in the United
Kingdom (Forlano et al[72]) showed that patients with MAFLD were younger than
their counterparts without MAFLD. MAFLD per se had no direct correlation with
increased mortality; however, among those who died in hospital, the risk was
associated with male sex (71% vs survivors: 50%, P = 0.01), elevated ferritin (2076 pg/L
vs survivors: 688 pg/L, P = 0.003), and early weaning score (n = 7 vs survivors: 3, P =
0.047). A recent systematic review of eight studies, including 8142 patients with
COVID-19 and 833 of those with MAFLD, found that MAFLD by itself conferred an
increased risk for severe COVID-19 of 2-fold (OR: 2.358, 95%CI: 1.902-2.923, P < 0.001)
[73]. Finally, a meta-analysis of six studies (n = 1293) found an increase in the risk of
COVID-19 disease severity of almost 3-fold (OR: 2.93, 95%ClI: 1.87-4.60, I> = 34.3%, P =
0.166) among patients with MAFLD[74].

The comorbidities and increased inflammatory state in patients with MAFLD confer
a hypothetical increased risk for DILI and, hence, careful monitoring of liver function

is warranted in these patients, as are efforts to minimize exposure to polypharmacy
[75].

Age and MAFLD

A cohort study in the United Kingdom found that most patients with COVID-19 and
MAFLD were younger than 60 years old, as compared with patients with no MAFLD
[72]. Among younger patients (age < 60 years old), the risk of severe COVID-19 is
increased by 4-fold among those with concomitant NAFLD (OR: 4.07, 95%CI: 1.20-
13.79, P = 0.02)[76,77].

Histopathologic changes in COVID and MAFLD

Although the severity of hepatic visceral fat correlates with the risk of COVID-19
infection[78], in general, the histopathologic findings in the liver in patients with
SARS-CoV-2 infection have been presumed to be related mostly to the underlying liver
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disease (e.g., MAFLD) or other comorbidities (e.g., drug toxicity and ICU care) rather
than to a direct effect of the viral infection[79]. However, Nardo et al[80] described
several mechanisms in which there is increased liver steatosis as a consequence of the
viral infection; these include impaired mitochondrial dysfunction, endoplasmic
reticulum stress-induced lipogenesis, and inflammation (including cytokine storm)
with increased IL-6 and hyperstimulation of the mammalian target of rapamycin (i.e.,
mTOR). The mTOR is also activated by glucose and insulin, and insulin resistance is
also intrinsically associated with MAFLD; therefore, not only is there already an
underlying inflammatory state but it can also be enhanced further by direct viral
cytopathic effect[80].

Obesity and MAFLD

When considering the correlation of obesity and metabolic disease with the increased
risk of COVID-19 as well as of severity of clinical presentation, one of the most
accepted hypotheses is the presence of underlying chronic inflammatory state in these
patients enhancing oxidative stress and increasing atherosclerosis and cardiovascular
disease[81,82]. In addition, it is well evidenced that obesity confers an impaired
immune response to viruses, with associated prolonged viral shedding as well as
emergence of virulent minor variants[83]. If the readers would like to explore more
intricate descriptions of the pathophysiology of inflammation in MAFLD and obesity,
they are referred to the excellent manuscript by Portincasa et al[84].

In a study conducted in a Chinese population by Gao et al[65], the presence of
obesity was found to increase the risk of severe COVID-19 by almost 3-fold (OR: 2.91,
95%ClI: 1.31-6.47); furthermore, this risk was incrementally raised by 12% per unit of
increase in BMI (OR: 1.12, 95%ClI: 1.01-1.23). A prospective study of 5279 patients
admitted to a hospital in New York, United States found that BMI > 40 kg/m?
increased the risk of hospitalization by more than 2-fold (OR: 2.5, 95%ClI: 1.8-3.4) and
the risk of critical illness by 50% (OR: 1.5, 95%CI: 1.0-2.2)[66]. A very important
epidemiological risk factor was reported by Kass et al[85], who identified a negative
correlation of increased BMI and age among patients with severe COVID-19 infection,
which showcases its impact in young patients. The co-existence of obesity and MAFLD
has also been associated with an almost 6-fold increase in the risk of severe COVID-19
infection[38,86]. Furthermore, the severity of steatosis also correlates with the risk of
infection as demonstrated by Roca-Fernandez et al[78], who reported that among obese
patients (BMI > 30 kg/m? with liver fat > 10%, the risk of symptomatic COVID-19
infection was increased almost 3-fold (OR: 2.96, 95%CI: 1.12-7.78, P = 0.02).

Management of patients with MAFLD in the era of COVID-19

The World Gastroenterology Organization recently published its recommendations for
management of patients with MAFLD in the COVID-19 era, which essentially
recommends to[59]: (1) Recognize the presence of MAFLD in patients with underlying
metabolic disease, formally identifying its stage and grade; (2) Recognize that obesity
and diabetes mellitus increase the risk of mortality from respiratory illnesses,
including COVID-19; (3) Recognize that the risk of respiratory disease progression is
higher in patients with MAFLD; and (4) Encourage patients with MAFLD to make
lifestyle changes that will mitigate risk factors (e.g., obesity) that can worsen the
prognosis of COVID-19.

SARS-COV-2 INFECTION IN LIVER TRANSPLANT PATIENTS

In this section, we will focus on the assessment and management of patients with a
transplanted liver who present with infection by SARS-CoV-2 (COVID-19).

Liver transplant patients are frail and have many risk factors for COVID-19
infection, including immunosuppression, in addition to other underlying
comorbidities[87]. The symptomatology among patients with solid organ transplant
who are infected with COVID-19 is similar to that among the general population;
however, the severity and outcomes are worse, especially as both are impacted by
their comorbidities[88,89].

Epidemiology

Imam et al[87] reported a review of ten studies from all over the world that included 22
patients with orthotopic liver transplant, among which 72% experienced clinical
recovery from COVID-19, with a median duration of illness of 17 d. ICU admission
was required in 28.6% of patients and the mortality rate in the cohort was 13.6%. On
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the other hand, a European liver transplant cohort study of 57 patients with COVID-19
(70% male; median age of 65 years) found no significant impact of decreasing
immunosuppression (37% of patients). The rate of hospitalization was 72%, and acute
respiratory distress syndrome was present in 19% of cases. The overall mortality in the
cohort was 12%, which increased to 17% among hospitalized patients. Among those
who died, a history of cancer was common (5 out of 7 patients)[90]. An international
multicenter cohort study of 151 adult liver transplant recipients from 18 countries (68 %
male; median age of 60 years) performed a comparison with 627 patients without a
history of liver transplant (52% male; median age of 73 years). The liver transplant
cohort had more frequent rates of ICU admission (28% vs 8%, P < 0.0001) and invasive
ventilation (20% vs 5%, P < 0.0001). The mortality rate was 19% in the liver transplant
cohort vs 27% in the comparison cohort (P = 0.046). After adjusting for comorbidities
(age, sex, creatinine concentration, obesity, hypertension, diabetes, and ethnicity), liver
transplantation was not associated with a significant increase in the risk of mortality in
patients with COVID-19; however, multivariable logistic regression analysis
demonstrated that the mortality increase in liver transplant patients was associated
with age [(OR: 1.06, 95%Cl: 1.01-1.11) per 1 year increase], serum creatinine [(OR: 1.57,

95%CI: 1.05-2.36) per 1 mg/dL increase], and cancer (OR: 18.30, 95%CI: 1.96-170.75)
[91].

Recommendations for management of liver transplant patients with COVID-19
Multiple guidelines and reviews have been published with the aim of outlining the
management of patients with COVID-19 who are either liver transplant candidates or
have post-liver transplant status[92-95]. Most have very similar recommendations to
the ones by the American Association for the Study of Liver Diseases (AASLD)[99] and
Asian-Pacific Association for the Study of the Liver (APASL)[100] summarized below.

The AASLD published an Expert Panel Consensus Statement for Management of
Liver Transplant During the COVID-19 Pandemic[99].

Recommendations that apply to the patient post-transplant status: (1) Given the
associated high risk for severe COVID-19, these patients must be prioritized for
testing; (2) In patients with COVID-19 and elevated aminotransferases, other etiologies
unrelated to COVID-19 should be considered, such as viral hepatitis, myositis
(especially if AST > ALT), cytokine release syndrome, and ischemia; (3) Ancillary
studies should be minimized (e.g., ultrasound and magnetic resonance imaging) to
avoid the risk of healthcare personnel exposure, unless it will change management (
e.g., venous thrombosis and biliary obstruction); and (4) In the post-transplant time,
which includes concerns for acute cellular rejection, a formal histopathologic
confirmation with biopsy is necessary.

In patients who are candidates for transplantation: (1) The pandemic may affect the
waiting time to transplant. Care teams must consider the evaluation of patients with a
high model for end-stage liver disease score or hepatocellular carcinoma with severe
disease (upper levels of Milan criteria), who would have a higher priority; (2)
Screening for COVID-19 must be done on both the donor and the recipient. At this
time, donors who are positive for SARS-CoV-2 are not considered eligible for organ
donation. In the same tenure, transplantation is not recommended for COVID-19-
positive patients; (3) Care teams should aim to select donor livers with a low risk of
delayed graft function, in order to avoid complications and duration of postoperative
hospitalization; and (4) Care teams may consider postponing a liver donor program
during the pandemic.

In post-transplant patients with COVID-19 infection: (1) It is adequate to consider
decreasing the dosage of high-dose prednisone. Although, a dosage that is sufficient to
avoid adrenal insufficiency must be maintained; and (2) Reduction of azathioprine,
mycophenolate, or daily calcineurin inhibitor dosages can be considered, especially in
the setting of lymphopenia, fever, or worsening pneumonia attributed to COVID-19.

Very similar recommendations have been published by the APASL[100]. In
addition, they recommend immunization of all patients with liver transplant against
pneumococcus and influenza. Other recommendations include avoiding drugs that
would have a significant impact on the tacrolimus levels, such as would occur in any
other clinical setting[98].

One of the considerations to keep in mind for patients with liver transplant who
become infected with COVID-19 is their public health impact, given their risk to be
long-term carriers not only due to the slower clearance of the virus but also as they can
be asymptomatic carriers[96]. This increases their risk for viral spread in the
community, as well as nosocomially as they may have prolonged hospitalizations due
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to their medical complexity[96].

Conclusions

Patients with liver transplant must be managed with similar protocols as non-
transplanted patients; yet, clinicians must be mindful of the impact of immunosup-
pression on these patients’ viral shedding and carrier status, as well as of medication
interaction.

COVID-19 AND LIVER CIRRHOSIS

General considerations and epidemiology

The current evidence that describes the overall impact of COVID-19 in patients with
liver cirrhosis, either compensated or decompensated, is scant. However, extrapolating
from the current knowledge of the physiopathology of both diseases, the expected
morbidity and mortality are more severe when compared to other groups. Many
factors must be considered in the interaction of COVID-19 and the liver; for instance,
most of the drugs used in the treatment of COVID-19, including biologic agents, can
have either a direct hepatotoxic effect or reactivate chronic viral diseases, such as
hepatitis B virus[14]. Other studies have detected the presence of SARS-CoV-2 in the
liver tissues of patients who had died from COVID-19[101], suggesting viral
replication at this level. In patients with liver cirrhosis, both effects have a critical
impact as they may worsen the course of the disease by damaging the remaining liver
parenchyma[96,102]. Otherwise, there are studies with findings suggesting that if the
liver damage induced by COVID-19 is immunologically driven, then the immunocom-
promised status of cirrhotic patients might be more protective than harmful[103].
However, due to the limited number of patients with chronic liver disease within
individual studies on COVID-19 to date, the true impact of underlying liver disease on
viral progression and outcomes is unknown.

Existing evidence about outcomes of COVI-19 infection in patients with chronic
liver disease is contradictory. A pooled analysis of six studies estimating the impact of
chronic liver disease in COVID-19 patients suggested that chronic liver disease and
cirrhosis seem to play a minor role in determining patient progression towards the
severe forms of the disease; in that study, there was no correlation found between
chronic liver disease and increased odds of the severe form of COVID-19 (OR: 0.96,
95%ClI: 0.36-2.52) nor with increased odds of mortality (OR: 2.33, 95%CI: 0.77-7.04)
[104]. Similar data were reported by Bangash et al[46]; specifically, a mortality rate of 0
to 2% was shown by COVID-19 patients with liver cirrhosis. A study of 22 patients
with chronic liver disease, among which only three had liver cirrhosis, found that the
only significant difference between patients with chronic liver diseases vs those
without was the risk of progression to severe forms of COVID-19 (P < 0.001); however,
there were no statistical differences in other variables, such as in-hospital days,
death/discharge, or significant changes in liver enzyme values[69]. Finally, a meta-
analysis found that the pooled prevalence of chronic liver disease among studies
reporting on severity of COVID-19 was 2.64% (95%CI: 1.73-4.00), with 3.03% (95%CI:
1.97-4.64) among severe and 2.20% (95%CI: 1.16 - -4-15) among non-severe COVID-19.
The relative risk of chronic liver disease in severe vs non-severe patients was 1.69
(95%ClI: 1.05-2.73)[105].

The controversy in the data involves evidence generated by another meta-analysis
which demonstrated that patients with a pre-existing chronic liver disease have an
increased risk for severe COVID-19 (53.33%) and higher mortality (17.65%)[106]. This
outcome is likely related to coexistent thrombocytopenia and lymphopenia[32,107] as
well as cirrhosis-associated immune dysfunction[108]; therefore, precautions against
SARS-CoV-2 infection are warranted among patients with cirrhosis. In addition, stress
and sepsis related to over-imposed bacterial infections in COVID-19 are particularly
risky and problematic in patients with decompensated liver cirrhosis, given the
associated risk of developing acute-on-chronic liver failure, increasing the underlying
risk of death from 26.2% to 63.2%; however, most of the studies have shown the cause
of death in most liver cirrhosis patients with COVID-19 not to be due to progressive
liver disease but rather to pulmonary disease[107,109]. Nonetheless, recent studies
have found a higher 30-d mortality rate among patients with cirrhosis and COVID-19
[110], and the presence of cirrhosis has even been proposed as an independent
predictor of mortality[71].
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Treatment recommendations

The current available evidence suggests that COVID-19 patients with liver cirrhosis
have worse outcomes and disease progression than those without. Thus, the treatment
recommendations by most international associations are as follows: (1) Minimal
exposure to medical staff, ideally leveraging telemedicine as the preferred method; (2)
Listing for liver transplantation being restricted to patients with acute liver failure or
poor short-term prognosis; (3) Prophylaxis regimens for spontaneous bacterial
peritonitis and hepatic encephalopathy being strictly followed at home, to prevent
decompensation and the need for hospital admissions; (4) Testing for SARS-CoV-2 for
every patient with cirrhosis and acute decompensation or acute-on-chronic liver
failure[95]; (5) In-person new patient visits being restricted to only those with
significant liver diseases, such as jaundice, elevated transaminases > 500 U/L, or
recent decompensation; (6) Rescheduling elective procedures, such as screening for
varices and hepatocellular carcinoma; and (7) Urgent procedures, such as paracentesis,
being performed using a COVID-19-free path in either the hospital or home care[111-
113].

The data regarding vaccination against SARS-CoV-2 in patients with liver cirrhosis
is scarce. Despite the inclusion of nearly 100000 participants in all the vaccination
trials, data for patients with liver disease are extremely limited. For example, in the
Pfizer vaccination study, 217 (0.6%) of 37706 participants had liver disease and only
three (< 0.1%) had moderate to severe liver disease. Similar numbers can be seen in the
Moderna trial. Importantly, criteria used to classify liver disease and its severity in
each study were not specified. Therefore, the real SARS-CoV-2 vaccine safety profile
and its immunological response in patients with liver cirrhosis will almost completely
come from post-licensing, real-world data[114].

We must not forget the underlying deficiencies in innate and humoral immunity,
termed cirrhosis-associated immune dysfunction, that are present in patients with
advanced liver disease. It can be hypothesized that this may confer an attenuated
immune response to vaccination, but this remains to be verified[115]. Nonetheless,
taking into account the risk of COVID-19 progression in these patients (as described
above) and considering that there are no absolute contraindications to SARS-CoV-2
vaccination in cirrhosis, it is fundamental to prioritize immunization in this subgroup.
AASLD recommendations establish that, when the supply of COVID-19 vaccine is
limited, it is reasonable to prioritize patients with higher model for end-stage liver
disease and Child-Turcotte-Pugh scores for vaccination together with those who are
anticipated to undergo imminent liver transplantation; ideally, however, all chronic
liver disease patients should be vaccinated whenever possible[114,116,117].

MISCELLANEOUS

Autoimmune hepatitis

Treatment of autoimmune hepatitis (AIH) has posed a challenge during this COVID-
19 pandemic. One of the main challenges is the management with immunosuppressive
drugs, since these medications are associated with an increased risk of severe viral
infections[118]. COVID-19 has been hypothesized to decompensate or increase the risk
of an unfavorable course of liver disease[99]. In a small cohort in northern Italy of ten
AIH patients on immunosuppressive treatment who became infected with COVID-19,
five developed COVID-19 pneumonia, with only one patient dying (who had
decompensated cirrhosis previously), while the rest of the patients fully recovered.
Regarding the impact of the COVID-19 on AIH, only one patient presented relapse
associated with the interruption of immunosuppressive treatment; it was concluded
that patients with AIH under immunosuppressive and COVID-19 treatment have no
increased risk of severity or complications of COVID-19 disease when compared to the
general population[119]. A multicenter study that included 70 AIH patients with
COVID-19, where 58 patients were on immunosuppressant therapy, and of whom 52%
received combined immunosuppressant therapy, found that 65 (93%) patients
reported clinical symptoms, mainly respiratory (74%) and gastrointestinal (26%), and
15% were asymptomatic. Mortality occurred in 16 (22.8%) patients; among those who
died, the causes were attributed to a pulmonary etiology in nine (56%), liver etiology
in five (31%), and cardiac etiology in two (13%). The factors associated with death in
AIH patients were age (OR: 2.01 per 10 years, 95%CI: 1.07-3.81, P = 0.031), Child-Pugh
B score (OR: 42.48, 95%CI: 4.41-409.53, P = 0.001), and Child Pugh C score (OR: 69.30,
95%CI: 2.83-1694.50, P = 0.009) unrelated to immunosuppressant use and death[120].
When comparing this group of patients with a cohort of patients with liver disease
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without AIH, the authors did not find a statistical difference among groups,
concluding that AIH patients on immunosuppressive therapy are not associated with
an increased risk or severity of SARS-COV-2 infection; therefore, the recommendation
is not to decrease or discontinue immunosuppressive treatment in patients with AIH
and COVID-19, due to the risk of decompensation of liver disease.

Viral hepatitis

Hepatitis B (HB) and hepatitis C (HC) represent major global public health problems
[121,122]. The coinfection of SARS-CoV-2 and HB and/or HC depends on local
prevalence. For example, a Chinese study of a cohort of 1099 cases of COVID-19
patients demonstrated that 23 (2.1%) had pre-existing HB; in contrast, in the
northeastern United States, a series of 5700 patients hospitalized with COVID-19
showed a prevalence of 0.1% HB and < 0.1% HC[29,52].

The impact on the evolution of COVID-19 and HB superinfection is uncertain. The
first reports of the cohort in Wuhan, China found that 2.1% (23/1099) of patients with
HB accounted for 0.6% of severe cases[52]. Another report from different hospitals in
China involving a cohort of 571 patients showed that 15 (2.63%) patients had
underlying HB; the incidence of admission to ICU and death in the HB group was 0%
and 6.47% (36/556), respectively, in the non-HB group[123]. Contradictory data stem
from other studies. A retrospective study of 70 patients with COVID-19 and HB
documented a higher susceptibility of acquiring COVID-19, as well as higher rates of
hepatic damage and coagulation disorders and severity of the disease, without having
an impact on hospital stay or mortality[124]. A retrospective study of 123 patients with
COVID-19, found that HB was present in 15 (12.2%) patients, among who 11 (73.3%)
evolved favorably and were discharged from the hospital uneventfully; out of the four
who remained in the hospital, two (13.3%) died from digestive bleeding. In
comparison, the mortality rate was lower in the group of 108 patients with COVID-19
without HB, among which only eight (5.6%) remained in the hospital and three (2.8%)
died due to respiratory failure[125]. Theoretically, this association of poor clinical
forecast is due to the common lymphopenia caused in patients with COVID-19, which
generates a loss of immune tolerance over HB, which itself can cause viral reactivation
[126]. However, there is one study showing that COVID-19 was not associated with
reactivation or seroconversion in chronic HB patients, despite using immunomodu-
latory treatment in a short course for severe COVID-19[127].

The current data are controversial and contradictory; therefore, it is necessary to
take into account the number of patients and the heterogeneity of the population
studied based on HB activity, the presence of cirrhosis, and stage of the liver disease. A
recent systematic review and meta-analysis concluded that the association of co-
infection of HB and SARS-CoV-2 does not have a serious adverse impact in patients
hospitalized with COVID-19[128].

In regards to the treatment of COVID-19 in patients with chronic HB, we must be
cautious as the use of corticosteroids or tocilizumab may reactivate HB[129]; although,
as previously mentioned, this has not been shown to happen[127]. Finally, the
evolution of patients with COVID-19 and HB superinfection is not clear, as the studies
have yielded contradictory results and prospective studies with large numbers of
patients and control of variables such as presence of other comorbidities, viral
replication, cirrhosis, and stage of the liver disease are required. In the case of patients
with COVID-19 and recently diagnosed HC, the HC treatment should be postponed
until the remission of COVID-19; however, if treatment has already been ongoing, it is
necessary to monitor the interactions of HC and COVID-19 treatments[99].

Drug-induced damage

Since the onset of the COVID-19 pandemic, multiple medications have been used as
potential treatments, including antimalarials, antiparasitics, antivirals, monoclonal
antibodies, etc. Some of these medications have hepatotoxic effects, which can be
reviewed on the website http://www .livertox.nih.gov, where updated data of all
drugs are available (Table 2)[58,99,130]. Of similar relevance is the consideration of
drug interactions, as some treatments are experimental. Interactions can be reviewed
at: https:/ /www.covid19-druginteractions.org of Liverpool University.

Most of the data collected have come from case reports, particularly of serious cases
and cohorts, for which there may be uncontrolled variables, with patients having pre-
existing liver disease, interaction with unreported medicines, and use of traditional
medicine, herbal products, or substances. Heightened awareness of both hepato-
toxicity and drug interactions in patients with COVID-19 must continue, as should
further research efforts regarding these interactions.
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Table 2 Therapeutic management of patients with coronavirus disease 2019 and hepatotoxicity

Currently
Medication Hepatotoxicity Action mechanism recommended use
for COVID-19
Hydroxychloroquine Likelihood score: D (possible). Rare cause of clinically-apparent liver Altered metabolism of other Not recommended
injury medications
Azithromycin Likelihood score: A (well-known). Transient and asymptomatic elevation Unknown Not recommended
in serum aminotransferases; Typical cholestatic hepatitis
Ivermectin Likelihood score: D (possible). Mild elevation of serum Unknown Not recommended
aminotransferases; Reports of acute liver failure
Dexamethasone Likelihood score: A (well-known). Long-term use effects; Symptoms Drug-associated fatty liver Recommended as
usually represent the worsening or triggering of an underlying liver disease emergency use
disease
Remdesivir Likelihood score: D (possible). Mild to moderate transient elevation of Inhibition of mitochondrial Recommended as
serum aminotransferases RNA polymerase or emergency use
idiosyncratic injury
Lopinavir/ritonavir ~ Likelihood score: D (possible). Moderate to severe elevation of serum Inhibits both of the isoforms of =~ Not recommended
aminotransferases (pattern hepatocellular to cholestatic or mixed); CYP3A del P450, which may
Duration 1-2 mo; Reports of acute liver failure; Caution in patients with  result in production of a toxic
co-infection by hepatitis B virus-hepatitis C virus-human intermediate
immunodeficiency virus
Baricitinib Likelihood score: E (unlikely). Moderate transient elevation of serum Unknown Recommended as
aminotransferases (17% of patients); Hepatitis B reactivation emergency use
Tocilizumab Likelihood score: C (probably). Mild to moderate transient elevation of =~ Unknown Recommended as

serum aminotransferases; Duration 8 wk emergency use

COVID-19: Coronavirus disease 2019.

Vaccination controversies

Chronic hepatic disease (CHD) is considered a state of immunosuppression due to a
multifactorial state of systemic immunological diffusion[131], which predisposes to
infections and a cause of decompensation and mortality in cirrhotic patients[132].
Immunization is, therefore, recommended in patients with cirrhosis and pre-
transplantation and post-transplanted patients, with specifications for the different
types of vaccines[133]. Inactivated vaccines (e.g., influenza, pneumococcal, viral
hepatitis A, viral HB, diphtheria, tetanus, poliomyelitis, and acellular pertussis) are
preferred over live attenuated vaccines (e.g., tuberculosis vaccine, measles, mumps,
rubella, varicella zoster virus, and Herpes zoster)[132,133].

The development of the SARS-CoV-2 vaccine has evolved favorably with phase 3
trials, offering effectiveness and safety. Currently, 53 vaccines have been authorized by
the United States’ Federal Drug Administration, including those from Pfizer/
BioNTech, Moderna, Oxford/ AstraZeneca/Sputnik V, and Janssen. Due to the haste of
the trials, very strict inclusion and exclusion criteria have been applied to avoid
adverse effects. Patients with CHD are preferably not included. In the Pfizer
vaccination study, 217 (0.6%) of 37706 participants had liver disease, and only three (<
0.1%) had moderate to severe liver disease. In the Moderna trial, 196 (0.6%) of 30351
participants had liver disease; the Oxford/ AstraZeneca, Sputnik V, and Janssen trials
completely excluded patients with pre-existent CHD. On the other hand, trials of the
53 vaccines excluded patients with systemic immunosuppression which involves post-
transplant liver patients and AIH patients[114,134,135].

As mentioned, CHD patients are a susceptible and high-risk population for COVID-
19 complications, and should be classified as a vulnerable population. It is paramount
to define the effectiveness and safety of immunization against SARS-CoV-2. As the
development and trial of new vaccines occur and vaccination programs are started,
information will be generated in different subgroups of populations, including
patients with hepatic disease.

FUTURE RESEARCH DIRECTIONS

After a year of pandemic, the information that has emerged regarding SARS-CoV-2
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infection and liver injury in patients without or with pre-existing liver disease has
opened the course of new lines of research that should be addressed in future studies.
The pathophysiology of COVID-19-induced liver injury is complex and more research
is necessary to determine the degree of relevance of each of the described mechanisms.
Abnormal liver biochemical parameters have been associated with a more serious
course and a worse prognosis in patients with SARS-CoV-2 infection, so the usefulness
of such measurements in the identification and staging of those patients with related
alterations should be evaluated in depth in prospective studies. It is necessary to
investigate the impact of SARS-CoV-2 infection in the clinical course of pre-existing
liver disease (e.g., fatty liver disease, viral or AIH, and cirrhosis). Long-term follow-up
in liver transplant patients suffering from COVID-19 should be investigated to
determine if the infection alters graft viability. It is necessary to include patients with
liver diseases in the vaccination protocols, to determine the related effectiveness and
safety.

CONCLUSION

Liver injury in patients with infection due to SARS-CoV-2 is a frequent extrapul-
monary manifestation, particularly in hospitalized patients, and its presence has been
associated with an increased risk of complications, including death. The
pathophysiology of liver damage in COVID-19 patients is multifactorial and various
mechanisms interact. On the other hand, SARS-CoV-2 infection in patients with pre-
existing liver disease (i.e., fatty liver disease, cirrhosis, autoimmune or viral hepatitis,
and liver transplant patients) presents an increased risk of an ominous course of the
disease. Therefore, the presence of liver damage (both acute onset or as a pre-existing
condition) requires close monitoring and individualized management according to the
individual conditions of the patients. Further research is required to have a better
understanding of the SARS-CoV-2 and liver interaction that can improve the
therapeutic approach for patients.
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Abstract

With the increasing incidence of obesity and metabolic syndrome worldwide,
concomitant nonalcoholic fatty liver disease (NAFLD) in patients with chronic
hepatitis B (CHB) has become highly prevalent. The risk of dual etiologies,
outcome, and mechanism of CHB with concomitant NAFLD have not been fully
characterized. In this review, we assessed the overlapping prevalence of metabolic
disorders and CHB, assessed the risk of advanced fibrosis/hepatocellular
carcinoma in CHB patients concomitant with NAFLD, and discussed the
remaining clinical issues to be addressed in the outcome of such patients. We also
explored the possible roles of hepatitis B virus in the development of steatosis and
discussed difficultiesof histological evaluation. For CHB patients, it is important
to address concomitant NAFLD through lifestyle management and disease
screening to achieve better prognoses. The assessment of progressive changes and
novel therapies for CHB patients concomitant with NAFLD deserve further
research.

Key Words: Nonalcoholic fatty liver disease; Hepatitis B; Metabolic disorders; Steatosis;
Mechanism; Disease burden

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The pathophysiology of concomitant hepatitis B and hepatic steatosis remains
unclear. This review comprehensively discusses the epidemiology, risk factors, long-
term outcomes, histological assessment, potential mechanisms, and therapeutic options
in this field. We believe further studies can clarify the interactions of hepatitis B virus
and steatosis, and provide novel strategies for the management of hepatitis B patients
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INTRODUCTION

Chronic hepatitis B (CHB) has become highly prevalent worldwide in recent decades,
affecting 350 million people, especially in Africa, Latin America and the Asia-Pacific
region[1]. Although the incidence of hepatitis B virus (HBV) infection has recently
decreased because of the widespread use of vaccines, the number of existing CHB
patients remains significant[2]. CHB patients are at risk of severe liver-related adverse
events, including decompensation, hepatocellular carcinoma (HCC), and even death.
The persistence of covalently closed circular DNA (cccDNA) and incomplete immune
tolerance lead to continuing HBV reproduction, resulting in chronic liver inflammation
and fibrosis[3]. Despite the availability of potent antiviral treatments, we have not yet
been able to eradicate HBV.

Nonalcoholic fatty liver disease (NAFLD) has become epidemic in those with
chronic liver disease, with a worldwide annual incidence ranging from 6% to 35%[4].
The constantly increasing prevalence of NAFLD is paralleled by global increases of
obesity and insulin resistance[5]. The natural course of NAFLD is asymptomatic and
slowly progressive. A considerable proportion of CHB patients have concomitant
hepatic steatosis or even steatohepatitis. A number of studies have investigated the
relationship between CHB and NAFLD. Current evidence suggests that hepatic
steatosis may have a protective effect on CHB by decreasing HBV viral markers, but
CHB patients with concomitant NAFLD are faced with increased risks of advanced
liver disease and HCC[6]. The management of such patients is challenging. We know
little about the mechanisms of the interactions between HBV and steatosis. Therefore,
this review was performed to determine the impact of HBV on hepatic steatosis and its
underlying mechanisms.

EPIDEMIOLOGY OF STEATOSIS IN CHB

Prevalence and incidence of steatosis in patients with CHB

NAFLD is defined as the presence of steatosis (i.e. more than 5% liver fat content)
without coexisting etiologies of secondary steatosissuch as alcohol abuse, metabolic
dysfunction, and drug-induced liver injury[7]. Of the viral etiologies, hepatitis C virus
(HCV) infection is known to influencechanges in insulin resistance and lipid metabol-
ismthat would lead to hepatic steatosis and more severe inflammation in patients with
chronic hepatitis C (CHC)[8]. The prevalence of fatty liver in CHC patients has been
reported to range from 40% to 80%[9], depending on metabolic status, alcohol abuse
and, virus genotypes[10]. Unlike HCV, there is currently no direct evidence that HBV
increases the risk of steatosis. Even so, concomitant hepatic steatosis is not uncommon
in HBV-infected patients.

NAFLD is reported to account for nearly 25% of the causes of elevated serum
alanine aminotransferase (ALT) among CHB persons[11]. The prevalence of biopsy-
proven NAFLD in CHB patients has been estimated to range from 14 % to 30%[12-17].
Our recent study reported a prevalence of hepatic steatosis in CHB of 17.3%[18].A
meta-analysis reported a higher prevalence of 29.6%[19]. Another recent study found a
lower prevalence of NAFLD in CHB patients than in controls (13.5% vs 28.3%) using
proton magnetic resonance spectroscopy, a highly reliable steatosis assay[20]. We
performed a meta-analysis that found a lower prevalence of steatosis in CHB than in
the general population (Supplementary material). The results of nine studies indicated
a negative association with a possible risk for steatosis in CHB (pooled odds ratio
(OR)= 0.81, 95%CI: 0.71-0.920, P = 0.001; Figure 1). Furthermore, the incidence of
steatosis in a Korean cohort study was significantly lower in CHB patients than in the
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Figure 1 Meta-analysis of the prevalence of hepatic steatosis in patients with hepatitis B virus infectionvs control.
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controls (40.6 vs 43.5 per 1000 person-years)[21], and that was lower than an estimate
of 52.34 per 1000 person-years in the general population reported by another meta-
analysis[22].

Various factors may have contributed to the low prevalence of steatosis in patients
with CHB. A study with propensity score analyses reported that a concurrent HBV
infection was associated a lower risk of NAFLD than that in subjects who were only
hepatitis B core antibody (anti-HBc) positive[23]. Other viral factors, including HBV
genotypes, serum HBV DNA level, and hepatitis B e-antigen (HBeAg)positivity, were
reported not to be associated with the prevalence of steatosis[20]. Our previous study
reported that subclinical hypothyroidism had a role the development of steatosis in
CHB patients, and that elevated thyroid stimulating hormone levels, even at normal
ranges, were associated with an increased odds ratio of steatosis (OR = 1.54)[24]. Host
metabolism has a role the development of steatosis. It was reported that overweight
(OR = 5.99), hypertriglyceridemia (OR = 2.95), and type 2 diabetes (OR = 1.88) were
risk factors for hepatic steatosis in CHB patients[25,26]. CHB patients with NAFLD
presented with altered metabolic profiles and unhealthy lifestyle habits[27,28]. We
speculate that differences in the estimated prevalence of NAFLD reported in these
studies may be partly explainedby the modified metabolic status in CHB.

Metabolic dysfunctions in CHB

Metabolic dysfunctions have been considered as key factors for incident steatosis in
CHB,with oxidative stress, insulin resistance, and hyperglycemia as contributors to
hepatic steatosis. Insulin resistance increases fatty acid synthesis, delivery of free fatty
acids to the liver, and accumulation of triglycerides in hepatocytes. Chronic inflam-
matory processes are activated in obesity, type 2 diabetes mellitus (T2DM),and other
insulin-resistant states. In this context, activated macrophages release tumor necrosis
factor-a and interleukin-6, which promote low-grade inflammation of adipose tissue
and even the progression of hepatic damage[29,30]. Proinflammatory cytokines play a
crucial role in liver inflammatory responses by promoting hepatocyte apoptosis,
hepatic stellate cell proliferation, and angiogenesis[31]. In chronic liver disease, inflam-
mation, fibrosis, and liver function decompensation disrupt liver synthesis functions.
Decreased lipoprotein biosynthesis results in lower serum triglyceride and cholesterol
levels[32]. Several large studies have described the associations between HBsAg
positivity and disorders of lipid metabolism. HBsAg-positive patients had decreased
serum cholesterol and triglyceride levels and a decreased prevalence of hyperlipemia
[27,33,34]. Our study revealed a lower levels of hepatoxic lipids in serum from
NAFLD-HBYV patients than in those with only NAFLD[35]. The natural course of HBV
infection may play a role in changes in lipid metabolism, especially in elderly patients
[36]. This inverse relationship between HBV infection and serum lipid profile may also
contribute to reducing the prevalence of metabolic syndrome[37,38].

Another aspect of steatosis in CHB is that impaired glucose and lipid metabolism
make intrahepatic lipid content more sensitive to changes in energy intake. Liver
inflammation and elevated ALT have been reported to be related to insulin resistance
[39,40]. Evidence suggests that the prevalence of insulin resistance is higher in patients
with CHB concomitant with NAFLD than in patients with HBV or NAFLD alone[41].
Numerous studies have reported a negative association of CHB and steatosis without
aparallel risk associated with insulin resistance[40]. First, decreased liver functional
reserve was found to promote insulin resistance, and because it is involved in glucose
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metabolism, liver damage from hepatitis causeddisorders of glucose metabolism. The
risk of developing diabetes was decreased in CHB after excluding patients with
cirrhosis. Second, the association of insulin resistance and steatosis was attenuated by
multiple host factors other than viruses, andage and obesity were both confounders of
the risk of diabetes in CHB patients[42].

In CHB patients, steatosis resultsfrom a combination of metabolic abnormalities and
the status of HBV infection. Thataccounts for the reported differences in the prevalence
of steatosis in CHB patients and explains why previous HBV infection does not affect
the prevalence of NAFLD[23]. The design of early studies failed to comprehensively
evaluate metabolic status, calorie intake, and physical activity of CHB patients.
Therefore, it was not possible to adjust for all confounding factors. Causes associated
with those factors deserve investigation.

PROGRESSION AND OUTCOMES OF CHB WITH NAFLD
Disease severity of CHB with NAFLD

Chronic HBV infectionand NAFLD are the leading causes of chronic liver disease
worldwide. Previous studies have considered steatosis to be an irrelevant or even a
protective factor of CHB[25,43],but few focused on the effect of HBV on the severity
and long-term outcome of NAFLD. The meta-analysis mentioned above revealed a
strong negative association between serum viral load (e.g., HBV DNA level and
HBsAg positivity) and hepatic steatosis[19]. Similarly, a Korean cohort with non-CHB
controls found an association between HBsAg positivity and a reduced risk of NAFLD
[21]. After adjusting for metabolic factors, including insulin resistance, the association
was attenuated[21], which indicated that metabolic and viral factors should both be
taken into consideration.

Nonalcoholic steatohepatitis (NASH) is a severe form of NAFLD, that is prevalent in
CHB patients. In a North American and European cohort, the prevalence of biopsy-
proven NASH was approximately 17%[44]. NASH is characterized by necroinflam-
mation and hepatocyte ballooning and is the major cause of advanced liver fibrosis,
cirrhosis, and HCC in NAFLD[45]. Compared with bland steatosis, NASH has a more
rapid progression in fibrosis[46], and it has been associated with anincreasedincidence
of HCC, of up to 5.29 per 1000 person-years[47]. There is no doubt that CHB patients
with NASH have a higher risk of developing advanced fibrosis, HCC,or even death
than patients without steatohepatitis[44,48]. Concomitant NASH should thus be taken
seriously in CHB patients. Hepatic inflammationis key fordisease progression.
Although it would be difficult to differentiate the cause of inflammation from steato-
hepatitis in CHB patients, the risk of disease progression would be decreased if HBV
replication could be suppressed before age 40. Therefore, the outcome of CHB patients
with NASH would be improved in patients with early-stage NAFLD and low HBV
replication phase. Comprehensive assessment and close monitoring are required in the
management of CHB patients, irrespective of their viral load.

Risk of fibrosis in CHB patients with NAFLD

In patients with NAFLD, fibrosis is the characteristic that is most closely related to
long-term adverse events compared with other histological features[49]. In the
development of fibrosis in NASH, sustained lipotoxicity and endoplasmic reticulum
stress induce cell death in steatotic hepatocytes. Developmental pathways including
Notch, Hedgehog and YAP-TAZ are persistently activated to cope with the chronic
insult. As a result, crosstalk of hepatocytes-macrophages-hepatic stellate cells and
activation of resident Kupffer cells lead to inflammatory and fibrogenic responses[50].
Accumulating evidence suggests an increased risk of advanced fibrosis and long-
term adverse prognosis in CHB patients with NAFLD. Our cross-sectional study found
that CHB patients with steatosis had less severe fibrosis than those without steatosis
[51]; but in prospective cohort studies, the baseline severity of steatosis was associated
with more progressive fibrosis[52-54]. Furthermore, Charatcharoenwitthaya et al[25]
reported that steatohepatitis but not simple steatosis was an independent predictor of
significant, advanced fibrosis.The additive effect of steatosis has also been reported in
the progression of fibrosis. Persistent severe steatosis led to a 2-fold increased risk of
fibrosis progression over a 3-year follow-up[43]. A retrospective cohort study with
biopsy-confirmed cirrhosis progression found that CHB patients with concomitant
steatosishad a higher proportion of incident cirrhosis (36%) than those without
steatosis (22%)[55]. There is little direct evidence of the effect of steatosis on fibrosis
regression. It has been reported that low body mass index (BMI) and steatosis
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resolution during tenofovir antiviral treatment were associated with fibrosis regression
in CHB patients[43,56], suggesting that management of metabolic disorders and
concomitant steatosis were key considerations of anti-fibrotic treatment.

Risk of HCC in CHB patients with NAFLD

Previously, more than 70% of HCC morbidity was attributed to chronic viral hepatitis.
NAFLD has been predicted to replace viral etiologies in contributing to the HCC
burden. NAFLD could account for more than 30% of HCC cases, especially in
developed countries[57]. The progression of HCC in CHB patients with NAFLD is
complicated, with direct evidence remaining elusive. As previously discussed, liver
fibrosis and cirrhosis are recognized as key drivers of HCC[47]. Evidence suggests that
metabolic factors are also responsible for disease progression. CHB patients with high
BMI values were reported to have increased incidences of cirrhosis and HCC[58],and
long-term follow-up has indicatedthat the incidence of HCC and the risks of liver-
related mortality increase with the number of associated metabolic factors[59]. Two
retrospective liver biopsy-proven cohort studies reported a 2-7-fold increase in the
risks of HCC in CHB patients with NAFLD[48,55]. Recent studies reported similar
results, but they found the association was reduced after adjusting for metabolic
factors and age[6,60]. We speculate that metabolic factors, especially T2DM, play an
important role in the development of HCC.

HCC remains the second leading cause of death related to malignancy worldwide
[61].Screening and management of metabolic disorders in CHB patients are crucial for
the prevention of HCC, andcoexisting factors should be taken into consideration. In
the above-mentioned study, the association of hepatic steatosis and HCC development
was observed only in patients receiving antiviral treatment, not in the overall
population. That is because confounding factors including significant alcohol drinking
were not considered[48]. In addition, the prevalence of NAFLD andthe HBsAg
seroclearance rate both increase with age[62]. Therefore, patient age may be a
confounding factor in the association of HBV infection with the long-term outcome of
NAFLD. Noninvasive methods have often been used to identify steatosis in
population-based studies, considering the injury risk of liver biopsy and the infeas-
ibility of large numbers of patients,and using different measurements leads to bias in
the definition of steatosis. Trial-based studies have carefully selected homogeneous
patient samples that were matched for the presence of confounders. If patients with
significant metabolic dysfunctions such asT2DM and cardiovascular disease were
excluded, then the study results might not be representative of all types of real-world
situations.

The overall long-term outcome of patients with CHB concomitant with steatosis is
subject to avariety of risk factors. Liver conditionsincluding NASH and advanced
fibrosis were found to have additive effects on event-free survival (HCC,
decompensation and transplantation)[44]. Wong et al[52] reported that steatosis had no
direct predictive effect on these events including cardiovascular events, liver-related
complications, malignancy and mortality.

Important issues in clinical management

The effects of steatosis on the progression and remission of CHB have been widely
investigated but few studies have focused on the outcome of NAFLD in the natural
course of CHB or during antiviral treatment. Issues that should be addressed are: (1)
The incidence of NAFLD in CHB and decreased risk of NAFLD in CHB[21] and
diabetes[26]. Metabolic factors including weight change and lifestyle habits have not
been comprehensively evaluated but a negative association may not reflect the
etiology; (2) The progression of fibrosis in NAFLD needs study because the findings of
cross-sectional studies are inconsistent. Concurrent HBV infection has been associated
with advanced fibrosis[63], but anti-HBc-positive NAFLD patients are reported to
have increased risks of cirrhosis, HCC, and liver-related complications[64]. The role of
HBYV infection status requires investigation; (3) The regression of fibrosis in NAFLD
needs study. Steatosis resolution has been reported to be associated with fibrosis
regression in CHB[43]; but whether HBV cures or antiviral treatment responses affect
fibrosis regression in NAFLD remains unknown; and (4) The resolution of NASH.
Given the interaction of steatosis resolution and fibrosis regression, the impact of
fibrosis improvement after antiviral treatment of steatosis-related inflammation
remains unknown.To address these issues, the interaction between HBV and metabolic
homeostasis in the progression of liver disease requires further study.
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EFFECT OF ANTIVIRAL TREATMENT ON NAFLD

Few studies have investigated the incidence of hepatic steatosis during antiviral
treatment with pegylated interferon and nucleos(t)ide analogs (NAs). NA therapy
reduces HBV replication, suppresses inflammation, and improves fibrosis in CHB[56].
Most studies have shown that NAFLD has no impact on viral suppression and
biochemical responses during NAs antiviral treatment[65,66]. Whereas, decreased
virological responses were also observed in CHB patients concomitant with steatosis
in several studies[43,67,68]. In those cases, the authors speculated that the elevated
ALT caused by NAFLD could lead to premature antiviral treatment and a poor
response.

A recent study reported that lamivudine, entecavir, or adefovir dipivoxil increased
the BMI and increased the visceral fat area in CHB patients[69]. It is worth noting that
tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide (TAF) were found
toimprove the lipid metabolic profile of CHB patients. Compared with patients treated
with entecavir, greater declines in serum lipid components were observed in patients
treated with TDF[70]. An in vitro study reported that TDF modulated lipid metabolism
by upregulating hepatic CD36 by activating PPAR-a[71]. Overexpression of hepatic
CD36 improved hepatic steatosis and insulin resistance by reducing hepatic lipids,
which might explain the findings above. In a study of CHB patients, switching to TAF
improved metabolic dysfunction, reduced serum ALT levels, and improved ALT
normalization in patients with or without diabetes despite significant increases in
body weight and BMI[72].

Myrcludex B is a novel agent for CHB treatment that inhibits hepatic bile acid
uptake transporter Na*taurocholate cotransporting polypeptide (NTCP). It has been
shown to be safe and welltolerated and is currently in phase 2b clinical trials for the
treatment of HBV infection. Recently, a study showed that Myrcludex B induced
weight loss and decreased hepatic adiposity by inhibiting the hepatic clearance of bile
acids from portal and systemic blood, stimulating glucagon-like peptide-1 (GLP-1)
secretion[73].Because these agents potentially improve dyslipidemia and metabolic
dysfunctions, TDF, TAF and Myrcludex B could be used to treat metabolic diseases,
including NAFLD. They may be the best choice for CHB patients with concomitant
NAFLD.

MECHANISMS OF INTERACTION BETWEEN HEPATITIS B AND
STEATOSIS

Currently, the majority of CHB patients are on antiviral treatments that provide potent
virological suppression. Viral factors are attenuated, and the relative influence of
metabolic factors are increased in the course of NAFLD[74], which was verified in a
study in HBsAg transgenic (HBs-Tg) mice. High-fat methionine-choline-deficient diet
(MCD)-fed HBs-Tg mice had more liver fat accumulation and macrovesicular fat
droplets than wild-type C57BL/6 mice. HBsAg increased susceptibility to steatohep-
atitis in those mice[75]. The evidence indicates that CHB patients should manage their
lifestyle to prevent the incidence of NASH.

Accumulating evidence on single nucleotide polymorphisms (SNPs) and NAFLD
severity and progression has helped to elucidate the genetic basis of NAFLD. SNPs of
patatin-like phospholipase domain-containing protein 3 (PNPLA3) and transmem-
brane 6 superfamily member 2 (TM6SF2) are two common genetic determinants of
NAFLD[76,77]. In cohort studies of biopsy-proven CHB patients, several SNPs of
PNPLA3 were independently associated with steatosis, lobular inflammation, and
steatohepatitis andwere similar to the findings of NAFLD studies[48,78,79], in which
patients with SNPs of the T allele of rs1010023 in PNPLA3 were more susceptible to
hepatic steatosis[78]. The T allele of rs58542926 in TM6SF2 has been associated with
altered lipids and hepatic steatosis in CHB patients; this substitution was associated
with increased HBV DNA[80]. As the T allele has a low prevalence of 7% worldwide, it
may play a role in steatosis in a minority of the population. The evidence suggests the
possibilityof genetic susceptibility to fatty liver in CHB.

Clinical studies that describe macroscopic results are often limited by the hetero-
genous characteristics of enrolled patients. Basic science studies would better balance
confounding factors, and provide clues for elucidating the mechanism of interactions
between HBV infection and fatty liver. Hepatitis B protein X (HBx), one of the four
HBYV proteins, has an important role in HBV infection. Previous studies in HepG2-HBx
stable cells and in HBx-transgenic mice confirmed that overexpression of HBx induces
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hepatic lipid accumulation, and that HBx is a risk factor for steatosis[15]. HBx is
mediated by sterol regulatory element binding protein 1 (SREBP-1) and peroxisome
proliferator-activated receptor gamma (PPAR-y)[81]. HBx has been reported to
upregulate fatty acid binding protein 1 (FABP1) to promote hepatic lipid accumulation
in the development of steatosis in HBV-induced cells[82]. During treatment, the
expression of HBx and downstream factors were downregulated by antiviral agents
[83], which might be helpful for the improvement of steatosis during antiviral
treatments in clinical studies.

As a regulator of adipocyte differentiation, CCAAT/enhancer-binding protein a
(C/EBPa) triggers adipocyte differentiation by inducing complex cascades of
transcription. In HBx-transfected hepatocytes, HBx stimulates the expression and
transcriptional activation of C/EBPa and PPAR-y[81]. Endoplasmic reticulum stress is
associated with liver injury and fibrosis. C/EBPa is also the effector of endoplasmic
reticulum stress, but whether HBV-induced endoplasmic reticulum stress plays a role
in the development of concomitant steatosis requires further research. The involve-
ment of adiponectin in adipogenic conversion in CHB has been extensively studied.
Adiponectin improves hepatic insulin sensitivity and decreases lipid accumulation in
macrophages. CHB patients have been reported to have higher serum adiponectin
levels[27,84], which could account for the low prevalence of steatosis in HBV-infected
subjects. The metabolic changes related to HBV infection at the cellular level could
help explain the clinical, but phenotypic differences related to NAFLD at the individual
level require further study.

CHALLENGES IN HISTOLOGICAL EVALUATION

NAFLD and CHB use different scoring systems for histological assessment. The fatty
liver inhibition of progression algorithm and steatosis, activity, and fibrosis (FLIP-
SAF) score[85] and NAFLD activity score (NAS)[86] are used to evaluate histological
activity.The criteria include steatosis, lobular inflammation, hepatocyte ballooning,
and fibrosis. In the assessment of CHB, Ishaket al[87] and The METAVIR study group
[88]have described two major scoring systems to evaluate necroinflammation and
fibrosis. Because the pathogeneses of CHB and NAFLD are complex, the coexistence of
HBYV and steatosis-induced injury may affect each other. The steatosis distribution
patterns in CHB patients with concomitant NAFLD and in those with NAFLD alone.
In CHB, SHG/TPEF scores of the steatosis distribution and in the peripheral region
and that in lobule region were similar.In NAFLD, the steatosis percentage was
significantly lower in the peripheral region than in the lobule region[89]. Whether
CHB concomitant with NAFLD has novel pathophysiological characteristics remains
unclear.

The inflammation of CHB and NAFLD has been differentially evaluated by
hepatocyte injury. The modified Knodell necroinflammatory score of the Ishak scoring
system is used to assess CHB activity and is based on four variables, periportal or
periseptal interface hepatitis, confluent necrosis, focal apoptosis and portal inflam-
mation[87]. The NAS and SAF activity scoresare used to quantify inflammation in
NAFLD. Ballooning is the most specific inflammatory characteristic of NAFLD, andin
CHB concomitant with NAFLD, ballooning is predictive for clinical outcomes[44]. A
cross-sectional studyreported that CHB with steatosis had less necroinflammation and
fibrosis than CHB without steatosis[19], but CHB activity has not been associated with
the degree of steatosis[90]. Although both algorithms score fibrosis on a scale of from 0
to 4, they are based on different zones and severities. In contrast to viral hepatitis,
fibrosis characteristic of NASH is predominantly seen with lobular inflammation.
Thus, zone-3 perisinusoidal fibrosis has been the primary focus during evaluations
[86].

The dynamic assessment of inflammation and fibrosis are major problems faced in
evaluating CHB concomitant with NAFLD. During antiviral treatment, viral
suppression attenuates necroinflammation in CHB, inducing fibrosis improvement.
Although the pathogenesis of HBV infection and NASH differ, they share a common
pathway to fibrogenesis because of necroinflammation. Histological improvement in
CHB is defined as a more than 2-point reduction in the Knodell necroinflammatory
score with no worsening of fibrosis.Resolution of NASH is defined an inflammation
score of 0 to 1 and a ballooning score of 0[91,92]. It is difficult to determine whether
changes in CHB inflammation severity influence the NAFLD inflammation score
orwhether fibrosis regression in CHB induces improvement of NAFLD. These
problems have complicated the assessment of CHB regressionconcomitant with
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NAFLD.Currently, with the new nomenclature of metabolic-associated fatty liver
disease[93], it is no longer a diagnosis of exclusion. Based on the presence of steatosis
and metabolic dysfunction, the diagnosis of NAFLD coexisting with CHB might be
more feasible[94]. Thus, new definitions are needed to correctly classify patients
during histopathological evaluation in clinical practice.

CONCLUSION

The decreased prevalence and incidence of steatosis in CHB patients are mainly due to
altered metabolic profiles. However, concomitant steatosis increases the occurrence of
adverse liver-related events, including cirrhosis and HCC. Lifestyle management and
screening of metabolic changes associated with steatosis are recommended in CHB
patients regardless of viral load. Traditional antiviral therapy has no impact on the
incidence of steatosis, but tenofovir and NTCP inhibitors have strong metabolic effects,
which could be promising in the treatment of CHB patients concomitant with NAFLD.
Further study is necessary to determine whether these associations cause macro
changes. As the mechanisms of interactions between steatosis and HBV infection
become more clear, future studies will provide novel strategies for the clinical
management and treatment of CHB concomitant with NAFLD.
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Abstract

Acute kidney injury (AKI) in cirrhosis, including hepatorenal syndrome (HRS), is
a common and serious complication in cirrhotic patients, leading to significant
morbidity and mortality. AKI is separated into two categories, non-HRS AKI and
HRS-AKI. The most recent definition and diagnostic criteria of AKI in cirrhosis
and HRS have helped diagnose and prognosticate the disease. The patho-
physiology behind non-HRS-AKI and HRS is more complicated than once
theorized and involves more processes than just splanchnic vasodilation. The
common biomarkers clinicians use to assess kidney injury have significant
limitations in cirrhosis patients; novel biomarkers being studied have shown
promise but require further studies in clinical settings and animal models. The
overall management of non-HRS AKI and HRS-AKI requires a systematic
approach. Although pharmacological treatments have shown mortality benefit,
the ideal HRS treatment option is liver transplantation with or without
simultaneous kidney transplantation. Further research is required to optimize
pharmacologic and nonpharmacologic approaches to treatment. This article
reviews the current guidelines and recommendations of AKI in cirrhosis.

Key Words: Acute kidney injury; Hepatorenal syndrome; Liver cirrhosis; Treatment;
Biomarkers; Prognosis
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cirrhosis as well as hepatorenal syndrome. We review the most current topics including
diagnosis, current definitions, pathophysiology, novel biomarkers, treatment, pharma-
cology, nonpharmacologic treatment, and topics of further research.
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INTRODUCTION

Acute kidney injury (AKI) is a relative decrease in a kidney’s glomerular kidney
function (GFR) and frequently occurs in patients. The incidence of AKI ranges from
20%-50% in cirrhotic patients when hospitalized for acute decompensation[1-6]. AKI
imparts significant morbidity and mortality in patients with liver cirrhosis. Hospit-
alized cirrhotic patients have a high mortality rate, both inpatient and post-discharge
[7]. Cirrhosis itself is a complex disease process that causes significant morbidity due
to substantial volume shifts and increased vasodilation. Renal dysfunction, therefore,
imparts another layer of complexity to those with cirrhosis and must be considered
when a patient is being evaluated for liver transplantation (LT)[8].

Renal function is a weighted parameter in the Model for End-Stage Liver disease
(MELD) score[9,10]. By accounting for creatinine, the MELD score allows patients with
renal failure (acute or chronic) to receive liver transplants promptly[9,10]. Renal
disease is an increasing health care burden in the United States as there has been a rise
in the prevalence and incidence of type II DM and obesity along with chronic liver
disease. Rustgi et al[11] calculated the additional cost of chronic kidney disease (CKD)
in chronic liver disease patients by stage[11].

In the 1960s, Hecker and Sherlock described the process of renal dysfunction with
the presence of ascites in advanced cirrhosis and defined it as hepatorenal syndrome
(HRS)[12,13]. HRS is renal dysfunction resulting from systemic hemodynamic effects
of portal hypertension secondary to liver cirrhosis[12], AKI in liver cirrhosis has been
separated into non-HRS-AKI and HRS. The latter has been subdivided into type 1
HRS, known more recently as HRS-AKI, or type 2 HRS, known as HRS-CKD. The
current recommendations and literature involving AKI and HRS in patients with liver
cirrhosis are reviewed here.

DIAGNOSIS (NON-HRS-AKI)

The definition of HRS relies first and foremost on the definition of AKI. The definition
of AKI has evolved. The first challenge has been determining the most accurate and
available renal function measurement, which is the calculation of GFR. There is,
however, no consensus on the most accurate method to measure GFR. Traditionally,
the definition of AKI has been based on urine output and serum creatinine (sCr). The
diagnosis of AKI is dependent on the patient’s baseline sCr. The International Club of
Ascites (ICA) defines a baseline sCr as the last sCr within three months of current sCr
[14].

The definition of AKI historically has gone through many updates as enumerated in
Table 1[14-17]: Given the complexity of cirrhosis, AKI in cirrhosis needed its definition
with specific criteria. In 2004, AKI was defined by the Acute Dialysis Quality Initiative
(ADQI) group using the RIFLE criteria and divided into the three stages (stage 1 or R,
stage 2 or I, or stage 3 or F)[15]. Further updates by the AKI Network (AKIN) and
Kidney Disease Improving Global Outcomes (KDIGO), which labeled the stages 1-3
[14-17]. Numerous consensus definitions have defined AKI. KDIGO is the most recent
consensus definition for AKI that was updated in 2012[17]. In 2010, the ADQI with the
ICA defined criteria for AKI in liver cirrhosis as shown in Table 2[18-20].

The guidelines were again updated in 2015 by the ICA to adopt the 2012 KDIGO
definition of AKI. The benefit of the KDIGO criteria over the AKIN criteria for AKI is
removing the absolute creatinine value of at least 1.5 mg/dL as a requirement, sCr in
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Table 1 A brief overview of the consensus definitions of acute kidney injury

Criteria Stage  Definition

RIFLE criteria/ ADQI in 2004[15] At least 1.5 x baseline serum creatinine within 7 d, decrease in urine output of 0.5 mL/kg/h
for 6 h, decrease in GFR of at least 25%

Stage 1 1.5 x baseline Cr, GFR decrease of 25%, UOP < 0.5 mL/kg/h for 6-12 h.
R)

Stage 2 2 x baseline serum creatinine, decrease of GFR < 50%, UOP < 0.5 mL/kg/h for 12 h
@

Stage3 3 x baseline serum creatinine, decrease of GFR of 75%, UOP < 0.3 mL/kg/h for 24 h, anuria

(F) for 12 h, or on RRT acutely
Acute Kidney Injury Network (AKIN) in 2007 Definition: increase of at least 0.3 mg/dL in last 48 h, 1.5 x baseline creatinine in last 48 h, or
[16] UOP < 0.5 mL/kg/h for at least 6 h

Stage 1 Increase of 0.3 mg/dL w/in 2 d, 1.5-2 x baseline serum creatinine within 2 d, or UOP < 0.5
mL/kg/h for 6-12 h

Stage2  2-3 x baseline serum Cr, UOP < 0.5 mL/kg/h for at least 12 h
Stage3 3 x baseline serum Cr, UOP < 0.3 mL/kg/h for 24 h, anuria for 12 h, on RRT

Kidney Disease Improving Global Outcomes Increase in sCr of at least 0.3 mg/dL within 48 h, increase of at least 1.5 x baseline in the last 7
(KDIGO) in 2012[17] d, or urine output < 0.5 mL/kg/h for at least 6 h

Stage1  Increase of 0.3 mg/dL, 1.5-2 x baseline Cr, UOP < 0.5 mL/kg/h for 6-12 h
Stage2  2-3 x baseline serum Cr or UOP < 0.5 mL/kg/h for at least 12 h

Stage 3 3 x baseline serum Cr, increase of 0.5 mg/dL above absolute level of 4.0 mg/dL, on RRT, UOP
< 0.3 mL/kg/h for 24 h, or 12 h of anuria

GFR: Glomerular kidney function; UOP: Urine output; RRT: Renal replacement therapy; ADQI: Acute Dialysis Quality Initiative; Cr: Creatinine.

Table 2 The current and past consensus definitions of acute kidney injury in cirrhosis

Criteria Stage  Definition

ADQI/ICA in 2010[19] The absolute increase in serum Cr of at least 0.3 mg/dL or 1.5 x baseline serum creatinine
Stagel Increase of 0.3 mg/dL within 48 h or 1.5-2 x baseline serum creatinine
Stage2  Increase of 2-3 x baseline serum Cr
Stage3  Atleast 3 x baseline serum Cr with an increase of 0.5 mg/dL or currently on RRT

ICA-AKI in 2015[14] An absolute increase in serum Cr of at least 0.3 mg/dL within 48 h or 1.5 x baseline Cr level within the last 7 d
Stage 1A Increase of 0.3 mg/dL from baseline in 48 h, 1.5-2 x baseline serum creatine. Absolute value of serum Cr <1.5 mg/dL
Stage 1B Increase of 0.3 mg/dL from baseline in 48 h, 1.5-2 x baseline serum creatine. Absolute value of serum Cr > 1.5 mg/dL
Stage2  Increase of 2-3 x baseline

Stage3  Greater than 3 x baseline Cr, Cr > 4 mg/dL with rise of > 0.5, or on RRT

RRT: Renal replacement therapy; ADQI: Acute Dialysis Quality Initiative; ICA: International Club of Ascites; AKI: Acute kidney injury; Cr: Creatinine.

patients with cirrhosis may underestimate renal dysfunction due to low baseline
muscle mass[14]. However, in staging AKI, as stressed by Angeli et al[14], the absolute
level of 1.5 mg/dL was used to differentiate between stage 1-A and stage 1-B[14], as
shown in Table 2. The new ICA criteria emphasize the importance of having a baseline
sCr for making the diagnosis and allow for a prior sCr within three months to be
considered a baseline[14].

DIAGNOSIS (HRS)

HRS is defined as renal dysfunction in chronic liver disease (usually severe or
advanced cirrhosis) or acute liver failure[1,8,14]. HRS has primarily considered a
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diagnosis of exclusion with specific criteria explained in Table 3, and its two types are
generally differentiated by disease course. However, it may be challenging to differ-
entiate from acute tubular necrosis (ATN). Table 3 lists the definitions of HRS types 1
and 2[21]. Type 1 and 2 HRS were renamed HRS-AKI and HRS-CKD in 2015. The most
significant difference between the prior diagnosis of HRS type 1 and HRS-AKI has
been eliminating an absolute sCr level of 2.5 mg/dL[21-23].

PATHOPHYSIOLOGY OF HRS

HRS has been theorized to be caused by various mechanisms. The most well-
understood hypothesis evokes splanchnic vasodilation changes, leading to increased
peripheral vasoconstriction[24,25]. Additionally, there is evidence for other processes.
Hepatocytes and stellate cells are known to produce vasodilatory mediators, including
nitric oxide, prostacyclin, carbon monoxide, endogenous cannabinoids, adreno-
medullin[1,8,26-28]. The destruction of hepatocytes leads to an increased release of
these products into the splanchnic circulation, resulting in significant arterial
vasodilation. This, in turn, decreases the systemic mean arterial pressure, causing
compensatory activation of the sympathetic nervous system resulting in the consistent
release of norepinephrine, angiotensin II and antidiuretic hormone[8,26-31]. These
processes trigger unopposed vasoconstriction in the renal arteries via multiple
physiologic mechanisms to counteract the splanchnic vasodilation and preserve renal
function. As cirrhosis progresses, the systemic vascular resistance is decreased to the
point that an increase in cardiac output cannot compensate adequately to maintain
adequate organ perfusion[8,25] (Figure 1). This phenomenon is described as cirrhotic
cardiomyopathy, directly related to sustained portal hypertension[1,32,33]. The
possibility of spontaneous bacterial peritonitis (SBP) must be accounted for every time
a patient is treated for AKI[2,34,35].

PATHOPHYSIOLOGY OF NON-HRS AKI

The typical forms of non-HRS-AKI include prerenal azotemia (PRA), parenchymal
renal disease, and drug-induced kidney injury. Prerenal AKI accounts for up to 60% of
all AKI cases in patients with cirrhosis[2,34]. The most common causes of AKI in
cirrhosis are hypovolemia, SBP, bacterial infections (other than SBP), sepsis, upper
gastrointestinal bleeding, and shock. Infections and sepsis (urinary tract infections,
pneumonia, skin infections, or SBP) cause decreased blood flow to the renal
vasculature and cause kidney injury for cirrhosis patients who are already susceptible
to volume shifts[3-5,36,37]. Frequent large-volume paracentesis can cause hypo-
volemia, exacerbated by increased third spacing and hemodynamic instability[7].
Gastrointestinal bleeding also causes hypovolemia and is commonly implicated in
renal dysfunction[3-5,36,37]. Common drugs which can contribute to AKI in cirrhosis
are diuretics and laxatives, particularly lactulose. Intrinsic renal dysfunction is present
in around 30% of AKI cases in cirrhosis[34,35]. Intrinsic renal disease plays a role in
AKI as well. Many of the insults that affect liver function and are common etiologies in
cirrhosis can lead to acute and chronic kidney disease. These can include autoimmune
disease, medications, hepatitis B infection, and hepatitis C infection[7].

There are cirrhosis-specific mechanisms that also contribute to non-HRS AKI.
Hepatic inflammation has been well-described in the literature for contributing to non-
HRS AKI[12,38]. In the setting of cirrhosis or chronic liver disease, inflammation may
be the result of damage-associated molecular patterns (DAMPs) in hepatocytes and
gut immunity weakening from pathogen-associated molecular patterns (PAMPs)[12,
39]. DAMPs specific to the liver include interleukin (IL)-1, IL-33, and bile acids
recognized by the Kupfer cells’ toll-like receptors[12,40]. Gut bacterial translocation
has been associated with the release of PAMPs (e.g., lipopolysaccharide), or DAMPs (
e.g., heat shock proteins), from a cirrhotic liver leading to a systemic inflammatory
response which can lead to the development of non-HRS AKI[12,41-45] (Figure 1).

Adrenal insufficiency is also frequently present in patients with cirrhosis. A
retrospective study by Moini et al[46] evaluated 105 cirrhotic patients and reported
that 15% of cirrhotic patients had some degree of adrenal insufficiency and identified
hyponatremia and elevated international normalized ratio as risk factors for its
development[46,47]. These processes can decrease glucocorticoids’ synthesis and result
in adrenal insufficiency[48]. Inadequate adrenal response subsequently alters
cardiovascular hemodynamics through vascular tone changes and cardiac output
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Table 3 The previous and current definition and nomenclature of hepatorenal syndrome[14,19,21-23]

Previous and current definition and nomenclature

Criteria to confirm of HRS =~ To diagnose HRS, patients must have: (1) The presence of ascites; (2) No improvement of creatinine after holding diuretics;

vs other etiology of renal (3) No improvement after 48 h of albumin supplementation (1 g/kg/d); (4) No signs of shock; (5) No recent nephrotoxic

dysfunction medications (antibiotics, contrast, NSAIDs); and (6) No signs of kidney disease (proteinuria, microhematuria, no findings on
renal ultrasound)

HRS type 1 (most recent Rapid renal injury (within two weeks) defined by 2 x baseline serum creatinine to a value > 2.5 mg/dL or 50% reduction in

definition in 2007) creatinine clearance

HRS type 2 Moderate renal failure with creatinine ranging from 1.5 to 2.5 mg/dL that occurs progressively

Definition of HRS-AKI Patients with the criteria above and ICA-AKI 2015 definition for AKI

Definition of HRS-CKD Patients who meet the criteria in row 1 and the rise of serum creatinine and changes in urine output are all progressive (> 1
wk)

Patients with HRS-CKD are known to have decreased urine output over weeks to months

ICA: International Club of Ascites; AKI: Acute kidney injury; HRS: Hepatorenal syndrome; CKD: Chronic kidney disease; NSAID: Non-steroidal anti-
inflammatory drug.

"Ad

ation o
vasoconstrictor
factors

“Renal
vasoconstriction

Effective arterial
hypovolemia

Figure 1 Pathogenesis of hepatorenal syndrome and acute kidney injury in cirrhosis. (1) Patients with cirrhosis present with a marked splanchnic
arterial vasodilation due to portal hypertension; (2) Splanchnic vasodilation causes a decrease in systemic vascular resistance leading to effective arterial
hypovolemia; (3) There is activation of endogenous vasoconstrictors such as the renin-angiotensin-aldosterone system, sympathetic nervous system and arginine
vasopressin; and (4) The activation of these systems leads to renal vasoconstriction inducing a decrease in glomerular filtration rate and development of hepatorenal
syndrome. A decrease in cardiac output may contribute to a decrease in effective arterial blood volume. Pathogen-associated molecular patterns and damage-
associated molecular patterns, derived from bacterial translocation and from injured liver, may activate circulating innate immune cells, leading to an inflammatory
response. The Inflammatory mediators may lead to impairment of circulatory dysfunction and consequently, kidney tissue damage. Library of Science & Medical
lllustrations were utilized in part to create this figure (https://creativecommons.org/Licenses/by-nc-sa/4.0/). DAMPs: Damage-associated molecular patterns; PAMPs:
Pathogen-associated molecular patterns.

leading to decreased renal perfusion[46].

In patients with nonalcoholic steatohepatitis (NASH), studies have shown that
around 28% have worsened renal function[46,49]. Patients with NASH /nonalcoholic
fatty liver disease (NAFLD) and CKD have been shown to alter the renin-angiotensin
system[46,50]. In patients with metabolic syndrome and NAFLD, alterations in the
renin-angiotensin system with increased renin/angiotensin II receptor activation (from
increased activation of angiotensin-converting enzyme-2) have been linked to hepatic
steatosis, fibrosis and leading to NASH cirrhosis. This same process is well established
to cause physiologic changes in the kidney, such as efferent artery vasoconstriction,
which initially causes glomerular hyperfiltration and leads to hypertrophy with
eventual scarring[46,50]. Other mechanisms in patients with NASH cirrhosis include
5 AMP-activated protein kinase activation, lipoprotein dysmetabolism, and oxidative
damage through downregulation of sirtuin-1[46,51,52]. Patients with NAFLD/NASH
will have comorbidities such as hypertension and diabetes mellitus and are highly
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susceptible to AKI[34,35].

In viral hepatitis, the most common kidney injury mechanism involves creating
immune complexes with the virus, antibodies against infected hepatocytes, or direct
cytopathic impact[46,53]. Hepatitis B infection is associated with polyarteritis nodosa
(PAN), membranous nephropathy, and membranoproliferative glomerulonephritis[54,
55]. Pathologically, renal biopsies generally reveal immune complex deposition, partic-
ularly hepatitis B envelope antigen in membranous nephropathy[55]. Chronic hepatitis
C infections are also often linked with glomerular disease. The most common renal
dysfunction causes include mixed cryoglobulinemia, PAN, and membranous
nephropathy[56].

BIOMARKERS

Early recognition of AKI and accurate measurement of renal function in cirrhosis is
crucial when treating patients. Still, AKI can often be missed due to the baseline
abnormalities present in patients with cirrhosis. Urine output is not an accurate
measurement of a patient’s renal function or GFR in cirrhosis. Third-spacing causes
urine output to drop, which underestimates renal function. At the same time, diuretic
use may lead to an overestimation of renal function.

The most frequently used laboratory value to measure GFR is sCr because it is
readily available, inexpensive, and accurate[57-60]. However, sCr has many factors
that influence its value, such as race, age, gender, and muscle mass[18,60]. In cirrhosis,
patients are malnourished, cachectic, and sarcopenic, leading to a deficiency in protein
intake and is associated with muscle wasting[61]. These patient-specific factors are
why creatinine may be lower in cirrhotic patients leading to an overestimation of GFR
and renal function. Another factor leading to inaccuracy in creatinine correlating with
GEFR is that hyperbilirubinemia affects Jaffe’s kinetic assay that measures sCr and leads
to an inaccurately low measurement[18,59].

sCr remains the primary measurement of renal function in cirrhosis because the use
of novel biomarkers remains experimental[59]. Urinary sodium and the fractional
excretion of sodium (FeNa) have only been used as an adjunct to sCr to help diagnose
HRS and PRA[23].

NOVEL BIOMARKERS

Given that sCr may not evaluate the degree or the timing of AKI promptly, novel
biomarkers with promise are being evaluated[59,62]. Cystatin C is a low-molecular-
weight protein that is produced by all nucleated cells. It is filtered by the glomerulus
and mainly reabsorbed by the proximal tubule[63]. Cystatin C testing is less readily
available and is more expensive. Despite the limitations, cystatin C is not affected by
age, muscle mass, malignancy, or inflammation[64,65]. The assay, unlike sCr, is not
affected by high levels of serum bilirubin[66]. Prior studies have not had sufficient
evidence of superiority for cystatin C in comparison to Cr. However, combination
equations of Cr and cystatin C are superior to sCr[64,65]. Cystatin C is an independent
predictor of AKI and outcomes, including mortality[67,68]. Other biomarkers of
interest include neutrophil gelatinase-associated lipocalin (NGAL), kidney injury
molecule-1 (KIM-1), IL-18, and liver-type fatty acid-binding protein (L-FABP)[18,59,
69]. The biomarkers’ clinical benefits and limitations are described in Table 4.

NGAL is a small protein made by the kidney, lung, stomach, and colon[70,71].
Using mouse and rat models, Mishra et al[70] in 2003 demonstrated that NGAL was
upregulated in prerenal AKI and ATN setting and that increased urinary NGAL could
be detected within 2 h of initial renal injury[70]. Multiple studies have evaluated the
efficacy and utility of urinary NGAL in cirrhotic patients with AKI. When urinary
NGAL was used to define and predict morbidity in AKI, the authors concluded that
urinary NGAL levels were elevated in ATN compared to PRA or HRS-AKI. However,
the most significant confounder in its utility is the overlap between ATN’s lower
values and HRS’s upper values or PRA[18,72-75]. Two studies had found that urinary
NGAL was superior to cystatin C in utility for diagnosis of AKI or ATN[75,76]. In
contrast, Barreto et al[74] studied 132 cirrhotic patients hospitalized with infections.
The authors found that among patients with persistent AKI, HRS-AKI could be
accurately predicted with urinary NGAL values lower than 86 ng/g creatinine in 88%
of patients[74]. In a study with 55 patients, Lee et al[77] found that urinary NGAL
levels were significantly higher in ATN than HRS and PRA. Also, median urinary
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Table 4 The most well-known novel biomarkers being studied for acute kidney injury in cirrhosis

N.o vel Source  Benefits/Clinical uses Limitations

biomarker

Cystatin C[62- Plasma, Early biomarker of AKI, potential benefit with severity of disease. Increased levels in CKD. Influenced by low levels

68] urine Unaffected with age, sarcopenia, gender, or sepsis. Unaffected by of albumin. Potentially influenced by elevated
malignancy and serum bilirubin level. Multiple studies found it to be WBC and CRP. Takes longer time to result when
an independent risk factor of AKI and mortality compared to sCr

NGAL[18,67-79] Urine Found in kidney tubular cell that is released during damage or injury.  Increased levels in CKD. Increased levels in

Elevated in AKI in cirrhosis and potential predictor of mortality. infections, particularly urinary tract infections.

Markedly elevated in ATN, mildly elevated in prerenal Overlap with values in PRA, HRS, and other AKI

azotemia/ CKD/HRS-AKI types of AKI. Small quantities are made in the
liver

IL-18[75,78,82-  Urine Very similar to urinary NGAL. Markedly elevated in cirrhotic patients ~ There are increased levels in PRA and HRS but

84] with ATN, in comparison to other AKI types. Found in monocytes and  significant overlap in values with limited clinical
macrophages. A notable proinflammatory marker. Not confounded by  utility. Levels are increased in levels of
CKD, sepsis or UTI inflammation in the kidney other than AKI
Kidney Injury Urine Originally found in kidney tubular transmembrane protein. Not Elevated from inflammatory conditions. Found to
Molecule-1[18, expressed in normal kidney tissue. Noted with increased levels in ATN  have overlap between different forms of AKL
73,84-86] in cirrhosis when compared to the other types of AKI in cirrhosis. High Confounded by presence of infection
specificity for ischemic or nephrotoxic kidney injury
L-FABP[87-93]  Urine Found in kidney proximal tubule. Levels may be increased in AKI or Limited studies in cirrhosis. Found to be increased
AKI 2/2 sepsis. Potential utility in predictor in adverse outcomes in CKD. Increased in acute liver injury and liver
including AKI in patients with chronic liver disease and other liver failure as well
disease

AKI: Acute kidney injury; HRS: Hepatorenal syndrome; CKD: Chronic kidney disease; ATN: Acute tubular necrosis; UTI: Urinary tract infection; NGAL:
Neutrophil gelatinase-associated lipocalin; PRA: Prerenal azotemia; CRP: C-reactive protein; WBC: White blood cell; sCr: Serum creatinine; IL: Interleukin.

NGAL levels in HRS were markedly different from PRA levels, and the authors found
that NGAL was an independent risk factor for mortality with AKI[77]. Jaques et al[67]
studied multiple biomarkers in AKI in 55 decompensated cirrhosis patients.
Compared to the non-AKI patients, they found that urinary NGAL levels are higher in
ATN than PRA and HRS. However, HRS urinary NGAL levels had an intermediate
pattern[67]. Urinary NGAL predicted poor outcomes in patients as well[67]. Kim et al
[68] studied urinary NGAL and cystatin C in 328 decompensated cirrhosis patients (41
patients with AKI). The authors found that urinary NGAL is a predictor of AKI and
outcomes (including mortality)[68]. Recently, Huelin et al[78] studied urinary NGAL
and IL-18 on 320 cirrhosis patients with AKI. Urinary NGAL was elevated in AKI
progression during hospitalization and was predictive of AKI progression in
conjunction with MELD score. Urinary NGAL was significantly elevated in ATN when
compared to hypovolemia-induced AKI and HRS-AKI[78]. Currently, there are no
definitive diagnostic thresholds for differentiation between these types of AKI[79-81].
Urinary NGAL does not have an established role in the diagnosis, prediction, or
prognosis of AKI in cirrhosis, but more promising results in extensive studies may
change that. Another significant limitation is the expense of the test.

IL-18 is a proinflammatory cytokine expressed in the proximal tubule. It is released
in urine when the cells are damaged in AKI[75]. Urinary IL-18 is elevated in patients
with AKI, especially from ischemic injury, but urinary IL-18 is not elevated in
conditions such as urinary tract infections, nephrotoxic injury, and CKD[75,82,83]. Tsai
et al[84] in 2013 evaluated the clinical outcomes of 168 cirrhotic patients with AKI and
severe sepsis. They found that urinary IL-18 was significantly higher in patients with
ATN than patients with functional AKI, proposing a cutoff of 708.5 pg/mg creatinine
to differentiate between the two groups. Urinary IL-18 was found to be a stronger
predictor of ATN than serum IL-18. However, the authors were unable to conclude if
urinary IL-18 could distinguish ATN from HRS-AKI. Clinically, they found that
elevated urinary IL-18 was associated with higher hospital mortality[84]. Huelin et al
[78], a study previously mentioned, studied IL-18 compared to urinary NGAL and
found that it had a lower accuracy to predict ATN vs other forms of AKI[78].

KIM-1 is elevated in AKI from ischemic injury to the proximal tubule[83,84]. Belcher
et al[73] evaluated KIM-1 in patients with AKI with other etiologies (PRA, ATN, and
HRS) and found that ATN was the most elevated with overlap with HRS[73]. Other
studies found that in patients with cirrhosis, elevations in urinary KIM-1 levels were
increased mainly in ATN compared to other AKI presentations and could serve as a
prognostic indicator[73,85,86].
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L-FABP is a small protein found in the proximal tubular epithelium and binds to
free fatty acids when reabsorbed in the proximal tubule[87]. L-FABP may be elevated
in sepsis and specific etiologies of CKD (diabetic nephropathy or glomerulonephritis)
[88]. Yamamoto et al[89] studied L-FABP in animal and human models (12 kidney
transplant patients) in response to AKI[89]. The authors reported an increase in levels
of L-FABP in mice models with prolonged exposure to ischemia to the kidneys, partic-
ularly during ischemic reperfusion injury. Doi et al[90] evaluated urinary L-FABP in
145 mice and 145 septic shock patients with AKI. L-FABP was high in septic shock
patients with AKI and higher in the patients who did not survive[90]. L-FABP has
been studied in acute liver failure and chronic liver disease and not just HRS and AKI
in cirrhosis[91]. In patients with acetaminophen included acute liver failure, serum L-
FABP levels were lower in survivors when compared to patients who passed away
[92]. Eguchi et al[93] studied L-FABP in 242 chronic liver disease patients (chronic
hepatitis, liver cirrhosis, and hepatocellular carcinoma). The authors found that serum
L-FABP increased in liver cirrhosis compared to chronic hepatitis and is higher in the
presence of hepatocellular carcinoma. L-FABP correlates with kidney function
markers, especially BUN, creatinine, and GFR[93]. This study does show the potential
for L-FABP in chronic liver disease and other complications, including AKI. Serum L-
FABP may have many clinical utilities in acute and chronic liver disease, including
AKI; however, more large-scale studies should be performed to ascertain exact clinical
utility.

Two new biomarkers being studied for potential benefits are insulin-like growth
factor binding protein-7 and tissue matrix metalloproteinase inhibitor-2. However,
there is not enough evidence to note potential utility. They are only approved for
evaluating AKI in patients with intensive care unit (ICU) and need further evaluation
[94]. Novel biomarkers can differentiate both the degree of renal dysfunction and
possible etiology, but the data are not substantial enough to currently recommend
utility. Additionally, these tests are not readily available and are expensive methods to
evaluate renal function.

TREATMENT (INITIAL TREATMENT OF AKI IN CIRRHOSIS)

In AKI injury, clinicians must recognize and intervene as soon as possible. In patients
with cirrhosis, all factors possibly contributing to AKI must be recognized promptly
[14,20,37,95]. All unnecessary nephrotoxic medications such as Non-steroidal anti-
inflammatory drugs should be discontinued and avoided altogether. Beta-blockers for
variceal prophylaxis or other comorbidities should be evaluated for risk vs benefits[96,
97]. In patients with PRA or dehydration, diuretics should first be discontinued as
excessive diuresis is a common cause of kidney dysfunction in cirrhosis patients[20].
Excessive diarrhea from high doses of lactulose is another potential cause[20]. Patients
with gastrointestinal bleeding should be transfused if indicated. Patients should have
screening for infectious etiology, and patients should be placed on antibiotics
immediately along with appropriate volume supplementation if an infection is
diagnosed[98-100].

Clinicians should attempt a trial of volume expansion for the patients, but
crystalloid, colloid, or blood products are dependent on etiology and clinical
judgment. If a patient requires large-volume paracentesis, 6-8 g of albumin per liter of
fluid removed after 5 L should be administered.

Therapeutic response is defined as improving serum creatine to at least 0.3 mg/dL
near the baseline. However, even with adequate improvement, patients should be
screened frequently to prevent a recurrence. Recommendations currently include an
initial screen 2 to 4 d after discharge with a 2-4 wk follow-up for the first six months
after discharge[14,36]. Patients with stage 2 or 3 AKI should be suspected of HRS-AKI,
and HRS-AKI management should be initiated. Figure 2 provides a brief algorithm
that can be used when first approaching AKI in a cirrhotic patient.

TREATMENT (HRS-PHARMACOTHERAPY)

The patient meets the HRS criteria if there is no creatinine improvement after the
withdrawal of all nephrotoxic agents and volume expansion with 1 g/kg/24 h for 48 h
[14]. The patient should receive prompt pharmacologic therapy, which entails starting
vasoconstrictor therapy with albumin supplementation to avoid cardiac output loss or
loss of effective circulating volume[1,101]. The vasoconstrictors utilized for treatment
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Figure 2 Algorithm of the diagnosis and treatment of hepatorenal syndrome. The algorithm indicates differential diagnosis, diagnosis of hepatorenal
syndrome (HRS) and HRS treatment. Library of Science & Medical lllustrations were utilized in part to create this figure (https://creativecommons.org/Licenses/by-nc-
sal4.0/). Cr: Creatinine; ICA: International club ascites; AKI: Acute kidney injury; HRS: Hepatorenal syndrome; ICU: Intensive care unit; NE: Norepinephrine.

are terlipressin, noradrenaline, octreotide, and midodrine[102-106]. The treatment goal
is cited to be a goal sCr of 1.5 mg/dL or less with a reduction of at least 50%.

Terlipressin has been the most extensively studied and has the most robust evidence
of efficacy in treating HRS-AKI of the three vasoconstrictor therapies with known
superiority to octreotide and midodrine[101-108]. Terlipressin is more effective with
fewer adverse effects when given in continuous infusions than bolus administration
[99-108]. Over the years, multiple trials proved the efficacy of terlipressin with
albumin as an effective treatment of HRS type 1[101,103-105,108-113]. A recent phase 3
trial by Wong et al[114] studied 300 patients using terlipressin and albumin compared
to the placebo group. They found a significant improvement of HRS versal and renal
function but was significantly associated with adverse events, including respiratory
failure[114]. Serious adverse effects include angina, dysrhythmia, hypertension, and
peripheral ischemia (intestines, fingers, scrotum). Patients with ischemic cardiomy-
opathy or peripheral vascular disease should not be treated with terlipressin[110].
Currently, it is not available in the Unoited States.

Noradrenaline has alpha-adrenergic properties that promote vasoconstriction with
fewer effects on contractility[111,115]. Patients treated with noradrenaline require
central venous access and require close, frequent monitoring in the ICU[116]. In their
prospective study, Gupta et al[117] found norepinephrine to be an effective treatment
for HRS reversal in 30 patients[117]. Multiple randomized controlled trials (RCTs)
have compared noradrenaline to terlipressin[102,111,118-121]. Alessandria et al[118], in
their pilot unblinded RCT, evaluated 22 patients comparing terlipressin and
noradrenaline. The difference in HRS reversal was 83% and 70%, respectively, but
there was no mortality difference[118]. Singh et al[119], Sharma et al[102], and Goyal et
al[121] evaluated noradrenaline vs terlipressin and found them to have comparable
efficacy and safety to improve HRS renal function[102,119,121]. Liu et al[122], in a
randomized, double-blinded trial with 617 patients with septic shock found no
significant difference in 28-d mortality between terlipressin compared to
noradrenaline[122]. These studies have bolstered the use of noradrenaline, which is
less expensive and more readily available in most countries. Consequently, Arora et al
[123] in an open-label RCT, found that terlipressin, when compared to noradrenaline,
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showed significant improvement in the reversal of HRS (40% vs 16.7%), day 4 response
(26.1% vs 11.7%), day 7 response (41.7% vs 20%) and in 28-d survival (48.3% vs 20%)
[123].

The third vasoconstrictor therapy that is commonly used is midodrine in
conjunction with albumin and octreotide. Midodrine is an alpha-adrenergic agonist
that is frequently used in patients with orthostatic hypotension, and octreotide is a
somatostatin analog that physiologically is meant to antagonize the primary
pathophysiology of HRS[124,125]. In a pilot study, Angeli et al[124] evaluated the
efficacy of octreotide, and midodrine found it to reverse HRS in around 40% of the
patients with type 1 HRS[124]. It is recommended to utilize the regimen if terlipressin
and noradrenaline are contraindicated or unavailable[116]. In 2009, Skagen et al[126],
in a retrospective study, evaluated the use of octreotide, midodrine, and albumin in 75
patients and found that it improved short-term renal function and survival compared
to the group who did not receive them[126].

Many patients, unfortunately, do not respond appropriately to pharmacologic
therapy. After 14 d, all medications should be discontinued, and further nonpharma-
cologic treatment options must be considered.

TREATMENT (HRS-TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC
SHUNT)

Transjugular intrahepatic portosystemic shunt (TIPS) has been considered for the
treatment of HRS, particularly HRS-AKI. Physiologically, treating portal hypertension
should improve renal function in HRS; however, in practice, TIPS can cause transient
ischemia to the liver, which can lead to acute on chronic liver failure. This may
precipitate and worsen renal function in HRS, leading to increased mortality[1]. While
several prospective studies have shown a significant benefit in renal function and
mortality, they are limited by small size, lack of control groups, selection bias, and
strict inclusion/exclusion criteria. The most extensive prospective study compared 31
transplant-ineligible patients with HRS (14 with HRS-AKI and 17 with HRS-NAKI)
who underwent TIPS to 10 transplant-ineligible patients who did not undergo TIPS.
The 3-mo survival rates were 81% for the group undergoing TIPS and 10% for the
TIPS-ineligible group[127]. A 2018 meta-analysis of studies including 128 patients with
HRS who underwent TIPS showed pooled 1-year survival rates of 47% in HRS-AKI
patients and 64 % in HRS-NAKI and renal improvement in 83% of patients[128]. While
these results are certainly encouraging, randomized trials with adequate control
groups are still lacking. Therefore, TIPS may be appropriate in specific clinical contexts
but, at this time, is not routinely recommended in the treatment of HRS.

TREATMENT (HRS-RENAL REPLACEMENT THERAPY)

Renal replacement therapy (RRT) (hemodialysis) is not a treatment for HRS-AKI and is
only meant to be a bridge for recovery of liver function or LT. RRT recommendations
for cirrhosis patients are the same as for the general population (refractory volume
overload, refractory electrolyte imbalance, refractory acidosis, uremia, or intoxication)
[116]. Zhang et al[129], in a retrospective study, evaluated RRT in patients with HRS
type 1 who did not respond to pharmacologic therapy. The study concluded that it did
not improve mortality (30-d or 180-d survival)[129]. Patients who are not deemed
transplant candidates are not considered candidates for RRT[130].

TREATMENT [HRS-LIVER REPLACEMENT THERAPY (ALBUMIN DIA-
LYSIS)-MOLECULAR ADSORBENT RECYCLING SYSTEM]

A molecular adsorbent recirculating system (MARS) is a form of albumin dialysis
which circulates albumin to remove cytokines and bacterial products to combat
vasodilation[12]. A 2010 RCT with 189 patients with acute-on-chronic liver failure
(50% had HRS AKI) revealed a statistically significant reduction in sCr compared to
medical management. However, overall mortality in 28 d was not significantly
different in patients with HRS AKI[131]. In 2013, a trial by Lavayssic¢re et al[132]
studied MARS and found that compared to a control, MARS was able to lower
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bilirubin and sCr compared to the control group[132]. However, many studies did not
show any significant improvement in creatinine or GFR after MARS. The RELIEF trial
failed to show a statistically significant improvement in mortality compared to medical
therapy[131]. Due to the equivocal results of all the trials evaluating MARS, the
European Association for the Study of the Liver (EASL) does not recommend MARS
for HRS treatment but suggested a further investigation into its potential benefits.

TREATMENT [HRS-LIVER REPLACEMENT THERAPY (ALBUMIN DIA-
LYSIS)-BIOARTIFICIAL LIVER SUPPORT SYSTEMS]

Another approach studied to bridge patients with cirrhosis to transplant or recovery
includes bioartificial liver support systems. Several types exist, but all generally
involve integrating animal or human hepatocytes into a bioreactor to filter toxins.
These technologies continue to be studied in both clinical and preclinical trials,
showing some promise in acute liver failure[133]. However, large-controlled trials are
needed to understand better their role in the treatment of AKI in patients with acute
on chronic liver failure.

TREATMENT (HRS-PREVENTION)

Multiple studies have evaluated possible mechanisms to prevent HRS in patients from
common causes. When treating infections in cirrhotic patients, there is evidence that
albumin administration may have a protective role against HRS. The current
recommendation to prevent HRS in SBP is albumin administration at a dosage of 1.5 g
per kg on day 1 and 1 g per kg on day 3[134,135]. This albumin administration regimen
has been found to reduce the incidence of HRS and overall mortality in SBP[134,136].
However, these results have not been replicated in other infections[136-138]. An RCT
by Guevara et al[137] reported that renal function and circulatory function were
significantly improved in the treatment group compared to the control with fewer
cases of HRS type 1[137]. Another RCT by Thévenot ef al[138] reported that albumin
therapy delayed renal failure, but the 3-mo renal failure rate was not significantly
improved. The authors cautioned using large amounts of albumin in critically ill
cirrhotic patients[138]. SBP prophylaxis with norfloxacin has been studied and found
to lower HRS incidence and improve survival[136,139].

TREATMENT (HRS-TRANSPLANTATION)

The only definitive treatment of HRS refractory to pharmacologic therapy is LT. The
use of creatinine in the MELD score has demonstrated the increased importance for
patients with renal dysfunction (HRS-AKI or HRS-CKD) to undergo LT. In the setting
of HRS, Boyer et al[140] reported a survival advantage of 100% vs 34% in patients with
HRS treated with terlipressin and LT compared to patients treated with terlipressin
alone[140]. Although LT remains the only definitive treatment of HRS-AKI, the role of
the liver and even simultaneous liver-kidney transplant (SLK) remains unclear in the
setting of non-HRS-AKI. In a large retrospective study comparing survival in HRS-
AKI patients after undergoing SLK wvs cirrhotic patients with non-HRS-AKI
undergoing the same, HRS-AKI patients’ survival post-transplant was significantly
superior to those in the non-HRS-AKI group[141].

The percentage of liver transplant recipients undergoing SLKs has substantially
increased over the last 18 years. The increase in SLK is likely partly due to the
adoption of the MELD score by the Unified Network for Organ Sharing in 2002. The
MELD score places significant weight on sCr and imparts a high and increasingly
higher transplant priority to progressive renal dysfunction patients. Guidelines for
SLK, developed in 2012, were modified in 2017. For patients with cirrhosis and CKD,
SLK was recommended for patients with epidermal GFR (eGFR) less than 60 mL/min
for at least 90 d before listing or eGFR less than 35 mL/min during the time of listing
or inherited metabolic disease[142]. In patients with cirrhosis and AKI, there must be a
combination of dialysis and eGFR < 25 mL/min for six weeks[143].
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PROGNOSIS

AKI in cirrhosis has a high mortality rate, with 26% of patients dying before discharge
[7]. Multiple studies show that the disease course and prognosis of AKI in cirrhosis
depend on numerous factors-etiology of kidney injury, multiorgan dysfunction, stage
of AKI upon diagnosis and progression of AKI, and lack of response to treatment[7].
Jenq et al[144], using the RIFLE criteria, found mortality of 134 cirrhotic patients
admitted to the ICU to be 32.1% without AKI, 68.8% with RIFLE-R, 71.4% with RIFLE-
I, and 94.8% with RIFLE-F[144]. However, the results were not reliable as patients
admitted to the ICU usually have multiorgan dysfunction. The AKI stage directly
correlates with in-hospital mortality and post-transplant mortality. Wong et al[145]
found that the 30-d mortality of patients who do not recover from AKI was 80% vs 15%
for those who recover[145]. Huelin et al[146] in a cohort of 547 patients, found a 90-d
transplant-free survival to be 84% with stage 1A AKI, 58% with stage 1B AKI, 48%
with stage 2 AKI, and 43% with stage 3 AKI compared to 89% with patients without
AKI[1,146]. Bucsics et al[147], in a 239-patient retrospective study in 2015, also found
that the 30-d mortality increased with increased stage of AKI on diagnosis or
progression[147]. Mortality with AKI is markedly increased with complications of
cirrhosis, including hepatic encephalopathy and ascites. In a retrospective study,
Mindikoglu et al[148] reviewed 6917 cirrhotic patients between 2004 to 2014 who
developed AKI during hospitalization and were subsequently discharged, and the
authors calculated a 32% 90-d mortality and 48% 1-year mortality with higher rates in
patients with pre-existing renal disease[148]. Although their study population was
primarily male, this was one of the very few studies that studied post-discharge
outcomes for patients, as most studies involved inpatient mortality only. Makar et al
[149] studied the National Inpatient Sample data of 2016 and concluded that of the
6733 hospitalized cirrhosis patients who had AKI that patients with AKI had increased
risk of mortality (OR: 8.09; 95%ClI: 6.68-9.79; P < 0.0001) and prolonged hospital stay
by 3.68 d (95%CI: 3.42-3.93; P < 0.0001)[149]. Another study found that community-
acquired AKI had increased morbidity (progression to CKD) and mortality rates
compared to hospital-acquired AKI[150]. In 2020, Tariq et al[151], in a meta-analysis of
18747 patients with cirrhosis (from 30 selected studies), found an in-hospital morality
up to 6-fold higher in patients with AKI. Important risk factors were noted to be
MELD score, Child-Pugh Turcotte stage C, presence of ascites, and sepsis (with or
without shock)[151].

Once HRS of either type is diagnosed, it imparts a grave prognosis with median
survival for HRS-AKI and HRS-NAKI determined to be about 1 and 6.7 mo,
respectively[152]. Importantly, in all the studies evaluating AKI mortality in cirrhosis,
the two types of AKI with the highest mortality were AKI-HRS and ATN[4,6,146,153].
Piano et al[6] also studied hospitalized patients with cirrhosis and ascites and AKI
using the AKIN stage and found that patients who met the ICA criteria for HRS-AKI
had the highest mortality[6]. Fagundes et al[4] found that patients with HRS or
infection-related AKI had the highest mortality[4].

CONCLUSION

Regardless of type, AKI remains a severe complication to cirrhosis patients and a
significant challenge for physicians tasked with treating it. Its incidence has increased
as definitions shift to recognize and account for the unique clinical and laboratory
abnormalities present in cirrhosis. Differentiating HRS-AKI from non-HRS-AKI is
essential as the treatments vary, and early interventions may improve outcomes.
Transplantation continues to be the only definitive therapy for HRS-AKI as more data
are needed to support the use of less invasive strategies such as TIPS and liver
replacement therapy. As our understanding of these diseases” pathophysiology and
progression evolve, novel biomarkers and directed therapies will hopefully evolve as
well.
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Abstract

Chronic viral hepatitis is a significant health problem throughout the world,
which already represents high annual mortality. By 2040, chronic viral hepatitis
due to virus B and virus C and their complications cirrhosis and hepatocellular
carcinoma will be more deadly than malaria, vitellogenesis-inhibiting hormone,
and tuberculosis altogether. In this review, we analyze the global impact of
chronic viral hepatitis with a focus on the most vulnerable groups, the goals set by
the World Health Organization for the year 2030, and the key points to achieve
them, such as timely access to antiviral treatment of direct-acting antiviral, which
represents the key to achieving hepatitis C virus elimination. Likewise, we review
the strategies to prevent transmission and achieve control of hepatitis B virus.
Finally, we address the impact that the coronavirus disease 2019 pandemic has
had on implementing elimination strategies and the advantages of implementing
telemedicine programs.

Key Words: Hepatitis C; Hepatitis B; Vaccination; Elimination program; Telemedicine;
Direct antiviral agents

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The World Health Organization proposes eliminating hepatitis infection as a

4004 July 14,2021 | Volume27 | Issue26 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v27.i26.4004
http://orcid.org/0000-0003-3870-0478
http://orcid.org/0000-0003-3870-0478
http://orcid.org/0000-0002-7214-0868
http://orcid.org/0000-0002-7214-0868
http://orcid.org/0000-0002-1880-8505
http://orcid.org/0000-0002-1880-8505
http://orcid.org/0000-0002-1880-8505
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
mailto:fatimahiguera@yahoo.com.mx

Manuscript source: Invited

manuscript

Specialty type: Gastroenterology
and hepatology

Country/Territory of origin: Mexico

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Received: January 22, 2021
Peer-review started: January 22,
2021

First decision: February 28, 2021
Revised: March 4, 2021
Accepted: June 17, 2021

Article in press: June 17, 2021
Published online: July 14, 2021

P-Reviewer: Kumar R, Martin
Mateos RM

S-Editor: Fan JR

L-Editor: Filipodia

P-Editor: Ma Y]

Jaishideng®

WJG | https://www.wjgnet.com 4005

Higuera-de la Tijera F et al. Viral hepatitis, achieving WHO's goals

threat to public health by 2030. Despite notable advances reached to achieve those
goals, many challenges persist, such as guarantee access to complete vaccination
schemes for hepatitis B virus and universal screening for all adults at least once in life
to screen for hepatitis C virus. Those non-vaccinated against hepatitis B virus
guarantee access to effective therapies programs to all patients who need it,
emphasizing risk groups like prison inmates, sex workers, injecting drug users, and
men who have sex with men, trying to reduce the high incidence of viral hepatitis in
these groups. Telemedicine and telementoring approaches are valuable strategies to
facilitate more patients access to healthcare systems and should be encouraged.
Coronavirus disease 2019 pandemic affects all strategies significantly to eliminate viral
hepatitis, particularly in low-income and middle-income countries. With available
effective vaccines for anti-severe acute respiratory syndrome-coronavirus-2, strategies
to immunize most people are crucial to restarting the viral hepatitis elimination pro-
grams throughout the world as soon as possible.

Citation: Higuera-de la Tijera F, Servin-Caamafio A, Servin-Abad L. Progress and challenges in
the comprehensive management of chronic viral hepatitis: Key ways to achieve the elimination.
World J Gastroenterol 2021; 27(26): 4004-4017

URL: https://www.wjgnet.com/1007-9327/full/v27/i26/4004.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i26.4004

INTRODUCTION

More than 320 million people worldwide have chronic viral hepatitis. Around 248
million people are living with hepatitis B virus (HBV) chronic infection, which
represents 3.2% of the global population[1-3]; and an estimated 71 to 80 million
individuals (1.1%) are living with hepatitis C virus (HCV) chronic infection[3,4].

Chronic viral hepatitis and its related complications, cirrhosis and hepatocellular
carcinoma (HCC), have been regarded as the leading causes of death for decades[1],
causing globally more than 1 million deaths each year[5]. In fact, by 2040, deaths from
chronic viral hepatitis are expected to exceed the related mortality as a whole from
human immunodeficiency virus infection (HIV), tuberculosis, and malaria[5,6]. Liver
disease due to viral hepatitis represents a substantial burden in the Asia-Pacific region.
This region lives 1.8 billion people, which means around 25% of the world's
population; a third of global deaths occur due to viral hepatitis, mainly driven by
cirrhosis and HCC. Asia-Pacific represents 40% of the global burden of chronic
hepatitis, where 115 million people in the Western Pacific are chronically infected with
HBYV and 14 million with HCV. Al least 58.6% of deaths due to cirrhosis and HCC in
the Asia-Pacific region are related to HBV or HCV[7]. In 2013, China was the country
that reported the most significant absolute number of deaths and disability-adjusted
life-years attributable to viral hepatitis[1].

The North of Africa and the Middle East are also geographic regions extensively
affected by viral hepatitis. They have a wide range of viral hepatitis causes, viremic
prevalence, and diversity in HBV and HCV genotype distributions. Vaccination and
treatment policies, socioeconomic conditions, and migration are responsible factors for
the high prevalence of viral hepatitis in these particular regions. Here, elimination
strategies might be challenging to implement because of a scarcity of reliable and
profitable quality epidemiological data on hepatitis[8].

SEARCH METHODS

It is a narrative review. We searched PubMed, EMBASE, MEDLINE, and Web of
Science from January 2015 to January 2021 to identify all studies documenting
achievements and challenges on vaccination, diagnosis, access to healthcare systems,
therapy, and elimination programs on hepatitis B and hepatitis C viral infections. The
following search terms alone or matched with the Boolean operators "AND" or "OR"
were used: "Hepatitis C," "hepatitis B," "World Health Organization (WHO)'s goals,"
"vaccination," "detection," "access to diagnosis," "access to healthcare system," "direct
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antiviral agents," "sofosbuvir-velpatasvir (SOF-VEL)," "glecaprevir-pibrentasvir (G-P),"
"entecavir (ETV)," "tenofovir disoproxil fumarate (TDF)," "tenofovir alafenamide
(TAF)," "elimination program," "telemedicine," "coronavirus disease 2019 (COVID-19)".
Using these terms, we found a total of 13497 articles; no study design or language
restrictions were applied. We focused on full-text articles, but abstracts were
considered if relevant. Finally, we selected the those with the most relevant content.

WHO GOALS FOR 2030

WHO goals are to achieve a 65% reduction in liver-related deaths, which means
preventing more than 7 million related deaths by 2030, achieving a 90% reduction in
viral hepatitis incidence, and reaching 90% of patients living with viral hepatitis
diagnosed by 2030[9-12]. Specifically, in the case of HCV infection, the reduction in
liver-related deaths is today achievable since the disponibility of direct-acting
antivirals (DAAs), which have a high rate of sustained viral response (SVR).
Nevertheless, an increase in harm reduction programs and treatment among popula-
tions at risk of transmission is undoubtedly still needed to reduce new infections[9].
For HBV infection, the WHO aims are divided into two main categories: First,
prevention of new HBV cases through vaccination and blood safety; second, identi-
fication, linkage to care, and treatment of persons living with HBV who need it[10].

THE EFFECTIVE AND SAFE CURE FOR HEPATITIS C

In the absence of an effective vaccine, the cornerstone to achieving HCV elimination
worldwide is treatment with DAAs[2], which have excellent efficacy and good
tolerability profiles, offering a unique opportunity[13,14]. Currently, pan-genotypic
regimens are available, which allows them to simplify decisions when initiating HCV
therapy and ensuring universal access for these patients[15].

SOF-VEL is a pan-genotypic regimen that allows achieving the SVR in more than
95%. It can be prescribed even in decompensated cirrhosis because SOF-VEL is a
protease inhibitor-free regimen proven effective and safe in this clinical scenario;
HCV-infected liver posttransplant recipients are also effectively and safely treated
with it SOF-VEL[16-29]. Several cohort studies also have validated the efficacy and
safety of SOF-VEL in the real world[30-33]. Despite nearly 80% of SOF being renally
excreted[4], the treatment with SOF-VEL is safe. It can be prescribed, achieving a SVR
rate greater than 95% in patients with hepatitis C and end-stage renal disease, even in
those requiring dialysis[34].

G-P, also a pan-genotypic regimen, is effective and safe in those without cirrhosis
and with compensated cirrhosis[35-50] but is contraindicated in decompensated
cirrhosis since glecaprevir is a protease inhibitor[4,15]. G-P is effective and safe in
patients with end-stage renal disease[51-53]. The study MAGELLAN-2 validated that
G-P is a safe and effective therapy to treat HCV infection in those patients who
received a liver or kidney transplant[54].

Both pan-genotypic regimens, SOF-VEL, and G-P are also effective and safe in
patients coinfected with HIV[55-57].

Around 5% of patients with chronic HCV infection treated with the first line DAAs
do not achieve SVR; for this group of patients, sofosbuvir-velpatasvir-voxilaprevir
(SOF-VEL-VOX) for 12 wk is the current option of rescue[4,15]. In a study including
137 patients who failed a previous combination of DAAs, a SVR of 95% was reached
with SOF-VEL-VOX. Factors related to the reduced rate of SVR were genotype 3 and
cirrhosis[58]. Even in those coinfected HIV-HCV patients who failed a previous
combination of DAAs, the RESOLVE study demonstrated that 12 wk of SOF-VEL-VOX
was safe and effective. The treatment response was not diminished by HIV coinfection
[59].

Sixteen weeks of G-P treatment is an effective and safe option for those who failed
NS5A or NS3-protease inhibitors[50,60,61]. In a randomized study including genotype
1 patients who failed previous treatment with SOF plus an NS5A inhibitor, retreat-
ment with G-P achieved the SVR in greater than 90% of cases, including patients with
compensated cirrhosis[60].
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DAAS AND THE LIVER TRANSPLANT PROGRAMS

Since DAAs represent a highly effective and safe therapy, livers from HCV-infected
donors can now be used to transplant, optimizing the transplant opportunity for more
patients. After transplantation from an HCV-positive donor, the occurrence of HCV
infection in HCV-negative recipients is practically universal, requiring post-transplant
antiviral treatment[62].

Some interesting strategies are being studied to reduce HCV infection likelihood in
organ recipients from HCV-infected donors. Feld et al[62] found that ezetimibe (10 mg;
an HCV entry inhibitor) plus G-P (300 mg/120 mg) given previous and during 7 d
after transplant avoided the occurrence of chronic hepatitis C in 30 (100%) recipients of
different organs from HCV-positive donors.

Although patients with HCV infection had a higher risk of post-liver transplant (LT)
graft failure and death in the pre-DAA era, this issue seems to be solved in the post-
DAA era[63]. The burden of HCV-related LT waitlist and LT is declining in the DAA
era, with improved post-transplant outcomes[64]. It probably reflects the impact of
DAAs on bettering post-LT results in patients with hepatitis C and maybe also a better
patient selection for a LT after 2014[63]. After the availability of DAAs, HCV as an
indication for LT has reduced, patients exhibit a less severe disease at transplantation,
and there is a trend towards better patient survival[65,66].

Overall listing rates for decompensated HCV cirrhosis have decreased in the DAA
era. According to Bittermann and Reddy[67], waitlist recovery is more frequent for
HCV patients post-DAAs [adjusted survival hazard ratio 1.78 vs pre-DAAs, 95%
confidence interval (95%CI): 1.58-2.02; P < 0.001], while improvements in waitlist
mortality by era are similar to non-HCV candidates [adjusted survival hazard ratio
0.74 (95%ClI: 0.7-0.78; P < 0.001) and 0.77 (95%CI: 0.74-0.8; P < 0.001), respectively][67].

THE STRATEGIES TO CONTROL HEPATITIS B TRANSMISSION AND TO
CONTROL THE BURDEN OF DISEASE

Universal vaccination is the essential strategy to prevent HBV transmission. Already in
1992, WHO recommended introducing universal childhood vaccination all around the
world. Nowadays, at least 180 countries have adopted this recommendation[68]. The
efficacy of universal vaccination programs has been demonstrated in several countries
all around the world. In Taiwan, the prevalence of hepatitis B surface antigen (HBsAg)
decreased notably from 14.3% in 1995 to 1.1% in 2009, and the seroprevalence of
hepatitis B e-antigen (HBeAg) reduced from 5.9% in 1995 to 0.3% in 2009[69].
Furthermore, in Taiwan, the HCC incidence reduced from 0.57 to 0.17 per 100000
person-years following mass anti-HBV vaccination[70].

Before the HBV vaccination program, Korea was considered an area of high
endemicity. Studies from the 1980s and 1990s revealed that chronic HBV carriage
prevalence ranged from 8%-10% before introducing the anti-HBV vaccination in
Korea. Since 1990, the percentage of vaccinated infants has surpassed 98.9%, and after
25 years of active vaccination, the HBsAg carrier rate in the general population
decreased to 3.7% in 2007. Also, the administration of the anti-HBV vaccine reduced
the risk of HCC among adults[71].

However, continuous efforts are needed to ensure timely access to be vaccinated
with comprehensive schemes[72]. In spite of the success of vaccination and therapy,
chronic hepatitis B (CHB) infection remains a major concern due to many patients
ignoring their clinical status. The troubles in diagnosis and screening may be
overcome by lifting awareness, favoring partnerships, and allocating resources[73]. In
a meta-analysis of 26 studies, the prevalence of HBV infection in non-vaccinated and
vaccinated cohorts went from 0.6% to 16.3% and from 0.3% to 8.5%, respectively. The
relative prevalence, comparing vaccinated vs non-vaccinated, was 0.24 (95%CI: 0.16-
0.35) for HBsAg and 0.23 (95%ClI: 0.17-0.32) for antibody anti-hepatitis B core antigen.
For populations with targeted vaccination, relative prevalence was 0.32 (95%ClI: 0.24-
0.43) and 0.33 (95%CI: 0.23-0.45), respectively. The residual burden of infection in
cohorts offered vaccination suggests that longer-term evaluations of vaccination
coverage, timeliness, and other program quality aspects are needed. As HBV-
vaccinated infant cohorts reach adulthood, ongoing analysis of prevalence in
adolescents and young adults will ensure that elimination efforts are on track[72].

Notwithstanding guidelines suggest screening in high-risk groups like immigrants,
these recommendations have not been adopted everywhere[73]. Also, there is a need
to improve the uptake of vaccination for household contacts of HBV carriers[74].
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The second important strategy to avoid the transmission and control the disease's
burden in people living with CHB infection is to guarantee access to medical care and
treatment[75,76]. However, most people with CHB live in resource-constrained
countries where effective drugs are not always widely available[73]. First-choice drugs
in patients with CHB, who meet the criteria for initiating treatment, include nucleoside
analogs (ETV) and nucleotide analogs (TDF and TAF)[77-79]. After 10 years of follow-
up, TDF and ETV showed effective suppression of the HBV viral load, between 94%
and 99%, both in HBeAg-positive and HBeAg-negative patients. HBeAg serocon-
version in HBeAg-positive patients with TDF or ETV has been reported in 49%-53% of
cases. Alanine aminotransferase normalization has been achieved between 77% and
83% of patients with CHB treated with any of these regimens. However, the annual
frequency of HBsAg seroconversion is rare (< 1% annually)[80]. TAF is as effective as
TDF but with a better bone and renal safety profile[81-84]. However, some disparities
in the opportunity to access hepatitis B therapy have been reported. Miquel ef al[85]
found that a minor proportion of non-immigrants with the indication of effectively
receiving hepatitis B therapy got it, compared with non-immigrants (57.8 vs 83.2%, P <
0.001)[85]. Similarly, other studies also have reported that immigrants are lost more
frequently during the 1*year of follow-up[86]. Immigrants constitute a vulnerable
group that would benefit from a more active approach to recognize timely HBV
infection and access treatment programs[87].

THE EFFORTS TO CONSTRUCT MICRO AND MACRO-ELIMINATION
PROGRAMS THROUGHOUT THE WORLD

The high chronic hepatitis prevalence groups should be recognized and prioritized for
detection and linkage to healthcare to reduce the risk of transmitting these infectious
diseases. The most vulnerable groups are prison inmates, homosexual men, intrave-
nous drug users (IDU), and sex workers[88]. According to the study by Alonso et al
[88], in Latin America and the Caribbean, the estimated pooled regional anti-HCV
prevalence for IDU was 49% (95%CI: 22.6%-76.3 %); for homosexual men was 3%
(95%ClI: 1.7%-4.5%); for sex workers was 2% (95%CI: 1.0%-3.4%)[88].

In Canada, penitentiary test-and-treat programs could achieve the most significant
decreases in incidence (48%; 95% crude incidence: 38%-57%) over 2018-2030 and
prevent the newest first chronic infections (22%; 95% crude incidence: 16%-28%)
within those who never exposed to HCV[89]. The project HIPPOCRATES is an
example of a micro-elimination program conducted in prison inmates, a vulnerable
population to receive treatment less frequently due to many obstacles in healthcare
access. The onsite evaluation and treatment of HCV-infected prison inmates achieved
an unprecedented effective success rate (SVR was 99%). This type of integral program
should be replicated to favor hepatitis C elimination[90].

More attention should be paid to the risk group of homosexual men since HCV
incidence in this high-risk group seems to be increasing. In France, a recently
important change in HCV epidemiology was reported within HIV-infected patients
since the higher rate of HCV transmission occurs in 2018 among homosexual men.
From 2012 to 2018, the HCV prevalence among new HIV cases increased from 1.9% to
3.5% in homosexual men. Recently acquired HCV incidence increased from 0.36/100
person-years to 1.25/100 person-years in homosexual men. If well, the proportion of
all viremic patients reduced from 67.0% to 8.9%, homosexual men became the first
group of viremic patients in 2018 (37.9%), and recently acquired hepatitis represented
59.2% of viremic homosexual men in 2018. Global DAA treatment prescription went
from 11.4% to 61.5%. More treatments were initiated in homosexual men in 2018
(41.2%). In homosexual men, treatment at the acute phase represented 30.0% of
treatments in 2018[91]. In Spain, a very close to HCV elimination country, homosexual
men also carry the highest HCV acquisition risk. The identified main risk factors
contributing to new cases of HCV infection in Spain are history of sexually acquired
infections [incidence rate ratio (IRR) = 18.2, 95%CI: 1.9-172.1; P = 0.01)], male gender
(IRR = 8.3, 95%ClI: 1.4-54.2; P = 0.03)] and sharing chem-sex drugs (IRR: 4.9, 95%CI: 1.2-
20.8; P = 0.03)[92]. In the Netherlands, homosexual men also have the highest
incidence and the highest HCV reinfection rate despite universal and unrestricted
access to DAAs, stressing the need for additional preventive measures[93,94].

However, other risk factors should not be minimized either; for example, the
unapparent parenteral transmission, through shared nail clippers, rakes, and manicure
scissors can also be the primary source of viral infection[95]. Therefore, it is now
recommended to perform universal one-time in-life routine HCV screening for all
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adults[15].

Likewise, the telemedicine programs and telementoring approaches are outstanding
options that may help reduce urban-rural disparities, facilitate access to healthcare
systems to receive timely therapy to all kinds of patients who need it, and save costs
[96-104]. In Mexico, with the aid of a telemedicine approach, significant savings were
achieved by minimizing costs since nearly half of the patients were outsiders.

Coverage reached 86%, and treatment with DAAs achieved 99% of SVR[100] (see
Table 1).

HOW HAS THE COVID-19 PANDEMIC AFFECTED THE WHO'S GOALS TO
ELIMINATE CHRONIC VIRAL HEPATITIS?

Quarantine and social distancing for COVID-19 can drastically affect some parts of the
HBV[105] and HCV elimination programs, such as diagnosis, treatment, and harm
reduction programs. Therefore, the rate of diagnosis has decreased as voluntary
activities such as the NoHep program have been reduced. Furthermore, the incidence
of viral hepatitis may increase due to the closure of harm reduction centers[106].
According to the World Hepatitis Alliance global survey to evaluate the collateral
damage of the pandemic on viral hepatitis elimination programs, civil society organiz-
ations are a vital contributor to the success of the elimination programs; of them, 123 of
131 (94%) reported that the effect of the COVID-19 pandemic altered their activities. A
participant from the United States reported that collateral effects from the COVID-19
pandemic included the limitation or even the stop of presential interventions, also
affecting community education and detection programs. As a negative outcome, fewer
people living with viral hepatitis are expected to be diagnosed during 2020[107]. The
World Hepatitis Alliance survey data show that treatment access has been signi-
ficantly deteriorated by COVID-19 in low-income and middle-income countries
(LMICs), with 15 (52%) of 29 respondents from those countries described that the
patients could not timely access treatments. However, in high-income countries, like
the United Kingdom, the impact of COVID-19 on HCV treatment will be lesser, partly
due to telemedicine and home delivery of medicines, conditions that are not very
feasible in LMICs[108]. Sperring et al[109] explored the impact of the COVID-19
pandemic on screening HCV testing, finding a comprehensive hospital-wide HCV
testing reduced by 49.6%, and new HCV+ patient identification reduced by 42.1%. In
ambulatory clinics, testing reduced by 71.9%, and new HCV+ identification reduced
by 63.3%[109].

According to the mathematical model projection by Blach et al[110], a 1-year delay
in viral hepatitis elimination programs will result in 44800 [95% uncertainty interval
(UI): 43800-49300] excess HCC cases and 72300 (95%UI: 70600-79400) excess liver-
related deaths, relative to the no-delay scenario globally, from 2020 to 2030. Most
missed treatments would be in LMICs, whereas most excess HCC and liver-related
deaths would be among high-income countries. Authorities should privilege hepatitis
programs as soon as safe to attenuate the negative impact on elimination programs
and reduce excess mortality from delayed treatment[110].

With the approval of a severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) vaccine, most of the possibility to reactivate elimination viral hepatitis
programs throughout the world will rely on SARS-CoV-2 effective vaccination
strategies that gradually allow restarting the function of viral hepatitis detection
campaigns, safe-needle programs, and outpatient clinics to dispenser antiviral
medication. According to mathematical modeling analyses, a vaccine with efficacy
(VE) 270% can prevent the infection. A vaccine with VE < 70% may still control the
infection transmission if it reduces infectiousness or infection duration among those
vaccinated who acquire the infection if it is supplemented with a < 20% reduction in
contact rate complemented with herd immunity. The probability of a significant
outbreak is zero at VE > 70% regardless of the number of virus introductions.
However, an increase in the social contact rate among those vaccinated (behavior
compensation) can undermine vaccine impact[111]. Existing reports of currently
approved SARS-CoV-2 vaccines indicate their effectiveness at around 95%, making it
very plausible to achieve collective herd-acquired immunity based on the mass
implementation of vaccination programs against COVID-19 soon[112].
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Table 1 World Health Organization's goals to achieve viral hepatitis elimination and strategies to make it

Goal to 2030 Existing resources Barriers Strategies that should be improved

Hepatitis C

90% reduction of Harm reduction programs:  If well, programs exist in the real-life  Target high-risk population such as MSM, prison inmates,

new viral hepatitis ~ Safe-sex, safe-needles, and  world are not always sufficiently sexual workers, patients with HIV, IDU, immigrants, children

infections safe-syringes implemented born from an HCV+ mother

To reach 90% of Tests with high sensitivity  If well, detection campaigns exist, it is Once in life, universal screening for all adults. Also target

patients with viral not enough to reach all people in a high-risk population such as immigrants, MSM, prison

hepatitis infections real-life setting inmates, sexual workers, patients with HIV, IDU, children

being diagnosed born from an HCV+ mother

65% reduction in DAAs. Telemedicine and Still, there is limited access to therapy. Flexible policies that guarantee timely access to treatment to

liver-related deaths  telementoring programs More restrained access in LMICs. all who need it, including vulnerable groups such as
Vulnerable groups with high immigrants, prison inmates, sexual workers, patients with
prevalence and incidence of viral HIV, IDU, children born from an HCV+ mother when
hepatitis have restricted access to appropriate. Consider including those without healthcare
therapy insurance to cover their medication. Encourage telemedicine

programs to access communities of difficult access

Hepatitis B
Prevention of new  Effective and safe vaccine  In the real-life world they are not Programs that effectively ensure universal and complete
HBV infections always available or schemes are schemes of vaccination at birth for infants and later for those
through vaccination applied incompletely who did not receive the vaccination in childhood. Coverage
and blood safety should be extended and also prioritized for vulnerable groups
Identification, Serologic HBV panels. Serologic HBV panels for diagnosis Basic diagnostic tests (HBsAg and anti-HBc) should be
linkage to care, and  Nucleos(t)ide analogs with  sometimes are restricted to specialists. available at primary healthcare. More flexible policies that
treatment of a highly effective and high  Still, there is limited access to therapy, guarantee timely access to treatment to all who need it,
persons with barrier to resistance more restrained in LMICs. Vulnerable including vulnerable groups such as immigrants, prison
chronic HBV Telemedicine and groups with high prevalence and inmates, sexual workers, IDU, children born from an HCV+
telementoring programs incidence of viral hepatitis have mother when appropriate. Consider including those without
restricted access to therapy healthcare insurance to cover their medication. Encourage
telemedicine programs to access communities of difficult
access

anti-HBc: Antibody against hepatitis B core antigen; DAAs: Direct antiviral agents; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCV+:
Positive to hepatitis C virus; HIV: Human immunodeficiency virus; IDU: Injecting drug users; LMICs: Low and middle-income countries; MSM: Men who

have sex with men.

CONCLUSION

Chronic viral hepatitis and its complications, cirrhosis, and HCC affect many people
worldwide. Without a plan of action, the projection to 2040 will exceed the related
mortality as a whole from other significant infectious healthcare problems. Asia-
Pacific, Middle East, and North Africa regions have the highest prevalence, repres-
enting a substantial burden of the disease. Hopefully, notable advances have been
made to achieve WHO goals to 2030 regarding eliminating hepatitis infection better
adaptable to actual reality. In that case, actions need to continue being implemented,
which must include more harm limitation programs and timely therapy access for
those at risk of transmission are certainly needed to reach an incidence decrease. Since
universal vaccination is the essential strategy to prevent HBV transmission,
continuous efforts are needed to ensure timely access to be vaccinated with compre-
hensive schemes. Strategies to find positive contacts ensuing a timely screening and
diagnosis must be continuously promoted. To avoid viral hepatitis transmission and
control the burden of the disease, guarantee access to medical care and effective
therapies must include all people who need it, with more emphasis on including
vulnerable groups with currently limited access like immigrants, prison inmates, and
sex workers. More attention should be paid to the risk group of men who have sex
with men since HCV incidence in this high-risk group seems to be increasing.
Telemedicine and telementoring approaches facilitate access to healthcare systems and
save costs; therefore, this kind of program should be implemented. Finally, the
COVID-19 pandemic is currently a significant challenge to achieve viral hepatitis
elimination; with the recent approval of a SARS-CoV-2 vaccine, most of the possibility
to reactivate elimination viral hepatitis programs throughout the world will rely on
SARS-CoV-2 effective vaccination strategies that gradually allows restarting the
operativity of liver clinics and services.
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Abstract

Viral hepatitis, secondary to infection with hepatitis A, B, C, D, and E viruses, are
a major public health problem and an important cause of morbidity and mortality.
Despite the huge medical advances achieved in recent years, there are still points
of conflict concerning the pathogenesis, immune response, development of new
and more effective vaccines, therapies, and treatment. This review focuses on the
most important research topics that deal with issues that are currently being
solved, those that remain to be solved, and future research directions. For
hepatitis A virus we will address epidemiology, molecular surveillance, new
susceptible populations as well as environmental and food detections. In the case
of hepatitis B virus, we will discuss host factors related to disease, diagnosis,
therapy, and vaccine improvement. On hepatitis C virus, we will focus on
pathogenesis, immune response, direct action antivirals treatment in the context
of solid organ transplantation, issues related to hepatocellular carcinoma
development, direct action antivirals resistance due to selection of resistance-
associated variants, and vaccination. Regarding hepatitis D virus, we describe
diagnostic methodology, pathogenesis, and therapy. Finally, for hepatitis E virus,
we will address epidemiology (including new emerging species), diagnosis,
clinical aspects, treatment, the development of a vaccine, and environmental
surveillance.

Key Words: Viral hepatitis; Hepatitis A virus; Hepatitis B virus; Hepatitis C virus;
Hepatitis D virus; Hepatitis E virus
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Core Tip: Viral hepatitis is a global public health concern that affects millions of people
and causes thousands of deaths due to acute and chronic infections, cirrhosis, and liver
cancer. Although clinical and epidemiological characteristics of hepatitis A virus,
hepatitis B virus, hepatitis C virus, hepatitis D virus, and hepatitis E virus infections are
widely known, there are still other critical points that need to be discussed. This review
focuses on the most important research topics, dealing unsolved issues and future
research directions that can maximize practical impact in the field of viral hepatitis.

Citation: Pisano MB, Giadans CG, Flichman DM, Ré VE, Preciado MV, Valva P. Viral
hepatitis update: Progress and perspectives. World J Gastroenterol 2021; 27(26): 4018-4044
URL: https://www.wjgnet.com/1007-9327/full/v27/i26/4018.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i26.4018

INTRODUCTION

The term viral hepatitis refers to liver inflammation related to a viral infection. As of
today, five viruses (hepatitis A, B, C, D, and E) that selectively infect the liver, usually
by different routes, have been recognized. In some of these viral infections, acute
hepatitis can resolved without intervention, whereas, sometimes, the process turns
into a chronic infection[1]. Huge medical advances made in recent decades led to the
implementation of preventive measures, the development of vaccines and passive
immunization strategies, and, more recently, the development of promising and
effective treatments, at least for some forms of viral hepatitis. The results obtained by
basic research on viruses and on viruses-cell interaction made it possible to struggle
with what a century ago seemed an insurmountable scourge on humanity.
Achievements in hepatitis prevention and treatment are perhaps the paradigm of
successful translational research[1]. Nonetheless, viral hepatitis is still a global public
health concern that affects millions of people and causes thousands of deaths due to
acute and chronic infection, cirrhosis, and liver cancer[1,2]. This review focuses on the
currently most important research topics and future research directions that can
maximize practical impact in the field of viral hepatitis. Table 1 summarizes the
principal characteristics of these hepatotropic viruses and Tables 2-6 highlight the
main topics of viral hepatitis addressed in the present review.

HEPATITIS A VIRUS

According to the World Health Organization (WHO), 1.4 million new cases of hepatitis
A are reported worldwide each year, with a consequent nearly 7000 deaths[3].
Hepatitis A virus (HAV), a member of the Picornaviridae family and the only species
from the Hepatovirus genus that infects humans, is a non-enveloped single-stranded
RNA virus[4]. HAV is classified into six genotypes, three infecting humans and three
affecting simians, but there is only one known serotype[5].

Despite HAV being discovered more than 4 decades ago, it has been well charac-
terized, and its detection and diagnosis have been widely implemented; changes in the
socio-economic conditions and the control mechanisms of the virus have triggered
new circulation and transmission scenarios that have generated new targets for its
assessment. Some of them are the epidemiology and molecular surveillance of the
virus, the different vaccination schemes and immune responses, the new susceptible
populations (after the implementation of massive vaccination), and the study of the
virus in environmental and food matrices.

Epidemiology and transmission: Old and new challenges

Although HAV epidemiology is complex, it is changing in those countries that are
improving their public health and sanitation policies, considering that the most usual
routes of HAV transmission are contaminated water ingestion and the contact with
infected individuals[6]. Three circulation patterns have historically been described for
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Table 1 Features of different types of hepatitis virus

HAV HBV HCV HDV HEV
Family Picornaviridae Hepadnaviridae Flaviviridae Undefined' Hepeviridae
Genus Hepatovirus Orthohepadnavirus Hepacivirus Deltavirus Orthohepevirus
Genome Positive single- Double stranded gapped DNA Positive Negative single- Positive single-stranded
stranded linear RNA single- stranded circular linear RNA
stranded RNA
linear RNA
Genome length 7.5 3.2 9.6 1.7 7.2
(kb)
Genotype 6 genotypes: I, Tand 10 genotypes (A to]) 8(1to8) 8 (1to8) 8 (1to8)
III infect humans, and
1V, V and VI infect
non-human primates
Transmission  Fecal-oral Parenteral, sexual, and perinatal Exposure to ~ Exposure to Fecal-oral; zoonotic; blood
infected blood infected blood and  transfusion
body fluids
Treatment None. In case of Pegylated interferon-alpha and DAA Pegylated Ribavirin (in chronic HEV
severe hepatitis, nucleoside/nucleotide analogues interferon-alpha infection)
treatment of
symptoms
Prophylaxis Yes (inactivated Yes (recombinant vaccine) No Yes (HBV vaccine) ~ No”
vaccine)
Clinical Self-limited Self-limited and chronic Self-limited Self-limited and Self-limited
outcome of and chronic chronic
infection
Chronic No Depends on the age of acquisition of the 80% More frequent in Acute infection in most of
infection rate infection. Birth or in infancy 90%, 1 yr and HBV/HDV the cases. Chronic infection
5 yr of age 30%-50%, adulthood 5%. superinfection than  in immunosuppressed
Hemodialysis patients 40%. Immune coinfection populations

deficient patients 20%

It is not defined yet in any of the established viral families.
There is only one vaccine, approved and used only in China. HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis D
virus; HEV: Hepatitis E virus; DAA: Direct antiviral agents.

Table 2 Hepatitis A virus highlights

Hepatitis A virus

1 The risk of HAV infection is associated with the lack of safe water and poor and sanitation
2 Due to the vaccine introduction in childhood, young adults are becoming more susceptible to HAV infections
3 In countries where waterborne transmission is rare, outbreaks occur among men who have sex with men, injecting drug users and contaminated food

4 Since molecular detection is not routinely performed for diagnosis, surveillance programs, including viral amplification and sequencing, are needed to
know the strains that circulate in a certain place

5 One of the greatest challenges for HAV is to increase vaccination coverage globally, still implementing the single-dose schedule, to decrease the new
infections, and, in the long term, to achieve its eradication

HAV: Hepatitis A virus.

HAV: (1) In high endemicity areas from low- and middle-income countries, where the
incidence varies from low to high over time and between different regions, there is a
peak age of infection in early childhood that is frequently asymptomatic, the
transmission pattern is person-to-person, and outbreaks are uncommon due to high
rates of immunity from previous childhood infection; (2) In moderate endemicity
areas, from middle-income countries (regions where sanitary conditions are variable),
the incidence is high, the peak age of infection is in late childhood/adolescence or in
young adults that is frequently symptomatic, the transmission pattern is also from
person-to-person, related to food and water, and therefore outbreaks are common due
to low rates of immunity from previous childhood infection; and (3) In low endemicity
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Table 3 Hepatitis B virus highlights

Hepatitis B virus

1 Several host factors, such as male gender, alcohol intake, and obesity have been associated to worse disease progression. Current challenge implies
finding genetic markers to predict the course of HBV infection. In this line, different SNPs associated with the outcome of HBV infection have been
recently identified

2 In the last years, new diagnostic assays have been developed in the framework of the diagnosis of HBV infection. The implementation of quantitative
HBsAg, HBcAg, and HBV-RNA in routine clinical practice could probably improve the management of patients with CHB

3 Current antiviral treatments have some shortcomings, such as poor SVR or prolonged schedules. Direct antiviral agents against different HBV targets,
including HBV cccDNA, are under evaluation. Moreover, immunemodulatory therapies to overcome host immune impairment observed in chronic
infections are being investigated

4 Although a safe and cost-effective vaccine is available since the 1980s, an inadequate response is achieved in particular settings. New and more potent
adjuvants, as well as formulations that include alternative viral antigens could improve the response rate vaccination

5 The development of new antiviral therapies that enables achieving functional cure as well as accurate diagnostic methods and more effective vaccines
will contribute with the purpose of the WHO to eliminate by 2030 hepatitis as a global health problem

HBV: Hepatitis B virus; SNP: Single nucleotide polymorphisms; HBsAg: Hepatitis B surface antigen; HBcAg: Hepatitis B core Antigen; CHB: Chronic
hepatitis B; SVR: Sustained virological response; WHO: World Health Organization.

Table 4 Hepatitis C virus highlights

Hepatitis C virus

1 WHO global hepatitis elimination strategy aims to reduce 90% of new HCV incidence, 65% of mortality and treat at least 80% of patients

2 DAA treatment leads to regression of clinical symptoms and liver disease complications even in those patients with other comorbidities, co-infections,
or advanced liver disease

3 The immune response plays a central role in viral elimination. The understanding of the relationship between achieving protection and activation of
immune responses is mandatory for the development of an effective prophylactic vaccine

4 Immune response restoration after DAA treatment is also under debate, certain immune features are reinvigorated, but many immune exhaustion signs
may persist

5 SVR after DAA rates higher than 97% are usually attained, but still, a minor group of patients (4%-5%) fails to eradicate HCV due to resistance-
associated variants, some of them arising after treatment but others naturally occurring in treatment naive individuals

6 DAA efficacy impacts on transplantation from HCV-infected donors into infected or uninfected recipients; however, early outcome data are
encouraging, experience is limited, and many issues remain under debate

7 HCCrisk after DAA treatment has been extensively discussed; however, recent seminal reports support the notion of a reduced rate for occurrence or
recurrence of HCC after DAA SVR

9 There are numerous HCV vaccine approaches including a few candidates who accomplished phase I trials, but a prophylactic HCV vaccine that can
contribute to the eradication goal remains a pending issue

DAA: Direct antiviral agents; SVR: Sustained virological response; WHO: World Health Organization; HCV: Hepatitis C virus; HCC: Hepatocellular

carcinoma.

areas from high income-countries, the incidence is low, the peak age of infection is in
young adulthood, the transmission pattern is from person-to-person and also via food
and water; and outbreaks are common due to low rates of immunity from previous
childhood infection[3].

Nowadays, 34 countries have included vaccination against HAV in routine
immunization programs among children[3]. Many countries use an inactivated HAV
vaccine with a two-dose regimen, while other countries have successfully imple-
mented it in their immunization programs in a single-dose[3,7]. However, long term
results of the single-dose schedule have been only partially studied. The most recent
investigation showed sustained immunologic protection for up to 9 years, with high
levels of antibody titers, when children were vaccinated at 12 mo[8]. More studies that
assess long-term seroprotection against HAV after single-dose vaccination scheme are
necessary to monitor the effectiveness of this innovative strategy. In some territories
vaccination is also recommended for people at risk of HAV infection, like those who
travel to regions where HAV is endemic, drug users, men who have sex with men, and
individuals with chronic liver disease[3].

The recent improvement of socio-economic, hygienic, and sanitation measures may
translate into an increase in the number of adults who have never been infected in
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Table 5 Hepatitis D virus highlights

Hepatitis D virus

1 The natural course and outcome of acute hepatitis D differ according to HBV and HDV co-infection or superinfection
2 HDV and HBV genotypes in addition to host factors influence the course of chronic hepatitis
3 The implications on liver disease of HVD, HBV, and innate immunity interplay remain to be understood

4 Chronic setting leads to more severe hepatitis associated with higher rates of HCC and a faster progression to cirrhosis compared with HBV
monoinfection. HDV pathologic changes are limited to the liver with histopathologic features that are not specific for it

5 HDV remains difficult to treat with the current available therapies, and although, several promising new therapies have been described treatment is
still the greatest challenge in HDV infection

HDV: Hepatitis D virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

Table 6 Hepatitis E virus highlights

Hepatitis E virus

1 HEV is transmitted by the fecal-oral route (involving contaminated waters) and also as a zoonosis

2 In the last years, many studies have focused on HEV detection in environmental and food matrices, and blood products as alternative sources of
infection

3 A new etiological agent of human hepatitis E, Orthohepevirus C, previously known to infect rats, has been recently described
4 Although most cases of HEV infection produce acute hepatitis, chronic infections seem to be an increasing problem, particularly in Europe
5 Complications and extrahepatic manifestations are also increasingly recognized

6 Only one vaccine for HEV has been licensed in China, with little known data, which limits its use

HEV: Hepatitis E virus.

childhood and therefore lack immunity. Furthermore, despite pediatric immunization
programs, many young adults may have been above the cut-off ages to be included
when such social programs were introduced. Therefore, young adults are now
becoming more susceptible to HAV infections, so in areas of low and middle-
endemicity, the prevalence of symptomatic cases in this age group has increased[6]. In
this sense, between the middle of 2016 and the beginning of 2018, several hepatitis A
outbreaks were reported in Europe, the United States and South America, which
disproportionately affected HAV unvaccinated young adult men, mainly men who
have sex with men. This group presents an increased risk of infection same as persons,
regardless sex orientation, who have oral-anal sexual contact[4]. Interestingly, through
phylogenetic analysis accompanied by detailed questionnaires to capture the sexual
history of the patients, it was possible to establish epidemiological links between cases,
demonstrating that the viruses responsible for these outbreaks belonged to HAV
genotype IA and grouped with one of these strains: VRD_521_2016, RIVM-HAV16-
090, and V16-25801[6]. This highlights the importance of carrying out a more detailed
epidemiological record of cases, including sexual history, which will help to establish
the source and chain of infection.

Regarding travelers to endemic regions, although the WHO has recommended their
vaccination, it does not always happen, increasing hepatitis A cases among this group.
Furthermore, the movements of immigrants in some areas of the world (e.g., in South
America) led the virus to be transported from endemic areas (often without
vaccination coverage) to non-endemic areas, introducing new viral strains[3,6].
Screening for immunoglobulin (Ig) G anti-HAV should be offered to this group;
therefore, patients who test negative should be offered vaccination[4].

Detection and surveillance

Diagnosis of hepatitis A is performed by the detection of HAV IgM with serological
assays. Specific antibodies are present in sera for at least 7 mo after infection, although
in some individuals they remain for up to a year[4]. During acute infection, IgG anti-
HAV appears, and it remains present in serum for life[3,4]. Serological surveillance is
assumed as the main monitoring strategy for the infection. Since molecular detection is
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not routinely performed for diagnosis, surveillance programs, including viral
amplification and sequencing, are needed to understand the strains that circulate in a
certain place or that are introduced by travelers; however, it is seldom carried out.
Molecular surveillance includes the detection and study of HAV in environmental and
food matrices, an area of study that has been carried out in recent years. For the
purpose of molecular surveillance, the HAV Network (HAVNET) was created in 1999
[9]. This is an international HAV network of scientists who work in reference
laboratories of hepatitis A and share molecular and epidemiological data on this virus,
information that is useful for the scientific community. The HAVNET aims to increase
the knowledge of HAV infections and map the worldwide distribution of HAV strains.
As there is a strong geographical signal in the sequences, this can be used for source
tracking.

The study of HAV in environmental and food matrices is a valuable tool for
monitoring circulating HAV strains, to know the sources of infection and to take
sanitation and prevention measures. After a large outbreak of foodborne hepatitis A in
Europe in 2013-2014, the crucial role of sequence data analysis to investigate outbreaks
and define transmission pathways was recognized, as well as the need of the
agreement on a common genomic region for sequencing and a common protocol to
perform HAV detection in food[10]. In this sense, with the aim of harmonizing the
existing protocols for HAV detection in food, the European Committee for Standard-
ization and the International Standards Organization developed and published a
standard methodology for quantitative and qualitative determination of HAV
(together with norovirus) in seven food matrices, using real-time (RT) polymerase
chain reaction (PCR), which has allowed to obtain comparable results between
laboratories[5]. Furthermore, the sequencing of a common consensus region was
agreed to target the HAV VP1/2A junction and thus promote the protocol described in
the HAVNET][10]. In this context, collaborations between the public health sector, the
food sector, HAVNET, and other organizations, together with government depend-
encies, are highly recommended.

Although there is no legislation about the presence of HAV in environmental
matrices at a global level, some countries have adopted measures for the surveillance
of cases of food outbreaks due to HAV, which has led to strict controls of imported
food, incorporating the mandatory control of this virus in some cases[11]. Foodborne
HAV clinical cases and outbreaks are difficult to identify, track, and assess their
magnitude due for many reasons: (1) The difficulty for patients to remember food
consumption history before the onset of the disease; (2) The asymptomatic nature of
many cases, which are not reported (in the case of outbreaks); (3) The long incubation
period of HAV; (4) Viral contamination levels of a food item may be low and focal and,
therefore, hard to detect; and (5) The scarce knowledge of health care teams about
foodborne viral diseases[5].

The above issues highlight the new epidemiological scenarios of this virus, showing
the targets to whom control and prevention actions should be directed. The main goal
for the next years should be to increase vaccination coverage globally, implementing
the single-dose schedule, so to decrease the new infections, and, in the long term, to
achieve eradication.

HEPATITIS B VIRUS

The hepatitis B virus (HBV) was discovered by serendipity in the 1960s and
subsequently several milestones were achieved such as the development of diagnostic
tests in the early 1970s or the implementation, in the 1980s, of a safe and cost-effective
vaccine with subsequent different therapies for the treatment of chronic hepatitis B
(CHB) infection[12].

Despite these advances, the landscape is still far from satisfactory. Currently, an
estimated 257 million people are living with CHB, and around 887000 deaths occur
annually as a consequence of infection progression, mainly due to cirrhosis and
hepatocellular carcinoma (HCC)[13]. Furthermore, it is expected in the coming
decades that the problem of HBV infection might increase, particularly in developing
countries, as a consequence of the limited access to diagnosis and treatment, in
addition to the subclinical characteristics of the infection[14]. In fact, the WHO has
proposed strategies to eliminate viral hepatitis as a Public Health problem by 2030. To
achieve this goal, it will be necessary to implement prevention, diagnosis, and
treatment measures, as well as to raise awareness among the population and primary
care physicians from the infections caused by HBV[15].
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Among the current challenges to overcome are the identification of host markers
that would allow to predict accurately the evolution of infection and the imple-
mentation of a personalized medical approach, the development of anti-HBV therapies
that enables achieving functional cure in chronically infected patients, as well as the
restoration of the host's immune response, the implementation of new diagnostic
methods, and the development of more effective vaccines that would lead to
improving prevention policies in order to reduce the global burden of HBV disease.

Host factors

HBYV infection has a wide range of clinical presentations, from subclinical to
symptomatic in the acute stage, and from inactive carrier state to active chronic
hepatitis with different degrees of severity[16]. Epidemiological data early established
that the course of the infection is closely related to the age at which the infection is
acquired, being the evolution to chronicity much more frequent in individuals infected
at birth or in childhood[17]. Additionally, male gender, heavy alcohol consumption
(more than 60 g/d), obesity, and comorbidities, such as co-infections with human
immunodeficiency virus (HIV), hepatitis C virus (HCV), or hepatitis D virus (HDV),
have also been reported to contribute to progression to end-stage liver disease[18-22].
Recently, genome-wide association studies have shown that the host genetic
background may also affect the natural history of infection[23,24]. Several studies have
identified single nucleotide polymorphisms (SNPs) in human leukocyte antigens
(HLA) that have been associated with the outcome of HBV infection, either with
clearance or progression of chronic infection, although some findings were not
subsequently supported in other manuscripts. Among the more in depth charac-
terized, it has been found that HLA-DP (rs3077 and rs9277535) and HLA-DQ
(rs7453920 and rs2856718) SNPs were associated to HBV persistence[25-27] Notably,
different studies have also identified several HLA polymorphisms associated with the
response to the HBV vaccine[28,29]. Additionally, it was also reported that cytokine,
chemokine, toll like receptor, sodium taurocholate cotransporting polypeptide, and
vitamin D-related genes may influence the clinical outcomes of HBV infection[24,30,
31]. Beyond the controversies observed among studies addressing the genetic
polymorphisms involved in the outcome of HBV infection, mainly probably due to
ethnic differences (haplotype structures and allele frequencies), these findings will
undoubtedly help to individualize the risk of infection progression and to improve the
effectiveness of HBV vaccination campaigns, contributing to the implementation of a
personalized approach and a greater chance of accomplishing the achievement of
eliminating HBV infection as a public health problem by 2030.

Diagnosis

In order to achieve global control of HBV infection, one of the main obstacles to
overcome is the limited access to diagnostic resources. Since the 1980s, classical
serological markers have been available, including detection of antigens s and e
(HBsAg, HBeAg) and antibodies against antigen e and core (anti-HBe and anti-HBc),
along with the later use of molecular markers to determine the viral load, for the
diagnosis and management of HBV infection. The qualitative detection of HBsAg has
been the hallmark of HBV infection. Its presence for more than 6 mo is pathognomonic
of chronic infection, and HBsAg seroclearance is now considered the goal for
functional cure, except for occult hepatitis B, in which HBsAg is not detected despite
the persistence of the infection. In recent years, efforts have focused on the search for
accurate tools for the monitoring of antiviral treatment in CHB. Complete cure of CHB
infection implies elimination of the HBV from infected hepatocytes, which is hardly
achievable because of the persistence of the covalently closed circular DNA (cccDNA)
and integrated HBV-DNA. Since cccDNA detection is difficult to perform in routine
diagnosis, surrogate markers have been developed, being the quantitative HBsAg
(qHBsAg), the hepatitis B core-related antigen (HBcrAg), and serum HBV-RNA the
most promising ones. In the last years, different assays to qHBsAg levels have been
developed. In most studies carried out on HBeAg-positive patients, a positive
correlation among HBsAg titers, serum HBV DNA, and liver cccDNA has been
observed[32]. In contrast, this relationship was not verified in HBeAg-negative CHB
cases[33]. The lack of correlation could be a consequence of S gene mutations
associated with HBeAg seroconversion, affecting expression or secretion of HBsAg[34-
36]. Nonetheless, several studies have shown that qHBsAg is a useful diagnostic tool,
together with HBV-DNA levels, to discriminate inactive carriers from HBeAg-negative
chronic hepatitis[37,38]. Furthermore, it has been described to be useful in predicting
sustained HBsAg clearance and liver disease progression in inactive carriers[33].
Likewise, baseline and on-treatment qHHBsAg levels have been shown to be a reliable
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prognostic marker of sustained virological response (SVR) in treatment with pegylated
interferon alpha (PEG-IFN-a). Consequently, current guidelines recommend its use for
the management of HBV therapy[39-42]. The HBcrAg, another recently developed
marker, detects the HBcAg, HBeAg and the 22 kDa precore protein. Different studies
indicate that HBcrAg depicts a more accurate correlation with intrahepatic cccDNA
transcriptional activity than qHBsAg, regardless of HBeAg status[43,44]. Furthermore,
HBcrAg has been suggested as a prognostic factor for virological remission and
HBsAg clearance in patients undergoing antiviral treatment[45], as well as a predictive
marker for the development of HCC[46]. Nevertheless, its clinical use remains contro-
versial. HBV-RNA detection has also raised interest as a possible surrogate marker of
HBV transcriptional activity since serum HBV RNA levels significantly correlated with
intrahepatic cccDNA concentrations among untreated patients[47,48]. Likewise, it has
been suggested that HBV RNA has a predictive value as a diagnostic tool of HBeAg
loss in patients under therapy, being proposed as a reliable marker for treatment
discontinuation[49,50]. However, routine implementation still requires standard-
ization of the methodology. Finally, several studies have identified other promising
markers to monitor the management of CHB patients such as quantitative anti-HBcAg
or cccDNA determination[51-53]. Further validation for their use in clinical practice is
still required.

Therapy

Over the last 2 decades, notable progress has been achieved in the treatment of CHB
infection. Currently available antiviral agents include PEG-IFN-a and nucleoside/
nucleotide analogues (NAs) among which entecavir, tenofovir disoproxil fumarate,
and tenofovir alafenamide are the first-line oral anti-HBV drugs due to the high
genetic barrier to HBV resistance. Although suppression of HBV replication reduces
the progression of liver disease and improves the outcomes in most patients, the actual
obstacle to cure CHB is the persistence of cccDNA and integrated HBV DNA. Thus,
the term “functional cure’ has been accepted as the ultimate goal to reach with HBV
therapies[41,42]. However, PEG-IFN-a treatment has an unsatisfactory SVR rate in
addition to several adverse effects, being therefore limited to a selected group of
patients. On the other hand, although NAs have shown high efficacy in inhibiting viral
replication, the HBsAg sustained clearance rate is poor, with a substantial risk of
relapse when treatment is discontinued, the need for retreatment, and the risk of select
drug resistant strains[54]. Therefore, the main challenge at present is the imple-
mentation of new strategies that increase the rate of loss of HBsAg or the sustained
suppression of HBV replication compared to existing therapies by developing more
efficient antiviral agents and immune-modulatory therapies to restore the
functionality of the immune system. Direct antiviral agents targeting different HBV
proteins or steps of the viral replication cycle are being evaluated. HBV entry
inhibitors are molecules that target the NTCP receptor (NTCP: Sodium taurocholate
cotransporting polypeptide is the host cell receptor required for HBV entry),
preventing both the novo infection and reinfection cycles, being of great value to
control CHB infection[55,56]. Also, HBsAg release inhibitors are promising drugs that
combined with current antiviral treatments might help to induce HBsAg clearance
[57]. Additionally, core protein assembly modulators and small interfering RNA
targeting HBV transcripts are under evaluation in different clinical trials[58,59].
Another appealing strategy implies targeting the HBV cccDNA. Several molecules and
clustered regularly interspaced short palindromic repeats technology have shown the
ability to inhibit synthesis or eliminate the already formed cccDNA[60]. However, they
are still under investigation due to delivery issues and unintended off-target effects
[61]. Furthermore, antiviral agents against the protein X are also being addressed, both
for their role in the epigenetic regulation of cccDNA and in the modulation of several
host cell signaling pathways[62].

As mentioned above, the impairment of the host's immune system is another
important factor for HBV persistence. Several approaches are being investigated for
the pharmacological activation of the intrahepatic innate immune response, including
the induction of IFN genes with antiviral properties[63] or the stimulation of toll-like
receptors (TLR)[64], targeting adaptive cell effectors. In line with the latter strategy,
some attractive methodologies include the use of checkpoint inhibitors that block the
co-inhibitory receptors overexpressed in HBV-specific T cells to reverse immune
dysfunction[65], the adoptive transfer of either genetically engineered T lymphocytes
expressing chimeric antigen receptors or reinfusion of autologous restored T cells[66,
67], as well as therapeutic vaccination that might boost host immune response[68].
However, the wide range of functional deficiencies observed in patients with CHB
represents an important pitfall for the success of these therapies. Its use together with
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antivirals agents is expected to lead to viral elimination as well as mounting strong
immunological surveillance that limits viral reactivation.

Vaccine

Vaccination is the most powerful tool to control the spread of HBV. Since the 1980s, a
recombinant HBV vaccine obtained by expressing the small envelope protein
(HBsAgS) in yeast has been available. It is currently being implemented for infants in
more than 189 countries, and in 109 of these a dose within the first 24 h of life has been
introduced in vaccination schedules[69]. Following the global introduction of large-
scale vaccination, a substantial decrease in the rate of HBsAg carriers was observed
[70]. After three intramuscular doses, a protective response against HBV is achieved in
more than 90% of healthy adults and more than 95% of infants, children, and
adolescents. However, the response rate declines with age, particularly after the age of
40, as well as in people with obesity, smokers, comorbidities, genetic factors, or
particular settings[71]. Failure to mount an adequate immune response is one of the
main concerns regarding the HBV vaccine; therefore, to overcome this shortcoming,
several attempts to enhance the immunogenicity have been addressed. On the one
hand, new and more powerful adjuvants have been developed and evaluated,
including liposome-based formulations, cytidine-phosphate-guanosine oligodeoxy-
nucleotide (a TLR9 agonist) or virosomes[72]. These reformulations have shown a
considerable improvement in seroconversion rates compared to the conventional
vaccine, particularly in individuals with poor or no response[73]. Interestingly, the
novel adjuvants may reduce the current schedule from three to two doses,
contributing to a higher adherence rate to compliance with the vaccination scheme,
which is another drawback[74]. Likewise, intradermal administration has shown to
provide better responses than the intramuscular route[75].

On the other hand, recombinant vaccines derived from mammalian cells containing
the medium and large envelope proteins, in addition to the already used small
envelope protein, have been developed. This approach has the advantage of antigens
displaying the same post-translational modifications and protein folding that occurs in
vivo. This alternative approach showed a faster seroprotection rate as compared to the
conventional vaccine, making it of particular interest for people with poor or no
response. Furthermore, it could protect against HBV strains carrying vaccine induced
or spontaneous HBsAgS mutants[76]. In fact, the emergence of vaccine escape mutants
(VEMs) and the role of the HBV genetic variability both have been considered as
possible shortcomings of the vaccine.

Shortly after the massive implementation of the HBV vaccine, the selection of
variants with mutations in the wild type epitope has been reported. In many countries,
where early large-scale vaccination was introduced, along with a decrease in the
prevalence rate of infection, over time a significant increase in the frequency of VEMs
[77] has been observed. Different studies have shown that VEMs can replicate, with
the implicit risk of becoming the predominant strains in the coming decades. In
addition to the selection pressure exerted by the implementation of large scale
vaccination, due to the overlapping of the open reading frames in the HBV genome,
mutations in the Pol gene can affect the S gene[78]. Consequently, the use of antiviral
agents targeting the viral polymerase indirectly promotes the selection of mutants
affecting the HBsAgS recognition by vaccine-induced antibodies. Beyond these
assumptions, the transmission of VEM is a very unusual event and, although its strict
vigilance is recommended, it does not pose a threat to the control of HBV infection.
Therefore, the introduction of mutated antigens in the vaccine formulation is not
currently being considered[79].

Finally, the genetic variability of HBV may represent a more significant problem
than VEMs. Based on the genetic diversity, HBV is classified into 10 genotypes (A to ])
and several subgenotypes. The HBV vaccine used today was developed decades ago,
when the existence of the different HBV genotypes was unknown, using HBsAgS of
genotype A2 as a prototype. Case reports of vaccinated people subsequently infected,
mainly with the most divergent genotypes, have been described[80-82]. Although
there is a paucity of data regarding cross-genotype preventive effect, greater
protection against homologous genotype/sub-type than against heterologous strains
of HBV have been reported[83]. However, empirical data from regions where the most
divergent genotypes are prevalent suggests that cross protection is sufficient to
prevent infection. Therefore, HBV diversity would not represent a major obstacle to
the prophylaxis of infection.
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HCV

In 2020 the Nobel Prize in Physiology or Medicine was awarded to the Americans
Harvey ] Alter (United States National Institutes of Health) and Charles M Rice
(Rockefeller University) and to the British Michael Houghton (University of Alberta)
for the discovery of the HCV. Alter demonstrated the existence of a non-A non-B
hepatitis virus-associated with post-transfusion hepatitis in 1975, Houghton cloned
and identified the viral genome and renamed it as HCV in 1989, and Rice established,
from an edited version of the virus genome, a robust in vitro replication system in cell
cultures in the 1990s and thus laid the foundation for future genetic and functional
analysis[84-86].

Epidemiology and treatment
HCYV is an enveloped single-stranded RNA virus of the Flaviviridae family. Due to a
lack of proofreading activity of HCV RNA-dependent RNA polymerase (NS5B) and
their high replication rate, a large number of viral variants are produced during
infection[87]. Eight genotypes have been described, among them genotype 1 is
prevalent worldwide, while the others were each characterized in different geographic
regions, that is genotype 2 in West Africa, genotype 3 mostly in South Asia, genotype 4
in Central and North Africa, genotype 5 in South Africa, genotype 6 in South-East
Asia, and genotype 7, which has been isolated from central African immigrants in
Canada[88,89]. Recently, the novel genotype 8 was described as endemic in India[90].
HCV is estimated to infect more than 1% of the global population, and around 80%
develop a slowly evolving, asymptomatic chronic liver disease characterized by cell
damage, inflammation, and fibrosis that can progress, after a few decades, to cirrhosis
in 30%-40% of cases or to HCC in 1%-3% of them[91]. Thus, HCV infection is strongly
related to liver transplantation. In the absence of a vaccine, HCV treatments went
through different stages, starting with prolonged regimens based on interferon as an
immune system modulator with cure rates of less than 50% and high adverse effects,
and going through successive generations of direct-action antivirals (DAA). However,
the real improvement of the DAA regimen began in 2013, when an interferon-free
treatment was available; since then, several DAA schemes targeted against the
protease, the NS5A protein, or the polymerase became the standard of care. Currently,
treatments are oral with almost no side effects and with SVR rates higher than 97%
after 8 to 12 wk. Nowadays, successful treatment leads to regression of clinical
symptoms and complications of liver disease even in those patients with other
comorbidities, co-infections, or advanced liver disease[92-94]. In this new scenario, as
mentioned above, in 2016 the World Health Assembly approved a global strategy to
achieve viral hepatitis elimination (C and B), which concerning HCV aims to reduce
90% of new HCV infections (incidence), 65% of deaths (mortality), and treat at least
80% of patients who require treatment[95,96]. However, this objective is far from being
reached. On the one hand, it is critical that each country implements systematic and
organized programs of silent carrier detection to overcome the suboptimal rates of
HCV screening. On the other hand, it is necessary to ensure access to treatment for all
infected people, which is still difficult due to the high cost of it. Finally, it is essential to
carry out primary prevention tasks to avoid the generation of new cases and the
reinfection of patients already cured, especially in the groups at greatest risk[95,96].

Pathogenesis and immune response

Chronic hepatitis C pathogenic mechanisms as well as the immune response
participation in the generation of liver damage are still topics of interest[91,97]. It has
been thoroughly described that HCV alters liver homeostasis, leading to stress and
inflammation[98]. The liver microenvironment is extremely complex with numerous
immune cell populations that, along with the cytokines that they produce, play a
central role in the viral elimination; thus the interplay between virus and host immune
response may influence infection outcome[99-101]. Remarkably, in the chronic stage,
the role of the immune cells becomes more complex since their altered functionality
would contribute to liver damage[102]. Cellular immune surveillance of HCV infection
induces interferon production and activates innate immune response, hence
controlling the infection. As part of the innate immune response, natural killer,
dendritic, and Kupffer cells present viral antigens from infected hepatocytes to the T
and B lymphocytes, which in turn contribute to virus control. The immune system
triggering is not enough to control HCV infection and in consequence, a persistent
infection is established. However, the results behind this data are controversial, and
the underlying mechanism by which various cell populations are involved is still
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under discussion.

The understanding of the relationship between achieving protection and the
activation of both innate and adaptive immune responses is mandatory for the
development of an effective prophylactic vaccine that may control infection and
transmission. Moreover, the restoration of the immune response after DAA treatment
is also under debate, particularly because most reports have focused on immune cells
in peripheral blood, and little is known related to the intrahepatic immune
environment after rapid clearance of chronic HCV. Remarkably, a double scenario
arises after DAA treatment, certain immune features are reinvigorated but many
immune exhaustion signs may continue after viral elimination[103]. The majority of
pro-inflammatory cytokines and chemokines reached normal values after long-term
monitoring albeit IFN-a and tumor necrosis factor-related apoptosis-inducing ligand
maintained high levels for months after treatment[104,105]. Regarding HCV-specific T
cells, a partial recovery of the functionality, mainly proliferation capacity, was
described. Nevertheless, it does not apply for every patient, and the restoration level
was not homogeneous for all individuals. The suppression of HCV replication led to a
decrease in expression of T lymphocyte exhaustion markers and an increase in HCV-
specific IFN-y responses after treatment[94,106,107]. However, the restoration of
exhausted HCV-specific CD8+ T lymphocyte surface phenotype does not result, per se,
in a complete functional restoration. Regarding CD4+ T cells, HCV antiviral treatment
leads to a shift from a T helper 1 cell to a follicular helper T cell (Tfh) environment
within HCV-specific cells. Likewise, HCV-specific CD8+ T lymphocytes, Tth cells are
likely to persist in an antigen-independent manner[108]. Furthermore, in chronic
hepatitis C, regulatory T cells are usually elevated and display an activated phenotype
in the course of infection that persists even after DAA therapy[109]. Natural killer
(NK) cells have an important role in HCV infection control; however, phenotype and
function of NK cells are altered in chronic HCV patients[110]. In recent years, several
groups have investigated the recovery of the altered NK cell compartment upon
successful antiviral treatment, but it is still a matter of research whether an active
reinvigoration via certain signaling pathways or the resolution of inflammation after
virus elimination are responsible for a seemingly restored NK cell compartment.
Hence, such a persistent challenge of the immune system might trigger irreversible
damage that in turn could affect the success of any therapeutic vaccine design or even
any immunotherapy approach against HCC[94,103,111].

DAA resistance-associated variants

Current DAA therapy has demonstrated high efficacy, but still in a minor group of
patients (4%-5%) it does not succeed in eradicating HCV, largely due to inadequate
adherence but also due to relapse or viral fitness[112]. Since HCV is a rapidly evolving
RNA virus, the exposure to DA As triggers strong drug selection favoring mutants that
offer partial resistance to them. Thus, the high SVR achieved with DAA still faces the
challenge of resistance-associated variants (RAVs), some arising after treatment but
others naturally occurring in treatment naive individuals[113,114]. DAA treatment
failure may be attributable to advanced liver disease, suboptimal therapy adherence,
and the presence or generation of NS5A mutations[112]. The three HCV non-structural
proteins have different RAV prevalence, which may be related to their distinct roles in
the HCV life cycle that defines the resistance genetic barriers[115]. RAVs affecting each
of the DAA classes have different properties and occur most commonly in the NS5A
region, less commonly in the NS3 region, and uncommonly in the NS5B region. In all
first-line DAA regimens, NS5A inhibitors are a crucial component because their RAVs
have direct clinical impact[114,116]. Treatment-emergent RAVs that remain at high
frequency after the end of therapy often have other fitness compensating mutations
and may be more difficult to treat. Nowadays, there are several options for patients
who have failed to respond to first line DAA therapy, and more than 90% of these
patients are able to achieve SVR following retreatment, but the selection of the
appropriate therapy depends on several factors and may require genotype and
resistance testing. It should be noted that there are some notable genotype-specific
differences with respect to retreatment, particularly in the case of prior exposure to
NS5A inhibitors in patients with genotype 1 infection. Rescue treatment options with
multiple targeted therapies, such as the pangenotypic combinations, sofosbuvir/
velpatasvir/voxilaprevir (Vosevi), and glecaprevir/pibrentasvir (Mavyret), were
effective in the majority of cases with DAA failure[112]. Interestingly, a recent
European multicentric study showed that even Vosevi can fail in genotype 3 and
genotype la infected individuals with cirrhosis, but this failure is not associated with a
specific pattern of RAV. It is important to note that rescue treatment with multiple
targeted therapies was effective in the majority of patients[117].
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DAA treatment in the context of solid organ transplantation

The field of solid organ transplantation (SOT) has also been benefited with DAA
development[118,119]. The efficacy of DAA has created a new opportunity to improve
survival in end-organ failure patients through greater access to organ transplantation,
since transplanting organs from HCV-infected donors into infected or uninfected
recipients is now under consideration. Altogether, this has led to a better transplant
outcome due to healthier patients receiving SOT and a significant reduction of waitlist
mortality and healthcare costs. In the post-liver transplantation setting, early treatment
is now recommended due to the high efficacy of DAAs, in association with a low side
effect profile and easily mitigated drug-drug interactions[118,119]. The optimal
treatment duration for each organ is not yet clear; in the years to come there will be
increasing data and hopefully standardization of treatment. Some reports proposed 8-
12 wk of DAA treatment for liver transplantation, but 2-4 wk seems to be enough for
other organs[118,119]. However, it should be kept in mind that although it is expected
that treatment eliminates the risk of infection, this is not a certainty; since the
persistence of HCV RNA in peripheral blood mononuclear cells and/or the liver has
been shown to occur post-SVR in liver transplantation recipients, with unclear clinical
consequences. Although early outcome data are encouraging, the overall experience is
limited, and many ethical issues and scientific questions remain, such as avoidance of
selection bias, the optimal timing of DAA therapy, detailed evaluation of drug-drug
interactions between DAAs and immunosuppressants, and long-term graft-patient
outcomes. Moreover, there is no data on possible long-term hepatic and extrahepatic
adverse effects associated to HCV exposure, even among those cured of the infection.
As such, transplanting livers from HCV-infected donors into uninfected recipients
requires special approval from governing bodies in the United States and in nearly all
countries around the world[120].

HCC as a consequence of DAA treatment

Regarding the plausibility of HCC development in the context of DAA therapy, a risk
reduction would be expected as viral clearance reduces morbidity and mortality rates.
It should be considered, however, that HCV has a direct carcinogenic potential since
some of the HCV-encoded proteins interact with cellular regulatory factors and
produce oxidative stress, DNA damage, and deregulation of host cell checkpoints,
thus promoting tumorigenesis[121,122]. Because HCV is an RNA virus and its genome
does not undergo reverse transcription into DNA, its carcinogenic effects cannot be
attributed to its integration into the hepatocyte genome. Lately, the risk of occurrence
or recurrence of HCC in HCV patients who received DAA has been debated. IFN-
based therapy reports demonstrated that achieving a SVR significantly diminished the
risk for HCC[123]. Furthermore, these patients recover liver functionality with a
positive impact on long-term disease-free survival[121,124]. On the other hand, initial
reports on DAA therapy exposed a potential high risk of HCC occurrence and
recurrence after treatment[121,125-127] and hypothesized that the occurrence of HCC
would be the result of the emergence and spread of a pre-treatment "orphan" tumor
clone that escapes immunological surveillance. The rapid virus elimination following
DAA therapy may lead to an imbalance of the immunity that may rebound on
immune control of the neoplastic clone[121]. However, the initial results were not
conclusive or were even opposed due to the lack of homogeneity in the study design
[125]. Recent seminal reports support the notion of a reduced rate for occurrence or
recurrence of HCC after SVR obtained after DAA treatment, so the impact of DAAs on
HCC risk is nowadays an old tale[93,128,129]. However, the time of DAA therapy
initiation in HCC HCV positive patients is still controversial since it seems to condition
treatment success[2,125,130,131]. In this sense, the best advice for physicians is to
follow approved international or local guidelines and to keep updated to minimize
risks or therapeutic failures[2,125,130,131].

Vaccine

The development of a prophylactic HCV vaccine that can contribute to the eradication
goal still remains as a pending issue. The diversity of the virus, different behaviors of
the virus in animal models or cell cultures, the limited models or individuals to test the
vaccines, and the insufficient understanding of protective immunity against HCV are
barriers to the development of an effective vaccine. It has been described, both in
chimpanzees and humans, that immune system surveillance of primary infection is not
necessarily efficient in controlling a recurrent one[132,133]. Therefore, spontaneous
HCV immune control does not certainly generate protective immunity, hence
diminishing confidence that prophylactic vaccination is possible. Furthermore,
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compared to the initial HCV infection, a lower peak and duration of viremia charac-
terized the reinfection in the same individual[113,134,135]. A faster and more effective
viral replication control at second exposures indicates an adaptive immune response
that may avoid chronic infection even though it cannot prevent reinfection. Therefore,
a vaccine that induces T and B cell responses against multiple HCV genotypes and
impedes the selection of virus escape mutants is needed[111,113]. While attenuated
vaccines by the passage of the virus in non-human primate cell lines could be
produced and suppress or inactivate genetic virulence factors, HCV does not replicate
at high levels in non-human primate cell lines and no virulence factors have been
defined for HCV yet. Therefore, concerns related to the production and the potential
risk of attenuated vaccines could limit their utility[113]. In addition, HCV culture
strains have adaptive mutations that enhance their ability of in vitro replication with an
unknown impact on replication in humans. Inactivated whole HCV vaccines were also
described; however, the lack of effective processes in the later phases for the
purification of HCV represents an obstacle for the development of a complete virus
vaccine[136]. On the other hand, there are numerous approaches involving viral
antigens as immunogens, namely DNA-vaccines, adenovirus-based strategies, virus-
like particles, HCV recombinant antigens conjugates to HBsAg, and HCV peptides in
different delivery platforms[113,137-143]. Most of these candidate’s vaccines have
triggered humoral and cellular immune responses in rodents, and a small subset of
them causes immunity in macaques, and fewer candidates in chimpanzees[113,144-
148]. Likewise, only a few HCV vaccine developments accomplished the goal of phase
I trials in volunteers not at risk for HCV infection[113,149-153]. Given that the partial
results of the clinical trials are not completely encouraging, new strategies are required
to improve and/or maintain antiviral immunity, and therefore there is a long way to
go until a successful HCV vaccine could be used[137].

HCV infection is an example of the success of translational research, as a result,
HCV infection is the only chronic viral infection that can be cured, and the hepatic or
extrahepatic manifestations are mostly reversible[154]. Many countries are making
significant progress in their fight against it, but HCV surveillance is at the base of any
effort to control and eliminate the disease, since early diagnosis can prevent health
problems that may result from infection and prevent transmission of the virus. The
road is long, but with clear objectives the goal can be achieved.

HDV

In 1977, Rizzetto et al[155] identified a new antigen in the liver and serum of HBV
infected patients who showed more severe hepatitis than their counterparts[155]. This
observation led to the discovery of the HDV (also called a satellite virus), an unusual
defective virus whose genome consists of a negative single-stranded circular RNA that
encodes a single nucleocapsid protein, the delta antigen. The HDV virion, of 36 nm,
consists of a ribonucleoprotein core complex and a lipoprotein envelope composed of
the three HBV envelope proteins: Small (S-), medium (M-), and large (L-) HBsAg. HBV
presence is mandatory for HDV replication, since HBsAg is required for HDV cell
entry by NTCP, virion assembly, and export; however, its RNA replication is
autonomous. HDV is maintained as episomes in the nucleus of the infected
hepatocytes and transcribes the viral RNAs on behalf of the host cell machinery[156].

Clinical, epidemiological, and virological features
Two different scenarios may allow HDV infection: Either HBV and HDV simultan-
eously infect the host (co-infection) or HDV infection occurs in CHB patients (superin-
fection). In general, HDV is a highly pathogenic virus associated with more severe
forms of acute hepatitis, including fulminant hepatitis. The natural course and
outcome of acute hepatitis D differ according to the way infection takes place, whereas
only 2% of coinfections evolve to chronicity, superinfection results in chronic infection
in over 90% of the cases[157]. Irrespective of the type of infection, the chronic state
leads to more severe hepatitis associated with higher rates of HCC and a faster
progression to cirrhosis compared with HBV monoinfection, increasing this risk three
times among HDV-HBV coinfected patients[157,158]. At least 5% of individuals with
chronic HBV are co-infected with HDV, raising the HDV global burden of infection to
an estimate of more than 62 million people, nearly 1% of the world’s population][2,
159]. Despite having a global distribution, HDV has a higher prevalence in Africa
(Central and West Africa), Asia (Central and Northern Asia), Pacific Islands, Middle
East, Eastern Europe, South America (Amazonian basin), and Greenland[2,160,161].

In addition to host factors, HDV and HBV genotypes influence the course of chronic
hepatitis[162]. HDV genome analysis disclosed at least eight distinct HDV genotypes
(HDV-1 to -8), with some displaying two to four sub-genotypes. Infection with
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genotype 1, the most common one, has been associated with a wide spectrum of
disease severity, while other genotypes appear to be more geographically restricted
and to be linked with different degrees of disease severity. Infections with either
genotype 2 and 4, the most commonly genotypes found in the Far East, generally
develop milder forms of liver disease, whereas genotype 3 exclusively found in the
Amazon region, has been documented as one of the most aggressive types, associated
with severe and fulminant hepatitis outbreaks. HDV-5 is predominant in West Africa,
whereas HDV 6, 7, and 8 were isolated in patients from central Africa[157].
Furthermore, HBV genotype could influence HDV infection and replication, being
HDV viral loads are lower in patients co-infected with HBV genotype A, whereas co-
infection is more frequently seen in genotype F CHB patients[156].

Transmission and diagnosis

HDV and HBV routes of transmission are alike, namely intravenous drug users or
exposure to infected blood products and serous body fluids, but HDV mother to infant
transmission is rare[162]. HIV infection, intravenous drug users, men who have sex
with men, and individuals from areas of high HDV prevalence who are HBV-infected
are at risk for co-infection with HDV([2,161]. The HDV antigen is only detectable
transiently, therefore the diagnosis is made by measuring anti-HDV antibodies. HDV
IgM appears in blood between the first and third weeks after infection and remains
positive in the chronic phase with variable levels according to disease activity. HDV
IgG is also detectable during active and resolved infection, so this test is useful for the
screening of chronic or past HDV infection, while HDV RNA detection is applied to
confirm active chronic hepatitis and to supervise therapy response. Anti-HDV IgM
and HDV RNA assessment, together with HBV infection acute markers, should be

tested to distinguish between acute co-infection HBV/HDV vs HDV superinfection
[163].

Immune response and pathogenesis

Experimental and clinical studies suggested that HBV is a weak inducer of innate
response and has developed strategies to evade innate immune sensing, whereas HDV
has shown to activate the IFN pathway viaz melanoma differentiation antigen 5. It has
been suggested that both HBV and HDV could inhibit the janus kinase/signal
transducer and activator of transcription signaling pathway and hence the response to
exogenous IFN. So, the constant activation of the IFN pathway may contribute to
chronic viral pathogenesis; however, the implications on liver disease of HDV and
HBYV and innate immunity interplay remain to be understood. HDV activation of the
type-I IFN pathway may promote an increase in the NK cell number, thereby inducing
the killing of HBV-specific CD8 T cells by tumor necrosis factor-related apoptosis-
inducing ligand-dependent mechanisms, hence worsening HBV pathogenesis in co-
infected patients. Additionally, it has been described that HDV proteins affect
autophagy by promoting HDV replication, cause oxidative stress, and modulate the
transforming growth factor-p and nuclear transcription factor-kappa B signaling
pathways. However, most of the studies have been performed in artificial systems that
naturally tend to overexpression, so most of them need to be confirmed in actual
infectious systems[156,164,165].

HDV pathologic changes are limited to the liver with histopathologic features that
are not specific for it, but they tend to be more severe in HDV disease. The hepatocyte
injury is typically focal, except in the most severe cases when confluent necrosis
occurs, leading to submassive or massive necrosis accompanied by infiltration of
inflammatory cells within the collapsed lobules and in the portal areas[157]. Liver
biopsy is still of election to achieve an accurate inflammation grading and fibrosis
staging since fibrosis noninvasive markers are not reliable in chronic HDV infection.
The higher inflammation in HDV compared to HBV monoinfection alters elastography
measurement, so the accuracy of transient elastography seems to be reasonable to

detect cirrhosis but remains to be validated for grading lesser degrees of fibrosis[1,166-
168].

Viral tropism

Several studies have proved the ability of HDV to replicate in a variety of tissues and
cells after transfection; moreover, HDV-like viruses have been isolated from other
species (birds, snakes). These findings question the hypothesis of an escaped human
gene HDV origin and also alludes to the cooperation with other viruses to egress.
Furthermore, it has been shown that HDV ribonucleoprotein can be assembled with
envelope proteins that come from non-HBYV related viruses, raising the question of
HDV may also be harbored by other viruses[156].
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Treatment

The ability to achieve SVR in the treatment of HDV remains uncertain given the high
rates of late relapse. Therefore, HDV remains difficult to treat with the current
available therapies. PEG-IFN is the election therapy but the absence of HDV treatment
guidelines generate uncertainty concerning protocols. Nucleoside/NAs are ineffective
because they do not reduce HBsAg levels, which is required for HDV propagation.
However, despite the presence of HDV typically suppressing HBV replication,
nucleoside/NA (entecavir or tenofovir) is generally recommended, particularly in
patients with cirrhosis, regardless of HBV replication status[1]. Nevertheless, the Hep-
Net International Delta Hepatitis Intervention Trial, a large multicenter program,
treated patients with PEG-IFN-a-2a and/or adefovir for 48 wk. Six months after
treatment completion, 28% of patients who were treated only with interferon
continued to have undetectable HDV RNA with no additional benefit compared to
those who also received adefovir and showed no response in individuals treated with
adefovir alone. In a consecutive study in which patients were treated with PEG-IFN-a
with or without tenofovir, only 23% of patients with interferon therapy presented
levels of RNA under the detection limit 24 wk after stopping treatment with no extra
benefit from the additional use of tenofovir[169]. Therefore, treatment is still the
greatest challenge in HDV infection. So far, several promising new therapies have been
described, some of which in combination with interferon, may result in sustained
clearance of HDV. In this regard, myrcludex and lonafarnib are two promising
treatments that are at the most advanced development stages. Myrcludex is an entry
inhibitor while lonafarnib prevents HDV secretion, preventing both de novo and
reinfection cycles. Other therapies are under evaluation in different clinical trials, such
as hepcludex which has already been partially approved owing to its safe profile[170,
171].

Despite these promising advances, we are in need of treatments achieving
permanent HDV RNA suppression since high rates of relapse are associated with
current IFN therapies in addition to increased transaminase levels after discon-
tinuation. Interestingly, HDV coinfection prior to liver transplantation reduces the risk
of graft reinfection and is associated with better patient survival than HBV-monoin-
fected patients. However, reinfection with HDV following liver transplantation may
still occur, but tends to be aborted if HBV recurrence is also prevented[2,172].

The current knowledge on HDV highlights that the critical points to be addressed in
future research must be directed to explain the virus and the immune system
interaction linked to the pathogenesis that might allow treatment improvement against
chronic liver disease produced by HDV.

HEPATITIS E VIRUS

The hepatitis E virus (HEV) is a causative agent of endemic and epidemic hepatitis
worldwide, producing approximately 20 million infections every year, leading to an
estimated 3.3 million symptomatic cases[173]. It is a spherical, non-enveloped virus
that belongs to the family Hepeviridae, genus Orthohepevirus, a genus that is divided
into four species (A-D)[174]. The strains of species A (Orthohepevirus A) are
responsible for hepatitis E in humans. It comprises eight genotypes (HEV-1 to 8)
displaying a geographical distribution and different epidemiological patterns.
Genotypes that infect humans are 1-4 and 7[174,175].

HEV represents a significant public health challenge in resource-limited settings,
mainly from Asia and Africa. In industrialized countries, it has historically been
incorrectly regarded as having little clinical relevance[4]. However, in the last years, it
has been recognized as an emerging and often undiagnosed disease in developed
countries and some places of America, based on increasing reports of non-travel
associated sporadic cases and chronic clinical presentations[176].

Epidemiology and transmission: Old and new challenges

Two epidemiological patterns have been observed for HEV. The first one is related to
genotypes 1 (HEV-1) and 2 (HEV-2), which infect only humans and are transmitted
mainly by the fecal-oral route, through water contaminated with the virus, resulting in
frequent sporadic cases and occasional large outbreaks. These genotypes circulate in
areas of high endemicity, generally in developing countries (due to poor sanitation) in
Asia, the Middle East, North Africa, and some parts of America[175-177]. The second
pattern, observed mainly in industrialized countries and some parts of America, is
related to the zoonotic transmission of HEV genotypes 3 (HEV-3) and 4 (HEV-4), in
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which pigs are considered a viral reservoir, although these viruses have also been
detected in other animals, such as wild boar or deer[175,177]. Humans can become
infected through direct contact (with many studies showing that farmers have higher
levels of HEV antibodies)[178] or by ingestion of raw-undercooked animal meat or
derived products, such as sausages or pates, that contain the virus[5]. Shellfish, fruits,
and vegetables have also been implicated in viral transmission, probably due to pig
slurry contaminating watercourses, which are used for irrigation, or being used as
fertilizer[4,5]. HEV-3 has a worldwide distribution, while HEV-4 is restricted to Asia
and Europe[177]. Interestingly, genotype 7 (HEV-7) has only been described in the
Middle East and Dubai, from sporadic human cases and camels[174].

Since HEV is transmitted by the fecal-oral route (involving contaminated waters)
and also as a zoonosis (having animal reservoirs), many studies in the last years have
focused on HEV detection in environmental and food matrices as sources of HEV
infection[177]. HEV has been detected in many environmental matrices, such as
sewage, recreational waters (river, creek, dam), and tap waters, showing fecal contam-
ination of the environment[179,180]. Viral presence in sewage represents an indicator
of viral excretion of a given population, so it is useful for monitoring HEV circulation
[181]. Water resources that are contaminated with wastewater are the main origin for
the dissemination of enteric viruses and, in consequence, they could represent a viral
reservoir with a dramatic impact on the population's health[179].

HEV food contamination that is not derived from pork is another route that is
currently being studied, such as shellfish, fruits, vegetables, or milk, which have been
postulated to be possible sources of infections, particularly in places where sporadic
cases without an epidemiological link occur[5]. Many new lines of study are focused
on the research of HEV in foods, methodologies for its detection in food matrices, and
food outbreaks. The knowledge of these sources of infection will allow for
improvements in the prevention of HEV infection.

Additionally, vertical transmission from mother to child[182] and transmission
through blood transfusion[183] have also been described, but as less frequent routes.
However, the transfusion route is currently becoming more relevant since an
increasing number of cases are being reported in Europe and Asia[176]. This is partic-
ularly important for immunosuppressed populations since these patients could
develop chronic infections and are commonly subjected to blood transfusions.
Asymptomatic carriers of HEV could play a possible role as human viral reservoirs,
and the virus can be transmitted during the donation, when the volunteer donates
blood prior to the onset of the acute stage of hepatitis E[176]. In response to the threat
posed by HEV to transfusion safety, many European countries have implemented
screening for HEV-RNA in blood products, and many others are considering to do so
[183]. However, in the rest of the world, there is still a lack of knowledge about this
route of transmission.

In recent years, a few cases of acute and chronic human hepatitis E attributed, for
the first time, to the HEV-C (Orthohepevirus C) species were reported in many parts of
the world. Until now, this virus had only been detected in rats and ferrets (known as
rat-HEV), and belongs to the genus Orthohepevirus, as well as the human-infecting
HEV-A, although they are very divergent[4,184]. HEV-C genotype 1 was identified in
both immunocompetent and immunocompromised patients who displayed acute and
chronic infection as described in a recent large prospective study in Hong Kong,
positioning this virus as a new etiological agent of hepatitis E. It is important to
mention, as observed in one case, that the pre-existing HEV antibodies did not protect
against HEV-C genotype 1. Also, routine hepatitis E diagnostic tests may overlook
HEV-C infection[184]. Therefore, this is a new challenge in the field of viral hepatitis
and specifically in understanding HEV epidemiology.

Clinical features

In most cases the infection produces an acute self-limited illness with a variety of
clinical manifestations, ranging from asymptomatic course to acute liver failure,
resulting in fatality rates of 0.2%-4%. The most common symptoms are abdominal
pain, nausea, vomiting, anorexia, fever, and jaundice[182]. The course of the disease
could be more severe in pregnant women infected with HEV-1, with high maternal,
fetal, and neonatal morbidity and mortality rates, as high as 25%[182]. In turn, it has
been described in individuals who have chronic liver disease that the mortality rate
increases when infected by HEV[174]. Chronic HEV infections have been identified
among immunocompromised persons infected with HEV-3 or HEV-4, including
patients receiving cancer chemotherapy, recipients of organ transplant, and HIV-
infected persons. In these cases, HEV-RNA had been detected in serum and/ or stool
samples for at least 6 mo[175,177]. Chronic hepatitis E seems to be an increasing
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problem, particularly in Europe, where areas with high chronicity rates have been
identified.

Hepatitis E also shows a spectrum of serious complications and extrahepatic
manifestations, which are being increasingly recognized[174]. Some of them include
acute or chronic liver failure, neurological disorders, pancreatitis, renal injury,
cryoglobulinemia, hematological disorders, and thyroiditis[174,175,177]. The mecha-
nisms of HEV-associated extrahepatic injuries are not fully understood yet and
represent a challenge for the study of hepatitis E and its management.

Diagnosis

Diagnosis of hepatitis E infection can be carried out using direct techniques, which
allow for the detection of the viral antigens and nucleic acid, as well as by the
detection of IgG and IgM HEV-specific antibodies, although it may require a
combination of both, molecular and serological assays, to confirm infection and for
monitoring the treatment in chronically infected patients[185]. Laboratory diagnostic
techniques for HEV detection vary in their specificity and sensitivity, something
important to consider when using any of them, and to make comparisons. Currently,
the gold standard test is the PCR for HEV-RNA amplification[185]. In the case of acute
hepatitis E, a differential diagnosis should be performed to exclude other viral
hepatitis and other causes (autoimmune, toxic, efc.) of liver disease. HEV-RNA
detection can be carried out in serum samples (although the viremic period is short) as
well as in stool samples, in which virions are shed for a longer period of time[4]. HEV
antigen can also be performed, using double-antibody sandwich enzyme
immunoassay techniques, which can be detected in serum, feces, or urine[185],
although it is not extensively used. Acute hepatitis can also be diagnosed by IgM anti-
HEV detection[173]. It is worth mentioning that the time of diagnosis and sample
extraction is crucial. HEV is not generally taken into account in an initial assessment of
a sick individual, due to still being regarded as an “emerging” disease, and many
clinicians have limited knowledge of the disease[4]. This delay in sampling could lead
to false negative results for viral RNA detection. In these cases, specific IgM testing is
useful. For chronic infections, diagnosis is performed by detecting the presence of
HEV-RNA by RT-PCR (and/or its variants Nested-PCR and RT-PCR) in blood for
more than 6 mo[174]. The titer of antibodies against HEV may be lower in these
patients, as well as in those immunosuppressed, so detection of HEV IgM and IgG
should be interpreted with caution[185]. Although viral genotyping is not routinely
performed, its determination is important in order to understand the clinical and
epidemiological pattern (especially in risk patients, as immunosuppressed individuals,
pregnant women, etc.), as well as for viral surveillance and to monitor the introduction
of new genotypes/strains in a given region.

Antiviral treatment and vaccine

Antiviral therapy is not usually required in acute HEV infection since the virus is
spontaneously cleared. However, treatment with ribavirin may be considered in cases
of severe acute hepatitis E or acute-on-chronic liver failure[174].

In the case of chronic infections, ribavirin monotherapy for 3 mo is recommended.
Decreasing levels of immunosuppression at diagnosis of chronic HEV infection is also
advisable in solid organ transplant recipients. After 3 mo, HEV-RNA should be
assessed in stool and serum samples. If RNA is undetectable, European Association for
the Study of the Liver suggests stopping ribavirin therapy. If RNA replication persists,
therapy with ribavirin should be continued for an additional 3 mo (6 mo course of
ribavirin monotherapy in total). In the case of liver transplant recipients with lack of
response to ribavirin, PEG-IFN therapy for 3 mo could be considered[174,186].

Even though many HEV vaccines have been developed worldwide, only one has
been licensed in China (Helicon®). This vaccine is based on a recombinant HEV
peptide derived from genotype 1, corresponding to a fragment of the open reading
frame 2, which encodes the capsid protein of HEV. It is recommended to be used in
individuals aged > 16 years and at high risk of HEV infection (food handlers, animal
husbandry, soldiers, women of childbearing age, travelers to endemic areas, etc.).
However, very little is known about many aspects of this vaccine, which limits its use,
such as the efficacy (it has only been proved to prevent symptomatic hepatitis E due to
genotype 4), immunogenicity and safety, especially in specific populations, like
pregnant women, transplant patients and subjects with chronic liver disease[187].

The foregoing highlights new challenges regarding hepatitis E worldwide, showing
that further research about epidemiological, clinical, and virological aspects are
needed to understand better the different HEV scenarios and implications around the
world.
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CONCLUSION

In this review, we summarized the most relevant topics that are being analyzed or that
have recently arisen in the setting of viral hepatitis. Although in recent years
significant progress has been made in the knowledge of viral hepatitis, there are still
many aspects to be resolved. It is necessary to continue working on improving
diagnosis to maintain a constant and continuous epidemiological follow-up of infected
populations, expand knowledge on the mechanisms of pathogenesis of each virus,
improve treatment, and develop or improve the efficiency of vaccines. It is important
to understand that strategies must be both local and global, as this represents that
most successful path for viral hepatitis to cease being a major public health problem.
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Abstract

Pancreatic cancer (PC) is a leading cause of cancer related mortality on a global
scale. The disease itself is associated with a dismal prognosis, partly due to its
silent nature resulting in patients presenting with advanced disease at the time of
diagnosis. To combat this, there has been an explosion in the last decade of
potential candidate biomarkers in the research setting in the hope that a
diagnostic biomarker may provide a glimmer of hope in what is otherwise quite a
substantial clinical dilemma. Currently, serum carbohydrate antigen 19-9 is
utilized in the diagnostic work-up of patients diagnosed with PC however this
biomarker lacks the sensitivity and specificity associated with a gold-standard
marker. In the search for a biomarker that is both sensitive and specific for the
diagnosis of PC, there has been a paradigm shift towards a focus on liquid biopsy
and the use of diagnostic panels which has subsequently proved to have efficacy
in the diagnosis of PC. Currently, promising developments in the field of early
detection on PC using diagnostic biomarkers include the detection of microRNA
(miRNA) in serum and circulating tumour cells. Both these modalities, although
in their infancy and yet to be widely accepted into routine clinical practice,
possess merit in the early detection of PC. We reviewed over 300 biomarkers with
the aim to provide an in-depth summary of the current state-of-play regarding
diagnostic biomarkers in PC (serum, urinary, salivary, faecal, pancreatic juice and
biliary fluid).
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Core Tip: Circulating biomarkers are an attractive method for pancreatic cancer (PC)
diagnosis. Over 300 biomarkers are presented in this review, however no gold standard
biomarker exists. While carbohydrate antigen 19-9 possesses modest sensitivity in PC
diagnosis, a lack of specificity is a limitation for its use. More recent studies have
shifted towards the concept of a liquid biopsy along with measuring expression of
RNA based markers in different mediums. Panels comprising multiple candidate
biomarkers have emerged, demonstrating modest diagnostic value. Further studies are
required to validate these findings, along with assessment in an asymptomatic
population to determine their value in screening.
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INTRODUCTION

Pancreatic cancer (PC), most recently declared as a medical emergency by the United
European Gastroenterology in a position paper, is a leading cause of cancer related
mortality on a global scale, being the 12* most common cancer diagnosis, and the
seventh leading cause of cancer related death[1-3]. The mortality associated with PC is
significant compared to its solid organ tumor counterparts, accounting for approx-
imately 4% of cancer related deaths with a Mortality /Incidence ratio of 98%, and has a
dismal 5-year survival rate of approximately 9% which has only incrementally
improved over the past forty years due to improvements in neoadjuvant and adjuvant
therapeutic options[3-5]. This poor prognosis is attributed to patients being diagnosed
with advanced disease at the time of presentation and the relatively silent nature of the
disease[6]. It is estimated that, at the time of diagnosis 80%-90% of patients have
unresectable disease[7]. It is postulated that diagnosis at an earlier stage would
increase the 5-year survival rate as this would allow for curative resection along with
adjuvant chemotherapy([8,9].

Due to the overwhelming number of patients having unresectable disease at the
time of diagnosis there has been an emphasis on the identification of novel diagnostic
modalities or biomarkers that can assist clinicians in detecting PC at an early stage.
Currently there is no defined PC screening strategy for the general population that is
comparable to screening colonoscopies for colorectal cancer (CRC) and the programs
that exist are only limited to high risk patients (familial PC and hereditary PC
syndromes ) which represent only 5%-10% of all PC patients[10-12].

The goal of early detection of PC in otherwise asymptomatic patients is optimistic
however so far impractical due to low incidence of PC in the general population,
where even with a screening assay with a high specificity, implementing a screening
program might result in increased levels of anxiety in the screened population with
the potential for false positive results[13]. Further to this, the vast majority of studies
have assessed the utility of diagnostic biomarkers in patients with symptomatic
disease, rather than as a surveillance or screening biomarker in the general population.

A biomarker is defined as ‘any substance, structure, or process that can be measured
in the body or its products and influence or predict the incidence of outcome or
disease’. Currently carbohydrate antigen 19-9 (CA19-9) is regarded as the best
serological biomarker available so far in the diagnosis of PC, however the majority of
studies endorsing the use of CA19-9 as a complementary test in the diagnosis of PC
acknowledge it is not specific or sensitive enough to be used for screening[14,15]. A
number of other biomarkers have been proposed and these will be reviewed here[16].
Variation exists in the biomarker domain, with studies utilizing serum, biliary fluid,
pancreatic juice, urine, faeces and pancreatic cystic fluid for analysis of potential
agents to determine their worth as a malignancy biomarker, however these methods of
assessment vary in their invasiveness, sensitivity and specificity[17-20].

Due to the currently rapidly evolving landscape of potential biomarkers for early
diagnosis of PC and the apparent lack of a gold standard diagnostic assay in the
general population, the aim of this review is to provide a comprehensive update on
the current diagnostic biomarkers implicated in PC with over 300 biomarkers
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reviewed here.

SEROLOGICAL BIOMARKERS OF PC

Serum has been the most utilized modality for specimen collection for biomarker
analysis, and it is the preferred specimen for analysis due to simplicity of collection
and low risk, however it has limitations, particularly the potential for dilution of
candidate tumour markers and the potential for these markers to be obscured by other
serum proteins that exist within samples[21].

Glycolipids and proteins

CA19-9: CA19-9 is a tetrasaccharide expressed on the surface of cancer cells. It is the
most well-known serological biomarker used in PC diagnosis, and was initially
described in 1979 as a tumor antigen recognised by the monoclonal antibody NS19-9 in
the case of CRC[22,23]. CA19-9 is not specific for PC alone, and has been implicated in
colon, gastric and biliary tract cancer[24-26]. CA19-9 has only been reported to be
elevated in only 80% of all PC patients, and has been used in monitoring disease
progress or responsiveness to treatment[27,28]. CA19-9 has also been demonstrated to
be elevated in benign conditions such as chronic pancreatitis (CP), biliary obstruction
and cholangitis highlighting a lack of specificity[29,30]. In addition to this, CA19-9 is
related to the Lewis blood group antigens and only those patients who belong to the
Le (a-p+) or Le (a + B-) blood groups will express the antigen, its sensitivity in the
diagnosis of PC is questionable as 10% of the population have a Le (a-p-) phenotype
which lacks the enzyme 1,4-fucosyl transferase that is essential for the production of
CA19-9[31,32].

Only a scarce number of studies have evaluated serum CA19-9 Levels in the
general, asymptomatic population as a screening modality for PC. These studies were
conducted in Japanese, Korean and Taiwanese populations and reported a low
positive predictive value (PPV) of serum CA19-9 in the diagnosis of PC in a screening
setting[33-35].

A recent meta-analysis assessing the diagnostic value of CA19-9 in PC compared to
carcinoembryonic antigen (CEA) reported a summary sensitivity of 0.80 in the
diagnosis of PC, along with a summary specificity of 0.75 and area under the curve
(AUC) of 0.84[36].

To improve the diagnostic performance of CA19-9, it has been combined with a
number of other biomarkers in the research setting[37,38]. This has translated to
improved diagnostic value. Of note, sialylated tumor-related antigen, including sialyl-
Lewis A glycan isomers, has recently been demonstrated to be superior to CA19-9
when used in isolation, as well as improving the sensitivity and specificity when used
in combination with CA19-9[39-41] (Table 1).

CEA: CEA is a foetal glycoprotein that is not usually produced in large quantities after
birth. Aside from its role in the surveillance and prognosis of CRC, CEA has also been
implicated in ovarian, cervical, lung and breast cancer[42]. A number of studies have
investigated the diagnostic value of CEA for PC, however the results reported are
inconsistent throughout the literature.

The predictive value of CEA in the diagnosis and prognosis of PC has been recently
evaluated in a relatively small systematic review and meta-analysis published by
Meng et al[43] in 2017. Through the analysis of 19 studies including 3650 participants, a
CEA-based panel was deemed to have greater diagnostic accuracy compared to CEA
or CA19-9 alone with an AUC and Q value of 0.90 and 0.84 respectively, however the
sensitivity of the panels demonstrated no advantage over CA19-9 or CEA when
utilized in isolation[43]. A meta-analysis conducted in 2018 comparing CA19-9 to CEA
included 13 studies with 4537 participants and 1277 patients diagnosed with PC[36].
This study demonstrated a superior sensitivity of CA19-9 compared to CEA (ratio of
sensitivity = 1.54), along with a superior AUC (ratio of AUC = 1.24). A recom-
mendation was made that both markers should be utilized for early diagnosis of PC
due to their convenient, efficient and non-invasive properties.

CA125: CA125 is a high-molecular-weight mucin-like glycoprotein that has been
associated with ovarian cancer, CRC and cholangiocarcinomal[44-46]. The role of
CA125 in PC has only been established in the past decade with small studies
demonstrating its superiority to CA19-9 in predicting resectability of PC, along with
correlating with metastasis-associated disease burden[47,48]. There is unique clinical
utility for CA125 given that serum levels do not correlate with serum bilirubin levels
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Table 1 Serum protein biomarkers implicated in the diagnosis of pancreatic cancer

Class Candidate marker

Glycolipids ~ CA19-9[27,28,33-38,144,160,182,187,213,221], sSTRA[39-41], CEA[43], CA125[47,48,50], CA242[55,53], Osteonectin[57], Osteopontin[58-61],

and proteins  DUPAN-2[65-70], LAMC2[73-75], ULBP2[78-80], sCD40L[82], LRG1[84], C4BPA[86], Cofilin-1[88], sgC1qR[91], Trypsinogen-2[92,93],
DKK1[96], THBS-2[99-102], THBS-1[103], AGR2[108], REG1A[108], REGITI[108], REG1p[111], REG4[114-117], SYCN[108], LOXL2[108],
PARK7/DJ-1[126], TTR[129,130], TTF1[134], TTF2[134], TTF3[134], GPNMB[138], PRX-1[139], TEPI[141], TIMP-1[144], MMP-9[144],
IGFBP-11"%0) IGFBP-2[147-149], IGFBP-3[147,149], MSLN[148,154], C5[152], MMP-7[155-157], cathepsin-D[156], MMP-12[157], OPG[160],
Kisspeptin[165], Galectin[171], MUC16[48,182], MUC5AC[37,182], PAM4[187], HSP27[190,191], CAM17.1[192,193], Fuc-Hpt[194], SAA
[196], APN/CD13[200], M2-PK[203,204], APOA2[206-208], APOC1[209], APOC2[210], APOE[211-212], ITIH[213], APOA1[213], APOL1
[213]

Growth TGF-B[215], VEGF[217], FGF-10/ KGF-2[138], PDGF[220], TSGF[221]
factors

Cytokines IP-10[220], IL-6[220,230-232], MIC-1/GDF15[227,228], IL-11[229], YKL-40[232,233], IL-8[230,234,235,237,241], IL-10[214], IL-1B[214], OSM
and [138], TNF-a[240-244], M-CSF[214], CXCL11[138], SCF[138,247-248], Eotaxin[250], HGF[250], MCP-1[250], CXCL10[250]
chemokines

Adhesion CEACAM1[253,254], ICAM-1[160,262-263]
molecules

CEA: Carcinoembryonic antigen; TTF: Thyroid transcription factor; sTRA: Sialylated tumor-related antigen; IL: Interleukin.

and it is not significantly altered in the case of patients who are jaundiced[49].

A recent meta-analysis comprising eight studies with 1235 participants
demonstrated a pooled sensitivity of 59% and specificity of 78% for CA125 in the
diagnosis of PC, while the AUC and Q-value of the CA125-based diagnostic panel
were 0.89 and 0.82 respectively[50]. This panel was deemed to be superior to CA125 or
CA19-9 when used in isolation. Although this demonstrated a favourable result for the
use of a CA125-based diagnostic panel going forward, the meta-analysis was limited
by its size and heterogeneity between studies.

CA242: CA242 is a sialic acid-containing carbohydrate antigen which has been
reported to have a high correlation with CA19-9 in patients diagnosed with PC[51-53].
Serum CA242 has also been demonstrated to be highest in patients diagnosed with PC
compared to other solid organ malignancies, such as cervical cancer or oesophageal
cancer[54].

In a 2015 meta-analysis comprising 21 studies and 3497 participants, CA242 was
evaluated in conjunction with CA19-9 and CEA in diagnosing PC[55]. CA242 pooled
sensitivity for detection of PC was 67.8%, with a subsequent pooled specificity of
83.0%. When combined with CA19-9, a sensitivity of 90.0% was achieved. More
recently, a biomarker panel of CA19-9, serum periostin (POSTN) and CA242 was able
to discriminate early stage PC from controls with an AUC of 0.98, along with benign
conditions (AUC = 0.90)[53]. When utilized in isolation however, receiver operating
characteristic (ROC) curve analysis returned an inferior result for CA242 in
comparison to CA19-9 in distinguishing early stage PC from healthy controls.

Osteonectin: Osteonectin is a glycoprotein that has been previously demonstrated to
have a key function in PC through promoting invasion and metastasis[56]. There is
limited data on the use of Osteonectin in the diagnosis of PC, with a small prospective
study reporting significantly elevated serum levels in those diagnosed with PC
compared to controls, and a plasma level of > 100.18 ng/mL on ROC curve analysis
resulting in an AUC of 86% for predicting PC[57].

Osteopontin: Osteopontin (OPN), a protein associated with the extracellular matrix
(ECM), has been previously reported to be upregulated in PC preoperative serum,
where when elevated it was found to have a sensitivity and specificity of 80% and 97 %
[58]. More recently serum levels of OPN and tissue inhibitor of metalloproteinase 1
(TIMP-1) were able to distinguish PC from CP and healthy controls. Additionally,
when combined with CA19-9, diagnostic accuracy improved than compared to when
used in isolation[59].

A meta-analysis published in 2014 demonstrated that the serum OPN levels in
patients with PC was significantly greater compared to controls[60]. More recently, a
pilot study published in 2016 identified that levels of OPN were higher in patients
with PC compared to those with CP and control subjects, further affirming its potential
role as a diagnostic biomarker in PC[61].
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Duke pancreatic monoclonal antigen type 2: Duke pancreatic monoclonal antigen
type 2 (DUPANS-2) is the precursor for CA19-9 has been reported to be elevated in
patients with PC who are negative for the Lewis blood group phenotype highlighting
an advantage over the conventional biomarker CA19-9[62-64]. There is minimal
literature evaluating serum DUPAN-2 in the diagnosis of PC and the sensitivity of the
biomarker in diagnosing PC is less than desirable, with its use shifting from diagnosis
to prognosis more recently[65-70].

Laminin y2: Laminin y2 (LAMC2), an ECM glycoprotein, has been previously
demonstrated to be inversely related to overall patient survival in patients with PC
and over-expression has been proposed as a poor prognostic factor in patients
diagnosed with PC[71,72]. Its value as a diagnostic biomarker has been assessed in a
number of studies where when used in isolation and in conjunction with CA125 and
CA19-9 in a panel, LAMC2 has demonstrated efficacy in PC diagnosis[73-75].

UL16 binding protein 2: UL16 binding protein 2 (ULBP2) is an NKG2D ligand present
on NK cells that has been implicated in tumorigenesis[76,77]. Initially identified in
2011, ULBP2 was found to be elevated in PC patients compared to healthy controls
[78]. ULBP2 has been utilized in combination with MIC-1, where it was reported to be
significantly elevated in the serum of patients with PC compared to controls[79]. This
elevation of ULBP2 in the sera of patients with PC was further validated in 2017 where
in a small single centre study, serum levels of ULBP2, dickkopf-1 (DKK1) and CA19-9
were all significantly elevated in those diagnosed with PC compared to those with
benign pancreatic disease and controls[80]. There is very little published with regard
to the role of ULBP2 in the diagnosis of PC, with more recent data highlighting a
potential role as a predictor of poor prognosis[81].

Soluble CD40 ligand: Soluble CD40 ligand (sCD40L) was first evaluated as a
diagnostic and prognostic marker for PC in a study in 2014, where serum levels were
significantly elevated in PC patients compared to controls[82]. Considering a lack of
validation and small sample size, its routine clinical use is not recommended.

Leucine-rich a2-glycoprotein-1: Leucine-rich a2-glycoprotein-1 (LRG1) is an inflam-
matory protein present in human sera[83]. Although it was able to distinguish
between patients with PC, CP or healthy controls, however the authors were not able
to demonstrate effectiveness for LRG-1 as an early diagnostic marker[84].

C4b-binding protein a-chain: C4b-binding protein a-chain (C4BPA) is a serum protein
implicated in B cell proliferation and CD40 activation which can reverse immune
suppression and stimulate anti-tumour T cell responses[85]. It was demonstrated in a
single study to be significantly elevated in patients with PC compared to healthy
controls, with a subsequent AUC of 0.860 which was superior to CA19-9[86].

Cofilin-1: Cofilin-1 belongs to a family of proteins known as the actin depolymerizing
factor/cofilin family, and has been implicated in chemotaxis, cell migration and tumor
cell invasion[87]. There is minimal literature describing the role of cofilin-1 as a
diagnostic biomarker of PC, with a single study in 2017 measuring the immune
complex levels of cofilin-1 in sera and reporting that levels were significantly elevated
in those diagnosed with PC compared to healthy controls and those with CP[88].

Soluble gC1qR: Soluble gC1qR (sgC1qR) is a multifunctional cellular protein which
has previously been implicated in inflammation and malignancy[89,90]. With regard
to PC, only a single small study has assessed its role as a circulating diagnostic
biomarker, where it was demonstrated to be significantly increased in those diagnosed
with metastatic PC compared to controls[91].

Serum trypsinogen-2: Serum trypsinogen-2 evaluation as a diagnostic biomarker is
limited in the literature. A small study performed in 1996 demonstrated that high
levels of serum trypsinogen-2 were present in those with BTC and PC, while also
being elevated in benign obstructive disease highlighting a lack of sensitivity
associated with the marker[92]. Another small single centre study showed the levels in
those with PC and CP were significantly elevated compared to controls[93].

DKK1: DKKT1 is a soluble inhibitor of Wnt/B-catenin signalling and has been demon-
strated to be over-expressed in a number of solid organ malignancies[94,95]. DKK1 has
been previously reported to be superior to CA19-9 on ROC curve analysis in differen-
tiating patients with PC compared to controls with an AUC of 0.919 compared to 0.853
[96], while a more recent review highlights its potential as a target for cancer immuno-
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therapy rather than diagnosis[97].

Thrombospondin-2 and thrombospondin-1: Thrombospondin-2 (THBS2) is a
glycoprotein that mediates cell-to-cell and cell-to-matrix interactions which has
previously been implicated in malignancy, particularly CRC[98]. When utilized with
CA19-9, it can boost detection of PC in high-risk populations which has been more
recently affirmed[99-101]. Le Large et al[102] reported an AUC of 0.952 for THBS2 and
CA19-9 in discriminating patients with cancer compared to healthy donors, however
there was no difference in plasma THBS2 expression between patients with PC and
distal cholangiocarcinoma highlighting a potential diagnostic dilemma and a lack of
specificity associated with the assay[102].

Serum THBS1 has been demonstrated to significantly decrease up to 24 mo prior to
the diagnosis of PC and when used in combination with CA19-9, an AUC of 0.86 was
achieved significantly outperforming both markers utilized in isolation[103].

Anterior gradient homolog 2 protein: Anterior gradient homolog 2 protein (AGR?2) is
a protein that has been previously identified as having a crucial role in embryogenesis.
It is found in the endoplasmic reticulum and on the cell surface, and is expressed by
multiple solid organ malignancies[104,105]. It has been previously implicated in the
initiation of PC and is expressed in premalignant lesions of the pancreas[106,107]. As a
diagnostic biomarker in PC, only a handful of studies exist reporting its elevation in
PC compared to controls, with utilisation in a diagnostic assay with CA19-9 and
REGI resulting in modest diagnostic accuracy[108].

Regenerating protein family: REG1p, a member of the regenerating (REG) islet-
derived family of proteins, which is present in pancreatic acinar cells, and sub-
sequently is implicated in the regeneration of pancreatic islets[109]. REG family
members have also been implicated in PC[110]. REG islet-derived 1 alpha (REG1A)
and REGIII were initially demonstrated to be elevated in plasma in murine PC models,
while REG1p was first studied in 2013 and was demonstrated to be significantly
elevated in PC serum compared to healthy participants and those with benign disease
[108,111].

REG4 is also over-expressed in a number of solid organ malignancies, including
those of the gastrointestinal tract[112,113]. It acts an antiapoptotic factor through the
Akt signalling pathway and has been demonstrated to be elevated in the serum of
patient with PC compared to controls[114,115]. Serum REG4 has been reported to be
superior to CA19-9 on AUC analysis, however there is inconsistencies in both
sensitivity and specificity between studies[116,117].

Syncollin: Usually expressed in pancreatic acinar granules on the luminal side of the
granular membrane, syncollin (SYCN) acts to concentrate and mature zymogens,
while also regulating exocytosis and has previously been identified in the pancreatic
juice of patients diagnosed with PC[118-120]. Initially evaluated in humans in 2013,
SYCN was found to be significantly elevated in the serum of patients with PC
compared to health controls and those with benign disease. In addition to this, it was
also able to identify patients with PC in which serum CA19-9 was normal suggesting
superior sensitivity. When combined with the serum biomarker REG1p and CA19-9, it
was demonstrated to have an average AUC of 0.895 when discriminating patients with
PC compared to healthy controls[108]. Although there is a lack of data to determine
whether the findings of the aforementioned studies are generalisable, SYCN does
display merit in terms of its sensitivity in patients diagnosed with PC compared to
CA19-9.

Lysyl oxidase-like 2: Lysyl oxidase-like 2 (LOXL2) is a member of the lysyl oxidase
(LOX) family of secreted, copper-dependent amine oxidases which have been
implicated in malignancy due to their ability to promote epithelial-mesenchymal
transition[121,122]. Additionally, its expression presents poorer overall survival and
worse clinicopathological parameters irrespective of malignancy[123]. LOXL2 has been
reported to be elevated in serum of patients with PC compared to controls, however
was inferior to CA19-9 and its general ability to distinguish PC from controls was not
deemed to be significant[108].

PARK?7/DJ-1: DJ-1 is a multifunctional protein which has been implicated in
Parkinson’s disease, however is also an oncogene that has been demonstrated to be
over-expressed in a number of solid organ malignancies[124,125]. DJ-1 was first
evaluated in 47 patients with PC in 2011 and shown to be elevated in patients with PC
compared to those with CP and controls, with an AUC superior to CA19-9 (0.6647)
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[126]. Further studies are warranted to determine whether the results of this study can
be replicated.

Transthyretin: Transthyretin (TTR) is the major carrier for the hormones thyroxin and
tri-iodothyronine, and has been previously demonstrated to be elevated in patients
with endocrine tumours but decreased in solid organ malignancies including epithelial
ovarian carcinoma[127,128]. Studies are heterogenous, one study showing serum TTR
level decreased by at least 2-fold when compared to control participants and other
showing TTR is elevated in patients diagnosed with PC[129,130].

Trefoil factors: Trefoil factors (TFFs) are small, secretory mucin-associated proteins
which are involved in the protection of epithelial cells, however an oncogenic role has
been noted particularly in the case of gastric cancer[131-133]. In 2019 a small study
demonstrated significant elevation of TFF1 and TFF2 in early PC compared to benign
controls and CP patients. In addition to this, when combined with CA19-9, the panel of
TFF (TFF1, TFF2 and TFF3) resulted in an AUC of 0.93 in discriminating early PC from
benign controls[134].

Osteoactivin/glycoprotein nonmetastatic melanoma protein B: Glycoprotein
nonmetastatic melanoma protein B (GPNMB) is a type 1 transmembrane protein
which has been described as a promoter of metastasis and cellular invasion in
malignancy[135-137]. A single study analyzed pre-treatment sera of patients with PC
compared to controls and demonstrated modest diagnostic accuracy for PC[138].

Peroxiredoxin-1: Described as an important protector against redox damage,
peroxiredoxin-1 (PRX-1) has also been implicated in PC where in the serum of patients
it was significantly elevated compared to healthy controls and correlated with
aggressive clinicopathological parameters. When combined with CA19-9, the AUC
was significantly higher that PRX-1 when utilized in isolation[139].

Tissue factor pathway inhibitor: Tissue factor pathway inhibitor (TFPI) is a plasma
Kunitz-type serine proteinase inhibitor which controls coagulation initiation, while
also being implicated in malignancy[140]. An isolated study has assessed the role of
TFPI in PC, where when utilized in combination with tenascin C and CA19-9 in a
biomarker panel, it was demonstrated to improve the diagnostic performance of
CA19-9 in discriminating early-stage cancer from healthy controls[141].

TIMP-1: TIMP-1 possesses an inhibitory effect on most MMPs along with playing a
role in the regulation of cell proliferation and apoptosis[142,143]. TIMP-1 has a
sensitivity of 47.1%, specificity of 69.2% and AUC of 0.64 which, in conjunction with
matrix metalloproteinase-9 (MMP-9), were both deemed inferior to CA19-9 as a
marker for detecting PC[144].

Insulin-like growth factor binding protein: Insulin-like growth factor binding protein
1 (IGFBP-1) is a downstream target of insulin and inhibits IGF-1 activity[145]. Wolpin
et al[146] demonstrated that low plasma levels of IGFBP-1 predicted an increased risk
of PC in a nested case-control study. In a pilot 2016 study IGFBP-2 and IGFBP-3 were
shown to be able to discriminate PC patients with early stage disease from healthy
controls, along with being superior to CA19-9 when utilized in combination[147].
Kendrick et al[148] showed that IGFBP2 and mesothelin (MSLN) were weak diagnostic
classifiers individually but their utilization in a diagnostic biomarker panel was
recommended. Additionally, in the case of premalignant lesions, Kim et al[149]
reported that a biomarker panel of six candidate proteins including IGFBP-2 and
IGFBP-3 had high discriminatory power in distinguishing intraductal papillary
mucinous neoplasm (IPMN) and controls.

Complement component 5: Component 5 (C5) is a complement protein, which when
cleaved into two fragments, C5a and Cbb, is implicated in the formation of the
membrane attack complex (MAC), a structure that is vital in the innate immune
system[150,151]. Wingren et al[152] reported that C5 was differentially overexpressed,
along with a number of inflammatory and growth factors in the serum of patients with
PC compared to normal controls subjects.

MSLN: Initially evaluated in 2009, circulating MSLN was described as a useful
biomarker for PC where it was detected in 73 of the 74 patients with PC[153]. However
more recently, serum MSLN was found to be a weak diagnostic classifier of PC[148].
This supports the findings of Sharon et al[154] who identified that serum MSLN and
megakaryocyte potentiating factor did not differ significantly between cohorts
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diagnosed with PC, biliary carcinoma, benign pancreatic conditions, healthy controls
and benign non-pancreatic conditions, and as such was concluded that it was not
useful as a biomarker for the assessment of malignancy.

MMP: In a small study Kuhlmann et al[155] reported a 100% positive predictive value
when MMP-7 was combined with CA19-9 in patients with periampullary carcinoma.
MMP-7 has also been utilized in a panel comprising CA19-9, cathepsin D with an
impressive AUC of 0.900 for discriminating patients with PC from normal healthy
controls[156]. Kahlert et al[157] also reported that serum MMP-7 and MMP-12 were
strong classifiers for the diagnosis of patients with PC compared to healthy controls.

Osteoprotegerin: Osteoprotegerin (OPG) is a member of the tumor necrosis factor
(TNF) receptor superfamily and is mainly associated with regulation of bone turnover
that has also been implicated in malignancy[158,159]. It has been previously combined
in a biomarker panel with intercellular adhesion molecule 1 (ICAM-1) and CA19-9 and
was able to discriminate PC patients from healthy controls with a sensitivity and
specificity of 78% and 94% respectively[160]. This study contrasts with the findings of
Nolen et al[161] where when combined in a panel with CA19-9 and OPN, OPG was not
effective in predicting PC in prospectively collected serum samples in a large
screening cohort.

Kisspeptin: Kisspeptin, initially implicated in melanoma, has been demonstrated to be
expressed physiologically in a number of different tissues, suggesting it possesses
antitumoral properties[162-164]. Recently, in a cohort of 128 patients with PC, serum
levels of Kisspeptin were elevated in those with PC compared to healthy controls and
ROC curve analysis demonstrated an AUC of 0.797 in discriminating PC from healthy
controls, however it was deemed inferior to CA19-9[165].

Galectin-3: Galectin-3 is a member of the B-galactoside-binding protein family which
has been previously demonstrated to be associated with a number of solid organ
malignancies, including those of the gastrointestinal tract[166-169]. It has been
reported to be over-expressed in PC tissue specimens and elevated in the serum of
patients with PC[170]. Yi et al[171] further built upon this finding in a prospective
screening study, where in 1850 healthy participants a single case of PC was diagnosed
in a patient with elevated serum levels, a lack of specificity cited as a barrier to
implementation.

Mucins: Mucins are a family of glycoproteins that serve a number of functions, and
line the surface of epithelial cells in the gastrointestinal tract[172,173]. In normal
pancreatic tissue, a number of mucins are expressed, these being MUC1, MUC5B,
MUC6, MUC11, MUC12, MUC17, MUC20 and MUC21, while other members of the
mucin family are usually undetectable[173-179]. Mucins have previously been
demonstrated to have a role in PC in promoting metastasis, chemoresistance and
tumorigenicity, while a recent meta-analysis identified MUC1, MUC4, MUC5AC and
MUC16 as key biomarkers in the diagnosis of PC[180,181]. On peripheral blood
sampling, MUC16/CA125 Levels have been previously demonstrated to be strongly
associated with metastatic disease[48]. Serum MUC5AC has also been reported to have
efficacy in differentiating resectable early-stage PC from healthy controls, along with
median circulating levels being significantly elevated compared to benign controls and
CP. Furthermore, when utilized in combination with CA19-9, diagnostic accuracy was
improved significantly for resectable PC cases compared to healthy controls[37]. When
combining measurements of CA19-9 assay with detection of CA19-9 on MUC5AC and
MUCI1S6, the sensitivity of PC detection improved, with greater sensitivity and near
100% specificity achieved[182].

PAM4: PAM4 antibody is a monoclonal antibody which binds to large-size mucin, and
it has been previously been reported that expression of the PAM4-reactive antigen on
immunohistology may provide a method for early detection of PC[183-185]. The
PAM4 antigen is absent from normal pancreatic tissue or pancreatic tissue associated
with benign disease[186]. A 2012 study conducted by Gold et al[187] reported the
overall sensitivity of PAM4 detection of PC at 75%, with associated high discrim-
inatory power with respect to benign disease, however this has yet to be replicated.

Heat shock protein 27: Heat shock protein 27 (HSP27) is a molecular chaperone which
acts to prevent aggregation of misfolded proteins, along with playing a role in the
degradation of these proteins[188]. Additionally, it also plays a role in promoting
tumour metastasis[189]. In patients diagnosed with PC, HSP27 detection in serum has

WJG | https://www.wjgnet.com 4052 July 14,2021 | Volume27 | Issue26 |



Jaishideng®

O'Neill RS et al. Review of biomarkers in pancreatic cancer

been demonstrated to have a sensitivity of 100% and specificity of 84%, however a lack
of specificity is highlighted by elevated levels also being reported in CP and cannot be
recommended as a diagnostic biomarker in PC[190,191].

CAM17.1: CAM17.1 monoclonal antibody is a monoclonal antibody which detects a
mucous glycoprotein that is specific for intestinal mucous, also known as CAM17.1.
CAM17.1 is overexpressed in PC but has a low sensitivity and specificity of 78% and
76% respectively in diagnosing PC[192,193].

Fucosylated haptoglobin: Recently fucosylated haptoglobin (Fuc-Hpt) has emerged as
a novel biomarker in PC, where it has been demonstrated to be almost equivocal to
CA19-9 on ROC curve analysis and also correlates with disease stage[194]. Although
this does demonstrate promise as a diagnostic biomarker, it is postulated that Fuc-Hpt
is produced by metastatic deposits in the liver, and as such lacks utility in the
diagnosis of early stage disease, but rather is able to identify liver metastasis that may
not be detected on radiological assessment[195].

Serum amyloid A: Serum amyloid A (SAA) is an acute phase protein which has
previously been implicated in a number of disease processes, however with regard to
malignancy Yokoi ef al[196] reported levels of SAA to be elevated in patients with PC
compared to controls, although a sensitivity of 96.5% was observed for the detection of
PC, and a specificity of 31.9% highlights a shortcoming in its use as a potential dia-
gnostic biomarker.

Aminopeptidase N: Aminopeptidase N (APN/CD13) is a membrane bound metallo-
proteinase which is expressed in a number of different tumour types and cells, and has
been suggested to play a role in tumor progression, proliferation, invasion and
angiogenesis[197-199]. APN/CD13 was first evaluated in 2016 by Pang et al[200]
where an AUC of 0.904 was reported in differentiating PC from benign pancreatic
tumours, CP and healthy controls, however this study was limited in its size.

M2-pyruvate kinase: M2-pyruvate kinase (M2-PK) is a glycolytic enzyme that has
been demonstrated to have a role in cancer metabolism[201,202]. Initially evaluated in
2004, serum M2-PK was reported to be elevated in patients with PC with a sensitivity
and specificity of 85% and 41% respectively, which was subsequently validated in 2008
however elevation was also seen in patients with CP thus highlighting a lack of
specificity associated with its implementation as a diagnostic biomarker[203,204].

Apolipoprotein isoforms: Apolipoproteins (APOs), which are produced in the liver
and intestine, act as lipid carriers, and in doing so, act as ligands for cell membrane
receptors, enzyme cofactors and structural components of lipoproteins (after binding
to lipids)[205]. A large number of APOs have been reported to have a role in
malignancy with serum APOA2, APOC1, APOC2 and APOE being implicated in PC
diagnosis and prognosis.

APOA2, specifically APOA2-ATQ/AT has been demonstrated to be able to
distinguish patients with early stage PC compared to healthy controls as well as
identifying patients at high risk of pancreatic malignancy. The AUC value for APOA2-
ATQ/ AT was superior compared to CA19-9 in detecting early stage PC[206]. APOA2
was prospectively evaluated in 2019 where it was identified to be useful when utilized
in combination with CA19-9 to improve detection of PC up to 18 mo prior to diagnosis
and was suggested to be a useful first measure of PC detection prior to imaging[207].
This was built upon in 2020, where APOA2-ATQ/ AT was implemented in a screening
cohort in which an elevated level resulted in a PPV of 33.3% for the diagnosis of PC
[208].

APOCT1 has been implicated in PC where in pre-operative serum, higher levels were
reported to correlate with poor prognosis highlighting the potential role of APOCI1 as
contributing to aggressiveness in PC[209]. Similarly, APOC2 was investigated by Xue
et al[210] who reported that serum levels independently predicted survival in patients
diagnosed with PC.

Serum APOE has been demonstrated to have a sensitivity and specificity of 76.2%
and 71.4% respectively for distinguishing patients with PC compared to controls[211,
212]. This study published a superior sensitivity of APOE in diagnosing PC to CA19-9,
however it lacked specificity in the diagnosis and was proposed that utilization in
combination with CA19-9 could prove beneficial in the future[211]. More recently,
when combined in a biomarker panel with inter-alpha-trypsin inhibitor heavy chain
H3 (ITIH3), APOA1, APOL1 and CA19-9, a sensitivity and specificity of 95% and
94.1% respectively was reported for the diagnosis of PC[213].
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Serum growth factors

Transforming growth factor-beta: According to the findings of Yako et al[214] there is
a lack of a definitive consensus on the role of transforming growth factor-beta (TGF-)
as a diagnostic biomarker in PC, with serum levels varying in those diagnosed with
the malignancy. In addition to this TGF-f has also been implicated in the diagnosis of
PC where it has been demonstrated to be elevated in serum samples compared to
benign controls, while high levels in serum also significantly correlated with reduced
patient survival[215].

Vascular endothelial growth factor: Vascular endothelial growth factor (VEGF) has
been reported to have an important role in PC development, while VEGF-A expression
has been reported be an important predictor for both distant metastasis and poor
prognosis in PC[216]. There is a lack of data affirming the role of serum VEGF as a
diagnostic biomarker for PC, with biliary VEGF considered a more accurate diagnostic
modality[217].

Fibroblast growth factor 10/keratinocyte growth factor-2: Fibroblast growth factor
10/keratinocyte growth factor-2 (FGF-10/KGF-2) is a regulator of the pancreatic
epithelial progenitor cell proliferation and has been implicated in pancreatic morpho-
genesis along with epithelial mesenchymal transition[218,219]. FGF-10/KGF-2 has
been demonstrated to be significantly overexpressed in the sera of patients diagnosed
with PC pre-treatment compared to controls, in conjunction with a number of other
novel cytokine candidate markers[138].

Platelet-derived growth factor: There is limited data pertaining to the use of platelet-
derived growth factor (PDGF) in the diagnosis of PC, however it has been proposed in
a panel including IP-10, interleukin (IL)-6 and CA19-9 which demonstrated diagnostic
superiority in the discrimination of PC patients from patients with benign disease both
in a training and independent test set[220].

Tumour specific growth factor: There is limited data pertaining to the role of tumour
specific growth factor (TSGF) in the diagnosis of PC, with a single centre study
reporting an increase in specificity for PC when TSGF is used in combination with
CA242 and CA19-9 while another study assessed the utility of TSGF as a monitor of
response to treatment[221,222].

Serum cytokines and chemokines

Macrophage inhibitory cytokine-1/Growth Differentiation Factor-15: Macrophage
inhibitory cytokine-1/Growth Differentiation Factor-15 (MIC-1/GDF15) is a distant
member of the TGF-f superfamily of cytokines that has been implicated with inflam-
mation and carcinogenesis, along with serum elevation being detected in a number of
pathologies including heart failure and renal failure[223-226].

A meta-analysis published in 2018 aimed to compare MIC-1/GDF15 to CA19-9 as a
diagnostic biomarker in PC, identifying fourteen studies with a total of 2826
participants. MIC-1/GDF15 was reported to have a sensitivity of 80% and specificity of
88%, and a diagnostic odds ratio (DOR) of 24.57 which was superior to CA19.9 (DOR =
17.76). In addition to this the AUC of MIC-1/GDF15 in diagnosing PC was 0.8945,
which was moderately superior to CA19.9. The conclusion from this study was that
MIC-1/GDF15 had comparable diagnostic accuracy to CA19-9, however it was noted
that there was marked heterogeneity between studies and that the results should be
interpreted with caution[227].

With regard to PC, the authors of this study have recently demonstrated that in a
prospective PC screening cohort deemed to be high risk for developing PC based on
familial and genetic factors, MIC-1/GDF15 had moderate predictive capacity for
patients who subsequently were diagnosed with PC on endoscopic ultrasound (EUS)
and biopsy. However, the participants enrolled were considered high risk for
developing PC, highlighting a potential issue with generalising the results of this
study[228].

ILs: ILs are cytokines that constitute a substantial proportion of those cytokines
present in the tumor microenvironment. With regards to their role as diagnostic
biomarkers in PC, a considerable number of cytokines have been evaluated in patients
diagnosed with PC with variable results (Table 1). There is heterogeneity between
studies with insufficient evidence to support their use in routine clinical practice as
diagnostic biomarkers, with previous studies demonstrating a lack of diagnostic
capacity for PC compared to CRC or benign disease[235].
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Oncostatin M (OSM) forms part of the IL-6 cytokine family and has been implicated
in promoting epithelial mesenchymal transition, along with being linked to a number
of solid organ malignancies[236-238]. Serum levels of OSM have been found to be
significantly elevated in patients with PC compared to controls in a single centre study
limiting generalisability[138]. There is limited data on the utility of CXC motif ligand 8
(CXCL8)/IL-8 as a diagnostic biomarker in PC. In a relatively small cohort study
CXCLS seems to be superior to CA19-9 and CEA[239].

TNF-a: There is variability in the data pertaining to TNF-a as a diagnostic biomarker
in PC. Although the majority of studies report elevated levels of TNF-a in serum
compared to healthy controls, a lack of specificity is highlighted as a pitfall in its
routine use as a diagnostic biomarker[240-243].

Macrophage colony-stimulating factor: Serum macrophage colony-stimulating factor
(M-CSF) has been demonstrated to be elevated in patients with PC compared to
controls, along with correlating with advanced stage disease and with non-resectable
tumors. Aside from those studies included in the 2016 systematic review published by
Yako et al[214] there is limited published literature assessing the value of M-CSF as a
serological biomarker in the diagnosis of PC.

CXCL11/interferon inducible T cell alpha chemokine: CXCL11 is a CXC chemokine
which stimulates the phosphorylation of mitogen-activated protein kinase kinases
pathways, resulting in cellular proliferation and prevention of apoptosis[244]. Initially
evaluated in 2014, serum CXCL11 was found to be over-expressed in patients with PC
compared to controls highlighting a potential role as a diagnostic biomarker, in
addition to having a predictive role for gemcitabine and erlotinib treatment response
in patients with PC[138].

Stem cell factor: Stem cell factor (SCF) is a ligand that is involved in cell proliferation,
differentiation and cell survival, and aside from normal cellular physiology, SCF has
been implicated in PC and CRC, with serum levels being noted to be elevated in PC
compared to healthy controls, however studies are limited[138,245-248].

Eotaxin: Eotaxin is a protein which is implicated in the recruitment of eosinophils into
inflammatory sites which has also been implicated in malignancy[249]. Serum eotaxin
was assessed by Zeh et al[250] in a single centre study in 2005 in conjunction with
hepatocyte growth factor, monocyte chemoattractant protein-1 and CXCL10, were it
was able to distinguish PC from healthy controls with a sensitivity of 85.7% and
specificity of 92.3%, which was superior to CA19-9.

Serum adhesion molecules
CEA-related cell adhesion molecules: CEA-related cell adhesion molecules
(CEACAM) proteins belong to the immunoglobulin supergene family comprised of a
variable-like domain as well constant C2-like Ig domains which are required for
functionality as well as adhesion. The most well-known CEACAMs related to
malignancy are CEACAM1, CEACAMS5 (more commonly known as CEA), and
CEACAMBS6. Both CEACAMS and CEACAMSG6 are associated with the membrane
through a glycosylphosphatidylinositol linkage, while CEACAM]1 is anchored to the
cellular membrane by transmembrane domains. CEACAMI have been previously
demonstrated to be elevated in a number of tumor entities including PC, however a
lack of sensitivity and specificity has been cited as a barrier to its use[217,251-254].
More recently, the role of CEACAMs, including CEACAML1 has shifted from diagnosis
to treatment, with CEACAM]1 being implicated in cancer immunotherapy[255].
CEACAMG is a cell surface adhesion receptor that has been previously reported to
modulate the ECM in PC[256]. Expression of CEACAMS6 was noted in 92% of PC
specimens assessed in a 2005 study[257]. Although relatively specific for PC on serum
analysis, there is scant evidence to suggest the CEACAMBG as a serological biomarker is
useful in the detection of PC with a shift in focus to disruption of CAECAMS as a
therapeutic option in PC[258]. CEACAMS5, or CEA, has been demonstrated to have
limited efficacy in the diagnosis of PC as described previously, due to it being overex-
pressed in a number of solid organ malignancies[259,260].

ICAM-1: ICAM-1 is a glycoprotein that functions in cell-cell and cell-ECM adhesion,
along with acting as a macrophage chemoattractant[261]. Serum ICAM-1 has been
previously evaluated in a number of studies, where it has been demonstrated to be
superior to CA19-9 in PC diagnosis. Although preliminary studies have demonstrated
promise, its inability to distinguish between early and late-stage PC have been
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identified as a potential dilemma limiting its implementation as a screening and
diagnostic biomarker[262,263].

Serum non-coding RNAs

Long non-coding RNAs: Long non-coding RNAs (LncRNAs) belong to a group of
RNAs that are longer than 200 nucleotides and are not translated into proteins. These
RNAs are abundant in cells, and were previously thought to be of minimal value with
minimal influence on biological behaviour[264]. This belief has however changed over
the past 10 years, with more recent data suggesting that IncRNAs have a diverse range
of function, including chromatin modification, gene transcription, post-translational
modification and regulation of intracellular signalling pathways[265]. In addition to
this, they play a role in either the promotion or suppression of tumor growth, through
involvement in intracellular signalling pathways[266] (Table 2).

LncRNA in PC have the potential to modulate both intrinsic and acquired chemo-
resistance. Additionally, IncRNA also possess the capacity to act as a miRNA sponge,
to perform chromatin remodelling, and promote gene transcription in candidate
tumour suppressor genes by binding to gene promotors[267-270]. In terms of the role
of IncRNAs as a diagnostic marker in PC a number of candidates have been evaluated
with mixed results, and studies are limited to single cohort studies yet to be validated
[271]. Perhaps the most promising study to date in search for a IncRNA biomarker was
published in 2020, which utilized analysis of the extracellular vesicle IncRNA profile
by extracellular vesicle IncRNA sequencing in patients diagnosed with PC and CP.
This was performed utilizing a support vector machine algorithm to detect a d-
signature for eight different extracellular vesicular long RNA. This study
demonstrated that through utilisation of the d-signature, an AUC of 0.949 was able to
be achieved in identifying resectable stage I/II PC, while also demonstrating
superiority when compared to CA19-9 when distinguishing PC from CP[272].

MiRNAs: MiRNAs are noncoding 20-25 nucleotide endogenous RNA sequences who
regulate gene expression and are able to regulate the biological function of many
tumors[273]. MiRNAs have become prominent in the field of oncology in the
diagnosis, prognosis and monitoring of therapy of cancer. In addition to their presence
in serum, miRNAs have also been detected in cerebrospinal fluid, breast milk, saliva
and urine[274,275]. Although the method through which miRNA are released into the
peripheral circulation from active malignancies is still being determined, their ability
to withstand severe conditions along with extended storage highlights an exciting
potential diagnostic biomarker. Due to the lack of a gold-standard diagnostic
biomarker for PC, research into the efficacy of miRNA as a diagnostic biomarker in PC
has progressed rapidly in the past decade with a large number of candidate miRNA
biomarkers utilized in serum for the detection of PC as demonstrated in Table 2.
Perhaps the most comprehensive analysis to date reviewing candidate miRNAs
utilized in PC comes from a large meta-analysis published in 2018 encompassing 80
studies which detected miRNA in blood (including whole blood, serum and plasma
samples that concluded that candidate miRNA biomarkers are useful in PC, partic-
ularly when used in combination, however no standing panel was reported to exist at
this stage[276].

The rapid expansion of miRNA utilization in serum in the diagnosis of PC
highlights its potential value as a future diagnostic biomarker modality which could
be implemented into routine clinical practice, however determination of which
miRNA possesses the greatest diagnostic accuracy is required. Panel based assays
represent a very attractive methodology for miRNA detection which have been
identified as having superior diagnostic accuracy, however further validation of
specific candidate miRNAs is required.

Serum liquid biopsy

Exosomes: Exosomes are membrane-bound nano-capsules that transfer molecules
between cells[308]. Their role in the diagnosis of PC is limited to only a handful of
studies which were recently included in a relatively small systematic review meta-
analysis which also assessed circulating tumor cells (CTCs) and cell-free DNA
(cfDNA). In six papers included, exosomes were found to have strong diagnostic value
with an AUC of 0.9819[309]. It was postulated that they possessed value in the field of
PC detection due to pancreatic cells possessing a strong exocrine function, along with
the high activity of PC cells. A number of different types of exosomes were analyzed
as demonstrated in Table 3.
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Table 2 Serum based non-coding RNA biomarkers implicated in the diagnosis of pancreatic cancer

Type Candidate marker

LncRNA LINC-PINT[277], SNHG15[278,279], LINC01238[280], ABHD11-AS1[281], HULC[282,283], UFC1[284]

MiRNA  miR-21[285-289], miR-25[288,290,297], miR-210-3p[289], miR-29a[290], miR-19a[290], miR-210[285,291], miR-155[285,292], miR-499a-5p[293],
miR-125a-3p[294], miR-6893-5p[294], miR-125b-1-3p[294], miR-6075[294], miR-6836-3p[294], miR-1469[294], miR-6729-5p[294], miR-575[294],
miR-204-3p[294], miR-6820-5p[294], miR-4294[294], miR-4476[294], miR-4792[294], miR-196a[285,295], miR-18a[296,297], miR-10b[292-298], miR-
106b[292], miR-642-3p[299], miR-885-5p[299], miR-22-3p[299], miR-34a[286], miR-191[297], miR-451a[300], miR-121-5p[298], miR-30c[298], miR-
483-5p[290,297], miR-1290[301,302], miR-24[290,297,301], miR-134[301], miR-146a[301], miR-378[301], miR-484[301], miR-628-4p[301], miR-1825
[301], miR-1246[302], miR-482-3p[287], miR-16[295], miR-27a-3p[303], miR-192[304], miR-885-5p[299], miR-22-3p[299], miR-642b-3p[299], miR-
492[305], miR-663a[305], miR-194[304], miR-223[306], miR-774-5p[307], miR-409-3p[307], miR-128-3p[307], miR-20a[290,297], miR-27a[297], miR-
29¢[297], miR-30a.5p[297], miR-323.3p[297], miR-345[297]

MiRNA: MicroRNA; LINC-PINT: Long intergenic non-protein coding RNA, P53 induced transcript; SNHG15: Small nucleolar RNA host gene 15;
ABHD11-AS1: ABHD11 antisense RNA 1; HULC: Highly up-regulated in liver cancer.

Table 3 Serum based ‘liquid biopsy’ biomarkers implicated in the diagnosis of pancreatic cancer

Biomarkers

Exosomes Exosomes: GPC1[310,313], miR-10b[310], miR-30¢c[310], miR-181-a[310], miR-let7a[310], miR-17-5p
[311], miR-21[311], miR-1246[312], miR-4644[312], miR-3976[312], miR-4306[312]

ctDNA KRAS[314-317], ADAMTS1[318], BNC1[318]

CTC CAPI+/CD45-[319], CK+[319], CEA+[319], CD45-/ DAPI+/ CEP8[320], CD45[321], CCK19[321], Pdx-1

[321], Kras mutation[322], CEP8[323], CK[323], CD45[323], DAPI[323], chromosome 8[324], Folate-
receptor positive CTCs[326]

Tspan8: Tetraspanin 8; EpCAM: Epithelial cell adhesion molecule; MET: mesenchymal-epithelial transition factor; CD104: Integrin 4-beta; GPC1: Glypican
1; GNAS: Guanine Nucleotide binding protein; KRAS: KRAS Proto-Oncogene, GTPase; ADAMTS1: A disintegrin and metalloproteinase with
thrombospondin motifs 1; BNC1: Basonuclin 1; CD45: Leukocyte common antigen; CK19: Cytokeratin 19; Pdx-1: Pancreatic and duodenal homeobox 1;
ADAMTSLI: A disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; BNC1: Zinc finger protein basonuclin-1.

CTCs: Initially identified in 1896 in metastatic breast cancer, CTCs are cells that are
shed from primary tumor or metastatic deposits which enter the bloodstream directly
and can be detected forming what is known as a real-time “liquid biopsy”[325]. In a
recently published systematic review and meta-analysis, seven articles were identified
which utilized CTCs in the diagnosis of PC, of which multiple methods of detection
were used highlighting heterogeneity between study methodology. The pooled
sensitivity and specificity of CTCs were 74% and 83% respectively, with and AUC of
0.8166. The authors’ conclusion was that CTCs had moderate diagnostic value in PC
[309].

CTCs demonstrated inferiority when compared to exosomes in the systematic
review due to their inferior sensitivity and specificity, however their AUC was still
deemed acceptable from a diagnostic capacity for PC. Folate receptor positive CTCs
have also been implicated as a novel diagnostic biomarker in those patients diagnosed
with periampullary malignancy on ligand-targeted polymerase chain reaction
demonstrating a significant elevation compared to those with benign pancreatic
disease[326]. In addition to this, when utilized in combination with CA19-9, it was
reported to have a superior sensitivity and specificity of 97.8% and 83.3% respectively,
compared to when used in isolation. CTCs have yet to be utilized in a prospective
screening population. Decreased blood flow to malignant pancreatic tissue along with
increased CTC accumulation in the liver due to the portal circulation are posed as
challenges in the detection of PC related CTCs[327].

Circulating tumor DNA: cfDNA, initially identified in 1948, is fragmented DNA
identified in the circulation. It has been applied to many areas of medicine, ranging
from prenatal assessment, renal failure, and stroke where it has had mixed results[328-
330]. In the case of medical oncology, the detection and utilisation of cfDNA secreted
from tumours, referred to as circulating tumor DNA (ctDNA) has been met with a
number of challenges, namely the ability to discriminate ctDNA from normal cfDNA,
and low levels of ctDNA hampering detection[331].

The diagnostic value of ctDNA in PC has been deemed to be promising with a
recent meta-analysis being able to identify seven articles assessing ctDNA in the
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diagnosis of PC showed a pooled sensitivity and specificity were 64% and 92%
respectively, with an AUC of 0.9478[309]. In this review, ctDNA was deemed inferior
to CTCs from a sensitivity perspective, however the AUC was superior in diagnosing
PC. This was attributable to the inability to detect low levels of circulating ctDNA in
early stages of cancer when overall tumor burden was low, highlighting a dilemma in
utilizing this form of diagnostic biomarker in early stages of disease and as a screening
modality. A summary of the included ctDNA biomarkers can be viewed in Table 3.

Plasma ctDNA quantification of hot-spot mutations in KRAS and GNAS has also
been reported to be useful in predicting tumor burden in patients diagnosed with PC.
In addition to this, digital PCR (dPCR) provided accurate tumor-derived mutant
KRAS detection in plasma in resectable PC and improved post-resection recurrence
prediction compared to CA19-9[332].

URINARY BIOMARKERS

Urine protein biomarkers

Urine proteins have also been established as a means through which PC can be
detected, with previous proof-of-concept studies demonstrating that protein
signatures associated with PC can be detected in the urine[333]. Radon et al[334] were
able to build upon this, where they reported that three proteins, lymphatic vessel
endothelial hyaluronan receptor 1, REG1A and thyroid transcription factor 1, when
combined in a biomarker panel, were able to detect patients with PC with an AUC of
0.89 and 0.92 in training and validation datasets respectively, compared to healthy
controls. Although further validation is required, this presents an inexpensive and
non-invasive option for screening in patients for PC, and was suggested to be added to
the current screening modalities utilized in high-risk patients to determine its efficacy
prospectively[334]. Aside from this there is relatively little published with regard to
the urinary proteome in the detection of PC and other proteins implicated are limited
to single centre cohort studies (Table 4).

Urine non-coding RNA

MiRNA: Urinary miRNA has previously been utilized in the detection of bladder
cancer, however, there is scant literature to support the use of urinary miRNA in the
detection of PC[339]. In a small British study, Debernardi et al[340] were able to
demonstrate that miR-143, miR-223 and miR-30e were significantly over-expressed in
patients with stage I PC compared to age-matched healthy individuals. MiR-1246 has
also been assessed as a urinary biomarker, where significantly higher levels of
expression were noted in patients with PC compared to controls, with an AUC of 0.90
which was superior to serum miR-1246 (AUC = 0.87)[18]. Considering the non-
invasive capacity of urine sampling, coupled with the rapid expansion and interest in
use of miRNA in the detection of malignancy, further studies should aim to determine
whether experimental studies can translate into larger prospective clinical studies.

Urine liquid biopsy

Urinary ¢fDNA: Considering the rapid expansion of the concept of a ‘liquid biopsy’,
the hypothesis that tumour DNA could be detected through the urine with urinary
cfDNA originating from the shedding of cells directly from the genitourinary tract or
via the circulation passing through the kidney and filtering through the glomerulus
also known as transrenal DNA has emerged as a method of biomarker detection.
Terasawa et al[341] were able to detect urine KRAS mutations in 48% of participants
diagnosed with PC, which was equivocal with the serum detection rate. This method
of detection however is influenced by the patient’s underlying kidney function.

Exosomes: More recently, the ratio of miR-3940-5p/miR-8069 in urine exosomes has
been implicated in PC. This ratio was noted to be elevated in patients diagnosed with
early stage PC, with a sensitivity of 93.0% and PPV of 78.4%[342].

Other urinary markers

Detection of volatile organic compounds (VOCs) is a relatively novel area in malig-
nancy diagnosis, which utilized odors that emanate from urine, breath and faeces.
These compounds are produced by bacterial dysbiosis which is secondary to
malignancy. Recently Nissinen et al[343] were able to demonstrate through using field
asymmetric waveform ion mobility spectrometry that patients diagnosed with PC
could be distinguished from healthy controls with a sensitivity and specificity of 79%
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Table 4 Urinary biomarkers implicated in the detection of pancreatic cancer

Type Candidate marker

Protein LYVE1[334], REG1A[334], TTF1[334], TIMP1[335], MMP-2[335], NGAL([336], PGE2 metabolites[337], CD59 glycoprotein (CD59)[338],
ANXAZ2[338], 21 kDA gelsolin fragment[338], SI00A9[338]

Liquid UcfDNA: KRAS mutation[341]; Exosomal miRNA: miR-3940-5p[342], miR-8069[342]

biopsy

RNA MiRNA: miR-143[340], miR-223[340], miR30e[340], miR-1246[18]

Metallomics ~ Calcium[344], magnesium[344]

Other VOCs[343]

MiRNA: MicroRNA; ANXA2: Annexin A2; S200A9: Protein S100-A9.

and 79% respectively through the detection of VOCs in the urine. Additionally, the
analysis of the metallomic signature of urine is also a relatively uncharted area in the
field of PC, with a study published by Schilling et al[344] recently demonstrating that
in those diagnosed with PC, urine calcium and magnesium were significantly lower
compared to healthy controls. They were able to demonstrate through combined
analysis that these metals were accurate indicators for metal dyshomeostasis in PC
with a sensitivity of 99.5%.

PANCREATIC JUICE BIOMARKERS

Pancreatic juice is usually obtained during the ERCP which is an invasive procedure
with potential morbidity and mortality and is not used routinely as a screening
procedure. Alternatively, pancreatic juice can be collected during the endoscopy from
the duodenum after secretin administration which has the risk of secretin induced
pancreatitis and contamination of the sample with duodenal and gastric juice. While
attractive, pancreatic juice biomarkers are unlikely to be used in large populational
studies but it might be useful in selected cases in which endoscopy or ERCP is
indicated (Table 5).

Protein based biomarkers

Protein biomarkers are the most well explored candidate biomarkers in the medium of
pancreatic juice. Conventional markers utilized in serum, such as CA19-9 and CEA,
have been implicated in pancreatic juice where the sensitivity of CA19-9 is
questionable, while CEA demonstrated merit in predicting malignant transformation
of IPMNs along with the diagnosis of PC[345-352]. Aside from these biomarkers, a
large number of proteins have been assessed in the pancreatic juice of patients with
variable results, however considering that evidence supporting these biomarkers is
limited to only a handful of small cohort studies, their implementation as a diagnostic
tool is not recommended.

Although mucins have been extensively investigated in the diagnosis of PC, with
regard to pancreatic juice there is limited literature published on its value. Levels have
been demonstrated to be elevated in the case of MUC1, and KL-6 mucin, a type of
MUCI1, was investigated by Matsumoto et al[354] and reported to be significantly
elevated in the pancreatic juice of patients with PC and IPMC compared to inflam-
matory lesions and IPMNs however its specificity was less than desirable.

Non-coding RNA

When compared to serum and saliva, pancreatic juice has proved to be less fruitful
with regard to candidate miRNA biomarkers in PC diagnosis. Both miR-21 and miR-
155 have been demonstrated to be elevated in the pancreatic juice of patients
diagnosed with PC compared to CP[362], while Wang et al[363] was also able to report
a specificity of 88% and sensitivity of 87% when four circulating miRNAs in pancreatic
juice (miR-205, miR-210, miR-492 and miR-1427) were used in combination for
detecting PC. In addition to miRNA assessed in pancreatic juice, MSLN mRNA has
also been implicated in the diagnosis of PC on pancreatic juice[364].
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Table 5 Pancreatic Juice biomarkers implicated in the detection of pancreatic cancer

Type Candidate marker

Protein CA19-9[345-347,349], MIC-1[349], NGAL[349], CEA[347,348,350-352], AMYP[353], PRSS1[353], glycoprotein GP2-1[353], CCDC132[353],
REG1A[353], REG1B[353], REG3A[353], LIPRP2[353], KL-6/ MUC1[354], CPA5[355], inactive LIPRP1[355], KLK1[355], HBD[355], TTR
[355], S100P[356], MMP-9[357], MMP-7[155], DJ-1[357] A1BG[357], PAP-1[358], AGR2[359], IL-8[360], Cathepsin E[361]

RNA MiRNA: miR-21[362], miR-155[362] , miR-205[363], miR-210[363], miR-492[363], miR-1427[363]; mRNA: mesothelin[364]; Other: h\TERT
[365,366], telomerase activity[367-369]

Liquid biopsy =~ Exosomes: CEACAM1[371], CEACAM 5[371], tenascin C[371], MMP7[371], LAMB3[371], LAMC2[371], MUC1[372], MUC4[372],

MUC5AC[372], MUC6[372], MUC16[372], CFTR[372], MDR1[372], ex-miR-21[373], ex-miR-155[373]; Methylated DNA: KRAS[374,377],
PPENK([375,376], p16[375,376], Cyclin D2[376], FOXE1[376], NPTX2[376], TFPI2[376], CD1D[377], KCNK12[377], CLEC11A[377], NDRG4
[377], IKZF1[377], PKRCB[377], MUC1[378], MUC2[378], MUCA[378]

MiRNA: MicroRNA; PRSS1: Trypsin-1; CPA5: Carboxypeptidase A5; KLK1: Kallikrein-1; HBD: Hemoglobin Subunit Delta; LAMB3: Laminin subunit beta-
3; CFTR: Cystic fibrosis transmembrane conductance regulator; MDR1: Multidrug resistance protein 1, KCNK12: Potassium channel, subfamily K, member
12; CLEC11A: C-Type lectin domain containing 11A; NDRG4: NDRG family member 4; IKZF1: Ikaros family zinc finger protein 1 gene; PKRCB: Protein
kinase C beta; FOXE1: Forkhead Box E1; NPTX2: Neuronal pentraxin-2.
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Liquid biopsy

Telomerase activity and human telomerase reverse transcriptase: Telomerase activity
has previously been deemed a promising marker as it was shown to be elevated in
pancreatic juice samples of patients with PC[365-367]. Further to this, a recent meta-
analysis assessing the diagnostic utility of the four major altered genes in PC
(KRAS/CDKN2A/p16, TP53, and SMAD4/DPC4), telomerase activity, and a
combination assay, revealed that the most reliable biomarker in diagnosing PC in
pancreatic juice samples was telomerase activity[367]. Human telomerase reverse
transcriptase (hTERT) is a catalytic subunit of telomerase, and the detection of mRNA
for hTERT has been postulated to aid in the diagnosis of malignancies including PC.
hTERT was first detected in 10 of 11 patients diagnosed with invasive PC on
pancreatic juice sampling[368]. This was further validated by Nakashima et al[369] and
was additionally assessed in a recent systematic review assessing the role of hTERT
which reported that telomerase reactivation played a significant role in the
development of hepatobiliary and pancreatic tumors, along with being a diagnostic
biomarker for PC[369,370].

Methylated DNA: Mutations in the KRAS oncogene are present in over 90% of
resected PC specimens, with the vast majority of these mutations occurring in KRAS
codon 12. A recent meta-analysis published by Patel et al[374], encompassing 22
studies aimed to assess the diagnostic accuracy of mutant KRAS detection from
pancreatic secretions (mucus, secretions and juice) for the diagnosis of PC. They
reported a wide variation in sensitivity (38%-89%) and specificity (13%-100%) for the
diagnosis of PC through KRAS mutation testing in pancreatic secretions, with
significant heterogeneity in diagnostic accuracy across the included studies. They also
assessed whether KRAS mutation detection would be beneficial in diagnosing PC in a
screening population, which similarly returned a sensitivity ranging from 21%-86%,
however specificity improved remarkably to 82%-100%[374]. In addition to KRAS,
Methylated ppENK and p16 were reported to be present in pancreatic juice in 90.9%
and 18.2% respectively of patients diagnosed with PC, and due to normal pancreatic
juice not containing methylated forms of this DNA, their presence was postulated to
suggest the presence of PC[375]. Other markers investigated in single centre studies
are shown in Table 5. MUCI was also assessed in conjunction with MUC2 and MUC4
in 2014. Yokoyama et al[378] reported that DNA methylation status of MUC1, MUC2
and MUC4 was useful for the differential diagnosis of human pancreatic neoplasms,
with a sensitivity and specificity of 87% and 80% for PC.

PANCREATIC CYST FLUID BIOMARKERS

Pancreatic cysts (PCy) are proving to be a promising area in the field of specimen
sampling for biomarker identification. PCy incidence increases with age, with the most
common cyst types including IPMN, mucinous cystic neoplasms (MCN), serous cystic
neoplasms, and pseudocysts[379-381] (Table 6).
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Table 6 Pancreatic cyst fluid biomarker studied in relation to high grade dysplasia and pancreatic cancer diagnosis

Type Candidate marker

Protein CEA[383,384,399,402-407], Glucose[385], MUCA4[386,412], PGE2[387,388], IL-1B[386,387], PGE synthetase 2[386], IL-4[389], CA72-4[389], SFASL
[389], MMP9[389] AREG[390,391], SPINK1[392], mAB Das-1[393,394], IL-10[395], GM-CSF[395], MUC1[413], MUC2[413], MUC5AC[413]

RNA  MiRNA: miR-21[396], miR-221[396], miR-18a[397,398], miR-24[397,398], miR-30a-3p[397,398], miR-92a[397,398], miR-99b[397,398], miR-106b[397,
398], miR-142-3p[397,398], miR-342-3p[397,398], and miR-532-3p[397,398]

Other  DNA based-KRAS mutations[399-407,409-411]GNAS mutations[409-411]

MiRNA: MicroRNA; CA72-4: Cancer antigen 72-4; sFASL: Soluble Fas; AREG: amphiregulin; SPINK1: serine peptidase inhibitor kazal type 1, GM-CSF:
granulocyte macrophage colony-stimulating factor.

Due to IPMNs and MCNs possessing a risk of developing into PC identification of
cyst fluid biomarkers in these pre-malignant lesions help to select which patients to
proceed to surgery[382]. The cyst fluid is aspirated during EUS (EUS-FNA) under
antibiotic cover and the amount of fluid retrieved depends on the size of the cyst
therefore highlighting a potential for insufficient sampling during aspiration.
Pancreatic cyst fluid analysis was initially focused on proteins isolated for biomarker
assessment, however more recently there has been a transition towards the analysis of
non-coding RNA, or miRNA in pancreatic cyst fluid to determine their diagnostic
capacity for PC[408].

Proteins analyzed on cyst fluid, for the most part, have been reported to lack
specificity in the diagnosis of PC, however mucin analysis, CEA level and VEGF-A on
cystic fluid has proved to have efficacy in discriminating premalignant and malignant
lesions from benign lesions. MUC4 expression has been implicated in PCy, being
elevated in MCN, and has been postulated to assist in early detection of PC[412]. In
addition to this, MUC1, MUC2 and MUC5AC have been demonstrated to be
upregulated in patients with PC on cytology obtained during EUS-FNA but MUC?7 is
upregulated in PC and also in IPMN and CP, limiting its specificity in the diagnosis of
PC[413,414].

Additionally, DNA-based biomarkers, including KRAS and GNAS, have been
evaluated in the context of PC diagnosis and IPMN and noted to be elevated in mucin
producing cysts. Recently, supervised machine learning techniques were used to
develop a test to guide management of PCy based on clinical features, imaging and
cyst fluid genetic and biochemical markers (CompCyst)[415]. Due to invasive nature of
cyst fluid collection, the authors recommend that future studies should focus on
biomarkers and algorithms that can help select which cysts have malignant potential
and should proceed to surgery.

SALIVARY BIOMARKERS

Saliva is an emerging interest in the field of biomarker detection as it provides a non-
invasive means through which potential diagnostic biomarkers can be sampled. It has
previously been validated in the areas of drug abuse, human immunodeficiency virus
infection and hormone assessment, along with detection of oral, breast, lung, ovarian
and oesophageal cancer, and has been recently named the "diagnostic window to the
body”[416-418] (Table 7).

The analysis of salivary fluid as a means for identification and evaluation of
diagnostic biomarkers for PC is in its infancy, with proteomic biomarkers scant in the
literature and due to the large amounts of salivary amylase, albumin and immuno-
globulins present in saliva, their subsequent sensitivity is hampered in PC diagnosis
[419,420]. Given this lack of sensitivity, there has been a shift in focus to RNA based
biomarkers, namely LncRNA and miRNA . A recent systematic review reported that
PC is the most investigated disease in relation to the utilization of salivary miRNA
analysis. This is highlighted by 18 miRNA candidates which have been detected and
studied in relation to PC, irrespective of stage, through the medium of saliva.
Although miRNA analysis in saliva is in its infancy with regard to PC, the reported
specificity in the diagnosis of PC is impressive and warrants further validation.
Despite this reported specificity, the aforementioned systematic review concluded that
there is marked heterogeneity between studies and as such meta-analysis is
unachievable, highlighting the need for further research in this area[421-425].
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Table 7 Salivary fluid biomarkers studied in relation to pancreatic cancer diagnosis

Type Candidate marker

RNA LncRNA: HOTAIR[428], PVT1[428]; MiRNA: miR-21[286,423,431], miR-23a[423], miR-23b[423], miR-29c[423], miR-1246[422], miR-4644[422], miR-
34a[286], miR-155[286], miR-200b[286], miR-376a[286], miR-216[423], miR-940[424], miR-3679-5p[424], miR-17[425], miR-181b[425], miR-196a[425]

Other Salivary polyamines: Alanine[427], N;-acetylspermidine[427], 2-oxobutyrate[427], 2-hydroxybutyrate[427]

MiRNA: MicroRNA.

Jaishideng®

Aside from proteomic and RNA analysis of saliva, polyamine analysis has also
emerged as a potential diagnostic biomarker candidate. Abnormalities in tumor-
suppressor genes, deemed to play a key role in PC development, accelerate polyamine
synthesis and as such, increased levels have been postulated to be a potential
biomarker in PC[426]. Only a single study has assessed polyamines in PC detection
with modest diagnostic accuracy[427].

BILIARY FLUID BIOMARKERS

Biliary fluid is a potential source for biomarkers, however due to sampling requiring
an invasive procedure, ERCP, there are inherent risks with this mode of acquisition
and is not routinely used. Currently the literature is limited to protein-based
biomarkers, non-coding RNA markers and methylated DNA as a method of liquid
biopsy with a recent meta-analysis highlighting minimal literature on biliary miRNA
markers utilized in PC diagnosis[445] (Table 8).

There have been mixed results from these studies with a lack of large prospective
studies to determine the validity of these biomarkers in clinical use. Although some
biomarkers display merit in the early phases of clinical research, their role has also
been deemed to be of value in the diagnosis of indeterminate biliary strictures thus
highlighting a potential lack of sensitivity in the diagnosis of PC. Given the invasive
nature of acquisition, less intrusive methods of biomarker acquisition should be
considered for future research.

FAECAL BIOMARKERS

The concept of being able to detect PC biomarkers in stool is due to the large amount
of pancreatic juice produced and excreted into the bowel on a daily basis, highlighting
the potential that that precancerous or molecular changes indicative of a malignant
process can be detected in faeces[447] (Table 9).

Faecal protein biomarkers

Adnab-9: Adnab-9 is a murine monoclonal antibody that has previously been
implicated in the diagnosis of gastrointestinal tumors[448,449]. Adnab-9 detection in
stools has a sensitivity and specificity of 80% and 87% for detection PC[450,451].

Faecal non-coding RNA

MiRNA: Faecal miRNA detection as a diagnostic biomarker has been utilized in CRC
where although the environment has deemed to be more hostile than blood, miRNAs
have been demonstrated to remain intact and stable for detection due to being
packaged in exosomes. Faecal miRNA detection only requires 1 g of faeces in a sample,
therefore presents itself as an efficacious modality as a screening test. Although there
is only scant literature describing faecal miRNA analysis as a biomarker in PC[19,452,
453], certain candidate markers demonstrate promise however there is heterogeneity
between studies. Further studies are required to determine the relationship of faecal
miRNA expression in PC to determine whether a candidate marker can be utilized in a
screening population.

Faecal liquid biopsy

Faecal mutant KRAS: Initially detected in 1994 by Caldas et al[454], the presence of K-
ras mutation in stool in patients with PC has proved to be an area of promise with
regard to a non-invasive method of detection, and has also been explored in
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Table 8 Biliary fluid diagnostic biomarkers studied with relation to pancreatic cancer

Type Candidate marker

Protein VEGF[217,429], CA19-9[431], CA125[432], CA72-4[432], CEA[432,433], sLR11[434], MUCA[435], IGF-1[217,
430], NGAL[436-439], CEAM6[436,440], LG3BP[436], MMP7[436], MUC5B[436], MCM5[441,442],
Trypsinogen-1[443], Trypsinogen-2[443]

Liquid biopsy Methylated DNA: TFP12[444], NPTX2[444], CCND2[444]

RNA MiRNA: miR-10b[292,445], miR-106b[292,445], miR-30c[292,445], miR-155[292,445], miR-212[292,445], miR-
1247[446], miR-200a[446], miR-200b[446]

MCMB5: Minichromosome maintenance protein 5; NGAL: Neutrophil gelatinase-associated lipocalin; sLR11: Soluble LDL receptor relative with 11 ligand-
binding repeats; IGF1: Insulin-like growth factor 1; LG3BP: Galectin-3-binding protein; CEAM6: Carcinoembryonic cell adhesion molecule 6; TFP12:
Methylated tissue factor pathway inhibitor 2; NPTX2: Neuronal pentraxin II gene; CCND2: G1/S-specific cyclin-D2; VEGF: Vascular endothelial growth
factor; CEA: Carcinoembryonic antigen; MiRNA: MicroRNA.

Table 9 Faecal diagnostic biomarkers implicated in pancreatic cancer

Type Candidate marker

Protein Adnab-9[450,451]

RNA MiRNA: miR-181b[452], miR-210[452], miR-155[453], miR-216a[453], miR-196a[452,453], miR-143[453]
Liquid biopsy Mutant KRAS[454,455], mBMP3[456]

MiRNA: MicroRNA.

combination with methylated bone morphogenetic protein 3 (mBMP3)[454-456].

mBMP3: There is scarce literature regarding the role of BMP3 in the diagnosis of PC
with a single study in 2011. Stool mBMP3 use as a biomarker for PC was first assessed
in 2012, where it was able to detect 51% of PCs, compared to mutant KRAS which
detected 50%. The AUC for mBMP3 was 0.73, however when used in combination
with mutant KRAS, an AUC of 0.85 was achieved highlighting a potential option for
non-invasive biomarker testing in a prospective cohort[456].

CONCLUSION

The literature is diverse with regard to biomarkers in the diagnosis of PC, with
variation both in the medium utilized (serum, urine, saliva, pancreatic juice, cyst fluid
analysis, faeces), along with the type of biomarker detected (miRNA, exosomes,
proteins, CTCs, ctDNA) as demonstrated through this review, encompassing over 300
different diagnostic biomarkers in a variety of mediums. The current diagnostic
biomarker utilized in the routine diagnostic work-up of PC is CA19-9, however this
lacks sensitivity highlighted by phenotypic variation in the Lewis blood group
antigen. Current research has focused on miRNA, ctDNA and CTCs in the detection
and subsequent diagnosis of PC in experimental or feasibility studies with mixed
results so far. Perhaps the most promising area of diagnostic biomarker discovery in
the field of PC is the utilisation of diagnostic panels comprising a number of candidate
markers rather than a single candidate protein or miRNA. These panels have proved
to be efficacious in their diagnostic capacity for PC and as such should be further
explored in prospective multi-centre studies to prove generalizability of results across
different population groups. Very minimal research has been conducted evaluating
biomarkers as a screening tool, with the low incidence of PC in the general population
being cited as a barrier. This should be further explored to determine whether these
candidate markers can be used as part of a screening program. A small number of
studies have assessed the role of biomarkers in high-risk populations part of PC
screening programs, however further research is required to determine whether their
results can be extended to the general population. Future studies should aim to
capitalize on the non-invasive nature of salivary, urinary, faecal and serum testing, as
ultimately at a population level these are the most implementable modalities of testing
and use cyst analysis and pancreatic juice in undetermined pancreatic lesions when
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surgery is contemplated. Although we are yet to find the elusive ‘golden ticket’ for
diagnosing PC, translational research is constantly opening up new doors in the search
for a diagnostic biomarker that will help select the patients who need further investig-
ations aimed at detecting PC early, similar to a positive FOBT prompting further
assessment with a colonoscopy.
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