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Introduction
3.1 The epidemic of harmful alcohol consumption in the modern world

Alcohol consumption is among the leading causes of death worldwide and is the third among
the causes of diseases, the first being smoking, the second hypertension (4). Harmful use of
alcohol is a pattern of psychoactive substance use that is causing damage to health,
incorporating the pattern and volume of drinking over time, the drinking context and the quality
or contamination of the consumed beverages (5). Of note, a protective effect was observed in
ischemic stroke and diabetes mellitus, which does not compensate the various detrimental
effects alcohol poses on physical and mental health. According to the World Health
Organisation’s (WHO) report on alcohol consumption from 2018, 43% of the population
reports current drinking, which translates as more than 2.3 billion consumers (6). In general,
men are more affected by harmful alcohol consumption than women. In 2016, 53.6% percent
of men consumed alcohol in the last 12 months, whereas only 32.2% of women drank (6).
Interestingly, the prevalence of alcohol use disorders is 5 times higher in men (8.6% compared
to 1.7% in women), which may be explained by more excessive consumption and the preference
for hard drinks (7).

Among the WHO regions, the highest proportion of current drinkers was measured in Europe
(59.9%), with 23.5% lifetime abstainers in 2016. Assessment of the changes in alcohol
consumption in the last two decades shows a slight decrease worldwide (5%) and in the
European region as well. However, the total alcohol consumption per capita among drinkers
increased in almost all regions and was 17.2 litres in Europe. Although the prevalence of heavy
episodic drinking (binge drinking) is decreasing worldwide, it is the highest in the European
region in general and in adolescents and young adults as well.

Alcohol consumption poses a significant disease burden, measured in disability-adjusted life
years (DALY) it takes up 5.1% of the total. Harmful alcohol consumption is related to about
230 diseases and injury-related health conditions and resulted in 3 million deaths in 2016.
Furthermore, mostly the 15 to 59 years old population is affected, who are in their active years
(8). Losses attributed to alcohol consist of direct costs for the treatment of alcohol-related
diseases and indirect costs inflicted by decreased workforce productivity, absenteeism, early
retirement and premature mortality (9). The proportion of deaths and DALY attributed to
alcohol were found to be the highest in Europe (10.1% and 10.8%).

Hungary is particularly heavily affected by harmful alcohol use, even compared to other
countries in the region. The total alcohol consumption was 11.4 litres of pure alcohol per capita,
17.1 litres among drinkers only in 2016 (compared to 9.8 and 17.2 litres). The majority of the
population consumes alcohol (percentage of abstainers in the past 12 months: 33.4), while
spirits, wine and beer are consumed in comparable amounts. The prevalence of alcohol use
disorders and alcohol dependence is more than 2.4 times higher than the European average
(21.2% vs 8.8% and 9.4% vs 3.7%). The number of years of life lost is also particularly high,
with an estimate of more than 5200 alcohol-attributable deaths in 2016. The prevalence of
alcoholic liver disease (ALD) in Hungary was about 300 per 100.000, while liver-related age-
standardized mortality was the second highest after Romania from 35 countries included in
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HEPAHEALTH project (10). Still, no national plan or policy is available for the reduction of
alcohol use and its consequences in Hungary (6).

Most alcohol-related deaths are due to digestive diseases (21.3%) and they are the second
biggest contributors to the alcohol-attributable burden of disease, highlighting the role of
gastroenterologists in the fields of prevention and treatment (Figure 1).
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Figure 1 Alcohol-attributable deaths and burden of disease, shown as a percentage of all alcohol-attributable,
as a percentage of all alcohol-attributable disability-adjusted life years (DALYs) by broad disease category, 2016
(WHO, 2018; (6))
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3.2 Definitions of alcohol use disorders

Although alcohol use disorders (AUDs) are commonly diagnosed, terminology varies between
diagnostic systems (11). AUDs are defined by the Diagnostic and Statistical Manual of Mental
Disorders (DSM) and the International Classification of Disease (ICD). In both systems, the
diagnostic criteria for AUDs include tolerance, withdrawal, impaired control, neglect of
activities or time spent in alcohol-related activity, continued use despite problems, and
compulsion or craving. However, several differences are present, hindering the use of both
systems in research context. The DSM-5 combines the previously used dependence and abuse
categories. If 2 out of 11 criteria are met within 12 months, AUD is diagnosed, the severity
depending on the number of criteria met. In the ICD-11, 2 out of 3 criteria must be met. The
ICD system defines harmful pattern of use of alcohol as repetitive alcohol use which resulted
in physical or mental damage of health, but impaired control and physiological features or not
necessarily present (7). Hazardous alcohol use was introduced in the ICD-11 among the health
risk factors. It is defined as “a pattern of alcohol use that appreciably increases the risk of
harmful physical or mental health consequences to the user or to others to an extent that
warrants attention and advice from health professionals.” (6).

3.3 The negative effects of alcohol on the gastrointestinal tract

Digestive diseases are major contributors to the alcohol-attributable burden on society and
healthcare (Figure 1). Excessive alcohol use — including binge drinking (4 or more standard
drinks for men and 5 or more standard drinks for women) and heavy drinking (8 or more drinks
per week for men and 15 or more for women)- has been identified as a risk factor for several
non-neoplastic and neoplastic gastrointestinal diseases. Its various effects on the
gastrointestinal tract have been thoroughly studied and reviewed (12, 13). Summarizing these
pathophysiological pathways, a 3-fold categorization seems rational: 1) changes in the
microbiome and disruption of the gut barrier, 2) metabolomic changes and 3) effects on
absorption and nutritional status (14). Most pathophysiological effects discussed here are
results of the disruption in the function of the gut-liver axis. After absorption in the stomach
and the proximal small intestine, alcohol passes through the liver via the portal vein. This first-
pass mechanism exposes the liver to great amounts of alcohol, as 90% is eliminated by the
hepatic tissue. Alcohol damages the mucous barrier function of the gut, therefore causing a
disruption in the immune function. Besides its direct effect on the epithelium (cell death and
mucosal erosions), one of alcohol’s most important negative effects is the disruption of tight
junctions. Furthermore, alcohol consumption is proven to induce changes in the microbiota,
therefore causing alcohol-induced dysbiosis. Commensal bacteria contribute to barrier integrity
by producing short-chain fatty acids (SCFASs) and stimulating Toll-like receptor-mediated
immune response. Dysbiosis through the decreased SCFA concentration and immune response
contributes to the disruption of the tight junctions in the mucosa, enabling the translocation of
endotoxins and pathogen associated molecular patterns (PAMPS) to the portal circulation,
therefore generating inflammatory cytokine production and signalling resulting in fibrosis in
the hepatic tissue (14, 15). The effects of dysbiosis on the metabolome include alterations in
the amount of SCFAs, amino acids and the circulation and conjugation of bile acids. Normally,
SCFAs are produced by the gut microbiota by fermentation of indigestible fibres. Alcohol-

13



induced dysbiosis results in lower amount of SCFAs, which plays a key role in the disruption
of tight junctions as previously discussed. Furthermore, the changes induced in the microbiota
also result in a disbalance of the amino acid metabolism. Both essential and non-essential amino
acids are affected, with lower luminal amino acid levels for some, but higher tyrosine and
phenylalanine availability. This also may contribute to the generation of reactive oxygen
species (ROS) and toxic intermediates. The entero-hepatic circulation of bile acids is also
disturbed by alcohol. They are play a key role in lipid absorption and cholesterol homeostasis
and also have regulatory functions including bile acid production, energy expenditure, glucose
homeostasis and anti-inflammatory processes (16). Due to the dysbiosis and the consequential
changes in amino acid metabolism, the conjugation of bile salts -formed from primary biliary
acids- into secondary biliary acids by the microbiota by the removal of the taurine/glycine
groups is disrupted. Hence, the concentration of bile acids in total and secondary bile acids is
higher as well as the proportion of glycine-conjugated forms. Bile acids directly regulate the
gut microbiota by stimulating the production of antimicrobial peptides, inhibiting gut microbial
overgrowth.

Chronic alcohol consumption is often accompanied by macro- and micronutrient deficiencies
(17). Decreased calory intake is the primary cause of insufficient fat, protein, and micronutrient
supply, as alcohol contributes more than 50% to heavy drinkers’ daily calories. Malabsorption
and maldigestion are also major factors in the development of malnutrition, vitamin- and trace
element deficiency (15). Intestinal oedema, delayed gastric emptying, the loss of epithelium at
the tips of the villi and mucosal erosions are the major factors causing malabsorption. Disturbed
amino acid and bile acid metabolism, altered intestinal permeability and inhibition of transport
of several vitamins — including thiamine and zinc - were also described related to alcohol,
further hindering the utilisation of micro- and macronutrients (14, 15). Changes in the
microbiota and small intestinal bacterial overgrowth are also associated with diarrhoea and
vitamin deficiencies. Exocrine pancreatic insufficiency and the reduced amount of biologically
active bile acids result in impaired absorption of fat and fat-soluble vitamins (17, 18). Protein
malnutrition leads to decreased serum protein levels, including hypoalbuminemia. Nutritional
deficit results in decreased adaptive capability to stressors, immune paresis, sarcopenia and
frailty, all predisposing to the development of organ failure and complications, associated with
lower survival (18).

The most frequent and severe gastroenterological diseases caused by harmful alcohol
consumption are cirrhosis, alcohol-induced acute pancreatitis and tumours. Alcohol
consumption also facilitates the development of gastro-oesophageal reflux, alcoholic gastritis
and gastropathy, peptic ulcer disease, diarrhoea and plays a role in the development of
oropharyngeal, oesophageal, gastric, colorectal, pancreatic and liver cancer (13).

3.4 Alcohol and the pancreas
3.4.1 Alcohol-induced pancreas injury

Ductal, acinar and pancreatic stellate cells are all actively participating in the development of
acute pancreatitis (AP) and are all affected by alcohol ingestion (Figure 2) (19-21). According
to our current understanding, noxious stimuli -including alcohol- induce a series of changes in
pancreatic cells which leads to the development of sterile inflammation (SI) and cell death. As
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a starting block, intracellular calcium signalling, mitochondrial damage, adenosine-
triphosphate (ATP) depletion and endoplasmic reticulum (ER) stress are induced in acinar and
ductal cells. This results in premature trypsinogen activation and the decrease of fluid and
bicarbonate secretion. The trypsinogen activation is further enhanced by the decreasing pH,
propagating cell death and inflammation, known as the vicious trypsin cycle (22). The
molecules and products released from the dying cells — danger-associated molecular patterns;
DAMPs - induce inflammation with cytokine production and inflammatory cell infiltration.
This self-reinforcing process may result in extensive necrosis and systemic inflammation with
organ failure in severe cases.

Sl is dominant in the pancreas as well as in alcohol-induced liver disease (23). Furthermore,
several developmental similarities can be found between the two organs, which may facilitate
the understanding of the diseases (24). Hepatic and pancreatic stellate cells are very closely
related and functionally similar. The same processes are observed in pancreatic stellate cells as
described in hepatic stellate cells fuelling inflammation. Pancreatic stellate cells are also
activated by alcohol and acetaldehyde and transform to myofibroblast-like cells. Then these
cells participate in the generation of ROS, proinflammatory cytokines and mediators (25). This
was described by Peter Hegyi as the necroinflammatory amplification loop (21).
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Pandol et al. hypothesized that alcohol exerts its deleterious effects on the acinar cells through
ER stress by increasing the demand for protein production. Furthermore, in this state, the
capacity of acinar cells for processing and recycling unwanted proteins is markedly reduced
(26). ER stress and consequential cell death, including both apoptosis and necrosis is also
observed in alcohol-induced liver injury. Adaptation to long-term alcohol consumption is
mediated through unfolded protein response (UPR), which is a protective factor against AP
(Figure 2) (27). This mechanism is characteristic of the acinar cells, as they produce the greatest
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amount of protein in the body. Alcohol’s oxidative effects cause an increase in oxidized
glutathione and protein disulphide isomerase, a molecule key to protein maturation. Trough
UPR, the transcription of genes regulating ER extension, chaperone proteins and ER
degradation is upregulated. It is also known that chronic alcohol consumption affects
inflammatory pathways promoting inflammation, decreases pancreatic microperfusion and
leads to a block in exocytosis of zymogen granules, enabling premature trypsinogen activation
in case the inhibitory mechanisms are compromised by another noxious stimulus. Another key
factor regarding alcohol-induced pancreatic damage are the toxic products of alcohol
metabolism. In the pancreatic acinar cells, the non-oxidative pathway is dominant which
besides acetaldehyde and ROS, leads to the production of fatty acid ethyl esters (FAEESs) (28).
FAEE-caused pancreatic damage occurs through destabilisation of lysosomes, direct interaction
with cellular membranes; increasing the fragility of stimulation of zymogen granules and
lysosomes) and mitochondrial damage (25).

Ductal cells are also affected by alcohol, by blockade of cystic fibrosis transmembrane
conductance regulator (CFTR) expression, localization and activity and bicarbonate secretion
(29).

However, based on experimental models, alcohol in itself is not capable of inducing AP, but
strongly potentiates to inflammation and necrosis, therefore other risk factors are more likely
to instigate the disease (25). This explains the clinical observation, that only a minority of
patients with alcohol abuse develop AP (28). The “critical threshold’ hypothesis proposed by
Barreto et al. (Figure 2) puts these observations in context from the clinical point of view (20).
The authors describe two thresholds, the first being the development of AP and the second the
development of organ failure as a sign of systemic disease. Pancreas damage and amplification
loops increase the likelihood of the patient crossing these thresholds. Lankisch at al. proposed
that the trigger of alcohol-induced pancreatitis may be increased gut permeability, as a
consequence of chronic alcohol ingestion, similarly to alcoholic liver disease (25). In an animal
model, alcohol-feeding alone did not induce AP, but a single endotoxin stimulus resulted in
acinar cell vacuolization and necrosis, oedema, inflammatory infiltration, and haemorrhage in
the pancreas (30). Although the role of smoking is hard to deduce, because often smoking and
drinking go hand-in-hand, evidence prompts that smoking plays a prominent role in the
development and progression of alcohol-induced AP (25, 31). Similarly to alcohol, smoking
also induces oxidative stress, decreases fluid and bicarbonate secretion, promotes fibrosis and
inhibits CFTR. The nature of the relationship between alcohol and smoking regarding
pancreatic damage is still not entirely clear (32). Lugea et al. described a possible synergistic
effect through UPR, as smoking creates a maladaptive response thus hindering the adaptive one
to alcohol (33). A prospective cohort analysis also confirmed existence of a dose-dependent
and synergistic effect between alcohol and smoking (34).

3.4.2 Alcohol-induced acute pancreatitis
3.4.2.1 Epidemiology

Acute pancreatitis is the third most frequent cause of hospitalization and fourth most frequent
reason for 30-day readmission in the United States. It is associated with immense costs,

16



significant morbidity and mortality (35, 36). Its incidence varies between 2.8 and 60.3 per
100,000, with an increasing tendency of 3% per year (37, 38).

Although alcohol is reportedly the first or second most frequent cause of AP worldwide, only
a very small proportion (2-5%) of high-risk drinkers develop the disease (25, 39). Alcoholic
AP is almost eight times more frequent in men (10.3 vs 1.3 per 100,000 and year), mirroring
the difference in heavy drinking between men and women. However, the incidence of alcoholic
AP is similar in the two groups in the heavy drinker population (40). Alcoholic AP is often seen
together with smoking and hypertriglyceridemia, further worsening prognosis (41). Yadav et
al. found a linear increase in the prevalence and amount of smoking with alcohol consumption
in AP patients (42).

3.4.2.2 Diagnosis and severity

The diagnosis of AP is established by the Revised Atlanta Classification (43). Two out of the
following three criteria must be met: (a) abdominal pain suggestive of pancreatitis, (b) serum
amylase or lipase level greater than three times the upper normal value, or (c) characteristic
imaging findings.

Aetiological workup is crucial in AP, as the aetiology strongly influences treatment and
prognosis. It is crucial to differentiate biliary and alcohol-induced AP as early as possible during
the disease course. In biliary cases, the diagnosis is established based on imaging after which
endoscopic retrograde cholangiopancreatography or cholecystectomy is performed, resolving
pancreatic duct obstruction, and preventing recurrence. Although alcohol is the other most
frequent aetiological factor, neither clinical practice nor evidence-based guidelines provide
detailed information on prerequisites to diagnose alcohol-induced AP (44, 45). Therefore, it
remains the responsibility of the attending physician to determine the aetiological role of
alcohol in a certain episode of AP.

Early adequate treatment is necessary to prevent the development of necrosis and organ failures.
Three grades of severity are distinguished in the classification: mild, moderate and severe AP.
Local or systemic complications without persistent organ failure are characteristic of
moderately severe cases, while persistent organ failure is requisite in severe AP. Prognostic
factors are also widely researched, to help identify high-risk patients likely in need of intensive
care. Alcoholic aetiology is associated with more severe disease course and complications
compared to non-alcoholic cases (34, 46, 47).

3.4.2.3 Development and progression

The threshold of alcohol consumption is not clear in AP (48), but a dose-dependent relationship
was observed in a meta-analysis between the amount of alcohol and the risk of AP (49).
However, in women a threshold of 40 g/day was found, whereas in men no safe amount of
alcohol consumption could be established. Results regarding the risk associated with different
types of alcohol and the role of binge drinking are controversial (25). The American College of
Gastroenterology Guideline advises to only consider the diagnosis of alcohol-induced AP if
more than five years of heavy alcohol consumption (>50 g per day) is present in the patient’s
medical history (50).
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Additional genetic and environmental factors increase the risk of AP in drinkers. A dose-
response association was found between smoking and AP (51, 52), and combined with heavy
drinking, smoking can further increase the risk of AP up to four times compared to non-smokers
(53, 54).

If the toxic and environmental effects persist after the first episode, progression to recurrent AP
(RAP) and chronic pancreatitis (CP) may take place. This process is explained by the two-hit
hypothesis and reinforced by clinical experience (55). Although recurrence rates differ greatly
among cohort studies and patients with alcohol-induced AP are significantly younger, it is
established by multiple studies that recurrence rates are significantly higher in alcohol-induced
AP compared to other aetiologies (41). Chronic harmful alcohol consumption is the primary
cause of CP in most countries. Progression to CP is also faster in these patients, meaning that
the consequences of CP are a long-term burden for the patients and the health-care system.

3.4.2.4 Prevention

Alcohol cessation is the only preventive measure to reduce the risk of recurrence and
progression to CP in alcohol-induced AP. Therefore, all patients with alcohol-induced AP must
be offered and provided help to reduce their alcohol consumption, with a long-term goal of
abstinence. Unfortunately, as stated in the American Gastroenterological Association Institute
Technical review (56), there is a knowledge gap concerning alcohol interventions in AP
patients. So far, only one randomized controlled trial (RCT) was conducted in AP on alcohol
counselling by Nordback et al., with remarkable efficacy (57). Based on their results, the
American Gastroenterological Association Institute Guideline on Initial Management of Acute
Pancreatitis recommends brief alcohol intervention during admission (45). Despite the lack of
information, a strong recommendation was articulated by the panel, underlining the importance
of the issue. Moreover, based on the same study, the International Association of Pancreatology/
American Pancreatic Association (IAP/APA) evidence-based guidelines recommend dedicated
follow-up visits after alcoholic pancreatitis to prevent recurrence (58). Taking into
consideration the data available on alcohol and smoking regarding the development of CP,
Yadav et al. proposed that counselling for not solely alcohol but also smoking cessation should
be routine following the first episode of AP (41). A survey from the Dutch Pancreatic Study
Group from 2021 highlighted the need for a uniform and validated approach in alcohol
counselling and the missed opportunities regarding the prevention of RAP and CP in alcohol-
induced pancreatitis (59).

3.5 Alcohol and the liver
3.5.1 Alcoholic liver disease

As previously mentioned, the liver and the gut are functionally forming one unit, the gut-liver
axis. The majority of alcohol absorbed into the portal blood is metabolised in the liver to
acetaldehyde, mainly by the alcohol dehydrogenase and then to acetate by aldehyde
dehydrogenase. Then, in the periphery acetate is further converted to water and carbon dioxide
(14). Further pathways include the cytochrome P450 enzyme (CYP2EL) as part of the
mitochondrial enzyme oxidation system and catalase. Acetaldehyde is highly reactive, binding
to lipids, proteins and forming deoxyribonucleic acid (DNA) adducts it is a major contributor
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to liver damage. These adducts induce adaptive immune response-mediated inflammation
through the release of inflammatory cytokines and chemokines. Furthermore, mitochondrial
damage and alterations result in decreased ATP generation, ROS production and decreased
alcohol dehydrogenase activity. Acetaldehyde also promotes collagen synthesis, advancing
liver fibrosis. In chronic alcohol exposure, a switch to the CYP2E1 pathway occurs, which
results in further ROS production, inducing lipid peroxidation and oxidative stress. Moreover,
acetaldehyde-induced glutathione depletion impairs the antioxidant capacity, worsening the
damage induced by ROS and oxidative stress. The upregulation of UPR genes was described
in alcohol-fed mice and pigs (60). The contribution of UPR to hepatocellular damage in
alcoholic liver disease is beyond dispute (61).

Besides alcohol’s and its toxic products’ role in hepatocellular damage, the crosstalk between
the gut and the liver is of significant importance from the pathophysiological point of view (16).
Bacterial translocation and the recognition of PAMPs in the liver by Kupffer and stellate cells,
as a consequence of the ‘leaky gut’, leads to the activation of a pro-inflammatory cascade and
signalling promoting fibrosis, which can progress to HCC. PAMPs as well as DAMPs are
recognized by the Kupffer and stellate cells via pattern-recognition receptors and endotoxins
activate Toll-like receptors 4, 9 and 2 resulting in a pro-inflammatory cascade, leading to the
activation of nuclear factor-xB. Fibrosis is promoted through the downregulation of BMP and
activin membrane-bound inhibitor homologue (BAMBI) in stellate cells. As a result,
transforming growth factor-B activity increases, which enhances extracellular matrix
production (62).
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Alcoholic liver disease (ALD) ranges from steatosis, through alcoholic steatohepatitis to
cirrhosis, liver failure and hepatocellular carcinoma (HCC) (Figure 3) (14). The development
of ALD is multifactorial, genetic factors, the immune system, the gut microbiome and
environmental factors, such as diet all influence the disease course. Alcohol-related steatosis is
the universal response of hepatic tissue to chronic alcohol use, diagnosed based on fat content
(>5-10%). The mechanism behind the accumulation of lipids within hepatocytes is complex,
but it is fully reversible. The annual progression to cirrhosis was found to be 3% and liver-
related mortality 1% by a recent meta-analysis (64). In alcoholic steatohepatitis, local
inflammation develops which is the starting block for cirrhosis and HCC. Alcoholic
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steatohepatitis is characterized by specific histological features, namely ballooning and
neutrophil infiltration. Apart from the slow progression to cirrhosis and eventually HCC, acute
worsening of alcoholic steatohepatitis with the development of jaundice and clinical
decompensation is called alcoholic hepatitis. This condition often necessitates hospital
admission and has a 20-50% mortality rate (63). With further progression of ALD the
accumulation of collagen and other extracellular matrix proteins (liver fibrosis) mainly by
activated hepatic stellate cells leads to the formation of regenerative nodules surrounded by
fibrous bands, called cirrhosis. Cirrhosis is characterized by the severe disruption of hepatic
venous flow, portal hypertension and a decline in both synthetic and detoxifying liver function
(65). At first, compensated cirrhosis is associated with no or minor symptoms and slow but
continuous progression of fibrotic changes and rising portal pressure. The development of
complications, namely ascites, hepatic encephalopathy, or variceal bleeding marks the turning
point to decompensated cirrhosis. Although cirrhosis was previously considered an end-stage
disease, with the elimination of the cause, regression to compensated cirrhosis or even pre-
cirrhotic stages may be achieved (66). The dysfunction of five main organ systems is
incorporated in most of prognostic scoring systems (hepatic, renal, respiratory, cardiovascular
and central nervous system). However, a wide range of organ dysfunctions can be observed in
cirrhotic patients, including the immune system, adrenal glands, thyroid glands and muscles. In
most patients, acute deterioration occurs with the development of organ failures, which often
leads to death. 30% of patients hospitalized with decompensated cirrhosis develop acute-on-
chronic liver failure, which will be discussed later.

3.5.2 Acute-on-chronic liver failure
3.5.2.1 Definitions and diagnostic criteria

Acute-on-chronic liver failure (ACLF) is a clinical entity, observed in patients with chronic
liver disease, characterized by the failure of one or more organ systems and high short-term
mortality (65). International consensus regarding the definition of ACLF is lacking. The most
widely used definition is the one introduced by the European Association for the Study of the
Liver — Chronic Liver Failure Consortium (EASL-CLIF), based on the CANONIC prospective,
multicentre observational study. ACLF, by the EASL-CLIF definition has three major
characteristics: acute decompensation of cirrhosis, the presence of simple or multiple organ
failure (MOF) and the high probability of mortality within 28 days. It is often preceded by a
precipitating event (Figure 4). The CANONIC study was designed to assess the prevalence and
clinical course of the disease, while improving the performance of prognostic scores,
comprising of 1343 patients’ data (67). The EASL-CLIF definition applies to patients with
cirrhosis -without taking previous decompensation into account-, includes extrahepatic organ
failures and does not exclude extrahepatic precipitating events (68). Definitions of organ
failures and cut-off points for laboratory parameters (total bilirubin and International
Normalized Ratio) are also non-identical. Organ dysfunction, the less severe form of impaired
functioning of the six organ systems included in the ACLF definition (liver, brain, kidneys,
lungs, coagulation and circulation) is defined as dysfunction and is a trait of decompensated
cirrhosis. In the CANONIC study, the CLIF-SOFA score was used to define organ failure,
which was later modified to improve prognostic accuracy. ACLF severity is graded based on
the number of failing organs. ACLF grade 1 includes single kidney failure, single liver,
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coagulation, circulatory or lung failure associated with 1.5-1.9 mg/dl serum creatinine levels or
grade 1 or 2 hepatic encephalopathy and single brain failure with 1.5-1.9 mg/dl serum creatinine
levels. Two and three organ failures are defined as grade 2 and grade 3 ACLF.
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Figure 4 The clinical course of cirrhosis. Acute-on-chronic liver failure (ACLF) can develop at any stage from
compensated to decompensated cirrhosis and can involve hepatic or extrahepatic precipitating events. A
considerable proportion of patients have no identifiable triggering event. DILI, drug-induced liver injury; TIPS,
transjugular intrahepatic portosystemic shunt (Moreau, 2013; (67))

The consensus definition used by the Asian Pacific Association for the Study of the Liver
(APASL) is fundamentally different: it applies only to patients without prior decompensation
but does not necessitate the presence of cirrhosis. The APASL defines ACLF as the
development of liver failure due to a hepatic insult. Liver failure is described as the development
of hepatic encephalopathy (HE) within 4 weeks of jaundice. The acute occurrence of
decompensating events in patients with chronic liver disease, including patients with prior
decompensation is categorized as acute decompensation. These two patient groups are
distinguished by the APASL experts, to create a more homogenous ACLF population compared
to the European definition (69). Sepsis and infections are viewed as consequences of liver
failure rather than precipitants, which is contradictory to the European definition.

The overlap between the EASL-CLIF and APASL definitions was examined in the CANONIC
study (67) as well as in a Korean cohort (70). It is clear, that the definitions capture distinct
patient populations, with a small overlap (67). Regarding survival, the EASL-CLIF definition
predicts prognosis more accurately, therefore may be more useful in everyday patient care.
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3.5.2.2 Epidemiology

While the prevalence, aetiology and survival are vastly different using the EASL and APASL
definitions, I will mostly focus on ACLF defined by the European definition.

Studies using the EASL-CLIF definition reported a worldwide prevalence of 24-34% in at-risk
population (mostly patients hospitalized with decompensated cirrhosis) (65). 28-day transplant-
free mortality in patients with decompensated cirrhosis without ACLF was 1.9% in the
CANONIC study (67) and 2.6% in a Chinese analysis (71). Mortality in ACLF correlates with
the number of organ failures, ranging from 23% to 23.6% in grade 1, from 31% to 40.8% in
grade 2 and from 60.2 to 74% in grade 3 ACLF. 90-day mortality rates ranged from 2.1% in
patients without ACLF to 84.7% in grade 3 ACLF.

The leading cause of chronic liver disease in ACLF patients in Europe and North America is
alcohol. Alcoholic cirrhosis was identified in more than 60% of all cases in the CANONIC
study, while active alcoholism was determined as the precipitating event in 16.8% of the cases
(67). Hepatitis C virus infection is the second most frequent etiological factor, while mostly
bacterial infections, alcohol and gastrointestinal bleeding trigger the development of organ
failure.

3.5.2.3 Pathophysiology and clinical features

Sl is the key to understand the development of ACLF. As previously discussed, SI may be
provoked by PAMPs and DAMPs recognized by pattern recognition receptors (Figure 5) (72).
SI results in tissue hypoperfusion, mitochondrial dysfunction and immune-mediated tissue
damage. The latter creates a vicious cycle, creating an excess of DAMPs, further worsening the
patient’s state.

Per the EASL-CLIF definition, both hepatic and extrahepatic events may provoke the
development of ACLF (Figure 4), both in compensated and decompensated cirrhosis. In about
one fourth of the patients (23%), no prior decompensation was registered in the CANONIC
study. With the progression of cirrhosis, not only the liver architecture suffers a distortion, but
several organs’ and systems’ dysfunction have been proven in decompensated cirrhosis, such
as the brain, kidneys, circulation, coagulation, lungs, heart, intestines, adrenal and immune
system (65). When this fragile, altered system is confronted with a precipitating factor, it can
result in organ failure. Regardless of the endogenous or exogenous trigger, in ACLF an even
more severe systemic inflammatory process takes place than in cirrhosis. This results in
cytokine storm, causing additional tissue damage.
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Figure 5 Pathophysiology of acute-on-chronic liver failure Schematic of induction of systemic inflammation and
its role in the development of organ failures. ACLF, acute-on-chronic liver failure; AKI, acute kidney injury;
DAMPs, damage-associated molecular patterns; PAMPs, pathogen-associated molecular patterns; PRRs,
pattern-recognition receptors; iNOS, inducible nitric oxide synthase; OxPhos, oxidative phosphorylation; RAAS,
renin-angiotensin-aldosterone system; SNS, sympathetic nervous system.

Bacterial infections and alcohol consumption are the most common precipitating events in
Europe, seen in about 33% and 25% of the cases (67). On the other hand, the leading cause of
ACLF in Asia, HBV reactivation is extremely rare in Europe, as well as hepatitis A and E
infections. Liver surgery, transjugular intrahepatic portosystemic shunt placement, ischemic
hepatitis mostly in sepsis and drug-induced liver injury can also trigger the development of
ACLF. In about 40% of patients, the precipitating factor cannot be identified. This prompts
toward the investigation of bacterial translocation’s role in the pathophysiology of the disease.
It is hypothesised that consequential splanchnic vasodilation results in organ hypoperfusion and
the systemic inflammation is capable of inflicting organ damage and cell death throughout the
body (73).

Based on the findings of the CANONIC study, the most frequently affected organs are the
kidneys (55.8%) and the liver (43.6%), followed by coagulation, brain, circulation and the
lungs. The high threshold of bilirubin (>12 mg/dl) partly explains this phenomenon (only less
than half of the patients having liver failure), and it must be noted that almost all patients have
liver dysfunction of some degree. However, the concept of ACLF includes the failure of other
organ systems as a consequence of liver dysfunction and cirrhosis, when stimulated by a
precipitating factor (73).

The first week is crucial regarding the course of the disease. 50% of patients admitted with
ACLF grade 1 improve in the first 7 days of hospitalization, 25% is stable and 25% shows
decline. These patient groups are vastly different regarding 28-day survival (67).
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3.5.2.4 The role of alcohol in acute-on-chronic liver failure

The prevalence of ACLF was found to be much higher in patients with alcoholic cirrhosis with
(42.9%) or without (32.5%) active alcohol consumption compared to patients with non-
alcoholic cirrhosis (24.3). A more severe disease course can be observed in the alcoholic
population, the proportion of patients with grade 3 ACLF being 22% (from ACLF cases in the
group) in patients with active alcohol consumption and alcoholic cirrhosis, 10% in patients
without active alcohol consumption and alcoholic cirrhosis and only 7% in non-alcoholic
cirrhosis in the CANONIC study. One fifth of ACLF cases was caused by severe alcoholic
hepatitis. A Chinese study found comparable short-term mortality, but significantly higher 90-
day and 1-year mortality in patients with extrahepatic precipitating events (74).

3.5.2.5 Treatment of ACLF

As the first 7 days are decisive to prognosis and survival of ACLF, early intervention is critical
(65). The two pillars of medical management of ACLF are the identification and treatment of
the precipitating factor and supportive care (72). The prevalence of infection at admission and
during the first four weeks of ACLF is very high (reaching 80%) (75), therefore immediate
empirical antibacterial therapy is recommended at diagnosis, considering the suspected site of
infection and local resistance patterns. Corticosteroid therapy is the gold standard in alcoholic
hepatitis; however, the risk of infection necessitates careful consideration. The Lille score is
used to identify responders at day seven of steroid therapy. Human albumin solution is indicated
in three scenarios: after high-volume paracentesis, acute kidney injury stage 2 and 3 and
spontaneous bacterial peritonitis. Adequate organ support needs a multidisciplinary approach
and is often provided in the intensive care unit (ICU) (76). However, ICU admission may not
be beneficial for all patients with ACLF — in some cases a palliative approach should be chosen.
Intensive therapy also may serve as bridge to transplantation.

Liver transplantation is the definitive therapy in ACLF. The 1-year survival rate post-
transplantation in ACLF grade 1 and 2 is comparable to patients without ACLF (77). Despite
the promising results, allocation and prioritization remain problematic on the transplant waiting
list (72). The stimulation or replacement of hepatic functions came into focus as new therapeutic
prospects emerged. The development of extracorporeal liver support systems dates back to the
seventies with the aim to stabilize patients at the time of acute decompensation when transplant
is not available or bridge patients to transplant (78). At first, these devices were designed to
replace only excretory functions and were based on hemoperfusion and adsorption (79). The
newer technologies combined these methods with bioreactors containing hepatocytes creating
bioartificial liver support systems with the potential of synthetic activity, known as bioartificial
liver support systems. Liver support systems are being tested in animal models and humans as
well, but data is insufficient to draw firm conclusions so far (80, 81). The administration of
granulocyte colony-stimulating factor and stem cell transplant are also under consideration (82).
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Objectives

In the work conducted for this thesis we used a triad of clinical research methodologies — a
cohort analysis, a randomized controlled trial, and a meta-analysis — to assess prognostic
factors, preventive and therapeutic interventions in the two gastrointestinal diseases most
frequently seen in patients with harmful alcohol consumption: acute pancreatitis and acute-on-
chronic liver failure.

In each project, the following objectives were set:

1) We aimed to assess the risk for severity and mortality associated with hypoalbuminemia and
its predictive value in acute pancreatitis.

2) We aimed to create a cessation program utilizing brief intervention methods for the
prevention of recurrent alcohol-induced acute pancreatitis.

3) We aimed to assess the efficacy and safety of different liver support devices in acute-on-
chronic liver failure.
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The studies

5.1 Hypoalbuminemia in acute pancreatitis: a prospective cohort analysis

5.1.1 Introduction

AP is acommon gastroenterological disorder, with rising incidence and high medical costs. The
commonly used revised Atlanta Classification distinguishes between mild, moderate and severe
disease based on the development and duration of organ failure (see chapter 1.4.2.2) (43). As
the mortality rate can reach 30% in severe cases, identifying risk factors and potential
therapeutic targets is of utmost importance.

Human serum albumin is the most abundant protein in human serum with a very diverse role.
Although this hypothesis has been contradicted by recent data, declining albumin levels during
inflammation have long prompted physicians to underestimate its contribution to maintaining
homeostasis during inflammation. However, aloumin plays a pivotal role in maintaining the
plasma redox state (83), and its scavenging activity is likely to influence vascular resistance
through the regulation of nitric oxide levels (84). Furthermore, low albumin levels result in
dilution and increased drug clearance, ultimately causing sub-optimal treatment (85).

Small retrospective cohort studies have shown that hypoalbuminemia is an independent risk
factor for severe AP and in-hospital mortality in adults and children (86, 87). Low serum
albumin has been reported to be associated with persistent organ failure and prolonged hospital
stay (88). However, whether albumin is only a marker or there is a cause-effect relationship
between hypoalbuminemia and disease severity and mortality should be further evaluated.

While comprehensive analyses are missing on AP patients with hypoalbuminemia and albumin
loss in AP, we aimed to evaluate (1) on-admission and in-hospital hypoalbuminemia as a risk
factor in AP, (2) the prognostic potential of human serum albumin, (3) whether there is a dose-
dependent relationship between albumin level and disease outcomes and (4) the relation of
albumin loss to severity and mortality.

5.1.2 Methods

5.1.2.1 Study design and definitions

This analysis of an international, prospective, multicentre cohort was conducted using data from
the Acute Pancreatitis Registry operated by the Hungarian Pancreatic Study Group (HPSG)
(89). Patient data were collected from establishment of the registry to 31st December 2019 on
electronic case report forms and validated using a four-tiered data validation protocol.
Contributing centres are shown in the online supplementary material (see chapter 5.1.2.5.). The
registry was approved by the Scientific and Research Ethics Committee of the Medical
Research Council of Hungary (222254-1/2012/EKU) in 2012. It conforms to the Declaration
of Helsinki, as revised in 2013. All participants provided written informed consent. Data
collection and validation are detailed by Parniczky et al. (90). The HPSG published analyses
from the registry, the population of which may overlap with our analysed cohort (90-100).

Diagnosis of AP was established using the 1AP/APA guidelines (58), while severity and
complications were defined using the Revised Atlanta Classification (43).
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5.1.2.2 Participants

Analyses were performed on patients’ data with albumin measurement anytime during
hospitalization (lowest measured albumin cohort, n=1272) and in the first 48 hours of
hospitalization (on-admission albumin cohort, n=1149) to answer a post-hoc clinical research
question. The cut-off value between the low and normal albumin group was 35 g/L in both
cases, based on the commonly used lower normal value. Subjects were further divided into
seven subgroups (Groups 1 to 7) using the lowest (n=1272) or first measured (n=1149) albumin
values.

The analyses of albumin change involved selected patients (n=335) with at least two albumin
measurements. Delta albumin was calculated as the difference between the first and lowest
measured albumin levels.

Data quality for the analysed variables is presented in the online supplementary material (see
chapter 2.1.2.1).

5.1.2.3 Statistical analysis

Descriptive statistics are presented as the median with 25% and 75% percentiles (IQR) or mean
with standard deviation (SD) for continuous variables and as numbers and proportions for
categorical variables. The Chi-squared test or Fisher’s exact test was used to assess the
relationship between categorical variables. The Mann—Whitney U test or Kruskal-Wallis test
followed by Dunnett’s post hoc test was used to evaluate differences between groups in the case
of continuous variables. Multivariate binary logistic regression analysis was performed to
identify the risk factors independently associated with severe disease and mortality. Odds ratios
(OR) with 95% confidence intervals (Cl) were calculated. The Receiver Operator Characteristic
(ROC) curve and Area Under the Curve (AUC) with 95% CI were used to identify the ability
of albumin levels to predict the mortality or severity of AP (The various AUC values were
classified as follows: between 0.5 and 0.6 — fail; between 0.6 and 0.7 — poor; between 0.7 and
0.8 — fair; between 0.8 and 0.9 — good; and over 0.9 — excellent.) Best cut-offs were calculated
using the Youden index (101). P<0.05 was considered statistically significant, except for the
Kruskal-Wallis test followed by Dunnett’s post hoc test, where p<0.025 was considered
statistically significant. All analyses were carried out in R statistical software, version 4.0.2 (R
Core Team, 2020, Vienna, Austria), packages: pROC (v. 1.17.0.1) and PMCMRplus (v. 1.9.0.)
(102, 103).

5.1.2.4 Representativity

The main characteristics of the analysed cohorts are consistent with the literature data.
However, they differed significantly from the entire cohort (n=2461) in terms of severity, length
of stay and mortality (online supplementary material; see chapter 2.1.2.5).

Cohorts were compared to the original (n=2461). The analysed cohorts differed significantly in
severity (p=0.025 for on-admission and p=0.005 for lowest albumin) and length of stay
(p<0.001 for both cohorts). The lowest albumin cohort also differed in mortality (p=0.026).

5.1.2.5 Supplementary material
The online supplementary material can be found at (https://www.nature.com/articles/s41598-
021-03449-8).
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5.1.2.6 Reporting
We report our results following The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement, using the checklist provided (104).

5.1.3 Results

5.1.3.1 Incidence of hypoalbuminemia on admission

Nineteen per cent of patients (n=218/1149) presented with hypoalbuminemia (<35g/L). 12.4%
of patients were admitted with 30—34.99 g/L albumin levels (Group 5), whereas 4.4% and 2.2%
of patients had 25-29.99 g/L (Group 6) and <25 g/L (Group 7) on-admission albumin levels
(online supplementary material; see chapter 2.1.2.5).

5.1.3.2 Variables associated with on-admission hypoalbuminemia

Hypoalbuminemia was associated with older age (average 59.7 + 18.0 and 56.0 &+ 16.1 years;
p=0.005, (online supplementary material; see chapter 2.1.2.5).). Males were overrepresented in
the analysed cohort (57%) and all subgroups (online supplementary material; see chapter
2.1.2.5). Although biliary aetiology was the most frequent in all subgroups, significantly fewer
patients had biliary aetiology (34.4% vs 42.2%; p=0.042) in the low albumin group, and a
tendency of more alcoholic episodes (24.3% and 19%; p=0.096) was seen (online
supplementary material; see chapter 2.1.2.5).

Significantly lower body mass index (average 28.23 and 27.23; p=0.012) was found in the low
albumin group compared to the normal albumin group (online supplementary material; see
chapter 2.1.2.5). Diabetes mellitus (22.6% vs. 19.3%; p=0.318) and CP (7.3% vs. 6.1%,
p=0.507) were overrepresented in patients with hypoalbuminemia; however, fewer patients
with hypoalbuminemia had recurrent AP (17.4% vs. 21.9%, p=0.144) (online supplementary
material; see chapter 2.1.2.5).

As regards the signs and symptoms, fewer hypoalbuminemia patients presented with abdominal
pain (94.9% and 99.2%; p<0.001) and more with abdominal guarding (27.2% and 19.9%;
p=0.023). General signs, such as duration and intensity of abdominal pain, abdominal
tenderness, nausea and vomiting, did not differ significantly. Hypoalbuminemia was associated
with a dose-dependent increase in heart rate and a decrease in systolic and diastolic blood
pressure on admission (online supplementary material; see chapter 2.1.2.5).

The fulfilment of diagnostic criteria differed significantly (p<0.001) among the low and normal
albumin groups on admission. Low albumin patients were less likely to present with pancreatic
enzyme elevation, abdominal pain and characteristic imaging findings at the same time (42.7%
versus 58.4%) (online supplementary material; see chapter 2.1.2.5).

5.1.3.3 Dose-dependent association of CRP, PCT and on-admission hypoalbuminemia

The low albumin group had significantly lower serum amylase (p<0.001) and lipase (p=0.002)
levels on admission. An increase in dose-dependent C-reactive protein (CRP) (p<0.001) and
procalcitonin (PCT) (p<0.001) was observed in the lower albumin groups. White blood cell
count (WBC) (p=0.017) levels were also significantly elevated in the low albumin group (online
supplementary material; see chapter 2.1.2.5). As regards laboratory markers of renal function,
hypoalbuminemia patients had significantly higher blood urea nitrogen (BUN) (p=0.002) and
creatinine (p=0.002) levels and a lower estimated glomerular filtration rate (eGFR) (p<0.001)
(online supplementary material; see chapter 2.1.2.5). Liver enzymes and total bilirubin levels
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did not differ between the low and normal albumin groups, but hypoalbuminemia was
associated with higher direct bilirubin levels (p=0.005) and a higher international normalized
ratio (INR) (p<0.001). Haematological parameters, lipids, ions and glucose levels are shown in
(online supplementary material; see chapter 2.1.2.5).

5.1.3.4 Dose-dependent association of hypoalbuminemia with complications, severity and
mortality

Significantly more patients developed local complications and organ failure in the low albumin

group (p=0.016 and p<0.001, respectively) (Figures 6-7). Lower albumin levels correlated with

a higher rate of peripancreatic fluid collection and respiratory failure (p<0.001 and p=0.051).

The rate of pancreatic necrosis, pseudocyst or heart failure did not differ significantly between

the groups.

Most importantly, hypoalbuminemia was associated with increased mortality (p=0.020),
disease severity (p=0.015) and hospital stay (p=0.025) (Figure 8). Groups 6 and 7 had
significantly higher mortality (p=0.005 and p=0.007, respectively) and severity (p=0.028 and
p<0.001, respectively) compared to the normal group. Maximum CRP levels during the course
of AP significantly and dose-dependently increased with the degree of serum albumin
(p<0.001) (Figure 8).

5.1.3.5 On-admission hypoalbuminemia is an independent risk factor for severity and
mortality

Age, hypertriglyceridemia-induced (with or without concomitant alcoholic aetiology) and
idiopathic AP were independently associated with mortality. Severe on-admission
hypoalbuminemia proved to be an independent risk factor for mortality with an OR of 3.782
(Cl: 1.313-9.462) in Group 6 (<30 g/L) and an OR of 5.256 (CI: 1.389-16.112) in Group 7
(<25 g/L) (Table 1). Albumin levels were examined with a 35 g/L cut-off in a separate analysis,
which found an independent relation between hypoalbuminemia and mortality (OR: 2.070; CI:
1.021-4.033; online supplementary material; see chapter 2.1.2.5). Age, hypertriglyceridemia-
induced AP, and, among the multifactorial aetiologies, a combination of hypertriglyceridemia
and alcohol were independent risk factors for disease severity. On-admission albumin levels
<25 g/L were independently associated with severe AP (OR: 3.620; CI: 1.128-9.978; Table 1).

29



GROUP: albumin (g/L)

NORMAL LOW
1: >50 2:49.9-45 3: 44.99-40 4:39.99-35 5:34.99-30 6:29.9-25 7:<24.99
On-admission albumin Lowest measured albumin

Local pancreatic complications

80
60 p<000!.
50 moxs %
2
g 40 8
g -
8 30 2740
s
*® 20 20
o N D [] D I
0 0
Normal Low Normal Low
Albumm group Albumm min groups
n__ 920 215 24 188 411 297 141 49 25 n 810 448 14 131 332 333 225 134 89
Pancreatic pseudocyst
12 pwsz
25
10 p<o 001
20
&8 g
8 815
- -—
56 S
R, ®10
; D .| ] D l
0
Normal Low Normal Low
Albumm gvoup Albumln min groups
n 920 215 24 188 411 297 141 49 25 n 810 448 14 131 332 333 225 134 89
Pancreatic necrosis
40
20 p<0 001
3 30
15 @
3 8
8 520
§ 10 ®
o
®
i l |:| |:| I |:| ) [| |:]
. .,/ DEm
Normal Low Normal Low
Albumln group Albumln min 3roups
n_ 919 215 24 188 411 296 141 49 25 n 810 447 14 131 332 333 225 134 88
Peripancreatic fluid collection
60 80
50 p<0 001 60 p<0 001
@
b] @
& 40 8
5 30 ‘5 40
® ®
20
2l D L] l H D D= I D
0 0
Normal Low 7 Normal Low 7
Albumm grcup Albumm min groups
n__ 920 215 24 188 411 297 141 49 25 n 810 448 14 131 332 333 225 134 89

Figure 6 Relation between albumin level and local complications, as defined by the Revised Atlanta Criteria in
acute pancreatitis All types of local complications were significantly more frequent in the low albumin group. A
dose-dependent increase was seen in the rate of local complications and peripancreatic fluid collection in both
cohorts and in pancreatic necrosis and pseudocyst in the lowest measured albumin cohort. P<0.05 is considered
significant. Patients with albumin levels <35 g/L were included in the low albumin group (Groups 5-7).
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Figure 7 Relation between albumin level and organ failure, as defined by the Revised Atlanta Criteria in acute
pancreatitis Significantly more patients developed organ failure in the low albumin group in both cohorts. A dose-
dependent increase was seen in the case of all analyses in the lowest measured albumin cohort. Heart failure was
dose-dependently increased in the on-admission cohort as well. P<0.005 is considered significant.
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Figure 8 Relation between albumin level and disease severity, mortality, length of stay and maximum C-reactive
protein level in acute pancreatitis Severity, mortality, length of stay and maximum C-reactive protein levels were

significantly and dose-dependently associated with hypoalbuminemia in both cohorts. P<0.05 is considered
significant.
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Predictor B SE OR 95% Cl p B SE OR 95% Cl p
Mortality On-admission albumin (n = 1149) Lowest measured albumin (n = 1272)

On-admission albumin level (vs. >35 g/L) On-admission albumin level (vs. >35 g/L)

30-34.99 g/L -0.108 0.553 0.898 | 0.259-2.390 0.845 -0.016 0.531 0.984 0.313-2.621 0.976
25-29.99 g/L 1.330 0.496 3.782 | 1.313-9.462 0.007 1.069 0.448 2.912 1.166-6.893 0.017
<25¢/L 1.659 0.611 5.256 | 1.389-16.112 | 0.007 2.823 0.365 16.828 | 8.323-35.129 <0.001
Age Age

per years ‘ 0.037 ‘ 0.012 ’ 1.037 ’ 0.014-1.063 | 0.003 | 0043 | 0012 ‘ 1.044 ‘ 1.021-1.070 | <0.001
Gender (vs. male) Gender (vs. male)

female ‘ -0.222 ‘ 0.370 ’ 0.801 ’ 0.383-1.648 | 0548 | -0.352 ‘ 0.347 ‘ 0.703 ‘ 0.352-1.380 | 0.309
Aetiology (vs. biliary) Aectiology (vs. biliary)

alcohol 0.669 0.554 1.952 | 0.636-5.725 0.227 0.909 0.523 2481 0.880-6.960 0.083
HTG 1.669 0.747 5.304 | 1.037-21.022 | 0.025 | 1.569 0.766 4.803 | 0.914-19.900 | 0.041
biliary + alcohol | 1.234 1.100 3.436 | 0.178-20.816 | 0.262 1.651 0.793 5.215 0.949-22.798 0.037
biliary + HTG -12.903 | 783.282 | - - 0.987 -12.335 | 786.272 | - - 0.987
alcohol + HTG 1.781 0.768 5.938 | 1.123-24.693 | 0.020 1.356 0.793 3.880 0.709-17.009 0.087
idiopathic 1.119 0.427 3.061 | 1.330-7.223 0.009 1.402 0.402 4.063 1.878-9.181 <0.001
other 0.010 0.790 1.010 | 0.152-3.964 0.990 0.213 0.807 1.237 0.182-5.045 0.792
Severity On-admission albumin (n = 1149) Lowest measured albumin (n = 1272)

On-admission albumin level (vs. >35 g/L) On-admission albumin level (vs. >35 g/L)

30-34.99 g/L 0.029 0.383 1.030 | 0.457-2.086 0.939 0.858 0.410 2.359 1.030-5.240 0.036
25-29.99 g/L 0.829 0.449 2.292 | 0.882-5.238 0.065 2.460 0.345 11.709 | 6.038-23.515 <0.001
<25¢g/L 1.286 0.548 3.620 | 1.118-9.968 0.019 3.887 0.346 48.761 | 25.276-98.908 | <0.001
Age Age

per years ‘ 0.040 | 0.010 | 1.041 | 1.022-1.061 | <0.001 | 0.032 l 0.009 l 1.032 l 1.015-1.051 | <0.001
Gender (vs. male) Gender (vs. male)

female ‘ -0.183 | 0.281 | 0.830 | 0.478-1.442 | 0515 | -0.332 l 0.274 l 0.718 l 0417-1225 | 0.226
Aetiology (vs. biliary) Aetiology (vs. biliary)

alcohol 0.522 0.420 1.685 | 0.751-3.673 0.195 0.093 0.403 1.097 0.492-2.403 0.818
HTG 1.712 0.546 5.543 | 1.776-15.536 | 0.002 1.060 0.565 2.885 0.910-8.476 0.061
biliary + alcohol | 1.056 0.802 2.874 | 0.426-11.572 | 0.188 0.172 0.778 1.188 0.222-5.006 0.825
biliary + HTG -13.792 | 785.525 | - - 0.986 -13.429 | 753.256 | - - 0.986
alcohol + HTG 1.316 0.632 3.727 | 0.952-11.941 | 0.037 0.497 0.657 1.643 0.422-5.688 0.450
idiopathic 0.536 0.330 1.709 | 0.884-3.247 0.104 0.541 0.320 1.718 0.915-3.218 0.091
other -0.475 0.629 0.622 | 0.145-1.852 0.450 0.008 0.547 1.008 0.310-2.744 0.988

Table 1 Multivariate logistic regression analysis for severity and mortality using the on-admission and the
lowest measured albumin cohort HTG: hypertriglyceridemia; B.: B coefficient; SE: standard error; OR: odds
ratio; Cl: confidence interval
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5.1.3.6 Poor predictive value on-admission

On-admission albumin levels have an AUC of 0.615 (sensitivity: 57.6%; specificity: 61.1%)
for severity with a cut-off at 39.3 g/L (Figure 9). The AUC for mortality was 0.660 (sensitivity:
72.1%; specificity: 53.7%) with a cut-off at 37.0 g/L. These data suggest that albumin plays a
crucial role in the pathophysiology and clinical outcome of AP; however, it cannot be used as
a single biomarker for predicting severity and mortality. Next, we wanted to understand whether
albumin loss during the course of AP is related in any way to outcome of the disease; therefore,
we regrouped our patients based on the lowest measured albumin levels.
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Figure 9 Receiver operating curves for mortality and severity On-admission albumin levels have poor predictive
value, while lowest albumin values have good classification accuracy for severity and fair classification accuracy
for mortality. AUC: area under the curve; best cut-offs are shown in red

5.1.3.7 Dose-dependent association of hypoalbuminemia during hospitalization with severity
and mortality

The proportion of patients with hypoalbuminemia anytime during hospitalization was 35.7%
(454 patients). A significant, dose-dependent increase was seen in the low albumin groups
(Group 5-7) compared to the normal albumin group as regards the rate of all examined systemic
and local complications (Figures 6-7). The lowest measured albumin levels throughout
hospitalization (n=1272) were significantly and dose-dependently associated with severity
(p<0.001), mortality (p<0.001), length of stay (p<0.001) and maximum CRP values (p<0.001)
(Figure 8).
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5.1.3.8 Lower albumin levels and greater albumin loss is associated with severity and
mortality

Albumin loss was analysed using data from patients with at least two aloumin measurements
(n=335; Figure 10). Compared to mild cases, patients with moderate and severe AP showed a
greater decrease in albumin levels (medians 5.4 vs. 9 and 15.25 g/L; p<0.001 for both
comparisons). The comparison of delta aloumin between the moderate and severe groups also
yielded significant results (p=0.003). Patients who died also lost significantly more albumin
during hospitalization (medians 6.7 vs. 15.75 g/L; p=0.002). The median time to the lowest
albumin levels from admission was 4 days (IQR: 3-7 days).
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Figure 10 Albumin loss Delta albumin values (g/L) are shown on boxplots for patients with at least
two albumin measurements (n=335) grouped by severity and mortality.

5.1.3.9 Extreme hypoalbuminemia increases the risk of severe AP and death

Age is an independent risk factor for severe AP and mortality, whereas hypertriglyceridemia-
induced and idiopathic AP and a combination of alcoholic and biliary causes are independently
associated with mortality (Table 1 and online supplementary material; see chapter 2.1.2.5).
Hypoalbuminemia below 25-29.99 ¢g/L (OR: 2.912; CI: 1.176-6.893) and below 25 g/L (OR:
16.828; CI: 8.323-35.129) were associated with an increased risk of mortality (Table 1). In a
separate analysis, hypoalbuminemia (<35 g/L) was also an independent risk factor for mortality
(OR: 4.185; CIl. 2.286-8.039) (online supplementary material; see chapter 2.1.2.5).
Furthermore, hypoalbuminemia anytime during hospitalization was associated with a higher
risk for severe AP (OR: 10.664; Cl: 6.188-19.614), and a gradual increase of odds ratios can
be observed in the low albumin groups (OR: 2.359; CI: 1.030-5.240 for Group 5; OR: 11.709;
Cl: 6.038-23.515 for Group 6; and OR: 48.761; ClI: 25.276-98.908 for Group 7).

5.1.3.10 The predictive value of lowest albumin values

The lowest measured albumin levels have higher AUC values: 0.848 for severity and 0.747 for
mortality (Figure 9). The best cut-off values were 31.3 g/L for severity (sensitivity: 82.9%;
specificity: 76.4%) and 28.6 g/L for mortality (sensitivity: 89.9%; specificity: 56.1%). The day
of the lowest albumin measurement - including patients with a single measurement- ranged
from 1 to 56 days, with a median of 2 days. Most patients only had a single measurement around
the time of admission.
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5.1.4 Discussion

To date, this is the most comprehensive evaluation of AP patients with hypoalbuminemia, using
the largest, prospectively collected, high-quality dataset. We found that almost one-fifth of
patients had hypoalbuminemia on admission (19%), and a further 25% developed
hypoalbuminemia during hospitalization, meaning that every third patient was affected.

In our analysis, hypoalbuminemia under 25 g/L anytime during hospitalization was
independently associated with a more than 47-fold higher chance for severe AP and a more than
16-fold higher chance for mortality. Our findings are consistent with results for
hypoalbuminemia in other diseases. Hypoalbuminemia was a prominent risk factor in
community-acquired bloodstream infection with severe sepsis and septic shock (105). A
retrospective analysis of data from more than 20,000 emergency medical patients in Ireland
found that hypoalbuminemia is independently associated with 30-day in-hospital mortality,
with a non-linear relationship between mortality and on-admission albumin levels (106).
Moreover, in a secondary analysis of a prospective cohort, AP patients with MOF (n=18)
demonstrated a sharper decline in serum albumin (P<0.001) compared to non-MOF patients
(n=39) (107).

We have not only proved that hypoalbuminemia is a risk factor but have also shown the dose-
dependent relation between low albumin levels and severity, mortality, number of patients with
any local complications, number of patients developing organ failure and maximum CRP levels
in both analyses (on-admission and lowest measured albumin levels).

These relations can be explained by the numerous physiological functions of human serum
albumin. Albumin was long considered a negative acute-phase protein, with decreasing
production giving way to inflammatory cytokines in inflammation (108). Serum albumin levels
undoubtedly decrease in inflammatory states, which may be due to a shorter half-life and a
larger interstitial pool, which causes the dilution of albumin (109-111). Capillary leak resulting
from inflammatory processes plays a role in the decline of serum albumin, but it is argued that
the escape of albumin to the tissues may be beneficial because of its antioxidant and scavenging
activity (112). Although a more than twofold higher production rate was observed in critically
ill ICU patients, this increased production is still not able to balance the higher demand. This
can be considered as a relative synthetic insufficiency of hepatic function (113).

Albumin loss was significantly associated with severity and mortality in our analysis. However,
only 51.7% of patients in the HPSG database had albumin measurements at least once during
their hospitalization, and 13.6% had them at least twice during that time. This highlights how
neglected aloumin measurements are in AP.

On admission albumin levels were found to have poor predictive values for mortality and
severity. Previous studies were mainly retrospective and had a much smaller sample size (86,
114, 115). They only assessed the predictive value of serum albumin for persistent organ failure
and peripancreatic infection, or were limited to severe AP.

From the clinician’s point of view, the decline of serum albumin levels — regardless of on-
admission albumin levels — signals clinical worsening and may aid in identifying high-risk AP
patients. However, clinicians mostly miss the opportunity to pre-emptively and frequently
measure serum albumin, thus delaying timely intervention.
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To date, no clinical trial examined therapeutic albumin administration in AP. As we know,
albumin is similarly associated with outcomes in sepsis and septic shock; randomized controlled
trials in this field could be a start (112, 116). The controversial results of studies and meta-
analyses in this field may be explained by heterogeneous patient populations and the time
sensitivity of this treatment (117).

To further exploit the potential in therapeutic albumin administration in AP, more detailed
clinical studies are needed to identify the patient subpopulations benefiting the most from this
therapeutic option.

5.1.4.1 Strengths and limitations

We conducted the most extensive, most comprehensive cohort study on the role of
hypoalbuminemia in acute pancreatitis to date. We analysed high-quality data from a
prospective, international, multicentric registry. We identified hypoalbuminemia as an
independent risk factor in AP, present in at least every third patient. We also found a dose-
dependent relationship between albumin levels and main outcomes, which was previously not
described.

Among the limitations, we must mention the arbitrary classification of albumin levels (except
for the low-normal cut-off), the missing data on albumin levels and albumin administration
during hospital stay, and the limited number of aloumin measurements during the hospital stay,
which could introduce bias. The limited number of albumin measurements did not enable more
detailed analyses of serum albumin at different time points. Our analysed cohorts differed from
the total cohort in some aspects, thus potentially signalling performance bias, as albumin
measurements are more frequently ordered for patients with expected hypoalbuminemia.

5.1.5 Conclusion

Hypoalbuminemia is remarkably common in AP (seen in 19% of patients on admission and
35.7% during hospitalization) and represents an independent risk factor for severity and
mortality. Importantly, albumin loss during hospitalization was also associated with severity
and mortality, suggesting that routine monitoring of serum albumin is recommended, and that
albumin administration should be examined as a therapeutic intervention in AP.

5.1.6 Implications for research
Clinical trials are needed to assess the potential benefit of albumin replacement in AP.

5.1.7 Implications for practice

(1) Albumin levels should be measured for all AP patients, (2) albumin levels should be
controlled at least in those patients whose condition is worsening during AP, and (3) albumin
administration should at least be considered in patients with severe hypoalbuminemia (<25
g/L).
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5.2 Recurrence prevention in alcohol-induced acute pancreatitis: protocol of a
randomized controlled trial

5.2.1 Introduction

AP is an often-unheeded issue by clinicians and healthcare professionals, with significant

medical charges (36, 118). Alcohol and biliary obstruction are the two main causes of AP in

adulthood, alcohol being the diagnosed inducing factor in 25-35% of the cases (119).

Cohort studies have found that 10 to 30% of patients have recurrent attacks based on medical
history, and a recent meta-analysis has shown that 10% of the patients after a single episode of
AP and 26% of those with RAP later progress to CP (120). It Is known, that RAP (more than
one episodes of AP) significantly lowers physical and mental quality of life (QoL) (121) and
alcoholic etiology has been identified in 19% of RAP patients (41). Despite the importance and
potentially preventable nature of alcoholic RAP, preventive efforts are still scarce (122, 123).

A pivotal study from Nikkola et al. found that abstinent patients experienced no RAPs during
a 9-year follow-up period. On the other hand, 34% of patients who did not stop drinking
developed a recurrent attack (124). The median time between the index AP and the first
alcoholic RAP ranges from 8.5 months to 2.2 years, but around 80% of the registered first
recurrent attacks occur in the first 4 years of follow-up (125, 126). With 6-monthly
interventions, Nordback et al. achieved a significant reduction in the recurrence rate of AP in
Finland (57, 127).

Smoking is a long-established independent risk factor of AP and CP (see chapter 1.4.2.3).
Findings are controversial regarding the effects of smoking cessation. A study published by
Sadr-Azodi found that the risk of AP is statistically comparable to never-smokers’ after 20 non-
smoking years (54). In contrast, a meta-analysis showed an elevated risk of AP in former
smokers compared to never-smokers (53).

Limiting alcohol use and smoking apart from their positive effects on the pancreas generally
improve health (128) and up to a certain extent, organ damage caused by these substances is
reversible (63, 129-131). Smoking cessation alone can prolong life with 1.4-8.5 years (132).

In a Hungarian cohort study of 600 patients, alcohol consumption was 4 times more frequent in
males, alcoholic aetiology represented 26.5% of all cases and was often associated with
smoking. Alcoholic RAP accounted for 21.2% of all cases in the cohort (133). In a CP cohort,
daily alcohol consumption, as an etiological factor, was present in 56% of the cases, and 56%
of the participants smoked more than 10 cigarettes/day (134).

It is known that more than half of patients suffering from AUD are also dependent on tobacco,
and that continued tobacco use represents a more than two-fold risk for relapse (135, 136). To
this day there are no adjusted protocols for the treatment and follow-up of heavy-drinking
smokers (137, 138). It is proven that, in contrast with previous assumptions, smoking cessation
programs for patients at risk or living with AUD improve alcohol-related outcomes (135, 139)
and a brief alcohol intervention improves the rate of successful smoking cessation (140).

However, to date, no study has examined the effects of a combined intervention for the
reduction of nicotine and alcohol consumption in RAP and guidance is very limited on this
topic (141-144). Based on the above-mentioned reasons, while all patients with alcoholic AP
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should receive counselling, a one-time brief intervention will be provided to all participants,
without further counselling in the control group.

5.2.2 Objectives

The study encompasses a randomized controlled trial (REAPPEAR-T) and a concomitant
cohort study (REAPPEAR-C). The REAPPEAR-T’s objective is to investigate the effect of an
alcohol and smoking cessation program combined with patient education on the recurrence rate
of alcohol-induced AP, CP and QoL. Additionally, the REAPPEAR-C’s objective is to
investigate the effect of alcohol and smoking cessation (irrespective of intervention) on the
recurrence rate of alcohol-induced AP, CP and QoL.

5.2.3 Methods

5.2.3.1 Design

The REAPPEAR study, designed in accordance with the SPIRIT statement (145), utilizes a
combined design to answer two questions in one particular patient population. The
REAPPEAR-T will be an international, single-blind, 2-arm, parallel group, superiority
randomized controlled trial, testing the efficacy of a cessation program for alcohol and smoking,
using brief interventions. The REAPPEAR-C is a prospective 4-arm cohort study, which
includes all patients participating in REAPPEAR-T with further enrolment after the termination
of enrolment to the trial. In the cohort, patients will be grouped by smoking status and alcohol
consumption at the end of the study, irrespective of intervention. The same eligibility criteria
and outcomes will be used in both sub-studies and differences will be described in the
appropriate sections in detail.

For the list of centres please see the online supplementary material (see chapter 5.2.3.19). The
enhance the visibility of this project and centre recruitment, the protocol is being presented on
national and international conferences.

5.2.3.2 Population
Inclusion criteria:

- patient hospitalized with alcohol-induced AP (defined by the revised Atlanta
criteria(43))

- regular consumption of at least 40g (women)/ 50g (men) alcohol daily or 280g (women)/
3509 (men) alcohol during the preceding week of onset of abdominal pain

- every day smoker (defined as an adult patient who smoked at least 100 cigarettes in his
or her lifetime, and now smokes on a daily basis; as per the CDC definition), with at
least 1-year history of smoking

- aged 18-65 years (146)

- completed the standard intervention (see below)

- provided written informed consent (online supplementary material; see chapter
5.2.3.19).

Exclusion criteria:

- possible aetiologies for AP other than alcohol (eg. gallstone-related,
hypertriglyceridemia above 11.5 mM (99, 147, 148), hypercalcemia, viral infection) and
cases with combined etiological factors will be excluded

39



- major psychiatric illnesses (e.g., schizophrenia, bipolar disorder, dementia)

- currently receiving therapy for AUD or taking part in a smoking cessation program

- three or more documented lifetime episodes of AP (149) or CP criteria are met (150)
- undergoing active or palliative treatment for malignancy

- pregnancy

- life expectancy is less than two years

Medical personnel not involved in the treatment of the patient will perform formal screening
and obtain informed consent.

5.2.3.3 Standard intervention

The standard intervention will be incorporated into standard medical therapy in all centres, and
will be provided to all patients hospitalized for alcohol-induced AP. Standard intervention will
be delivered by a specially trained nurse because interventions delivered by nurses have been
found to be the most effective in reducing the quantity of alcohol consumed (151). The
intervention will be based on the WHO initiative ‘Assist-linked brief intervention’, using
psychoeducational and motivational interviewing techniques (152). For the standard
intervention, we calculated with an average length of 30 minutes, based on a recent Cochrane
review including 69 RCT-s, according to which longer interventions on alcohol had no benefit,
the median duration being 25 minutes (153). The standard intervention will also provide
educational information about the nature of alcoholic AP and the risk of recurrence to the
patients. Feasibility and cost-effectiveness were also considered.

5.2.3.4 Intervention in REAPPEAR-T

The repeated intervention will be provided by the same specially trained personnel and
structured similarly to the standard intervention. Each session will have the same structure but
can be tailored to the patient’s needs to strengthen motivation. Sessions will consist of 3 parts.
First, the negative effects of alcohol and smoking on the pancreas will be highlighted. Second,
the patient’s motivation for abstinence and smoking cessation will be discussed. Third, the
individual’s responsibility in achieving the goals set after motivation assessment, with
personalized advice (57). We wish to enhance the efficacy of the repeated intervention by
providing feedback for the patient based on the mean corpuscular volume (MCV) and gamma
glutamyl-transferase (GGT) values measured at the day of the interview (154). The trained
personnel providing the interventions will not take part in patient care in any form.

5.2.3.5 Concomitant care

Patients participating in cessation programs or psychotherapy at the time of enrolment will not
be eligible. Patients using self-help programs and nicotine replacement therapy with commonly
available products will not be excluded. The provided interventions encourage patients to seek
help and try different strategies for alcohol and smoking cessation.

5.2.3.6 Outcomes
The primary endpoint of the REAPPEAR Study will be the composite of 2-year recurrence
rate of AP irrespective of aetiology and 2-year all-cause mortality.

Secondary endpoints:
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1) RAP irrespective of aetiology (given as cumulative incidence and as rate of event)
within 6, 12, 18 and 24 months.

2) Recurrence of alcohol-induced AP (rate of event) within 2 years.

3) The condition of ‘likely pancreatitis’ (fulfilling the diagnostic criteria of epigastric
pain, a serum amylase or lipase level at least two times the upper normal level, and
elevated leukocyte count or CRP levels, defined by Pelli et al (155))

4) Length of hospital stay given in days (specifically due to recurrent pancreatitis and
cumulative during follow-up)

5) Presentation to the emergency unit with and without hospital re-admission
(cumulative incidence)

6) Change of alcohol consumption and tobacco use (compared to baseline), estimated
separately form biomarker levels and patient-reported consumption

7) Chronic pancreatitis (incidence within 2 years (150))

8) Changes in body mass index and blood pressure (compared to baseline)

9) Healthcare cost from the perspective of the health insurance fund within 2 years and
quality adjusted life years

5.2.3.7 Recruitment

Consecutively, all patients under treatment for alcohol-induced AP who received the standard
intervention according to standard protocol will be screened for eligibility, all eligible patients
will be offered to participate in the REAPPEAR study. The potential benefits of participation
will be highlighted to facilitate patient recruitment.

5.2.3.8 Biologic sample collection and biomarker measurements
At enrolment and every visit, basic laboratory tests from blood will be carried out and
participants will provide blood, hair and urine samples for storage in the biobank.

Laboratory parameters measured are shown in the online supplementary material (see chapter
5.2.3.19). Laboratory results will be evaluated by a physician, who will decide whether further
medical attention is necessary. All patients will receive the results of their laboratory tests in
written form.

The samples in the biobank will be stored at —80°C and identified by the personal identification
number (PIN) given at study entry. Planned alcohol and smoking biomarker measurements
include urine and serum ethyl-glucuronide (or ethyl-sulphate) and hair nicotine measurements
(156, 157). All samples will be collected and sent together to the laboratory when the patient
number reached the pre-set goal for analysis. The results of the biomarker measurements will
not be made accessible for patients. These measurements are only available in specialized
laboratories, therefore can be changed later due to feasibility issues.

5.2.3.9 Trial organization, committees and boards

The corresponding center of the REAPPEAR study is the Centre for Translational Medicine,
Medical School, University of Pécs (www.tm-centre.org), whereas the coordinator and designer
research team is the HPSG (https://tm-centre.org/en/study-groups/hungarian-pancreatic-study-
group/). HPSG has been running high-quality international, multicenter clinical trials since
2014 (148, 158-160) and has published relevant guidelines for pancreatic diseases to improve
patient care in pancreatology (161, 162).
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The Steering Committee will be led by PH (principal investigator, specialist in internal
medicine, gastroenterology and clinical pharmacology). Members will be KO (study
coordinator), a patient representative, NF (biostatistician), IH (psychologist) and the center
leaders. All data gathered for research purposes will be handled confidentially and
anonymously, which will be ensured by the Data Monitoring Committee. 6-monthly audits are
planned in each center with continuous monitoring of the electronic case report forms (eCRFs)
(online supplementary material; see chapter 5.2.3.19). For each participant, a PIN will be
generated, and it will be present on all forms and documents of each individual. The
International Advisory Board will include Ole Petersen, Enrique de-Madaria and Jonas
Rosendahl, providing independent external advice and guidance on strategic matters. The study
was designed by the Steering Committee and was supported by the University of Pécs, Medical
School. The sponsor had no role in the design of the trial and will have no access to the
randomization codes or the data. The sponsor will not participate in data monitoring, analysis
and publication of results. The independent Safety Monitor will be LC, who will ensure the
safety of the patients and revise all reported harms possibly related to the intervention.

5.2.3.10 Data handling
Investigators will be responsible for the accuracy, reliability and quality of the collected data.
Detailed data flow will be described in a Data Management Plan.

The Data Monitoring Committee will perform an independent assessment of trial-related
documents and activities to ensure respect for subjects’ rights, safety and well-being and to
guarantee the plausibility of clinical data. After written consent of the subjects, data will be
recorded by the investigators. Personal data will not be made accessible to third parties. We
will fully comply with the GDPR regulations.

5.2.3.11 Safety

Based on the nature of the combined brief intervention in REAPPEAR-T, we do not expect
serious adverse events. However, minor or moderate adverse events may occur. Participants
will be provided with information on alcohol and nicotine withdrawal alongside with the
available options of professional help for addiction treatment. In case a potentially serious
health problem is detected by the investigators related to the intervention, the Safety Monitoring
Board will be notified. The REAPPEAR-C is an observational study, hence adverse events are
not applicable.

5.2.3.12 Randomization, allocation concealment and blinding in REAPPEAR-T

Central randomization will be performed with randomly permuted block size (2 to 6) and
allocation ratio of 1:1 using a computer-generated random sequence. Inclusion and exclusion
criteria will be re-checked prior to computer-aided randomization via an online platform. The
platform generates the PIN and a follow-up plan (with appointment dates). The randomization
procedure will be performed by the same person who screened and consented the patient. This
person must be a doctor not actively participating in the treatment of the participant.

Outcome assessors will be blinded to allocation. The medical personnel involved in the check-
ups and treatment during a potential hospital re-admission will not be aware of the allocation.
Since the nature of the intervention, the patient and the study nurse cannot be properly blinded.
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5.2.3.13 Statistical analysis

Sample size calculation for REAPPEAR-T was based on the only published interventional
randomized study assessing the effects of repeated brief interventions in alcohol-induced RAP,
counting with a 2-year recurrence rate of 21.3% and an absolute reduction to 8.5% (51, 54, 57,
133). Considering one interim analysis on efficacy (with the Pocock correction), 80% power,
5% alpha (superiority design, two-sided) and a drop-out rate of 30%, the estimated sample size
is 182 subject per study arm. This sample size calculation is expected to overestimate the
minimum number of participants for 3 reasons: (i) the use of a combined intervention on alcohol
and smoking and more frequent visits are expected to result in greater reduction of recurrence,
(i) the use of a composite primary endpoint may result in higher event numbers, (iii) the
recurrence rate of AP is expected to be higher in the heavy- drinking smoker population, than
in a mixed sample. The calculation was performed by Stata (version 15, Philadelphia, USA).

Safety analysis will be carried out upon reaching 10% of the target patient enrolment, and a
single interim analysis for efficacy and sample size re-estimation taking into consideration the
observed drop-out rate at 50% of the expected total events of the primary outcome, which is 21.
Early stopping will be executed (1) if safety concerns arise during the interim analysis or
anytime later (stopping for safety concerns), (2) if the statistical power reaches at least 80% and
p<0.05 for the primary outcome at the interim analysis (stopping for benefit), (3) if the results
of the interim analysis show equal effects in both groups (stopping for futility), (4) if power
does not reach 80%, sample size will be re-estimated using the observed event and drop-out
rate. In case the newly calculated sample size is unfeasible for the trial, both groups will
continue follow-up according to the schedule of REAPPEAR-C (stopping for feasibility).

In the final analysis, intention-to-treat will be favoured over per-protocol (or "as-treated”)
analysis. Information on mortality and hospitalizations will be obtained from the organization
responsible for handling data. The “last observation carried forward” strategy will be followed
to impute missing data for other outcomes measured during the study.

Sample size calculation for the REAPPEAR-C will be carried out at the final analysis of the
REAPPEAR-T, using available data from participants. Further enrolment will be performed
according to the estimated sample size. These additional participants will receive the more
effective or in case of equality the less costly intervention for alcohol and smoking cessation as
determined by the results of the REAPPEAR-T. Participants of the cohort will be categorized
into four groups primarily, according to smoking and drinking status (quit smoking; quit
drinking; quit both; still smokes and drinks). Time of smoking and alcohol cessation will be
taken into consideration. Participants who started smoking or drinking again after an abstinent
period will be excluded from analysis in the REAPPEAR-C.

In descriptive statistics, the count and percentage will be provided for each treatment arm for
binary outcomes. For continuous outcomes, number (n), mean, median, IQR, SD, minimum,
and maximum values will be provided for each treatment arm. In the univariate comparative
analysis, we will calculate relative risk with 95% CI when comparing the primary endpoint
between two groups (alpha=5%) with a reference arm using the control group complemented
with chi-square or Fisher’s exact test (the same strategy will be followed for binary secondary
outcomes). For continuous variables, we will use t-test assuming unequal variances or the
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Mann-Whitney test. We will perform univariate (Kaplan-Meier and Cox-regression) and
multivariate (Cox-regression) survival analyses for binary outcomes. An adjustment will be
carried out at least for age, sex, socioeconomic status, the number of prior RAPs, comorbidities,
history of alcohol consumption (cumulative) and smoking (package year), severity and
complications of index AP, body mass index, cholecystectomy and enrolling centre. Mixed
effect logistic regression will be conducted to estimate the effect of the multicomponent
intervention on the outcomes, where the subject PINs will be used as a random subject. The
model will be adjusted for changes in smoking habits, alcohol consumption, body mass index,
socioeconomic status, blood pressure and Maddrey score (163). All analyses will be carried out
with SPSS version 26 and Stata version 15.

5.2.3.14 Drop-outs

Information on the primary outcome will be obtained either from the patient’s documentation
or from the National Health Insurance Fund or similar organization managing data on
healthcare costs and mortality, therefore information on the primary outcome will be available
for most patients regardless of attendance of the study visits. Only withdrawal of consent will
result in missing data.

Considering per protocol analysis, in the REAPPEAR-T trial, missing more than one
consecutive interventions after the initial assessment or withdrawal of consent during follow-
up will result in the drop-out of the patient. In the REAPPEAR-C investigation, patients who
withdraw consent during follow-up or miss the 2-year visit will be considered drop-outs, since
data on current alcohol consumption and smoking can only be obtained from the patient.

5.2.3.15 Flow and timing

Patients who met the inclusion criteria and none of the exclusion criteria will be offered to
participate in the REAPPEAR-T trial. The enrolment period lasts from 48 hours before, until
one week after hospital discharge. After informed consent and randomization, participants will
be assigned to the cessation program or the control group (Figure 11). All patients will appear
at the clinic according to the study schedule (Figure 12), within +14 days from the pre-
scheduled date.

Figure 11 SPIRIT flowchart Standard intervention will be
provided for every patient as part of standard therapy. All

Patient hospitalised for alcohol-induced AP
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We chose 3-monthly visits in the cessation program based on a Swedish cohort study, in which
3-monthly brief interventions for selected patients with increased GGT levels were introduced
and GGT levels were used for feedback. These interventions were found to reduce mortality,
hospitalization and sick leave significantly (154). Hopefully, frequent visits will help in
upholding motivation and improve adherence. Patients in the control group will have 2 pre-
scheduled appointments, at 12 and 24 months.

Screening |Allocation| Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit7 | Close-out

TUDY PERIOD Il
s o enroliment day 0 3 months | 6 months | 9 months |12 months | 15 months | 18 months | 21 months |24 months

period
GROUP Both Both CG|[CP|[CG|CP|CG|CP|CG|CP|CG|CP|CG|CP|[CG|CP Both
E Eligibility screen X
I% Standard intervention X
é Informed consent X
g Allocation X

INTERVENTION

BP, HR, BMI

Laboratory testing

Questionnaires

ASSESSMENT
x [x|x|x
X [Xx | x[x|x
X [x | x[x|x
X [x | x[x|x
x [x | x|x
X [x | x [x|x
X [Xx | x [x|x
X [X | x [x|x
X [x | x [x|x
x [x|x|[x

Sample collection

Figure 12 SPIRIT timetable Abbreviations: control group (CG), cessation program (CP), blood pressure (BP),
heart rate (HR), body mass index (BMI)

5.2.3.16 Assessment

For the assessment of addiction and motivation to quit will be assessed by internationally
recognized and validated questionnaires (online supplementary material; see chapter 5.2.3.19)
(164-170). This will enable the person who provides the intervention to individualize it and
motivate the subject. Data on coffee consumption will be collected as well, as caffeine might
counter the effects of alcohol in AP (171). For the assessment of quality of life, the EQ-5D-5L
questionnaire will be used at baseline and every visit (172, 173). Socioeconomic status will be
assessed at baseline and at 12 and 24 months with the questionnaire used in the LIFESPAN
study (174). The aetiology of each recurrent episode will be determined following current
international guidelines, but all episodes will be included in the primary endpoint (119, 142).
Blood pressure, heart rate and body weight will be measured by an independent nurse blind to
the allocation at every visit. Body mass index will be calculated.

5.2.3.17 Cost-effectiveness

Cost-effectiveness analysis will be performed to examine the impact of the cessation program
on QoL, survival and health expenditure compared to the controls. We calculate the
incremental cost-effectiveness ratio, which is defined by the difference in cost between the
compared interventions (cessation program with 3-monthly visits versus usual care), divided
by the difference in their effect (quality adjusted life years). The incremental cost-effectiveness
ratio will be evaluated based on the Hungarian cost-effectiveness threshold. The total cost of
treatment per each individual will be obtained from the national database at the completion of
the study.

5.2.3.18 Patient and public involvement
Five randomly selected patients from the HPSG database were invited. All of them had previous
AP and would have been eligible for the study. Three patients attended the joint consultation.
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The original aims, hypotheses and protocol of the study were fully introduced to them. Patients
insights were as follows: (i) they welcomed the study with great pleasure and felt it is highly
important, (ii) they found the primary endpoint fundamental, (iii) they found the questionnaires
and information sheets understandable, (iv) they highlighted the importance of frequent visits
to the clinic, and found the duration of the visits feasible (v) they pointed out the necessity of
high quality training of personnel providing the interventions, (vi) they had absolutely no
disapproval or negative feelings regarding regular blood tests, (vii) they had no ethical objection
concerning the control group, (viii) they expressed high difficulties considering smoking
cessation and favoured a step-down approach rather than immediate quitting. We have revised
and modified the original protocol accordingly.

5.2.3.19 Supplementary material
The online supplementary material can be found at
https://bmjopen.bmj.com/content/12/1/e050821.

5.2.4 Discussion

Although alcohol and smoking are individual risk factors for AP, RAP and CP, they can
synergize each other’s effects (31). In addition, there is a lack of evidence as to the means of
preventive measures that could be used in everyday clinical practice concerning alcohol and
tobacco use for AP patients. Also, the effect of smoking cessation on recurrence in drinkers and
non-drinkers is not yet clear.

The REAPPEAR study aims to fill these gaps and provide specialists and primary care
physicians with valuable information on the importance of alcohol and smoking cessation in
AP and RAP. Furthermore, the feasibility, efficacy and cost-effectiveness of an intervention
program will be tested in this population to provide basis for large-scale intervention in alcohol-
induced pancreatitis.

5.2.5 Ethics and dissemination

The REAPPEAR study is open for participation. Results of the planned analyses will be
presented at national and international conferences and in peer-reviewed journals. Additional
long-term follow-up of the participants is planned within the confines of the REAPPEAR+
study.

The trial has been registered at the clinicaltrials.gov (NCT04647097). Amendments will be
published under this registration number. The Scientific and Research Ethics Committee of the
Hungarian Medical Research Council approved the study (40394-10/2020/EUIG). All local
ethical approvals are in place. The study will be performed in accordance with the declaration
of Helsinki, the principles of ICH-GCP guidelines and local legal and regulatory requirements.
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5.3 Liver support therapy in acute-on-chronic liver failure: a network meta-analysis
and systematic review

5.3.1 Introduction

ACLF is a clinical syndrome defined by the acute deterioration of chronic liver disease and the

rapid development of organ failures, associated with high short-term mortality.

Most patients developing ACLF have pre-existing cirrhosis, which is a hyperinflammatory state
(175, 176). Another aggravating factor is the immune paralysis described by several studies
(177-181), which prevents effective countermeasures against infection and makes patients
prone to serious infective complications.

Several therapies have been tested for the replacement of hepatic functions. So far, liver
transplantation is the only curative therapy available. Survival rates are good, but availability
and eligibility for transplant in ACLF differs by country (182). In the CANONIC study, only
4.5% of ACLF patients received transplant. Reportedly, low transplant rates are due to the high
prevalence of infection and organ failure. Waiting-list mortality exceeds 50% in this population
(182).

The APASL consensus guideline from 2019 states that “plasma exchange appears to be a
promising and effective bridging therapy in patients with ACLF to liver transplant or
spontaneous regeneration [1, C]” (183). The EASL Clinical Practice Guidelines do not
recommend liver support therapies for the treatment of ACLF, but underlines the importance
of further studies, because in specific subgroups ACLF seems beneficial (184).

Numerous pairwise meta-analyses of RCTs have been published assessing short-, middle- and
long-term survival benefit of liver support therapies with controversial results (185-192). These
meta-analyses faced serious limitations, as they pooled together data from studies testing
different devices, in some cases with different follow-up lengths. A network meta-analysis
(NMA), on the other hand, can handle multiple interventions and rank them, if the assumption
of transitivity is met (193).

To facilitate international discussion and consensus, we decided to perform the first NMA
comparing all available and tested liver support systems to each other and standard medical
therapy (SMT) in patients with ACLF and ranking these treatments by survival benefit.

5.3.2 Methods

The protocol for this review was registered in the PROSPERO database under registration
number CRD42020155850. There were no protocol deviations. This meta-analysis was
reported according to The PRISMA Extension Statement for Reporting of Systematic Reviews
Incorporating Network Meta-analyses of Health Care Interventions (PRISMA-NMA) (194).

5.3.2.1 Eligibility criteria

Parallel randomized controlled trials assessing the safety and efficacy of artificial and
bioartificial liver support therapies in adult patients with ACLF were eligible for inclusion,
regardless of the current availability of the tested therapy and length of follow-up. Conference
abstracts were included to reduce publication bias. Crossover studies were excluded from the
analyses of survival due to concerns about the carryover effect but were included in the
systematic review. ACLF definitions used in the included RCTs were accepted, as there is a
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lack of international consensus regarding this matter. For the studies published before ACLF
was introduced as a clinical entity, the review authors decided eligibility based on the eligibility
criteria used in the study. In case data for the same outcome was reported with substantially
different time frames or different definitions were used among studies, outcomes were reported
in the systematic review. Studies with shorter or longer follow-up periods than the assessed
outcomes were also included in the systematic review.

5.3.2.2 Search strategy and selection

The systematic search was conducted up to the 15th December 2019 in the following databases:
MEDLINE (via PubMed), Embase, CENTRAL, Web of Science and Scopus, with the search
key designed based on the PICO format: (‘hepatic failure’ OR 'liver failure’ OR 'end stage liver
disease' OR cirrhosis OR 'alcoholic hepatitis’) AND (‘liver support system' OR 'liver support
device' OR 'liver assist device' OR ‘artificial liver' OR 'bioartificial liver' OR ‘extracorporeal
liver' OR "albumin dialysis' OR 'extracorporeal cellular therapy' OR MARS OR Prometheus OR
‘fractioned plasma separation and adsorption' OR hemadsorption OR hemoadsorption) AND
random*. No filters or restrictions were applied. References of included studies, citing articles,
and authors' accessible publications in a search engine (Google Scholar) and ResearchGate
were hand searched for further eligible publications.

5.3.2.3 Data extraction

Data extraction was performed by two independent investigators (KO, AK) in duplicate using
Endnote X9, Clarivate Analytics and Windows Excel 2016, Microsoft. In the case of
discrepancies, agreement was reached by two experts (ZM or ZS). As a measure of inter-rater
reliability, Cohen's kappa coefficients (k) for the selection of abstracts and full-texts were
counted. Information collected from each study and additional information used are detailed in
the supplementary material.

5.3.2.4 Risk of bias assessment and quality of evidence

The risk of bias assessment was conducted in duplicate using Version 2 of the Cochrane risk-
of-bias tool for randomized trials (RoB 2) for overall (OS) and transplant-free survival (TFS)
separately (195).

For the four outcomes assessed in the NMA, quality of evidence was assessed in duplicate
according to the Grading of Recommendation, Assessment, Development and Evaluation
Working Group's recommendations, using a modified GRADE approach (196).

5.3.2.5 Statistical analysis

A Bayesian method was used to perform pairwise meta-analyses and NMAs with the random
effect model for OS and TFS. For the analysis of transplant-free survival, transplant counted as
an event similar to death. In case no patient received liver transplantation, OS and TFS were
identical. If available, data for the intention-to-treat population was used.

We used risk ratios (RR) for dichotomous data with 95% credible intervals (95% Crl). We
optimized the model and generated posterior samples using the Monte-Carlo methods running
in four chains. We set at least 20,000 adaptation iterations to get convergence and 10,000
simulation iterations. Network estimates (pooled direct and indirect data) of each intervention
compared to standard medical therapy and other interventions are presented in forest plots,
summarized in a league table. We were unable to use the node-splitting analysis to examine the
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consistency assumption because of the star-shaped configuration of the networks (197). We
ranked the interventions by their posterior probability by calculating the surface under
cumulative ranking (SUCRA) curve values ranging from 0 to 100%. The higher the SUCRA
value, and the closer to 100%, the higher the likelihood that a therapy is in the top rank or one
of the top ranks; the closer to 0 the SUCRA value, the more likely that a therapy is in the bottom
rank, or one of the bottom ranks (198). We also provided rankograms, showing the probability
of achieving certain ranks. Frequentist comparison-adjusted funnel plots were created for 1-
and 3-month OS, and Egger's tests were performed to assess small-study effect. The low number
of studies in the TFS analyses did not enable this method. In an additional analysis,
methodology-based evaluation was performed. All calculations were performed with R (V.
3.5.2) package gemtc (V. 0.8-2) along with the Markov Chain Monte Carlo engine JAGS (V.
3.4.0) and STATA 16.0 (StataCorp LLC).

5.3.2.6 Supplementary material
The online supplementary material can be found at
https://annalsofintensivecare.springeropen.com/articles/10.1186/s13613-020-00795-0.

5.3.3 Results

5.3.3.1 Search and selection

The systematic search yielded 2,797 records. Four additional articles were identified through
manual search and from previous meta-analyses. k for abstracts and full-texts was 0.87 and 0.90
respectively, marking almost perfect agreement in both cases. One hundred three full texts were
assessed for eligibility. Twenty-three articles proved to meet the eligibility criteria for the
systematic review and 16 were included in the data synthesis (Figure 13).

)
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5.3.3.2 Characteristics of the included studies

The main characteristics of the 23 eligible studies included in qualitative synthesis are
shown in Table 2. Of the 16 studies, enrolling 1670 patients included in the meta-analysis 15
compared a type of artificial (199-208) or bioartificial (209-213) liver support system to
standard medical therapy and one study compared Molecular adsorbent and recirculating
system (MARS) versus MARS plus plasma exchange (PE) (214). The most common aetiologies
of underlying diseases were viral infection and alcohol. From the 1526 participants with
available information on gender, 1064 were males (69.8%). ACLF definitions, eligibility
criteria, baseline characteristics and outcomes of the individual studies are reported in Table 2.

5.3.3.3 Survival

Survival was reported in most of the included studies, with greatly varying follow-up lengths.
Data synthesis was feasible in four cases: 1-month (28-31 days) and 3-month (84-91 days) data
were pooled for overall and transplant-free survival. The summary of the findings for these four
outcomes is presented in Table 3.

Plasma exchange demonstrated a statistically significant survival benefit compared to SMT in
the analysis for 3-month OS (RR 0.74; Crl 0.60 to 0.94), with 86% SUCRA, 46% probability
of being the best and 41% probability of being the second-best option from the six listed
treatments (Figures14-15). PE also ranked first on the cumulative curves in three out of four
analyses: both 1- and 3-month OS and 1-month TFS (Figure 14 and online supplementary
material; see chapter 2.3.2.6.). In the analysis for 1-month TFS PE rank second after
extracorporeal liver assist device (ELAD), with 76% versus 79% SUCRA values, but had a
slightly higher cumulative probability of being in the first two places than ELAD (90% versus
88%) (online supplementary material; see chapter 2.3.2.6.).

MARS ranked second in both OS outcomes (Figures 14-15 and online supplementary material;
see chapter 2.3.2.6.) with 73% SUCRA at 1 month and 71% at 3 months. Concerning TFS,
MARS ranked second last and last with SUCRA values of 27% at 1 month and 33% at 3 months
(online supplementary material; see chapter 2.3.2.6.). Prometheus was included in both OS
analyses and in 3-month TFS. Only MARS, PE and their combination performed better than
this device in the OS outcomes and it ranked second after PE for 3-month TFS. However, the
SUCRA values and the probabilities for the first ranks are much lower than for PE (SUCRA:
40% for both OS and 51% for 3-month TFS, first rank probabilities 5% for 1-month OS, 4%
for 3-month OS and 13% for 3-month TFS, shown on (Figures 14-15 and online supplementary
material; see chapter 2.3.2.6.). Although ELAD therapy, the only biological device ranked first
for 1-month TFS, in the analysis for 3-month TFS it had a SUCRA of 38%, even lower than
SMT (41%). BioLogicDT was included in the OS analyses and ranked second last in both cases.
SMT had the lowest probability of being the best or second-best option in all four analyses.
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First author,

Aetiology and baseline

Intervention(s)

publication year E NIy ST characteristics /comparison Ollizegies
Inclusion: presumptive diagnosis of cirrhosis with an identifiable triggering
event; an increase of TBIL >5 mg/dL and at least one of the following: HRS,
HE> grade 11, rapidly progressive hyperbilirubinemia (>50% increase from Mostly alcoholic, viral,
TBIL levels at admission) >20 mg/dL at admission autoimmune, drug-induced, Survival, HE,
Exclusion: progressive jaundice as a consequence of the natural course of NASH etc. laboratory
Banares (2013) cirrhosis; extrahepatic cholestasis; PLT<50,000/mm3; INR>2.3; suspected or Age (years)?: 51.8/50.0 MARS/SMT parameters,
evident DIC; need for RRT; intrinsic renal disease; uncontrolled infection; Males (%): 66.7/70.8 AEs
active bleeding; HCC >4 cm in diameter; portal vein thrombosis; severe MELD?*25.6/24.1
cardiopulmonary disease; MAP<60 mmHg despite vasopressor therapy); major
surgical procedure within the last 4 weeks; HIV infection
Inclusion: 15-65 years ; clinical diagnosis of ACLF; obvious gastrointestinal
and/or systemic toxic symptoms; TBIL >5 times upper limit of normal or daily Mostly alcoholic and viral;
increase >1 mg/dl; prothrombin activity of 10%-50%; INR 1.6-4.0, or drug-induced, autoimmune,
prothrombin time >5s longer than the control but <20s, HE absent or grade I-11; unknown, 'acute/subacute’ Survival,
Duan (2018) no or mild ascites/pleural effusion Age? (years): 39.5/39.2 ELAD/SMT AEs
Exclusion: primary or metastatic liver cancer; uncontrolled severe infection; Males (%): 96.9/88.2
shock; active bleeding within 3 days; grade 111-IV HE; PLT <40x109/1; MELD? 28.0/30.8
creatinine >1.5 mg/ml; severe oesophageal varices
Inclusion: acute alcoholic hepatitis, HE > grade 11 Alcoholic Survival, HE,
Exlusion: pregnancy; MAP <50 mmHg despite adequate volume loading and Age® (years): 46/43 physical and
Ellis (1999) appropriate use of inotropes;respiratory failure; cerebrovascular event within the Males (%): '60 /30 BioLogicDT/SMT | laboratory
previous 12 months, a recent upper gastrointestinal haemorrhage; poorly g parameters,
. i A A ; MELD/CTP: NR
controlled epilepsy; recent myocardial infarction/ischaemia AEs
Inclusion: >18 years, manifestations of cirrhosis and HE grade III-1V Mostly alcoholic or viral; HE AEs
Excl_usion: active haemo_rrhgge; hemodynamic instability; e;cute o autoimmune, drug induced, Iabo’ratorg/
Hassanein (2007) cardlopul_monary co_mpllc_atlons (pulrponqry oederpa, massive asp_lratlon bunknOV\{n MARS/SMT parameters
pneumonia, heart failure); pregnancy; active RRT; drug intoxication or Age® (years): 49/56 -
' . . . ) ) (survival was
irreversible brain damage or nonhepatic causes of altered mental status; acute Males (%): 61.5/48.4 additional)
liver failure; HCC; received transplant MELD": 33/38
Inclusion: 18-65 years; cirrhosis (CTP>7) and a superimposed acute liver injury Mostly alcoholic; viral, drug
leading_ to decompe_n_sation and severe h}{perbilirul_oinemia (T_BIL22_O mg/dL) in duce’d ’ Survival, HE,
Heemann (2002) Exclusmn. h_epgtoblll_a_ry .obstructl_on, active bleedlng_or sepsis causing . Age® (years): 48/57 MARS/SMT AEs,
emodynamic instability; comorbid conditions associated with a poor outcome; ) laboratory
AR . . Lo Males (%): 50/63.6
coma of nonhepatic origin; extensive surgery 30 days preceding admission; parameters

HRS; pregnancy

CTP®: 11.5/12
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First author,

Aetiology and baseline

Intervention(s)

publication year E NIy ST characteristics /comparison Ollizegies
Inclusion: acute decompensation of cirrhosis; SOFA score >9; and either a
. MELD score of >32, or MELD >24 and at least one of HE grade III-1V or type | Aetiology, age, sex NR Survival,
Hillebrand (2010) HRS MELD® 34.3/40.8 ELAD/SMT AEs
Exclusion: NR
Survival, HE,
Inclusion: chronic severe hepatitis B with HE >grade 11 HBV AEs,
Exclusion: late stage disease; previous irreversible respiratory failure; severe AgeP (years): 43/42 laboratory
Huang (2012) brain odema with hernia; severe systemic circulation disorder accompanied by Males (%): 78.3/75 MARSPE parameters,
DIC; serious active bleeding MELD/CTP: NR cost of
treatment
Inclusion: documented cirrhosis and encephalopathy grades Il or 111 had not Alcoholic. viral. autoimmune Iab?rgt,or
improved with conventional treatment ,unknc’>wn ’ and physig;ll
Kramer (2001) L'PS'O“: repal fe.ulure; hypOte“S'S n‘(MAP.<55 m”.".*g); resplra'gory or . AgeP (years): 55/56 BioLogicDT/SMT | parameters,
multiorgan failure; fever of >38,5 °C; bleeding requiring transfusion of >2 units Males® (%): 65% AEs
within the preceding 24 hours; insulin dependent diabetes mellitus; CTP: 14/'14 5 (survival is
administration of sedatives within the preceding 2 days ' ' additional)
Inclusion: 18-70 years; severe deterioration of chronic liver disease; CTP >10
(over 72 hours); TBIL >5 mg/dL (over 72 hours)
Exclusion: Pregnancy/lactation; HIV infection, intracranial bleeding; Mostlv alcoholic and viral-
cerebrovascular disease; ARDS; circulatory shock with vasopressor therapy; otl):ers not specified ' Survival,
Kribben (2012) per5|st_er_1t bleeding n_e_eQng perfu5|_on; chrqnlc renal failure stage V; acu.te Age® (years): 50/51 Prometheus/SMT Iaboratory.
necrotizing pancreatitis; HCC, malignancy; INR >3.0 or PLT<30,000/L; Males (%): 62/65 parameters;
extrahepatic cholestasis; liver resections or major hepatobiliary surgery in the MELD: :28 127 AEs
previous 6 months except laparoscopic cholecystectomy; LT within 2 years, '
ALSS therapy within 7 days; participation in another clinical trial or this study
priorly
Inclusion: 18-60 years; HRS (serum creatinine >1.5mg/dL, oliguria <500mL/d,
urine sodium < 20mmol/L, central venous pressure >8 cmH20); need of
haemodialysis/filtration treatment; chronic liver failure (3 of 4 criteria): Mostly alcoholic; HBV,
ultrasonic signs of chronic damage or impaired synthesis function primary and secondary biliary
Mitzner (2000) (hypoalbuminemia ,30g/L, prolonged prothrombin time (quick value <70%), AT cirrhosis MARS/SMT survival

111 <70%, serum cholinesterase <40 umol/s/L or hyperbilirubinemia (>15mg/dL)
or grade I1-IV HE

Exclusion: fulminant hepatic failure; sepsis unresponsive to antibiotics; severe
acute haemorrhages; malignancies; obstructive/chronic renal failure; pregnancy;
severe cardiopulmonary disease

Age? (years): 49.6/43.8
Males (%): 37.5/40
CTP%* 12.5/12.2
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First author,

Aetiology and baseline

Intervention(s)

publication year E NIy ST characteristics /comparison Ollizegies
Inclusion: sAH, age 18-50 years, total bilirubin >16 mg/dL, Maddrey score >32,
not eligible for transplant
Exclusion: PLT<40000/mm3; INR >2.5; serum creatinine >1.3 mg/dL; MELD
score >30; AST >500 IU/L; infection unresponsive to antibiotics; reduction in Alcoholic hepatitis
TBIL >20% in the previous 72 hours; hemodynamic instability; active bleeding; Age? (years): 39.1/39.5 Survival,
Pyrsopoulos (2019) major haemorrhage; liver size reduction due to cirrhosis; occlusive portal vein Males (%): 60.3/60.3 ELAD/SMT AEs
thrombosis; bile duct obstruction; life expectancy of less than 3 months due to MELD? 24.8/25.6
concomitant diseases; subject on haemodialysis; Wilson’s disease; NAFLD;
Budd-Chiari Syndrome; active viral hepatitis; pregnancy; received liver
transplant
Inclusion: 18-70 years; presumptive diagnosis of CHB, HBV-associated
cirrhosis, or hepatitis B surface antigen (HBsAQ) carrier; rapidly progressive HBV
hyperbilirubinemia with TBIL >10 mg/dL, within 28 days from symptom onset; Age® (years): 44.1/48.7 Survival
Qin (2014) INR>1.5 or plasma prothrombin activity <40% ge (years). 4a../40. PE/SMT ’
o~ . S . . . Males (%): 82.7/72.3 AEs
Exclusion: acute HBV infection; hepatitis E, A, D, or or HIV superinfection; a.
. RO . . . k MELD?: 28.6/29.5
alcohol- or drug-induced liver injury; severe gastrointestinal bleeding; HCC;
pregnancy
Inclusion: 18-75 years old; alcoholic liver disease; acute deterioration in liver
function over 2-4 weeks leading to severe progressive clinical deterioration
despite supportive care (over 48 hours); jaundice (TBIL >100 mol/L) and either Alcoholic Survival, HE,
HE Grade 2 or HRS; cirrhosis AgeP (years): 45/44 laboratory
Sen (2004) Exclusion: prior enrolment in another study; known hepatic / extrahepatic Males (%): 78/67 MARS/SMT and physical
malignancy; uncontrolled infection or upper gastrointestinal bleeding over the MELD®": 16.5/19.4 parameters
previous 48 hours; pregnancy; prior treatment with terlipressin for HRS;
coexisting HIV infection; severe cardiorespiratory disease
Inclusion: acute alcoholic hepatitis or acute decompensation of cirrhosis, MELD | Alcoholic and not specified Stlijrrr\]/évtzl’
Teperman (2012) | 18-35 (baseline only given for PP ELAD/SMT :
Exclusion: NR subjects) progi&eEsslon,
Inclusion: >18 years, history of heavy alcohol abuse, maximum of 6 weeks
between the last consumption, rapid onset of jaundice (TBIL> 8 mg/dL) and Alcoholic hepatitis survival
coagulopathy (Maddrey's DF > 32), stratum A: liver biopsy confirmed sAH/ 2 of | (superimposed or primary); Iaborator,
Thompson (2018) | the following: AST>ALT, leucocytosis, ascites stratum B: sAH+underlying Age? (years): 46.5/44.8 ELAD/SMT y
chronic liver disease confirmed by biopsy, laboratory findings and/or medical Males%: 57.3/60.7 parinEe;ers,

history
Exclusion: end-stage cirrhosis; portal vein thrombosis; MELD>35,

MELD?: 27.6/27.1
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First author,

Aetiology and baseline

Intervention(s)

poor outcome (acute necrotizing pancreatitis, neoplasia, severe cardiopulmonary
disease, oxygen dependent or steroid-dependent COPD); ongoing infection;
HRS type |

MELD?: 22.7/29.7/24.3

publication year = NIy St characteristics /comparison Ollitegiines
PLT<40000/mm3; severe concomitant disease; uncontrolled bleeding; infection
unresponsive to antibiotics; hemodynamic instability; chronic dialysis
Inclusion: acute-on-chronic hepatitis B liver failure (HBV-DNA >10000
copies/mL); defined as severe jaundice (TBIL> 171 mmol/L), coagulopathy, and HBV survival
Yu (2008) /or HE > grade Il; previous lamivudine treatment; MELD>30 Age? (years): 45.2/46.4 PE/SMT Iaborator7
Exclusion: obstructive and haemolytic jaundice; prolonged PTT due to Males (%): 80/78.6 aramete?/s
hematologic diseases; drug-induced hepatitis; Wilson's disease; alcoholic liver MELD?¢: 41.4 P
disease; autoimmune hepatitis; hepatitis C or D or HIV infection
Inclusion: severe viral hepatitis according to the criteria of the 1995 national Mostly viral, alcoholic Izllajcr)\r/;\tlc?:;/
* 1 ’
He (2000) E%(TI%Z?&WNR Age,sex, MELD/CTP: NR PE, PP, DHP/SMT parameters,
= HE, AEs
. . . . . . . Survival, HE,
Hu (2005)* :En;(!rjslioc?ﬁ'dl]\lrol?mc severe hepatitis complicated with multiorgan failure NR MARS/SMT laboratory
= parameters
Mostly alcoholic, HCV
iper oo | Sl ACLE pov ey st | MARSI | Lo
P Exclusion: NR Males® (%): 67% Crossover ' P AEs '
MELD®: 35.4
Inclusion: 18-75 years; histologically proven alcoholic cirrhosis with superposed
alcoholic hepatitis; portal hypertension with associated hyperdynamic
circulation and ACLF (persistent deterioration in liver function despite treatment Alcoholic hepatitis
of the precipitating event and elevated bilirubin>12 mg%) a . Laboratory
Laleman (2006)* | Exclusion: extrahepatic cholestasis; coma of non-hepatic origin; active Age (years): 54.5/43.2/558 | MARS/Prometheus parameters,
> X L . ) L ; . Males (%): 83.3/66.7/50 ISMT
gastrointestinal bleeding in the past five days; comorbidities associated with AEs
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First author,

Aetiology and baseline

Intervention(s)

publication year = NIy St characteristics /comparison Ollitegiines
Inclusion: >18 years, compensated chronic liver disease; developed intrahepatic
cholestasis (TBIL > 5 mg/dl); at least one of the following complications within Mostly alcoholic, HCV,
4-8 weeks after a potential identifiable acute superposed hepatic insult: a) a NASH and others MARS 4 citrate Laboratory
Meijers (2012)* progressive hyperbilirubinemia > 50% increase of TBIL > 20 mg/dl, b) HE > 11, Age° (years): 54.6 Crossover > | parameters,
¢) de novo development of ascites, and/or d) HRS Males (%): NR AEs
Exclusion: extrahepatic cholestasis; severe hypocalcaemia (Ca2+ < 0.9 mmol-I MELD?¢ 32.1
1); acidosis (pH < 7.25)
Alcoholic, HCV, HBV, Physiologic
Inclusion: decompensated chronic liver disease* and grade I11-1V autoimmune, unknown and
Wilkinson (1998)* | encephalopathy Age? (years): 58.3/42.7 BioLogicDT/SMT | neurologic
Exclusion: NR Males (%): 60/100 improvement,
MELD/CTP: NR AEs
Viral (?) Survival,
- Inclusion: ACLF defined by the Chinese Medical Association definition (2006) Age? (years): 42.7/43.5 AEs,
You (2011) Exclusion: NR Males (%): 100/83 HBALSS/PE laboratory
MELD? 23/24.1 parameters

Table 2 Characteristics of included studies Outcomes included in the network meta-analysis and systematic review (in grey) are listed here. 2mean values; "median values; call
patients; Yonly reported in the intervention group; TBIL: Total bilirubin; HRS: Hepatorenal syndrome; HE: Hepatic encephalopathy, PLT: platelet, INR: International
normalized ratio, DIC: Disseminated intravascular coagulation, RRT: Renal replacement therapy, HCC: Hepatocellular carcinoma, MAP: Mean arterial pressure, HIV:
Human immunodeficiency virus, NASH: Non-alcoholic steatohepatitis, MELD: Model for end-stage liver disease, MARS: Molecular adsorbent and recirculating system, SMT:
Standard medical therapy, AE: Adverse events, ACLF: Acute-on-chronic liver failure, ELAD: Extracorporeal liver assist device, CTP: Child-Turcotte-Pugh, NR: Not reported,
HRS: Hepatorenal syndrome, SOFA: Sequential organ failure assessment, HBV: Hepatitis B virus, PE: Plasma exchange, ARDS: Adult respiratory distress syndrome, sAH:
Severe alcoholic hepatitis, AST: Aspartate-aminotransferase, NAFLD: Non-alcoholic fatty liver disease, PP: Plasma perfusion, DHP: Direct hemoperfusion, HCV: Hepatitis
C virus, COPD: chronic obstructive pulmonary disease
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Study event rates (%) Anticipated absolute effects Overall
Intervention Rank Relative effect certainty of
(Studies) - (95% CI) Risk with Risk difference with liver ;
SMT Liver support SMT support evidence
1-month overall survival
PE 0 RR 0.51 17 fewer per 100 110
(1 RCT) ! 197104 (18.3%) (0.12 to 2.40) (from 30 fewer to 48 more) MODERATE
MARS o RR 0.60 14 fewer per 100 1000
@RCTs) | 2 109/113 (96:5%) | (4 15 19 1.30) (from 29 fewer to 10 more) | VERY LOW
MARS+PE 3 7160 (11.7%) RR 0.60 14 fewer per 100 1000
(indirect) 122/359 (0.07 t0 3.20) (from 32 fewer to 75 more) VERY LOW
(34.0%) 34 per 100
Prometheus 4 : 29177 (37.7%) RR 1.00 0 fewer per 100 o000
(1 RCT) 0 (0.25 t0 4.30) (from 25 fewer to 100 more) VERY LOW
BioLogicDT 6 6/10 (60.0%) RR 1.10 3 more per 100 100l
(1 RCT) (0.24 t0 5.40) (from 26 fewer to 100 more) VERY LOW
ELAD 0 RR 1.40 14 more per 100 o000
(3 RCTs) ! 261117 (22.2%) (0.56 to 3.60) (from 15 fewer to 88 more) VERY LOW
1-month transplant-free survival
ELAD 1 14/43 (32.6%) RR 0.47 22 fewer per 100 1000
(2 RCTs) (0.13t0 1.20) (from 36 fewer to 8 more) VERY LOW
PE 2 109/264 | 47/104 (45.2%) RR 0.52 41 per 100 20 fewer per 100 1@
(1 RCT) (41.3%) (0.21t0 1.20) P (from 33 fewer to 8 more) MODERATE
MARS 3 60/122 (49.2%) RR 0.96 2 fewer per 100 10]0le)
(3 RCTs) (0.50 to 1.50) (from 21 fewer to 21 more) VERY LOW
3-month overall survival
PE 1 136/244 (55.7%) RR 0.74 15 fewer per 100 1000
(2 RCTs) (0.60 t0 0.94) (from 23 fewer to 4 fewer) VERY LOW
MARS 2 12/17 (70.6%) RR 0.78 13 fewer per 100 o000
(2 RCTs) (0.38 t0 1.40) (from 36 fewer to 23 more) VERY LOW
Prometheus | 3 | 334/569 | 46/77 (59.7%) RR 0.97 59 per 100 2 fewer per 100 ®000
(1RCT) (58.7%) (0.68 to 1.40) (from 19 fewer to 23 more) VERY LOW
ELAD 4 78/213 (36.6%) RR 0.99 1 fewer per 100 o000
(4 RCTs) (0.76 to 1.30) (from 14 fewer to 18 more) VERY LOW
BioLogicDT 5 5/5 (100.0%) RR 1.00 0 fewer per 100 o000
(1 RCT) (0.5510 2.10) (from 26 fewer to 65 more) VERY LOW
3-month transplant-free survival
PE 1 42/104 (40.4%) RR 0.77 11 fewer per 100 oo
(1 RCT) (0.51t01.10) (from 23 fewer to 5 more) MODERATE
Prometheus 2 52/77 (67.5%) RR 0.96 2 fewer per 100 o000
(1 RCT) 189/396 (0.67 to 1.40) (from 16 fewer to 19 more) VERY LOW
47.7% 41 per 100
ELAD 4 | (T7%) | 761917 (35.0%) RR 1.00 0 fewer per 100 o000
(4 RCTs) (0.78 to 1.40) (from 11 fewer to 19 more) VERY LOW
MARS 5 7/8 (87.5%) RR 1.10 5 more per 100 o000
(1 RCT) (0.61t0 2.10) (from 19 fewer to 53 more) VERY LOW

Table 3 Summary of findings Significant results are highlighted in bold. Interventions are compared to SMT as
reference comparator SMT: standard medical therapy; Crl: Credible interval; PE: Plasma exchange; RCT:
Randomized controlled trial; RR: Risk ratio: MARS: Molecular adsorbent and recirculating system; ELAD:
Extracorporeal liver assist device
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Treatment 1

RR (95% Crl) Treatment 2
0.95 (0.53, 2.0)
0.76(0.50, 1.2)  0.81(0.36, 1.5) Prometheus
0.75(0.53,1.1) 0.79(0.37,1.5) 0.98(0.63, 1.6)
0.72(0.35,1.4) 0.75(0.28,1.7) 0.93(0.43,1.9) 0.95(0.46, 1.9) BioLogicDT
0.74 (0.60,0.94) 0.78(0.38,1.4) 0.97(0.68,1.4) 0.99(0.76,1.3) 1.0(0.55,2.1)
B. L
MARS ELAD
Study ID Intervention(s) Patients/group
Thompson (2018) ELAD/SMT 96/107
Hillebrand (2010) ELAD/SMT 14/4
Teperman (2012) ELAD/SMT 25/28
Pyrsopoulos (2019) ELAD/SMT 78/73
Qin (2014) PE/SMT 104/130 PE BioLogic DT
Yu (2008) PE/SMT 140/140
Ellis (1999) BioLogicDT/SMT 5/5
Sen (2004) MARS/SMT 9/9
Mitzner (2000) MARS/SMT 8/5
Kribben (2012) Prometheus/SMT 77/68
Prometheus
SMT
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Figure 14 3-month overall survival League table containing risk ratios and credible intervals for all comparisons
(A), studies included in the analysis for (B), geometry of the network (C), cumulative ranking curves (D) and
surface under the cumulative ranking curves (SUCRA) (E) RR: risk ratio; Crl: credible interval; PE: plasma
exchange; MARS: Molecular adsorbent and recirculating system; ELAD: Extracorporeal liver assist device; SMT:

standard medical therapy
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Methodology-based analyses were also performed grouping the albumin-based (MARS and
Prometheus) techniques, with very similar results (only the PE-SMT comparison for 3-month
OS reaching statistical significance, online supplementary material; see chapter 2.3.2.6.).

Wilkinson et al. (215) provided data only for 5-day survival comparing BioLogicDT with SMT
in a small number of patients. The device seemed to be effective in bridging to transplant. Hu
etal. (216) has found that MARS improved the survival of patients with chronic severe hepatitis
with MOF. You et al. (217) tested the hybrid bioartificial liver supporting system (HBALSS)
in 6 patients with similar mortality rate to controls. He et al. (218) tested the effects of plasma
perfusion, PE and direct hemoperfusion compared with SMT and the results were reported in
Chinese. A higher survival rate was reported in the intervention group (68.75% vs 46.67%) for
the whole study population. Extracted data for mortality in the ACLF subgroup by Alshamsi et
al. did not show a significant difference (RR 0.59, 95% CI 0.33-1.04) (189).

Long-term survival was assessed in six studies. Six-month survival was reported to be identical
in both groups by Hassanein, Heemann and Pyrsopoulos (additionally presented at a
conference, together with 1-year survival) (201, 208, 212). Duan et al. reported higher
transplant-free survival in the ELAD group, maintained until the end of the 5-year follow-up
(210). On the contrary, Thompson et al. found comparable mortality in the two groups at five
years (209). Interestingly, Qin et al. showed that in the PE group the 5-year cumulative survival
probability was significantly higher (43% vs 31% survived) and have found that treatment
added about 6 months to the life expectancy of patients with HBV-associated ACLF.

5.3.3.4 Hepatic encephalopathy and ammonia

Altogether ten studies reported the changes in mental status, but hepatic encephalopathy (HE)
different scales and definitions were used (online supplementary material; see chapter 2.3.2.6.).
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All studies reported improvement, which was statistically significant only in five cases, all
using MARS therapy. Ten studies reported changes in blood ammonia levels (online
supplementary material; see chapter 2.3.2.6.). Findings are controversial for MARS.
Prometheus and BioLogicDT does not remove ammonia effectively.

5.3.3.5 Bilirubin and bile acids

Changes in total bilirubin were reported in twenty studies (online supplementary material; see
chapter 2.3.2.6.). Results were not pooled on account of different treatment doses, measurement
time-points and definitions for bilirubin reduction. Hassanein et al. rightly pointed out that the
time between the last treatment session and post-treatment measurements could greatly
influence this outcome (208). They showed that a single session of MARS reduced total
bilirubin levels significantly, but this difference decreased by the end of the 5-day treatment
period. MARS, PE, MARS combined with PE, Prometheus, ELAD and HBALSS treatment
significantly reduced bilirubin levels. Krisper et al. compared MARS and Prometheus in a
crossover design and reported Prometheus to be more effective in the removal of conjugated
and unconjugated bilirubin. BioLogicDT does not remove bilirubin effectively.

Hassanein, Heeman and Laleman found that both MARS and Prometheus reduced bile acid
levels significantly (P<0.001 and P<0.001, respectively) (201, 208, 219). Krisper et al. reported
that MARS and Prometheus remove individual bile acids with different clearance rates (220).
On the other hand, Meijers et al. observed no significant reduction in bile acid levels after
MARS sessions.

5.3.3.6 Creatinine and blood urea nitrogen

Changes in creatinine levels were reported in 12 cases (online supplementary material; see
chapter 2.3.2.6.). Findings for MARS and BioLogic-DT are controversial regarding creatinine
removal from blood and Prometheus and plasma exchange therapy do not influence creatinine
levels. MARS, Prometheus and BioLogic-DT were found to decrease blood urea nitrogen levels
effectively.

5.3.3.7 Cytokines

Tumour necrosis factor-a. (TNF-a) levels were reduced after 6 hours of BioLogic-DT treatment
(p=0.04) as reported by Kramer et al. (202) but only small changes were observed by Ellis et
al. (207). MARS and Prometheus treatment did not reduce TNF-a levels (204, 221). He et al.
reported significant TNF-o reduction after treatment (218). MARS did not change IL-6, IL-8
and IL-10 levels, similarly to TNF-receptor 1 and 2 (204, 221). Higher IL-8 levels were
measured in the BioLogic-DT group (207). Levels of anti-inflammatory protein IL-1 receptor
antagonist were significantly elevated for days in ELAD treated subjects (209).

5.3.3.8 Harms

In the numbers of adverse events (AES) and reporting protocols an immense heterogeneity was
shown; therefore, quantitative data synthesis was not carried out. All devices were evaluated to
be safe, and the number of AEs was comparable to the control groups. Hassanein et al. described
nine possibly treatment-related adverse events in the MARS group, however, the nature of these
was not detailed (208). Acute hemolysis developed in one patient in the ELAD group (210) and
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treatment was discontinued in several cases due to adverse events not specified (209, 211, 213).
Heemann et al. compared AEs in the MARS group to patients who received dialysis and found
no significant difference. Two out of the twelve patients treated with MARS had fever/sepsis
possibly related to the catheter (201).

Adverse events were reported in all but four papers in general. The most frequent complications
were bleeding at the site of the catheter, clotting in the apparatus, and thrombocytopenia.
Hypotension was reported in patients treated with PE and Prometheus (203, 219).

5.3.3.9 Risk of bias assessment and quality of evidence

The quality of evidence is shown in Table 3 (for more information see online supplementary
material; see chapter 2.3.2.6.). Quality of evidence was moderate for PE in the analysis of OS
at 1 month and both TFS outcomes. All other results were of very low certainty. Results of the
risk of bias assessment conducted separately for OS and TFS are shown the online
supplementary material (see chapter 2.3.2.6.). Overall risk of bias was low in 50% of the studies
included in the OS analyses. 33% carried moderate and 22% high risk of bias. For TFS, 22%
of studies carried low, 22% moderate and 46% high risk of bias.

5.3.4 Discussion

Extracorporeal liver support therapies have been and will remain of fundamental interest in the
management of ACLF (222). However, their benefits have been debated for long. Therefore,
we conducted the first network meta-analysis focusing on patients with ACLF, assessing OS
and TFS at one and three months. The analyses for OS yielded similar results, with PE ranking
first and MARS second on the cumulative ranking curves in both cases. From all comparisons,
only PE was associated with a statistically significant improvement, when compared to SMT
in the analysis of 3-month OS, but with very low certainty of evidence. Other comparisons did
not reach statistical significance, but SMT had very low probabilities of being the best option
in all analyses.

Until then, evidence on the efficacy of PE in ACLF mostly originated from cohort studies. The
APASL consensus guideline recommended the use of PE in ACLF for bridging to
transplantation or recovery. The EASL did not find the available evidence to be sufficient for
recommending the use of any liver support therapy for the treatment of ACLF. High volume
PE was found to reduce mortality and effectively remove DAMPS, TNF-o and IL-6 in ALF
patients in an RCT (223, 224).

The role of immune dysfunction and dysregulated immune response in ACLF has recently come
into focus. Both hyper-inflammation and immunosuppression plays a role in acute
decompensation (179, 225). Inflammation represented by elevated inflammatory markers was
previously thought to be a consequence of ongoing infection, but lately endogenous inducers
were identified as underlying causes (226). Bioartificial devices have the potential of synthetic
functions and contribution to the immune response (227). So far, only ELAD was tested in
RCTs, always compared to SMT. Although ELAD did not perform well on the cumulative
ranking curves, significantly higher IL-1 receptor antagonist levels were measured during
ELAD therapy than in controls (209). Based on this finding, the immunomodulatory functions
of bioartificial devices should be further assessed.
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Several new devices are being tested in animal models of liver failure including both artificial
and bioartificial devices (228, 229) and ongoing clinical trials are enrolling ACLF patients
((230), NCT03882346, NCT04051437). Other blood purification methods, such as CytoSorb
™ therapy, also seem promising (231, 232), but they have not yet been evaluated in a
randomized setting. Nevertheless, according to a recent in vitro experimental model, CytoSorb
hemoperfusion lead to an initially faster removal of cytokines like TNF-a and IL-6, as well as
more effective reduction of albumin-bound toxins such as indirect bilirubin and bile acids
compared to MARS (233).

There are some strengths and several limitations to our study. This is the first NMA in this field
using the latest recommendations from the Cochrane Collaboration for statistical analysis, risk
of bias and QE assessment. We evaluated OS and TFS separately, at one and three months. We
did not pool in-hospital, short-term and long-term survival data. Studies enrolling patients with
hepatorenal syndrome were not excluded with the aim of including cases with poorer prognosis.
This new methodology enabled the comparison and ranking of different devices and highlighted
the need for international consensus on the definition of ACLF and further trials testing already
existing and new devices.

The absence of loops in all of the created networks limits statistical analysis in Bayesian
networks and results in wider credible intervals. Transitivity could not be directly tested, but
we think that the differences between the study populations do not violate the assumption of
transitivity. The analyses included relatively few studies, some of them only enrolling less than
10 subjects per group, raising concerns about the beta-type error. Most importantly, due to the
different definitions of ACLF used, patient characteristics can differ significantly among
studies, resulting in a highly heterogenous population in our study. Eligibility criteria and the
ratio of viral and alcoholic aetiology differs in the included studies, but all patients were
diagnosed with ACLF. Differences in the study populations may explain some of the
controversial results of RCTs included in this meta-analysis. Also, in some of the included
studies mortality was not a primary endpoint and was reported additionally, therefore bias arise.
The recruitment period for the included trials ranges from March 1997 until February 2015,
which could impose chronological bias. Variance in SMT and treatment dose also could have
influenced outcomes (234). Due to the differences in treatment dose, cut-offs and reporting
protocols, data on HE, laboratory parameters and AEs could not be analysed quantitatively.

5.3.5 Implication for research

International consensus is needed to standardize the definition of ACLF. Further RCTs
targeting carefully selected subgroups of the ACLF population, using already existing and new
therapeutic methods are needed to produce high quality evidence for guideline development.

5.3.6 Implication for practice

PE seems to have the most beneficial effect at present, but liver support devices in general had
higher probabilities for the first two ranks than SMT. Choosing the best option remains in the
hands of the attending physician.
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Discussion
6.1 Common features and differences of AP and ACLF

AP and ACLF show resemblance in their core pathophysiologic features, which may facilitate
the understanding of the diseases and synthesis of scientific results for the benefit of patients.
Chronic damage by noxious stimuli — in many cases by harmful alcohol consumption —
preconditions pancreatic and hepatic tissue to the development of Sl, which is set off by an
often-unidentified trigger. More profound understanding of the development of the diseases
resulted in the concept of the sentinel acute pancreatitis model (55) and the clinical distinction
of ACLF from acute decompensation (65).

Although the similarities between ACLF and AP are numerous, certain fundamental differences
must be highlighted. Organ failure is a diagnostic criterion for ACLF and the prevalence of
MOF is much higher compared to AP. It represents an advanced stage of liver disease, while
AP is usually self-limiting and represents the first phase of a potentially chronic disease. It is
often only an acute inflammatory episode without the development of organ failure and
recurrence.

6.2 Stressors and amplification loops — current evidence on alcohol, smoking and
hypoalbuminemia

There is general consensus that both in AP and ACLF, cell death and organ failure are a result
of an imbalance of protective factors and stressors. In both cases, environmental and genetic
factors result in a state of decreased capacity to mediate inflammation and susceptibility to cell
damage and death. After the insult reaches the clinical threshold and Sl is induced, it is
amplified by vicious cycles seen both in AP and ACLF (21, 60). However, individual sensitivity
to noxious stimuli and harmful substances creates a more nuanced picture, further complicating
the utilization of experimental and clinical data. Interpersonal differences in response to
harmful substances are key to understanding the pathophysiology of these diseases, targeting
at-risk individuals, and offering effective treatment options.

The scientific community is not yet able to answer the controversy of why only a small
proportion of individuals with harmful alcohol consumption develop cirrhosis and alcohol-
induced acute pancreatitis. Nevertheless, the relationship of commonly occurring chronic
stressors, such as alcohol and smoking is being explored in depths. Alcohol and smoking are
closely associated, and smoking is known to play a role in disease progression, inflammation
and carcinogenesis both in ALD and AP (235). It has been shown that alcohol and smoking
produce an additive or multiplicative effect in AP (32), and smoking is also associated with
higher risk of alcoholic cirrhosis (235). The REAPPEAR study provides a specifically designed
intervention program for patients with concurrent harmful alcohol consumption and nicotine
dependency. By the utilization of information gathered from this gap-filling RCT, the follow-
up and cessation program of these patients can be organized more effectively in the future.
These programs may prevent or slow the progression of both AP and ALD, preventing CP and
ACLF.

Albumin is a biologically active protein with multiple functions. It is not only a transport
protein, but has anti-inflammatory, anti-oxidant and anti-thrombotic effects and is involved in
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endothelial stabilization (236). As a negative acute phase protein, the complex mechanisms
behind the deterioration of serum albumin levels during inflammation were mainly attributed
to extravasation. Hypoalbuminemia is a generally accepted sign of clinical deterioration, is
associated with disease severity and negatively correlates with disease prognosis both in AP
and ALD. Our analysis on the role of hypoalbuminemia in AP showed that severe
hypoalbuminemia is independently associated with both severity and mortality, and that there
is a dose-dependent association between albumin levels and systemic and local complications
in AP. As expected, we have found that on-admission levels have poor predictive value for AP
severity and mortality. However, the prospect of efficient albumin concentration looks
promising to improve the prognostic value of albumin (236).

6.3 Therapeutic prospects

Treatment of the precipitating event, the limitation of the inflammatory process and the
prevention of organ failure are the main therapeutic goals in AP and ACLF.

The anti-inflammatory properties of albumin, the rapid development of hypoalbuminemia in
inflammatory conditions and the successful use of human serum albumin solution for the
prevention of hepatorenal syndrome in ACLF highlight the potential therapeutic effects of
albumin resuscitation both in AP and liver diseases (65, 72). Jalan et al. postulated that albumin
function rather than quantity influences prognosis. They measured albumin the transport and
detoxification efficiency of albumin in patients with alcoholic cirrhosis, hospitalized due to
acute deterioration. They have found that albumin function was significantly reduced in
cirrhotic patients compared to healthy controls, with further reduction in patients with ACLF
(237). We have shown that one in five AP patients is affected by hypoalbuminemia on-
admission, and the prevalence of hypoalbuminemia during hospitalization reaches 35%,
warranting further attention. However, information is lacking regarding efficient albumin
concentration in AP. These findings underpin the need for trials assessing albumin’s
immunomodulatory effects and the efficacy of albumin resuscitation in these conditions.

Liver support therapies theoretically offer replacement for numerous liver functions, such as
the removal of several toxic product form the blood and synthesis of albumin, coagulation
factors, cytokines, and other biologically active substances. Nevertheless, most clinical trials
are underpowered and fail to present reliable evidence on the efficacy of liver support systems
in ACLF or lack thereof. Network meta-analyses enable the inclusion of multiple types of
interventions — in this case liver support systems — and the ranking of the above. We have found
that PE may be the most beneficial of the liver support systems tested in human RCTs. Results
from clinical trials of the newly developed bioartificial systems are much anticipated.

6.4 Clinical significance and implementation of the findings presented in the thesis

The immense burden of harmful alcohol consumption in the form of digestive system diseases
— including AP and ACLF — necessitates the close collaboration of pancreatologists and
hepatologists, to reduce alcohol-related gastrointestinal morbidity and mortality. The various
similarities in the pathophysiology and therapeutic goals in AP and ACLF offer a starting block
for scientific and clinical collaboration between these two fields. Due to the social and cultural
context of alcohol use, effective treatment and the prevention of progression are of utmost
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importance and must be in the focus of gastroenterologists. Index hospitalisations with alcohol-
induced AP or ALD provide an opportunity for the assessment of both organs and the initiation
of preventive measures and cessation programs. As a result of early intervention, the damage
caused by harmful alcohol consumption can be reversed, and several organs — including the
liver and the pancreas — spared.
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Summary of novel findings and perspectives

Hypoalbuminemia in acute pancreatitis: a prospective cohort analysis

We found that hypoalbuminemia is remarkably common in AP (seen in 19% of patients
on admission and 35.7% during hospitalization).
We saw not only that hypoalbuminemia represents an independent risk factor for severe
disease course but there is a dose-dependent association with severity and mortality in
AP (<25 g/L serum albumin anytime during hospitalization have a 16.8-fold higher risk
of death and 48.8-fold higher risk of severe AP than patients with normal albumin
levels).
We also observed that albumin loss during AP is associated with severity and mortality.
Based on these findings, we formulated the following implications for practice which
immediately change the treatment of AP patients:
o Albumin levels recommended to be measured for all AP patients
o Albumin levels suggested to be followed up at least in those patients whose
condition is worsening during AP
o Albumin administration should at least be considered in patients with severe
hypoalbuminemia (<25 g/L)
Our results point towards RCTs focusing on albumin replacement in AP.

Recurrence prevention in alcohol-induced acute pancreatitis: protocol of a randomized

controlled trial

We provide a gap-filling international, multicentre, randomized controlled trial to
examine the effects of a combined intervention for the reduction of nicotine and alcohol
consumption in alcohol-induced AP.

We created a tailored alcohol and smoking cessation program for all patients with
alcoholic AP in order to reduce the recurrence rate and to prevent the development of
CP.

Incorporating the REAPPEAR cessation program to the everyday practice will
revolutionize the care of patients with AUD, furthermore, it could result in the decrease
of medical expenses in the future.

Liver support therapy in acute-on-chronic liver failure: a network meta-analysis and systematic

review

We performed the first network meta-analysis comparing all available and tested liver
support systems to each other and standard medical therapy in patients with ACLF,
assessing safety and efficacy, ranking these treatments by survival benefit.

We found that all liver support systems are safe with low occurrence of complications.
Plasma exchange therapy showed significant survival benefit at 3 months and seems to
be the most effective treatment option currently available.

Our results facilitate international discussion and a consensus expected in the near future
on the clinical utility of liver support systems.
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Hypoalbuminemia affects one
third of acute pancreatitis patients
and is independently associated
with severity and mortality
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The incidence and medical costs of acute pancreatitis (AP) are on the rise, and severe cases still have
a 30% mortality rate. We aimed to evaluate hypoalbuminemia as a risk factor and the prognostic
value of human serum albumin in AP. Data from 2461 patients were extracted from the international,
prospective, multicentre AP registry operated by the Hungarian Pancreatic Study Group. Data from
patients with albumin measurement in the first 48 h (n=1149) and anytime during hospitalization
(n=1272) were analysed. Multivariate binary logistic regression and Receiver Operator Characteristic
curve analysis were used. The prevalence of hypoalbuminemia (<35 g/L) was 19% on admission and
35.7% during hospitalization. Hypoalbuminemia dose-dependently increased the risk of severity,
mortality, local complications and organ failure and is associated with longer hospital stay. The
predictive value of hypoalbuminemia on admission was poor for severity and mortality. Severe
hypoalbuminemia (<25 g/L) represented an independent risk factor for severity (OR 48.761; Cl 25.276-
98.908) and mortality (OR 16.83; Cl 8.32-35.13). Albumin loss during AP was strongly associated with
severity (p <0.001) and mortality (p =0.002). Hypoalbuminemia represents an independent risk factor
for severity and mortality in AP, and it shows a dose-dependent relationship with local complications,
organ failure and length of stay.
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Acute pancreatitis is a common gastroenterological disorder, with rising incidence and high medical costs. The
commonly used revised Atlanta Classification distinguishes between mild, moderate and severe disease based on
the development and duration of organ failure'. As the mortality rate can reach 30% in severe cases, identifying
risk factors and potential therapeutic targets is of utmost importance.

Human serum albumin is the most abundant protein in human serum with a very diverse role. Although
this hypothesis has been contradicted by recent data, declining albumin levels during inflammation have long
prompted physicians to underestimate its contribution to maintaining homeostasis during inflammation. How-
ever, albumin plays a pivotal role in maintaining the plasma redox state?, and its scavenging activity is likely to
influence vascular resistance through the regulation of nitric oxide levels®. Furthermore, low albumin levels result
in dilution and increased drug clearance, ultimately causing sub-optimal treatment*.

Small retrospective cohort studies have shown that hypoalbuminemia is an independent risk factor for severe
AP and in-hospital mortality in adults and children>®. Serum albumin has been reported to be associated with
persistent organ failure and prolonged hospital stay’. However, whether albumin is only a marker or there is
a cause-effect relationship between hypoalbuminemia and disease severity and mortality should be further
evaluated.

While comprehensive analyses are missing on AP patients with hypoalbuminemia and albumin loss in AP, we
aimed to evaluate (1) on-admission and in-hospital hypoalbuminemia as a risk factor in AP, (2) the prognostic
potential of human serum albumin, (3) whether there is a dose-dependent relationship between albumin level
and disease outcomes and (4) the relation of albumin loss to severity and mortality.

We found evidence that AP patients with <25 g/L serum albumin anytime during hospitalization have a
16.8-fold higher risk of death and 48.8-fold higher risk of severe AP than patients with normal albumin levels.
We also observed that albumin loss during AP is associated with severity and mortality. These data highlight the
unmet need for randomized controlled trials focusing on albumin replacement.

Results

One in every five patients suffering from acute pancreatitis has hypoalbuminemia on admis-
sion. Nineteen percent of patients (n=218/1149) presented with hypoalbuminemia (<35 g/L). 12.4% of
patients were admitted with 30-34.99 g/L albumin levels (Group 5), whereas 4.4% and 2.2% of patients had
25-29.99 g/L (Group 6) and <25 g/L (Group 7) on-admission albumin levels (Sup. Fig. S3).

Older age, lower body mass index, abdominal guarding on physical examination and non-bil-
iary aetiology are associated with on-admission hypoalbuminemia. Hypoalbuminemia was asso-
ciated with older age (average 59.7+18.0 and 56.0+16.1 years; p=0.005, Sup. Fig. S3). Males were overrepre-
sented in the analysed cohort (57%) and all subgroups (Sup. Fig. S3). Although biliary aetiology was the most
frequent in all subgroups, significantly fewer patients had biliary aetiology (34.4% vs 42.2%; p=0.042) in the low
albumin group, and a tendency of more alcoholic episodes (24.3% and 19%; p =0.096) was seen (Sup. Fig. S3).

Significantly lower body mass index (average 28.23 and 27.23; p=0.012) was found in the low albumin group
compared to the normal albumin group (Sup. Fig. S4). Diabetes mellitus (22.6% vs. 19.3%; p=0.318) and chronic
pancreatitis (7.3% vs. 6.1%, p=0.507) were overrepresented in patients with hypoalbuminemia; however, fewer
patients with hypoalbuminemia had recurrent AP (17.4% vs. 21.9%, p =0.144) (Sup. Fig. S4).

As regards the signs and symptoms, fewer hypoalbuminemia patients presented with abdominal pain (94.9%
and 99.2%; p <0.001) and more with abdominal guarding (27.2% and 19.9%; p =0.023) (Fig. S5). General signs,
such as duration and intensity of abdominal pain, abdominal tenderness, nausea and vomiting, did not differ
significantly. Hypoalbuminemia was associated with a dose-dependent increase in heart rate and a decrease in
systolic and diastolic blood pressure on admission (Sup. Fig. S5).

The fulfilment of diagnostic criteria differed significantly (p <0.001) among the low and normal albumin
groups on admission. Low albumin patients were less likely to present with pancreatic enzyme elevation, abdomi-
nal pain and characteristic imaging findings at the same time (42.7% versus 58.4%) (Sup. Table S2).

On-admission hypoalbuminemia is dose-dependently associated with elevated CRP and PCT
levelsin AP. The low albumin group had significantly lower serum amylase (p <0.001) and lipase (p=0.002)
levels on admission. An increase in dose-dependent C-reactive protein (CRP) (p<0.001) and procalcitonin
(PCT) (p<0.001) was observed in the lower albumin groups. White blood cell count (WBC) (p=0.017) levels
were also significantly elevated in the low albumin group (Figs. S6-S7). As regards laboratory markers of renal
function, hypoalbuminemia patients had significantly higher blood urea nitrogen (BUN) (p=0.002) and cre-
atinine (p=0.002) levels and a lower estimated glomerular filtration rate (eGFR) (p <0.001) (Sup. Figs. S8-S9).
Liver enzymes and total bilirubin levels did not differ between the low and normal albumin groups, but hypoal-
buminemia was associated with higher direct bilirubin levels (p=0.005) and a higher international normal-
ized ratio (INR) (p <0.001) (Sup. Figs. S10-S13). Haematological parameters, lipids, ions and glucose levels are
shown in Supplementary Figs. S14-S17.

On-admission hypoalbuminemia is dose-dependently associated with complications, severity
and mortality in AP.  Significantly more patients developed local complications and organ failure in the low
albumin group (p=0.016 and p <0.001, respectively) (Figs. 1, 2). Lower albumin levels correlated with a higher
rate of peripancreatic fluid collection and respiratory failure (p <0.001 and p=0.051). The rate of pancreatic
necrosis, pseudocyst or heart failure did not differ significantly between the groups.

Most importantly, hypoalbuminemia was associated with increased mortality (p =0.020), disease severity
(p=0.015) and hospital stay (p=0.025) (Fig. 3). Groups 6 and 7 had significantly higher mortality (p=0.005
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Figure 1. Relation between albumin level and local complications, as defined by the Revised Atlanta Criteria in
acute pancreatitis. All types of local complications were significantly more frequent in the low albumin group. A
dose-dependent increase was seen in the rate of local complications and peripancreatic fluid collection in both
cohorts and in pancreatic necrosis and pseudocyst in the lowest measured albumin cohort. P <0.05 is considered
significant. Patients with albumin levels <35 g/L were included in the low albumin group (Groups 5-7).
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Figure 2. Relation between albumin level and organ failure, as defined by the Revised Atlanta Criteria in acute
pancreatitis. Significantly more patients developed organ failure in the low albumin group in both cohorts. A
dose-dependent increase was seen in the case of all analyses in the lowest measured albumin cohort. Heart
failure was dose-dependently increased in the on-admission cohort as well. P <0.005 is considered significant.
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Figure 3. Relation between albumin level and disease severity, mortality, length of stay and maximum
C-reactive protein level in acute pancreatitis. Severity, mortality, length of stay and maximum C-reactive protein
levels were significantly and dose-dependently associated with hypoalbuminemia in both cohorts. P <0.05 is
considered significant.
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Predictor E | SE [or [9s5%cCI P

On-admission albumin (n=1149)—mortality

On-admission albumin level

30-34.99 g/L (vs.235g/L) | -0.108 |0.553 | 0.898 |0.259-2.390 |0.845
25-29.99 g/L (vs.235g/L) | 1.330 0496 | 3782 |1.313-9.462 | 0.007
<25 g/L (vs.235 g/L) 1.659 0611  |5256 |1389-16.112 | 0.007
Age

Per years (0037 ooz [1.037 [0014-1063 |0.003
Gender

Female (vs. male) ‘ ~0222 ‘ 0370 ‘ 0.801 ‘ 0.383-1.648 ‘ 0.548
Aetiology

Alcohol (vs. biliary) 0.669 0554 | 1952 |0.636-5725 | 0227
HTG (vs. biliary) 1.669 0747 | 5304 |1.037-21.022 | 0.025
Biliary +alcohol (vs. biliary) 1.234 1.100 3.436 |0.178-20.816 | 0.262
Biliary + HTG (vs. biliary) ~12.903 |783.282 |- - 0.987
Alcohol + HTG (vs. biliary) | 1.781 0768 | 5938 |1.123-24.693 |0.020
Idiopathic (vs. biliary) 1.119 0.427 3.061 |1.330-7.223 | 0.009
Other (vs. biliary) 0.010 0790 | 1.010 |0.152-3.964 | 0.990

On-admission albumin (n=1149)—severity

On-admission albumin

30-34.99 g/L (v.2 35 g/L) 0.029 0383 | 1.030 |0.457-2.086 | 0.939
25-29.99 g/L (v.235 g/L) 0.829 0449  |2292 |0.882-5238 | 0.065
<25g/L (v.235g/L) 1.286 0548 | 3.620 |1.118-9.968 |0.019
Age

Per years [o040  [oo0 [1041 [1022-1061 | <0.001
Gender

Female (vs. male) ‘ ~0.183 ‘ 0.281 ‘ 0.830 ‘ 0.478-1.442 ‘ 0515
Aetiology

Alcohol (vs. biliary) 0.522 0420 |1685 |0.751-3.673 |0.195
HTG (vs. biliary) 1712 0546 | 5543 |1.776-15536 |0.002
Biliary +alcohol (vs. biliary) | 1.056 0.802 2.874 |0.426-11.572 | 0.188
Biliary + HTG (vs. biliary) ~13792 |785.525 |- - 0.986
Alcohol + HTG (vs. biliary) | 1.316 0632|3727 |0952-11.941 |0.037
Idiopathic (vs. biliary) 0.536 0.330 1.709 |0.884-3.247 |0.104
Other (vs. biliary) ~0475 [0.629 |0622 |0.145-1852 |0.450

Table 1. Multivariate logistic regression analysis on the prognostic role of on-admission hypoalbuminemia in
acute pancreatitis. HTG hypertriglyceridemia, 8 p coeflicient, SE standard error OR odds ratio, CI confidence
interval.

and p=0.007, respectively) and severity (p=0.028 and p <0.001, respectively) compared to the normal group.
Maximum CRP levels during the course of AP significantly and dose-dependently increased with the degree of
serum albumin (p <0.001, Fig. 3).

On-admission hypoalbuminemia is an independent risk factor for severity and mortality, with
an odds ratio of up to 5.3 for mortality in acute pancreatitis. Age, hypertriglyceridemia-induced
(with or without concomitant alcoholic aetiology) and idiopathic AP were independently associated with mor-
tality. Severe on-admission hypoalbuminemia proved to be an independent risk factor for mortality with an OR
of 3.782 (CI 1.313-9.462) in Group 6 (<30 g/L) and an OR of 5.256 (CI 1.389-16.112) in Group 7 (<25 g/L)
(Table 1). Albumin levels were examined with a 35 g/L cut-off in a separate analysis, which found an independ-
ent relation between hypoalbuminemia and mortality (OR 2.070; CI 1.021-4.033; Supplementary Table S3). Age,
hypertriglyceridemia-induced AP, and, among the multifactorial aetiologies, a combination of hypertriglyceri-
demia and alcohol were independent risk factors for disease severity. On-admission albumin levels <25 g/L were
independently associated with severe AP (OR 3.620; CI 1.128-9.978; Table 1).

On-admission albumin levels alone have poor predictive value in AP.  On-admission albumin lev-
els have an AUC of 0.615 (sensitivity: 57.6%; specificity: 61.1%) for severity with a cut-off at 39.3 g/L (Fig. 4). The
AUC for mortality was 0.660 (sensitivity: 72.1%; specificity: 53.7%) with a cut-off at 37.0 g/L.
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Figure 4. Receiver operating curves for mortality and severity. AUC area under the curve; best cut-offs are
shown in red.

These data suggest that albumin plays a crucial role in the pathophysiology and clinical outcome of AP; how-
ever, it cannot be used as a single biomarker for predicting severity and mortality. Next, we wanted to understand
whether albumin loss during the course of AP is related in any way to outcome of the disease; therefore, we
regrouped our patients based on the lowest measured albumin levels.

One out of three patients suffer from hypoalbuminemia in AP during hospitalization, which
dose-dependently correlates with disease severity and mortality in AP. The proportion of
patients with hypoalbuminemia anytime during hospitalization was 35.7% (454 patients). A significant, dose-
dependent increase was seen in the low albumin groups (Group 5-7) compared to the normal albumin group
as regards the rate of all examined systemic and local complications (Figs. 1, 2). The lowest measured albumin
levels throughout hospitalization (n=1272) were significantly and dose-dependently associated with severity
(p<0.001), mortality (p <0.001), length of stay (p <0.001) and maximum CRP values (p <0.001) (Fig. 3).

Moderate and severe AP and mortality are associated with significantly lower albumin levels
and greater albumin loss. Albumin loss was analysed using data from patients with at least two albumin
measurements (n=335; Sup. Fig. $18). Compared to mild cases, patients with moderate and severe AP showed
a greater decrease in albumin levels (medians 5.4 vs. 9 and 15.25 g/L; p <0.001 for both comparisons). The com-
parison of delta albumin between the moderate and severe groups also yielded significant results (p=0.003).
Patients who died also lost significantly more albumin during hospitalization (medians 6.7 vs. 15.75 g/L;
p=0.002). The median time to the lowest albumin levels from admission was 4 days (IQR: 3-7 days).

AP patients with less than 25 g/L serum albumin have a 16.8-fold higher risk of death and a
48.8-fold higher risk of severe AP compared to patients with normal albumin levels. Age is
an independent risk factor for severe AP and mortality, whereas hypertriglyceridemia-induced and idiopathic
AP and a combination of alcoholic and biliary causes are independently associated with mortality (Table 2 and
Supplementary Table S4). Hypoalbuminemia below 25-29.99 g/L (OR 2.912; CI 1.176-6.893) and below 25 g/L
(OR 16.828; CI 8.323-35.129) were associated with an increased risk of mortality (Table 2). In a separate analy-
sis, hypoalbuminemia (<35 g/L) was also an independent risk factor for mortality (OR 4.185; CI 2.286-8.039)
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Predictor E | SE [orR  [9s%cI P

Lowest measured albumin (n=1272)—mortality

On-admission albumin level

30-34.99 g/L (vs.235g/L) | -0016 |0.531 | 0984 |0313-2621 | 0976
25-29.99 g/L (vs.235g/L) | 1.069 0448 |2912 | 1.166-6.893 | 0.017
<25 g/L (vs.235 g/L) 2823 0365 |16.828 |8.323-35129 | <0.001
Age

Per years [0045  [oorz [1044 [1021-1070 [ <0.001
Gender

Female (vs. male) ‘ ~0.352 ‘ 0.347 ‘ 0.703 ‘ 0.352-1.380 ‘ 0.309
Aetiology

Alcohol (vs. biliary) 0.909 0523 |2481 |0.880-6.960 | 0.083
HTG (vs. biliary) 1.569 0766 | 4.803 |0.914-19.900 | 0.041
Biliary +alcohol (vs. biliary) 1.651 0.793 5215 | 0.949-22.798 | 0.037
Biliary + HTG (vs. biliary) ~12.335 |786.272 |- - 0.987
Alcohol + HTG (vs. biliary) | 1.356 0793 |3.880 |0.709-17.009 |0.087
Idiopathic (vs. biliary) 1.402 0.402 4.063 1.878-9.181 <0.001
Other (vs. biliary) 0213 0807 |1237 |0.182-5045 | 0.792

Lowest measured albumin (n=1272)—severity

On-admission albumin

30-34.99 g/L (v.2 35 g/L) 0.858 0410 [2359 |[1.030-5240 | 0.036
25-29.99 g/L (v.235 g/L) 2.460 0345  |11.709 |6.038-23.515 | <0.001
<25g/L (v.235g/L) 3.887 0346 | 48761 |25.276-98.908 | <0.001
Age

Per years [0032  [ooos [1032 [1015-1051 | <0.001
Gender

Female (vs. male) ‘ ~0.332 ‘ 0.274 ‘ 0718 ‘ 0.417-1.225 ‘ 0.226
Aetiology

Alcohol (vs. biliary) 0.093 0403  |1.097 |0492-2403 |0818
HTG (vs. biliary) 1.060 0565 |2.885 |0.910-8476 | 0.061
Biliary +alcohol (vs. biliary) | 0.172 0.778 1.188 | 0.222-5.006 0.825
Biliary + HTG (vs. biliary) ~13.429 |753.256 |- - 0.986
Alcohol + HTG (vs. biliary) | 0.497 0657 |1.643 |0422-5688 | 0.450
Idiopathic (vs. biliary) 0.541 0.320 1.718 | 0.915-3.218 0.091
Other (vs. biliary) 0.008 0547 |1.008 |0310-2744 | 0.988

Table 2. Logistic regression for severity and mortality using the lowest measured albumin cohort. HTG
hypertriglyceridemia, 3 p coefficient, SE standard error, OR odds ratio, CI confidence interval.

(Table S4). Furthermore, hypoalbuminemia anytime during hospitalization was associated with a higher risk for
severe AP (OR 10.664; CI 6.188-19.614), and a gradual increase of odds ratios can be observed in the low albu-
min groups (OR 2.359; CI 1.030-5.240 for Group 5; OR 11.709; CI 6.038-23.515 for Group 6; and OR 48.761;
CI 25.276-98.908 for Group 7).

The lowest albumin values have good and fair predictive value for severity and mortality in
acute pancreatitis. The lowest measured albumin levels have higher AUC values: 0.848 for severity and
0.747 for mortality (Fig. 3). The best cut-off values were 31.3 g/L for severity (sensitivity: 82.9%; specificity:
76.4%) and 28.6 g/L for mortality (sensitivity: 89.9%; specificity: 56.1%). The day of the lowest albumin measure-
ment ranged from 1 to 56 days, with a median of 2 days. Most patients only had a single measurement around
the time of admission.

Discussion
To date, this is the most comprehensive evaluation of AP patients with hypoalbuminemia, using the largest,
prospectively collected, high-quality dataset®®.

We found that almost one-fifth of patients had hypoalbuminemia on admission (19%), and a further 25%
developed hypoalbuminemia during hospitalization, meaning that every third patient was affected.

In our analysis, hypoalbuminemia under 25 g/L anytime during hospitalization was independently associ-
ated with a more than 47-fold higher chance for severe AP and a more than 16-fold higher chance for mortality.

Our findings are consistent with results for hypoalbuminemia in other diseases. Hypoalbuminemia was a
prominent risk factor in community-acquired bloodstream infection with severe sepsis and septic shock'’. A
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retrospective analysis of data from more than 20,000 emergency medical patients in Ireland found that hypoal-
buminemia is independently associated with 30-day in-hospital mortality, with a non-linear relationship between
mortality and on-admission albumin levels'!. Moreover, in a secondary analysis of a prospective cohort, AP
patients with multiorgan failure (MOF; n=18) demonstrated a sharper decline in serum albumin (P <0.001)
compared to non-MOF patients (n=39)".

We have not only proved that hypoalbuminemia is a risk factor, but have also shown the dose-dependent
relation between low albumin levels and severity, mortality, number of patients with any local complications,
number of patients developing organ failure and maximum CRP levels in both analyses (on-admission and
lowest measured albumin levels).

These relations can be explained by the numerous physiological functions of human serum albumin. Albumin
was long considered a negative acute-phase protein, with decreasing production giving way to inflammatory
cytokines in inflammation'’. Serum albumin levels undoubtedly decrease in inflammatory states, which may be
due to a shorter half-life and a larger interstitial pool, which causes the dilution of albumin'*-'¢. Capillary leak
resulting from inflammatory processes plays a role in the decline of serum albumin, but it is argued that the
escape of albumin to the tissues may be beneficial because of its antioxidant and scavenging activity'’. Although
a more than twofold higher production rate was observed in critically ill ICU patients, this increased produc-
tion is still not able to balance the higher demand. This can be considered as a relative synthetic insufficiency
of hepatic function'®.

Albumin loss was significantly associated with severity and mortality in our analysis. However, only 51.7%
of patients in the HPSG database had albumin measurements at least once during their hospitalization, and
13.6% had them at least twice during that time. This highlights how neglected albumin measurements are in AP.

On admission albumin levels were found to have poor predictive values for mortality and severity. Previous
studies were mainly retrospective and had a much smaller sample size>!*?. They only assessed the predictive
value of serum albumin for persistent organ failure and peripancreatic infection, or were limited to severe AP.

From the clinician’s point of view, the decline of serum albumin levels—regardless of on-admission albumin
levels—signals clinical worsening and may aid in identifying high-risk AP patients. However, clinicians mostly
miss the opportunity to pre-emptively and frequently measure serum albumin, thus delaying timely intervention.

To date, no clinical trial examined therapeutic albumin administration in AP. As we know, albumin is simi-
larly associated with outcomes in sepsis and septic shock; randomized controlled trials in this field could be a
start'”?!. The controversial results of studies and meta-analyses in this field may be explained by heterogeneous
patient populations and the time sensitivity of this treatment®.

To further exploit the potential in therapeutic albumin administration in AP, more detailed clinical studies
are needed to identify the patient subpopulations benefiting the most from this therapeutic option.

Strengths and limitations. We conducted the most extensive, most comprehensive cohort study on the
role of hypoalbuminemia in acute pancreatitis to date. We analysed high-quality data from a prospective, inter-
national, multicentric registry. We identified hypoalbuminemia as an independent risk factor in AP, present
in at least every third patient. We also found a dose-dependent relationship between albumin levels and main
outcomes, which was previously not described.

Among the limitations, we must mention the arbitrary classification of albumin levels (except for the low-
normal cut-off), the missing data on albumin levels and albumin administration during hospital stay, and the
limited number of albumin measurements during the hospital stay, which could introduce bias. The limited
number of albumin measurements did not enable more detailed analyses of serum albumin at different time
points. Our analysed cohorts differed from the total cohort in some aspects, thus potentially signalling perfor-
mance bias, as albumin measurements are more frequently ordered for patients with expected hypoalbuminemia.

Conclusion

Hypoalbuminemia is remarkably common in AP (seen in 19% of patients on admission and 35.7% during hospi-
talization) and represents an independent risk factor for severity and mortality. Importantly, albumin loss during
hospitalization was also associated with severity and mortality, suggesting that routine monitoring of serum albu-
min is recommended and that albumin administration should be examined as a therapeutic intervention in AP.

Implications for research. Clinical trials are needed to assess the potential benefit of albumin replacement
in AP.

Implications for practice. (1) Albumin levels should be measured for all AP patients, (2) albumin levels
should be controlled at least in those patients whose condition is worsening during AP, and (3) albumin admin-
istration should at least be considered in patients with severe hypoalbuminemia (<25 g/L).

Methods

Study design and definitions. This analysis of an international, prospective, multicentre cohort was con-
ducted using data from the Acute Pancreatitis Registry operated by the Hungarian Pancreatic Study Group
(HPSG)®. Patient data were collected from establishment of the registry to 31 December 2019 on electronic case
report forms and validated using a four-tiered data validation protocol. Contributing centres are shown in the
supplementary material (Table S1 and Fig. S1). The registry was approved by the Scientific and Research Eth-
ics Committee of the Medical Research Council of Hungary (222254-1/2012/EKU) in 2012. It conforms to the
Declaration of Helsinki, as revised in 2013. All participants provided written informed consent. Data collection
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and validation are detailed by P4rniczky et al.**. The Hungarian Pancreatic Study Group published analyses from
the registry, the population of which may overlap with our analysed cohort**-*,

Diagnosis of AP was established using the IAP/APA guidelines®, while severity and complications were
defined using the Revised Atlanta Classification’.

Participants. Analyses were performed on patients’ data with albumin measurement anytime during hos-
pitalization (lowest measured albumin cohort, n=1272) and in the first 48 h of hospitalization (on-admission
albumin cohort, n=1149) to answer a post-hoc clinical research question. The cut-off value between the low and
normal albumin group was 35 g/L in both cases, based on the commonly used lower normal value. Subjects were
further divided into seven subgroups (Groups 1 to 7) using the lowest (n=1272) or first measured (n=1149)
albumin values.

The analyses of albumin change involved selected patients (n=335) with at least two albumin measurements.
Delta albumin was calculated as the difference between the first and lowest measured albumin levels.

Statistical analysis. Descriptive statistics are presented as the median with 25% and 75% percentiles (IQR)
or mean with standard deviation (SD) for continuous variables and as numbers and proportions for categorical
variables.

The Chi-squared test or Fisher’s exact test was used to assess the relationship between categorical variables.
The Mann-Whitney U test or Kruskal-Wallis test followed by Dunnett’s post hoc test was used to evaluate dif-
ferences between groups in the case of continuous variables.

Multivariate binary logistic regression analysis was performed to identify the risk factors independently asso-
ciated with severe disease and mortality. Odds ratios (OR) with 95% confidence intervals (CI) were calculated.

The Receiver Operator Characteristic (ROC) curve and Area Under the Curve (AUC) with 95% CI were used
to identify the ability of albumin levels to predict the mortality or severity of AP (The various AUC values were
classified as follows: between 0.5 and 0.6—fail; between 0.6 and 0.7—poor; between 0.7 and 0.8—fair; between
0.8 and 0.9—good; and over 0.9—excellent.) Best cut-offs were calculated using the Youden index’®.

P <0.05 was considered statistically significant, except for the Kruskal-Wallis test followed by Dunnett’s post
hoc test, where p < 0.025 was considered statistically significant.

All analyses were carried out in R statistical software, version 4.0.2 (R Core Team, 2020, Vienna, Austria),
packages: pROC (v. 1.17.0.1) and PMCMRplus (v. 1.9.0.)>"3.

Representativity. The main characteristics of the analysed cohorts are consistent with the literature data.
However, they differed significantly from the entire cohort (n=2461) in terms of severity, length of stay and
mortality (Fig. S2).

Reporting. We report our results following The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement, using the checklist provided™.

Data availability

The full dataset is available upon reasonable request.
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ABSTRACT

Background/objectives Acute recurrent pancreatitis
(ARP) due to alcohol and/or tobacco abuse is a preventable
disease which lowers quality of life and can lead to chronic
pancreatitis. The REAPPEAR study aims to investigate
whether a combined patient education and cessation
programme for smoking and alcohol prevents ARP.
Methods and analysis The REAPPEAR study consists

of an international multicentre randomised controlled

trial (REAPPEAR-T) testing the efficacy of a cessation
programme on alcohol and smoking and a prospective
cohort study (REAPPEAR-C) assessing the effects of
change in alcohol consumption and smoking (irrespective
of intervention). Daily smoker patients hospitalised with
alcohol-induced acute pancreatitis (AP) will be enrolled.
All patients will receive a standard intervention priorly to
encourage alcohol and smoking cessation. Participants
will be subjected to laboratory testing, measurement of
blood pressure and body mass index and will provide
blood, hair and urine samples for later biomarker analysis.
Addiction, motivation to change, socioeconomic status and
quality of life will be evaluated with questionnaires. In the
trial, patients will be randomised either to the cessation
programme with 3-monthly visits or to the control

group with annual visits. Participants of the cessation
programme will receive a brief intervention at every visit
with direct feedback on their alcohol consumption based
on laboratory results. The primary endpoint will be the
composite of 2-year all-cause recurrence rate of AP and/
or 2-year all-cause mortality. The cost-effectiveness of the
cessation programme will be evaluated. An estimated 182
participants will be enrolled per group to the REAPPEAR-T
with further enrolment to the cohort.

Ethics and dissemination The study was approved

by the Scientific and Research Ethics Committee of the

"1ybuAdoo Aq paroslold 1sanb Aq zzoz ‘8z |dy uo jwod g uadolwgy/:dny woly papeojumod 2z0z Alenuer ¢ Uo TZ8050-TZ0z-uadolwa/9eTT 0T Sk paysiignd 1si1y :uado CING

Strengths and limitations of this study

» This is the first study assessing a combined brief
intervention programme for recurrence prevention
in acute pancreatitis.

» The study could provide a cost-effective and easy-
to-use preventive method, reducing the recurrence
rate of alcoholic acute pancreatitis.

» The lack of a conventional control group could re-
sult in underestimating the efficacy of the cessation
programme.

» The results will be specific to the enrolled patient
population, which does not cover all patients with
recurrent acute pancreatitis.

Hungarian Medical Research Council (40394-10/2020/
EUIG), all local ethical approvals are in place. Results will
be disseminated at conferences and in peer-reviewed
journals.

Trial registration number NCT04647097

INTRODUCTION

Acute pancreatitis (AP) is an often-unheeded
issue by clinicians and healthcare profes-
sionals, with significant medical charges.'
The incidence rate of the first attack of AP
ranges from 15 to 45 per 100 000 per year.g
Alcohol and biliary obstruction are the two
main causes of AP in adulthood, alcohol
being the diagnosed inducing factor in
25%-35% of the cases.”
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Cohort studies have found that 10%-30% of patients
have recurrent attacks based on medical history, and a
recent meta-analysis has shown that 10% of the patients
after a single episode of AP and 26% of those with acute
recurrent pancreatitis (ARP) later progress to chronic
pancreatitis (CP).5 It Is known, that ARP (more than one
episodes of AP) significantly lowers physical and mental
quality of life (QoL)® and alcoholic aetiology has been
identified in 19% of ARP patients.” Despite the impor-
tance and potentially preventable nature of alcoholic
ARP, preventive efforts are still scarce.®”

A pivotal study from Nikkola et al found that abstinent
patients experienced no ARPs during a 9-year follow-up
period. On the other hand, 34% of patients who did not
stop drinking developed a recurrent attack.'” The median
time between the index AP and the first alcoholic ARP
ranges from 8.5 months to 2.2 years, but around 80% of
the registered first recurrent attacks occur in the first 4
years of follow-up."" '* With 6-monthly interventions,
Nordback et al achieved a significant reduction in the
recurrence rate of AP in Finland." '

Smoking is a long-established independent risk factor
of AP and CP. A dose-response association was found
between smoking and AP,"” '° and combined with heavy
drinking, smoking can further increase the risk of AP up
to four times compared with non-smokers.'” ** Findings
are controversial regarding the effects of smoking cessa-
tion. A study published by Sadr-Azodi found that the risk
of AP is statistically comparable to never-smokers’ after 20
non-smoking years.'” In contrast, a meta-analysis showed
an elevated risk of AP in former smokers compared with
neversmokers."”

Limiting alcohol use and smoking apart from their posi-
tive effects on the pancreas generally improve health'
and up to a certain extent, organ damage caused by these
substances is reversible.**** Smoking cessation alone can
prolong life with 1.4-8.5 years.**

In a Hungarian cohort study of 600 patients, alcohol
consumption was four times more frequent in males,
alcoholic aetiology represented 26.5% of all cases and was
often associated with smoking. Alcoholic ARP accounted
for 21.2% of all cases in the cohort.” In a CP cohort, daily
alcohol consumption, as an etiological factor, was present
in 56% of the cases, and 56% of the participants smoked
more than 10 cigarettes/day.*®

It is known that more than half of patients suffering
from alcohol use disorder (AUD) are also dependent
on tobacco, and that continued tobacco use represents
a more than two-fold risk for relapse.”” *® To this day,
there are no adjusted protocols for the treatment and
follow-up of heavy-drinking smokers.”” * It is proven that,
in contrast with previous assumptions, smoking cessa-
tion programmes for patients at risk or living with AUD
improve alcohol-related outcomes®” *' and a brief alcohol
intervention improves the rate of successful smoking
cessation.”

However, to date, no study has examined the effects of a
combined intervention for the reduction of nicotine and

alcohol consumption in ARP and guidance is very limited
on this topic,”™® (online supplemental table S1). Based
on the above-mentioned reasons, while all patients with
alcoholic AP should receive counselling, a one-time brief
intervention will be provided to all participants, without
further counselling in the control group.

Objectives

The study encompasses a randomised controlled trial
(RCT) (REAPPEAR-T: Recurrent acute pancreatitis
prevention by the elimination of alcohol and cigarette
smoking; trial) and a concomitant cohort study (REAP-
PEAR-C: Recurrent acute pancreatitis prevention by the
elimination of alcohol and cigarette smoking; cohort).
The REAPPEAR-T’s objective is to investigate the effect of
an alcohol and smoking cessation programme combined
with patient education on the recurrence rate of alcohol-
induced AP, CP and QoL. Additionally, the REAP-
PEAR-C’s objective is to investigate the effect of alcohol
and smoking cessation (irrespective of intervention) on
the recurrence rate of alcohol-induced AP, CP and QolL.

METHODS
Design
The REAPPEAR study, designed in accordance with the
Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) statement,”” uses a combined
design to answer two questions in one particular patient
population. The REAPPEAR-T will be an international,
single-blind, two-arm, parallel group, superiority RCT,
testing the efficacy of a cessation programme for alcohol
and smoking, using briefinterventions. The REAPPEAR-C
is a prospective four-arm cohort study, which includes all
patients participating in REAPPEAR-T with further enrol-
ment after the termination of enrolment to the trial. In
the cohort, patients will be grouped by smoking status
and alcohol consumption at the end of the study, irre-
spective of intervention. The same eligibility criteria and
outcomes will be used in both substudies and differences
will be described in the appropriate sections in detail.
The study will be conducted in Hungary, Ukraine, Italy
and Romania (list of centres in online supplemental file
1). Centres are welcome to join. The enhance the visi-
bility of this project and centre recruitment, the protocol
is being presented on national and international confer-
ences. Patients will be enrolled during their hospitalisa-
tion for AP and will be followed during ambulatory visits
to the same hospital.

Population

Inclusion criteria

» Patient hospitalised with alcohol-induced AP (defined
by the revised Atlanta criteria.®®

» Regular consumption of at least 40 g (women)/ 50 g
(men) alcohol daily or 280 g (women)/ 350 g (men)
alcohol during the preceding week of onset of abdom-
inal pain
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» Every day smoker (defined as an adult patient who
smoked at least 100 cigarettes in his or her lifetime,
and now smokes on a daily basis; as per the CDC defi-
nition), with at least 1-year history of smoking.

» Aged 18-65 years.”

» Completed the standard intervention (SI) (see
below).

» Provided written informed consent (online supple-
mental file 2).

Exclusion criteria

» Possible aetiologies for AP other than alcohol (eg,
gallstone-related, hypertriglyceridaemia above 11.5
mM, """ hypercalcaemia, viral infection) and cases
with combined etiological factors will be excluded.

» Major psychiatric illnesses (eg, schizophrenia, bipolar
disorder, dementia).

» Currently receiving therapy for AUD.

» Currently taking part in a smoking cessation
programme.

» Three or more documented lifetime episodes of AP.*

» cpt

» Undergoing active
malignancy.

» Pregnancy.

» Life expectancy is less than 2 years.

Medical personnel not involved in the treatment of
the patient will perform formal screening and obtain
informed consent.

or palliative treatment for

Standard intervention

The SI will be incorporated into standard medical
therapy in all centres, and will be provided to all patients
hospitalised for alcohol-induced AP. SI will be delivered
by a specially trained nurse because interventions deliv-
ered by nurses have been found to be the most effective
in reducing the quantity of alcohol consumed.” The
intervention will be based on the WHO initiative ‘Assist-
linked brief intervention’, using psychoeducational
and motivational interviewing techniques.46 For SI, we
calculated with an average length of 30 min, based on a
recent Cochrane review including 69 RCTs, according to
which longer interventions on alcohol had no benefit,
the median duration being 25 min."” ST will also provide
educational information about the nature of alcoholic AP
and the risk of recurrence to the patients. Feasibility and
cost-effectiveness were also considered.

Intervention in REAPPEAR-T

The repeated intervention will be provided by the same
specially trained personnel and structured similarly to
the SI. Each session will have the same structure but can
be tailored to the patient’s needs to strengthen motiva-
tion. Sessions will consist of three parts. First, the negative
effects of alcohol and smoking on the pancreas will be
highlighted. Second, the patient’s motivation for absti-
nence and smoking cessation will be discussed. Third, the
individual’s responsibility in achieving the goals set after

motivation assessment, with personalised advice.”” We
wish to enhance the efficacy of the repeated intervention
by providing feedback for the patient based on the mean
corpuscular volume and gamma glutamyl-transferase
(GGT) values measured at the day of the interview.”® The
trained personnel providing the interventions will not
take part in patient care in any form. A detailed protocol
will be provided on request.

Concomitant care

Patients participating in cessation programmes or
psychotherapy at the time of enrolment will not be
eligible. Patients using self-help programmes and nico-
tine replacement therapy with commonly available prod-
ucts will not be excluded. The provided interventions
encourage patients to seek help and try different strate-
gies for alcohol and smoking cessation.

Outcomes

Primary endpoint

The primary endpoint of the REAPPEAR Study will be
the composite of 2-year recurrence rate of AP irrespective
of aetiology and 2-year all-cause mortality.

Secondary endpoints

1. ARP irrespective of aetiology (given as cumulative in-
cidence and as rate of event) within 6, 12, 18 and 24
months.

2. Recurrence of alcohol-induced AP (rate of event) with-
in 2 years.

3. The condition of ‘likely pancreatitis’ (fulfilling the di-
agnostic criteria of epigastric pain, a serum amylase or
lipase level at least two times the upper normal level,
and elevated leucocyte count or CRP levels, defined by
Pelli et al.”

4. Length of hospital stay given in days (specifically due
to recurrent pancreatitis and cumulative during follow-
up).

5. Presentation to the emergency unit with and without
hospital readmission (cumulative incidence).

6. Change of alcohol consumption and tobacco use
(compared with baseline), estimated separately form
biomarker levels and patient-reported consumption

. CP (incidence within 2 years).44

8. Changes in body mass index (BMI) and blood pressure
(compared with baseline).

9. Healthcare cost from the perspective of the health in-
surance fund within 2 years and quality-adjusted life-
years (QALY).

N

Recruitment

Consecutively, all patients under treatment for alcohol-
induced AP who received the SI according to standard
protocol will be screened for eligibility, all eligible patients
will be offered to participate in the REAPPEAR study.
The potential benefits of participation will be highlighted
to facilitate patient recruitment. The planned start and
end dates of patient recruitment are 1 March 2021 and 1
December 2024.
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Biologic sample collection and biomarker measurements

At enrolment and every visit, basic laboratory tests from
blood will be carried out and participants will provide
blood, hair and urine samples for storage in the biobank.

Laboratory parameters measured are shown in online
supplemental file 3. Laboratory results will be evaluated
by a physician, who will decide whether further medical
attention is necessary. All patients will receive the results
of their laboratory tests in written form.

The samples in the biobank will be stored at -80°C
and identified by the personal identification number
(PIN) given at study entry. Planned alcohol and smoking
biomarker measurements include urine and serum ethyl-
glucuronide (or ethyl-sulfate) and hair nicotine measure-
ments.”’ " All samples will be collected and sent together
to the laboratory when the patient number reached the
preset goal for analysis. The results of the biomarker
measurements will not be made accessible for patients.
These measurements are only available in specialised
laboratories, therefore, can be changed later due to feasi-
bility issues.

Trial organisation, committees and boards

The corresponding centre of the REAPPEAR study is
the Centre for Translational Medicine, Medical School,
University of Pécs (www.tm-centre.org), whereas the coor-
dinator and designer research team is the Hungarian
Pancreatic Study Group (HPSG, https://tm-centre.org/
en/study-groups/hungarian-pancreatic-study-group/).
HPSG has been running high-quality international, multi-
centre clinical trials since 2014*' **** and has published
relevant guidelines for pancreatic diseases to improve
patient care in pancreatology.” *®

The steering committee (SC) will be led by PH (prin-
cipal investigator, specialist in internal medicine, gastro-
enterology and clinical pharmacology). SC members
will be KO (study coordinator), a patient representative,
NF (biostatistician), IH (psychologist) and the centre
leaders. The SC will supervise the trial primarily and
will make decisions regarding all critical questions over-
seeing patient safety, the progress of the trial, adherence
to protocol, considering new information relevant to the
trial and ensuring dissemination and implementation of
the results.

All data gathered for research purposes will be handled
confidentially and anonymously, which will be ensured
by the data monitoring committee (DMC). Six-monthly
audits are planned in each centre with continuous
monitoring of the electronic case report forms (eCRFs)
(online supplemental file 3) For each participant, a PIN
will be generated and it will be present on all forms and
documents of each individual.

The International Advisory Board will include Ole
Petersen, Enrique de-Madaria and Jonas Rosendahl,
providing independent external advice and guidance on
strategic matters.

The study was designed by the SC and was supported by
the University of Pécs Medical School. The sponsor had

no role in the design of the trial and will have no access to
the randomisation codes or the data. The sponsor will not
participate in data monitoring, analysis and publication
of results.

The independent safety monitor will be LC, who will
ensure the safety of the patients and revise all reported
harms possibly related to the intervention.

Data handling

Investigators will be responsible for the accuracy, reli-
ability and quality of the collected data. Detailed data flow
will be described in a data management plan. Data from
completed eCRFs will be validated under the direction
of the data manager on the DMC according to the data
cleaning plan. Any missing, implausible or inconsistent
recordings in the eCRFs will be referred back to the Inves-
tigator using a data query form and will be documented
for each subject before clean file status is declared. All
changes to eCRFs will be recorded.

The DMC will perform an independent assessment of
trial-related documents and activities to ensure respect
for subjects’ rights, safety and well-being and to guarantee
the plausibility of clinical data. The similarity of groups at
baseline will also be checked.

After written consent of the subjects, data will be
recorded by the investigators. Clinical research data will
be processed separately from participants’ personal data.
Data may only be accessed by a person acting under the
authority of the controller and in accordance with the
authorisation system established within the controller’s
organisational structure, only to the extent and in the
manner necessary for the performance of tasks. Personal
data will not be made accessible to third parties. We will
fully comply with the General Data Protection Regulation
(GDPR).

Safety

Based on the nature of the combined brief intervention
in REAPPEAR-T, we do not expect serious adverse events.
However, minor or moderate adverse events may occur.
Participants will be provided with information on alcohol
and nicotine withdrawal alongside with the available
options of professional help for addiction treatment. In
case a potentially serious health problem is detected by
the investigators related to the intervention, the safety
monitoring board will be notified. The REAPPEAR-C
is an observational study, hence adverse events are not
applicable.

Randomisation and allocation concealment in REAPPEAR-T

Central randomisation will be performed with randomly
permuted block size (2-6) and allocation ratio of 1:1
using a computergenerated random sequence. Inclu-
sion and exclusion criteria will be rechecked prior to
computer-aided randomisation via an online platform.
The platform generates the PIN and a follow-up plan
(with appointment dates). The randomisation procedure
will be performed by the same person who screened and
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consented the patient. This person must be a doctor not
actively participating in the treatment of the participant.

Blinding in REAPPEAR-T

Outcome assessors will be blinded to allocation. The
medical personnel involved in the check-ups and treat-
ment during a potential hospital re-admission will not be
aware of the allocation. Since the nature of the interven-

tion, the patient and the study nurse cannot be properly
blinded.

Statistical analysis

Sample size calculation for REAPPEAR-T was based on
the only published interventional randomised study
assessing the effects of repeated brief interventions in
alcohol-induced ARP, counting with a 2-year recurrence
rate of 21.83% and an absolute reduction to 8.5%." 7%
Considering one interim analysis on efficacy (with the
Pocock correction), 80% power, 5% alpha (superiority
design, two-sided) and a drop-out rate of 30%, the esti-
mated sample size is 182 subject per study arm. This
sample size calculation is expected to overestimate the
minimum number of participants for three reasons:
(1) the use of a combined intervention on alcohol and
smoking and more frequent visits are expected to result
in greater reduction of recurrence, (2) the use of a
composite primary endpoint may result in higher event
numbers and (3) the recurrence rate of AP is expected
to be higher in the heavy-drinking smoker population,
than in a mixed sample. The calculation was performed
by Stata (V.15).

Safety analysis will be carried out on reaching 10% of
the target patient enrolment, and a single interim anal-
ysis for efficacy and sample size re-estimation taking into
consideration the observed drop-out rate at 50% of the
expected total events of the primary outcome, which is 21.
Early stopping will be executed (1) if safety concerns arise
during the interim analysis or anytime later (stopping
for safety concerns), (2) if the statistical power reaches
at least 80% and p<0.05 for the primary outcome at the
interim analysis (stopping for benefit), (3) if the results
of the interim analysis show equal effects in both groups
(stopping for futility) and (4) if power does not reach
80%, sample size will be re-estimated using the observed
event and drop-out rate. In case the newly calculated
sample size is unfeasible for the trial, both groups will
continue follow-up according to the schedule of REAP-
PEAR-C (stopping for feasibility).

In the final analysis, intention-to-treat will be favoured
over per-protocol (or ‘as-treated’) analysis. Information
on mortality and hospitalisations will be obtained from
the organisation responsible for handling data.

The ‘last observation carried forward’ strategy will
be followed to impute missing data for other outcomes
measured during the study.

Sample size calculation for the REAPPEAR-C will be
carried out at the final analysis of the REAPPEAR-T, using
available data from participants. Further enrolment will

be performed according to the estimated sample size.
These additional participants will receive the more effec-
tive or in case of equality the less costly intervention for
alcohol and smoking cessation as determined by the
results of the REAPPEAR-T. Participants of the cohort will
be categorised into four groups primarily, according to
smoking and drinking status (quit smoking; quit drinking;
quit both; still smokes and drinks). Time of smoking and
alcohol cessation will be taken into consideration. Partic-
ipants who started smoking or drinking again after an
abstinent period will be excluded from analysis in the
REAPPEAR-C.

In descriptive statistics, the count and percentage will
be provided for each treatment arm for binary outcomes.
For continuous outcomes, number (n), mean, median,
IQR (Q3-Ql), SD, minimum and maximum values will
be provided for each treatment arm. In the univariate
comparative analysis, we will calculate relative risk with
95% CI when comparing the primary endpoint between
two groups (alpha=5%) with a reference arm using the
control group complemented with ” or Fisher’s exact test
(the same strategy will be followed for binary secondary
outcomes). For continuous variables, we will use t-test
assuming unequal variances or the Mann-Whitney test.
We will perform univariate (Kaplan-Meier and Cox regres-
sion) and multivariate (Cox regression) survival analyses
for binary outcomes. An adjustment will be carried out
at least for age, sex, socioeconomic status, the number of
prior ARPs, comorbidities, history of alcohol consump-
tion (cumulative) and smoking (package year), severity
and complications of index AP, BMI, cholecystectomy and
enrolling centre. Mixed effect logistic regression will be
conducted to estimate the effect of the multicomponent
intervention on the outcomes, where the subject PINs will
be used as a random subject. The model will be adjusted
for changes in smoking habits, alcohol consumption,
BMI, socioeconomic status, blood pressure and Maddrey
score.”

All analyses will be carried out with SPSS V.26 and Stata
V.15.

Drop-outs

Information on the primary outcome will be obtained
either from the patient’s documentation or from the
National Health Insurance Fund or similar organisa-
tion managing data on healthcare costs and mortality,
therefore information on the primary outcome will be
available for most patients regardless of attendance of
the study visits. Only withdrawal of consent will result in
missing data.

Considering per-protocol analysis, in the REAPPEAR-T
trial, missing more than one consecutive interventions
after the initial assessment or withdrawal of consent
during follow-up will result in the drop-out of the patient.
In the REAPPEAR-C investigation, patients who with-
draw consent during follow-up or miss the 2-year visit will
be considered drop-outs, since data on current alcohol
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Figure 1 SPIRIT flow chart. Standard intervention will be
provided for every patient as part of standard therapy. All
randomised participants will be included in the REAPPEAR-T
(trial) and REAPPEAR-C (cohort) as well. After reaching

the required patient numbers for the REAPPEAR-T, further
patients will be enrolled to the REAPPEAR-C in accordance
with the estimated sample size. AP, acute pancreatitis.
SPIRIT, Standard Protocol ltems: Recommendations for
Interventional Trials, REAPPEAR, Recurrent acute pancreatitis
prevention by the elimination of alcohol and cigarette
smoking.

consumption and smoking can only be obtained from the
patient.

Flow and timing

Patients who met the inclusion criteria and none of the
exclusion criteria will be offered to participate in the
REAPPER-T trial. The enrolment period lasts from 48
hours before, until 1 week after hospital discharge. After
informed consent and randomisation, participants will
be assigned to the cessation programme or the control
group (see atfigure 1). All patients will appear at the clinic

Screening | Allocation|  Visit1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit7 | Close-out

STUDYPERIOD | enroliment| o5 | Smonths | 6months | 9months | 12months | ISmonths | 1smonths | 2Lmonths |24months

GROUP Both Both | cc | cp [ cc | ce | cc | e [ cc | cp | ce | e | cc | ce | cg | cp | Both

Elgibiity screen X

ENROLLMENT

INTERVENTION

8P, HR, BMI

x> [x|x

X
Laboratory testing X
X

Questionnalres

ASSESSMENT
X[ X [x|x
X[ |x[x|x
X[ |x|x
X[ |x[x|x
X[ |x[x|x
X[ |x[x|x
X[ |x[x|x
X[ |x|x

X

Figure 2 SPIRIT time table. SPIRIT, Standard Protocol
ltems: Recommendations for Interventional Trials; BMI, body
mass index; BP, blood pressure; CG; control group, CP;
cessation programme, HR; heart rate.

Sample collection X

according to the study schedule (figure 2), within +14
days from the prescheduled date.

We chose 3-monthly visits in the cessation programme
based on a Swedish cohort study, in which 3-monthly
brief interventions for selected patients with increased
GGT levels were introduced and GGT levels were used
for feedback. These interventions were found to reduce
mortality, hospitalisation and sick leave significantly.*
Hopefully, frequent visits will help in upholding moti-
vation and improve adherence. Patients in the control
group will have two prescheduled appointments, at 12
and 24 months.

Assessment

For the assessment of addiction and motivation to quit
will be assessed by internationally recognised and vali-
dated questionnaires (online supplemental file 3).”%%
This will enable the person who provides the interven-
tion to individualise it and motivate the subject. Data on
coffee consumption will be collected as well, as caffeine
might counter the effects of alcohol in AP.* For the
assessment of QoL, the EQ-5D-5L. questionnaire will be
used at baseline and every visit.” 57 Socioeconomic status
will be assessed at baseline and at 12 and 24 months with
the questionnaire used in the LIFESPAN study.”

The aetiology of each recurrent episode will be deter-
mined following current international guidelines, but all
episodes will be included in the primary endpoint.***

Blood pressure, heart rate and body weight will be
measured by an independent nurse blind to the alloca-
tion at every visit. BMI will be calculated.

Cost-effectiveness

Cost-effectiveness analysis will be performed to examine
the impact of the cessation programme on QoL, survival
and health expenditure compared with the controls. We
calculate the incremental cost-effectiveness ratio (ICER),
which is defined by the difference in cost between the
compared interventions (cessation programme with
3-monthly visits vs usual care), divided by the difference
in their effect (QALY). The ICER will be evaluated based
on the Hungarian cost-effectiveness threshold. The total
cost of treatment per each individual will be obtained
from the national database at the completion of the study.

Patient and public involvement

Five randomly selected patients from the HPSG database
were invited. All of them had previous AP and would have
been eligible for the study. Three patients attended the
joint consultation. The original aims, hypotheses and
protocol of the study were fully introduced to them.
Patients insights were as follows: (1) they welcomed the
study with great pleasure and felt it is highly important,
(2) they found the primary endpoint fundamental, (3)
they found the questionnaires and information sheets
understandable, (4) they highlighted the importance of
frequent visits to the clinic, and found the duration of
the visits feasible, (5) they pointed out the necessity of
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high quality training of personnel providing the inter-
ventions, (6) they had absolutely no disapproval or nega-
tive feelings regarding regular blood tests, (7) they had
no ethical objection concerning the control group and
(8) they expressed high difficulties considering smoking
cessation and favoured a step-down approach rather than
immediate quitting.

We have revised and modified the original protocol
accordingly.

DISCUSSION

Although alcohol and smoking are individual risk factors
for AP, ARP and CP, they can synergise each other’s
effects.” In addition, there is a lack of evidence as to
the means of preventive measures that could be used
in everyday clinical practice concerning alcohol and
tobacco use for AP patients. Also, the effect of smoking
cessation on recurrence in drinkers and non-drinkers is
not yet clear.

The REAPPEAR study aims to fill these gaps and provide
specialists and primary care physicians with valuable
information on the importance of alcohol and smoking
cessation in AP and ARP. Furthermore, the feasibility, effi-
cacy and cost-effectiveness of an intervention programme
will be tested in this population to provide basis for large-
scale intervention in alcohol-induced pancreatitis.

ETHICS AND DISSEMINATION

The REAPPEAR study is open for participation. Results
of the planned analyses will be presented at national and
international conferences and in peerreviewed jour-
nals. Additional long-term follow-up of the participants
is planned within the confines of the REAPPEAR+study.

The trial has been registered at the clinicaltrials.gov
(NCT04647097). Amendments will be published under
this registration number.

The Scientific and Research Ethics Committee of the
Hungarian Medical Research Council approved the study
(40394-10/2020/ EfJIG) . All local ethical approvals are in
place. The study will be performed in accordance with
the declaration of Helsinki, the principles of Interna-
tional Conference on Harmonisation-Good Clinical Prac-
tice (ICH-GCP) guidelines and local legal and regulatory
requirements.
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Background: The role of artificial and bioartificial liver support systems in acute-on-chronic liver failure (ACLF) is still
controversial. We aimed to perform the first network meta-analysis comparing and ranking different liver support
systems and standard medical therapy (SMT) in patients with ACLF.

Methods: The study protocol was registered with PROSPERO (CRD42020155850). A systematic search was con-
ducted in five databases. We conducted a Bayesian network meta-analysis of randomized controlled trials assessing
the effect of artificial or bioartificial liver support systems on survival in patients with ACLF. Ranking was performed
by calculating the surface under cumulative ranking (SUCRA) curve values. The RoB2 tool and a modified GRADE
approach were used for the assessment of the risk of bias and quality of evidence (QF).

Results: In the quantitative synthesis 16 trials were included, using MARS®, Prometheus®, ELAD®, plasma exchange
(PE) and BioLogic—DT®. Overall (OS) and transplant-free (TFS) survival were assessed at 1 and 3 months. PE significantly
improved 3-month OS compared to SMT (RR 0.74, Crl: 0.6-0.94) and ranked first on the cumulative ranking curves

for both OS outcomes (SUCRA: 86% at 3 months; 77% at 1 month) and 3-month TFS (SUCRA: 87%) and second after
ELAD for 1-month TFS (SUCRA: 76%). Other comparisons did not reach statistical significance. QE was moderate for PE
concerning 1-month OS and both TFS outcomes. Other results were of very low certainty.

Conclusion: PE seems to be the best currently available liver support therapy in ACLF regarding 3-month OS. Based
on the low QE, randomized trials are needed to confirm our findings for already existing options and to introduce
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Introduction

Acute-on-chronic liver failure (ACLF) is a clinical syn-
drome defined by the acute deterioration of chronic liver
disease and the rapid development of organ failures,
associated with high short-term mortality.
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ACLF is due to exogenous and endogenous precipi-
tating factors called pathogen- and damage-associated
molecular patterns (PAMPs and DAMPs) [1, 2]. The
release of these molecules by necrosis or infection trig-
gers an excessive inflammatory response, resulting in
organ failures. Most patients developing ACLF have pre-
existing cirrhosis, which is in itself a hyperinflammatory
state [3, 4]. Another aggravating factor is the immune
paralysis described by several studies [5-9], which
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prevents effective countermeasures against infection and
makes patients prone to serious infective complications.

Several therapies have been tested for the replacement
of hepatic functions. So far, liver transplantation is the
only curative therapy available. Survival rates are good,
but availability and eligibility for transplant in ACLF dif-
fers by country [10]. In the CANONIC study, only 4.5%
of ACLF patients received transplant. Reportedly, low
transplant rates are due to the high prevalence of infec-
tion and organ failure. Waiting-list mortality exceeds 50%
in this population [10].

The development of extracorporeal liver support sys-
tems dates back to the seventies with the aim to stabi-
lize patients at the time of acute decompensation when
transplant is not available or bridge patients to transplant
[11]. At first, these devices were designed to replace only
excretory functions and were based on hemoperfusion
and adsorption [12]. The newer technologies combined
these methods with bioreactors containing hepatocytes
creating bioartificial liver support systems with the
potential of synthetic activity.

The Asian Pacific Association for the Study of the
Liver (APASL) consensus guideline from 2019 states
that “plasma exchange appears to be a promising and
effective bridging therapy in patients with ACLF to liver
transplant or spontaneous regeneration [1, C]” [13]. The
European Association for the Study of the Liver (EASL)
Clinical Practice Guidelines do not recommend liver sup-
port therapies for the treatment of ACLF, but underline
the importance of further studies, because in specific
subgroups ACLF seems beneficial [14].

Numerous pairwise meta-analyses of randomized con-
trolled trials (RCTs) have been published assessing short-,
middle-, and long-term survival benefit of liver sup-
port therapies with controversial results [15-22]. These
meta-analyses faced serious limitations, as they pooled
together data from studies testing different devices, in
some cases with different follow-up lengths. A network
meta-analysis (NMA), on the other hand, can handle
multiple interventions and rank them, if the assumption
of transitivity is met [23].

To facilitate international discussion and consensus, we
decided to perform the first NMA comparing all available
and tested liver support systems to each other and stand-
ard medical therapy (SMT) in patients with ACLF and
ranking these treatments by survival benefit.

Methods and materials

The protocol for this review was registered in the
PROSPERO database under registration number
CRD42020155850. There were no protocol devia-
tions. This meta-analysis was reported according to
The PRISMA Extension Statement for Reporting of
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Systematic Reviews Incorporating Network Meta-anal-
yses of Health Care Interventions (PRISMA-NMA) [24].

Eligibility criteria

Parallel randomized controlled trials assessing the safety
and efficacy of artificial and bioartificial liver support
therapies in adult patients with acute-on-chronic liver
failure (ACLF) were eligible for inclusion, regardless of
the current availability of the tested therapy and length
of follow-up. Conference abstracts were included to
reduce publication bias. Crossover studies were excluded
from the analyses of survival due to concerns about the
carryover effect, but were included in the systematic
review. ACLF definitions used in the included RCTs were
accepted, as there is a lack of international consensus
regarding this matter. For the studies published before
ACLF was introduced as a clinical entity, the review
authors decided eligibility based on the eligibility crite-
ria used in the study. Due to substantial heterogeneity
regarding the definitions or the timing of measurements,
some outcomes were included only in the qualitative syn-
thesis. Studies with shorter or longer follow-up periods
than the assessed outcomes were also included in the sys-
tematic review.

Search strategy and selection

The systematic search was conducted up to the 15th
December 2019 in the following databases: MEDLINE
(via PubMed), Embase, CENTRAL, Web of Science, and
Scopus, with the search key designed based on the PICO
format——(“hepatic failure” OR “liver failure” OR “end-
stage liver disease” OR “cirrhosis” OR “alcoholic hepa-
titis”) AND (“liver support system” OR “liver support
device” OR “liver assist device” OR “artificial liver” OR
“bioartificial liver” OR “extracorporeal liver” OR “albu-
min dialysis” OR “extracorporeal cellular therapy” OR
“MARS” OR “Prometheus” OR “fractioned plasma sepa-
ration and adsorption” OR “hemoadsorption”) AND ran-
dom*. No filters or restrictions were applied. References
of included studies, citing articles, and authors’ accessi-
ble publications in a search engine (Google Scholar) and
ResearchGate were hand searched for further eligible
publications.

Data extraction

Data extraction was performed by two independent
investigators (KO and AK) in duplicate using Endnote
X9, Clarivate Analytics and Windows Excel 2016, Micro-
soft. In the case of discrepancies, agreement was reached
by two experts (ZM or ZS). As a measure of inter-rater
reliability, Cohen’s kappa coefficients (k) for the selec-
tion of abstracts and full texts were counted. Information
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collected from each study and additional information
used are detailed in Additional file 1.

Risk of bias assessment and quality of evidence

The risk of bias assessment was conducted in duplicate
using Version 2 of the Cochrane risk-of-bias tool for ran-
domized trials (RoB 2) for overall and transplant-free
survival separately [25].

For the four outcomes assessed in the NMA, quality
of evidence was assessed in duplicate according to the
Grades of Recommendation, Assessment, Development
and Evaluation Working Group’s recommendations,
using a modified GRADE approach [26].

Statistical analysis

A Bayesian method was used to perform pairwise meta-
analyses and NMAs with the random effect model for
overall survival (OS) and transplant-free survival (TES).
For the analysis of transplant-free survival, transplant
counted as an event similar to death. In case no patient
received liver transplantation, OS and TFS were identi-
cal. If available, data for the intention-to-treat population
were used.

We used risk ratios (RR) for dichotomous data with 95%
credible intervals (95% Crl). We optimized the model
and generated posterior samples using the Monte-Carlo
methods running in four chains. We set at least 20,000
adaptation iterations to get convergence and 10,000 sim-
ulation iterations. Network estimates (pooled direct and
indirect data) of each intervention compared to standard
medical therapy and other interventions are presented
in forest plots, summarized in a league table (as shown
in the results section). We were unable to use the node-
splitting analysis to examine the consistency assumption
because of the star-shaped configuration of the networks
[27]. We ranked the interventions by their posterior
probability by calculating the surface under cumulative
ranking (SUCRA) curve values ranging from 0 to 100%.
The higher the SUCRA value, and the closer to 100%, the
higher the likelihood that a therapy is in the top rank or
one of the top ranks; the closer to 0 the SUCRA value, the
more likely that a therapy is in the bottom rank, or one
of the bottom ranks [28]. We also provided rankograms,
showing the probability of achieving certain ranks. Fre-
quentist comparison-adjusted funnel plots were created
for 1- and 3-month OS, and Egger’s tests were performed
to assess small-study effect. The low number of studies in
the TES analyses did not enable this method. In an addi-
tional analysis, methodology-based evaluation was per-
formed. All calculations were performed with R (V. 3.5.2)
package gemtc (V. 0.8-2) along with the Markov Chain
Monte Carlo engine JAGS (V. 3.4.0) and STATA 16.0
(StataCorp LLC).
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Results

Search and selection

The systematic search yielded 2797 records. Four addi-
tional articles were identified through manual search
and from previous meta-analyses. k for abstracts and
full texts was 0.87 and 0.90, respectively, marking almost
perfect agreement in both cases. One hundred three full
texts were assessed for eligibility. Twenty-three articles
proved to meet the eligibility criteria for the systematic
review and 16 were included in the data synthesis (Fig. 1).

Characteristics of the included studies

The main characteristics of the 23 eligible studies
included in qualitative synthesis are shown in Table 1.
Of the 16 studies, enrolling 1670 patients included in the
meta-analysis, 15 compared a type of artificial [29-38]
or bioartificial [39-43] liver support system to standard
medical therapy and one study compared MARS versus
MARS plus plasma exchange [44]. The most common
etiologies of underlying diseases were viral infection
and alcohol. From the 1526 participants with available
information on gender, 1064 were males (69.8%). ACLF
definitions, eligibility criteria, baseline characteristics,
and outcomes of the individual studies are reported in
Table 1.

Synthesis

Survival

Survival was reported in most of the included studies,
with greatly varying follow-up lengths. Data synthesis
was feasible in four cases: 1-month (28-31 days) and
3-month (84-91 days) data were pooled for overall and
transplant-free survival. The summary of the findings for
these four outcomes is presented in Table 2.

Plasma exchange demonstrated a statistically signifi-
cant survival benefit compared to SMT in the analysis
for 3-month OS (RR 0.74; CrI 0.60 to 0.94), with 86%
SUCRA, 46% probability of being the best, and 41%
probability of being the second-best option from the six
listed treatments (Figs. 2 and 3). PE also ranked first on
the cumulative curves in three out of four analyses: both
1- and 3-month OS and 1-month TFS (Fig. 2, Additional
file 1: Figure S3, S7). In the analysis for 1-month TES PE
ranked second after ELAD, with 76% versus 79% SUCRA
values, but had a slightly higher cumulative probability of
being in the first two places than ELAD (90% versus 88%)
(Additional file 1: Figure S11).

MARS ranked second in both OS outcomes (Fig. 2,
Additional file 1: Figure S3) with 73% SUCRA at
1 month and 71% at 3 months. Concerning TFS, MARS
ranked second last and last with SUCRA values of 27%
at 1 month and 33% at 3 months (Additional file 1: Fig-
ures S7, S11). Prometheus was included in both OS
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Fig. 1 Flowchart of study selection according to the PRISMA Statement

analyses and in 3-month TFES. Only MARS, PE, and their
combination performed better than this device in the
OS outcomes and it ranked second after PE for 3-month
TES. However, the SUCRA values and the probabilities
for the first ranks are much lower than for PE (SUCRA:
40% for both OS and 51% for 3-month TFS, first rank
probabilities 5% for 1-month OS, 4% for 3-month OS,
and 13% for 3-month TES, shown in Figs. 2, 3, Additional
file 1: Figures S3, S4, S7, S8). Despite ELAD therapy, the
only biological device ranked first for 1-month TFS, in
the analysis for 3-month TFES, it had a SUCRA of 38%,
even lower than SMT (41%). BioLogic-DT was included
in the OS analyses and ranked second last in both cases.

SMT had the lowest probability of being the best or sec-
ond-best option in all four analyses.

Methodology-based analyses were also performed
grouping the albumin-based (MARS and Prometheus)
techniques, with very similar results (only the PE-SMT
comparison for 3-month OS reaching statistical signifi-
cance, Additional file 1: Figures S21 and S22).

Wilkinson et al. [45] provided data only for 5-day
survival comparing BioLogic-DT with SMT in a small
number of patients. The device seemed to be effec-
tive in bridging to transplant. Hu et al. [46] has found
that MARS improved the survival of patients with
chronic severe hepatitis with multiorgan failure. You



Page 5 of 17

(2021) 11:10

Ocskay et al. Ann. Intensive Care

(JeuoIppe st [eAIAINS)
sia19weled Aioreloge| ‘s3v ‘IH

s3y ‘sio1auwleled Alolel
-oge| pue [edisAyd ‘JH ‘[AIAING

S3V ‘|eAIAINS

Sy ‘s191
-wesed Aiojeloge] ‘IH ‘[AIAING

LWS/SYVYIN

LNS/La-21bot01g

1WS/av3

LWS/SYVYIN

8E/€€ qd1AN
¥'8Y/5°19 (%) 9B
95/6¥ :(s1eak) %@q
umouyun ‘padnpul bnup
‘SUNWIWIOINE ‘|eJIA JO Dljoyod|e A1SOol

dN dLD/dTIW
08/09 ‘(%) S2|eW
€v/9 (51e9h) PV
dlloyody

80£/0'87 Q1IN
7'88/6'96 (%) S3eIN
T6£/5°6¢ (51edf) 20y
,21ndegns/ainoe,
‘UMOUXUN ‘BUNWWIOINE ‘pPadNpuUl
-bnup ‘jesin pue d1j0yode Apsop

LY2/9'STdT1IN
80£/£°99 (%) S3PIN
0'05/8'LS ‘o(s1eaK) aby

219 'HSYN ‘pa2npul-bnip
‘aunuiwijoine ‘|ediA 1joyode Apso

Jue|dSURI} PRAISISI ‘DDH ‘24N|IB) JSAI| 9INDE 'SN1eIS
[EIUSW PaJ3)e JO sasned diredayuou Jo sbeulep uleiq
9|GISISASLI IO UOIIRDIXOLUI Brup 1] ¥y 9Ande ‘Aoueubaid
‘(24n|1ey 1eay ‘eluowinaud Uopeldse aAISSeW ‘ewIpa
Ateuow|nd) suopedljdwod Areuowndolpied a1nde (Al
-|IgeIsul djuBUAPOUIRY ‘Db IOWBY SAIIDR (UOISN|IX]
A1l 2peib
JH PUE SISOYLID JO SUOIIRISIJIUBW ‘SIBIA 8| < :UOISN|DU| (£007) UlauesseH
eIWIAYDSI/UONDIRJUI [BIPIED
-0Aw 1uadal ‘Asda|ids pajjosuod Apood ‘ebeylioway
Jeunsaiujonseb saddn Jusdal e ‘syiuow g | snoiaaid
91 UIYIIM JUDAS JB[NDSBAOIQRID ‘2un|ie) A1o1elidsal
‘sodouioul Jo asn a1elidoidde pue Buipeo| swn|oA
21enbape a1dsap BHWW OG> 4y ‘Adueubaid :uoisnpx3
|| 9pelb < JH ‘siieday d1joyod|e a1nde :uoIsn|du| 6661)s113
sadlleA [eabeydoss aianas
Jw/Bui 6| <duUluReaId /01 X 0F > 17d ‘IH Al-IIl 9pelb
‘sKep € uIyim BuIpas|q SAIIDE HD0YS UOIID3JUI SI9ASS
P3]|0J1UODUN LISDURD J2AI| D13RISEISW JO Alewlid :uoisnpx]
uoisnya |eina|d/saidse
p|iU JO OU ‘||-| 9pelb J0 1U3SgR JH ‘S 07 >IN |041U0D
2yl ueyl Jabuoy s g <swin uiquioiyioid 10 ‘0 -9 | YN
'905-01 40 AuAnoe uiquiolyioid {p/bul | <asealdul
Ajlep 4o [ewou Jo 1wl jaddn sawiy G < 7ig. ‘Swol
-dWAS 21x01 DIWISAS JO/puUe [RUIISSIUI0IISED SNO
-IAQO 47DV JO SISoubeIp [eDIUlD S1BSA GO—G | :UOISN|DU| (8107) ueng

UOMD3Ul AIH ‘SY99M 1 35B| 3U3 UIyIm ainpadoid [edibins
Jofew ‘Adetayy Jossaidosen audsap BHWW 09 > dvIN
'35e3sIp Aleuow|ndolpied 312A3S ‘SISOqUIOIY) UIDA
|enod a1awelp Ul wd ¢ < DDH ‘bulpas|q aAiRoe (uoh
-D3JU] P3||0JIUODUN ‘SISIP [PUSI DISULIUL (| Yy JOj pau
D10 WUSPIAS 10 PR1D3dSNS €7 <YNIl ‘(WUI/000°05 > 11d
'S1S3S3|0YD d1edayeiIXa ‘SISOYLIID JO 35IN0D [RAnjeu
93 JO 9dUaNbasuod e se adipunef aalssa1bold :uoisnpPx3
UoIssIupe 1e |p/bul 07 < (UOISSIWPE 18 S|9A3] |9 WOl
95BAIDUI 960G <) eILBUIGNIIIqIdAY aAIssaiboid A|pidel
‘|| 9pelIb < JH ‘SYH :BuUIMO||0f DY3 JO SUO 1SEI)| 1R PUE |P
/Bul G <7191 Jo 3sealdul ue quans buuabbul s|geynuapl
ue yum sisoylid Jo sisoubelp aanduinsaid :uoisnppuy (£107) saJeueg

sawodinQ

uosiiedwod 1o
/pue (S)uoljuaAIdu|

SO1Is1I9)1dRIRYD BUIjdseq pue
aseasip bulfjiapun ayy jo A6ojon3

euad Au

113 1eak uonedignd “oyine isii4

Salpnis papnjaul Jo sonsidldeIRY) | d]qeL



Page 6 of 17

(2021) 11:10

Ocskay et al. Ann. Intensive Care

sV
‘s1912Weled A101eioge] ‘[eAIAINS

(leuocnippe
S| [PAIAINS) STV ‘SI91ouleled
|e21sAyd pue Aioreioge| ‘JH

1USWILRI JO 150D ‘siv1eweled
K1010100R| ‘S3V "IH ‘|eAIAINS

S3V '|eAIAINS

sio1oweled
K10YeI0QP| STV ‘IH ‘|eAIAINS

1WS/snay1awiold

1Ws/1a-2160701g

3d F SUVYW

1WS/av13

1WS/SUVYIN

L2/8TqdT1AN
G9/29 (%) S9eW
15/05 :(s1e3A) 2By
paypads
JOU SI9Y10 [edIA PUB D1|0YOD[e A[ISO

Syl/PligdlD

959 (%) 5S9[e N

96/55 (s1e9A) 420V

UMOUNUN ‘BUNWIWIIOINE ‘|elIA D1|0YOD|yY

dN dLD/dTIW
SL/€'8L (%) S2l_N
T/t 1(s1e9h) 420V
AGH

80V/EYE 1IN
N %35 ‘abe ‘Abojon3

CL/SLLgdlD

9'€9/0S (%) SeI_N

15/8% (s1eak) 2By

paonpul Brup ‘|ediA D1joyode Apsop

Apoud Apnis siy Jo |ew [ediuld
Jayoue ur uonediied 'skep £ uiyim Adesayl ST
's1e9K 7 ulyum 17 ‘Aw01o1sAd3j0yd didodsosede| 1daoxa

syluow g snoiaaud sy Ul K1sbuns Aseljigoleday sofew 1o

SUOIID3SI IAA]| ‘SIseIsa|oyD dnedayenxe {|/000'0€ > 11d
10 '€ <YN| “Adurubljew “DDH ‘siireanued buizioiau
a1n2e A 96e3s ain|ie) [PUI DIUOIYD ‘UoIsnyad Buipaau
Buipas|q 1ua1sisiad ‘Adeiayy Jossaidosen yum 3ooys
A101B[NDIID [SOYY ‘DSeasIp 1e|NdSeA0IgRIad (bulpas|q
[PIURIDRIIUL ‘UOIIDRJUI AIH ‘UOIIeIDR|/AdURUDaId (UOISN|DX]
(Ck
19/0) |p/BW § ZIGL (Y T/ 4910) 0L < d1D 'DSeasIp JaA||
J1UOIYD JO UOIIRIOLIDIDP DIDASS ‘SIBIK 0/—8 1 :UOISN|dU|

sAep ¢ Buipadaid ay1 UIYlMm SSAIIEPSS JO UORIISIUIUIpe

‘Snyjj[aW sa19qelp Juapuadap-ulnsul 'y 7z buipadaid

91 UIYUM SUN 7 <40 Uolsnysuesl bulinbal buipss|q

D, $'8E <JO 1273} '2INn|1e} uebloRNW 10 A1oredsal
(BHWW GG > dyIN) UolsurodAy ‘ainjie) [eual :uoisn|ax3

1usuieall

[BUOIIUSAUOD Y1Im paroidull 10U pey ||| 10 || opelb
Ayyedojeydadua pue SISOYLIID PaIUIWINDOP :UOISN|DU|

Buipaa|q aARoe snouas

DI Ag paiuedwiode. ISPIOSIP UOIIB|INDIID DIUIS)ISAS

2I9ASS ‘PIUIDY ULIM BLISPS UleI] 219ASS ‘2iN|Iey A10}
-esidsal 9|gisiaAalll snolaaid ‘aseasip abels a1e| :uoisn|dx3
|| 9peIb < IH Yum g snipeday 219A3S d1UOIYD :UOISN|DU|
YN :uoIsnpx3

SYH

| 9dA1 10 A 9peID JH JO SUO 1SE3| 18 PUB HZ < 1IN

10 ‘7€ <J0 31025 Q3N B JaY1ID pue ‘6 < 2100S
Y4OS SISOYID JO uolesuadwodap 31Nde :UoIsn|dU|

Aoueubaid ‘SYH ‘uoissiwpe
Buipadaid sAep O¢ A1961ns dAISUSIXS ‘UIbLIO Diredayuou
JO BUWIOD ‘BWO2IN0 J00d B Y1IM PaleId0SSe SUOIIPUOD
pIgJowod ‘Aljigeisul diueuApoulay buisned sisdas
10 BuIpaa|g aARde ‘uodNSqo Aleljigoieday :uoisnpx3
(Ip/Bw 07 < 719.1L) PluiauIgnIIIqISdAY S19A9S pue
uolesuaduodsp 01 bulpes| Ainfu JaAl 23nde pasodul
-1adns e pue (£ < d1D) SISOYID 'sieak G9-g| :uolsnjdu|

(¢107) u=qquy

(1007) Jawiesy

(¢107) bueny

(0102) pueIga|iiH

(z007) uuewaay

sawodInQ

uosuedwod 10
/pue (S)uoljusnIlu|

So13s1IddRIRYD BUIjdseq pue
aseasip buifzepun ayi jo Abojong

e AN

1eak uonediiqnd ‘soyine 31si14

(panunuod) | 3|qey



Page 7 of 17

(2021) 11:10

Ocskay et al. Ann. Intensive Care

$6/98C 1IN
€TL/IL T8 (%) 3l
£'8%/ 17 (s1e3k) 2By

Aoueubaid HOH bulpas|q [eunsauloseb 219A9s
‘AInful JaA1] pa2NPUI-HBNIpP JO -joyodle ‘uondajupadns
AIH 10 ‘Q "V ‘3 shieday Uondajul AgH 91Nde :uoIsn|dx3

%0t > AlAnoe

uiquiosyrold ewseld Jo G | <YN| 2195UO WOIdWAS woly
SAep 87 UIYUM ‘|p/Bui 0| <IgL YHm erusuigniljigadAy
anissalboid Apides Luaied (BysgH) usabiue adeuns g si
-jeday 4o ‘SISOYlIID P1eIDOSSe-AgH ‘Uodajul g shineday

S3V ‘|eAIAINS 1WS/3d AGH  D1uoayd Jo sisoubelp aandwnsaid s1eak /-8 :uoisnppu| (#102) UID
1ue(dsuey Jan||
paAladal (Aourubald ‘si1edaYy [BIIA DAIIDR 'BWOIPUAS
HeIyD-ppng [d14¥N 25e3sIp SUOs|IM ‘sisAeipoway
U0 123[gNS $958351P 1UBHUWIODUOD 0} 3NP SYIUOW €
uey ssa| Jo Aoue1dadxa )| ‘UoRINIISCO 1oNP 319
'SISOQIOIY} UIDA [eriod SAISN|II0 SISOYLIID 03 SNP UOI}
-DNpPal 3ZIS JaAl| ‘ebeylioway Jofew Buipas|q 9AIDR ALl
-Jigeisul diweuApoway ‘Y 7/ snoiaaid Yy ul 907 < 119l
U] uoidNPal ‘saRoIgIUe 01 SAISUOdsaluN Uo[RIYUI
9SL/87T Q1AW I/N100S < LSV ‘0€ <2100s T3 {|p/Bw €1 <aulu
€09/€°09 (%) S9le -11B2UD WINJSS 'G'Z <YNI ‘EWW/000'0F > 11d Uolisn|ox3
S'6E/1'6€ (s1eak) ,oby 1ueidsuesy 104 9|q1bIe 10U ‘7€ < 21025 AIppe ‘|p
EEAAVIN 1AS/av3 siieday dljoyodly  /Bw 91 < uignilg [e103 's1esk 05-81 dbe ‘HyS uoisnpu| (610¢) sojnodosiAd
9seas|p Aleuowl|ndoipied
21935 {Aourubald ‘ain|iey [eUal JIUOIYD/DAIIINIISO
'sapueub|ew ‘sabeyLIOUWSY SINJE 3I9ASS (SONOIGIIUE O}
aAisuodsalun sisdas ‘ainjie) dlreday 1UeUIW|N (UOISN|IXT
JH Al 9peib Jo (jp/bui G 1L <) eiw
-auIgnJ|Ig4adAY Jo (/S/|0UN Ot > 9SBIISUIIOYD WNJSS
‘%07 > Il 1Y '(%0/ > 9n[ea32inb) swi uiquiolyloid
pabuojoid |/6 0 ‘eluiauLING|eOdAY) UOIIDUN SISAYY
TTL/STL wdlD -UAS pairedwl o abewlep J1UOIYD JO SUbIS dluoseln
0F/S /€ (%) SOl :(BLI1D 4O €) 9IN|IB} JDAI| DIUOIYD JUSWI1RSI) UOIRA|Y
8€1/9°61 :(SieaA) by /SISA[_IPOWAY JO paau {(OHWD g < aInssald snouaa
SISOYIID AJeljiq A1epuodas [BJIUDD ‘|/joWIL 07 > WNIPOS auln ‘p/|w 00S > eunbijo
[BAIAING 1NS/SHYW pue Arewd ‘AgH D1joyodje AISoy  [p/Bul G| < 3UIUIIRID WNISS) SYH ‘SIeak 09— :uolsnjdu| (0007) J2UZUN
uosiedwod 10 SJ13s1493dRIRYD BUl|dskeq pue
SawodINQ /pue (S)uoljusnIlu| aseasip buifzepun ayi jo Abojong e AN 113 Jeak uonedijgnd “Joyine isai4

(panunuod) | 3|qey



Page 8 of 17

(2021) 11:10

Ocskay et al. Ann. Intensive Care

$1919
-weled Ai03eioqe| ‘JH ‘leAInIng

s3IV 'IH
‘si912ueled A101e100e| ‘|PAIAING

sia19uleled Ai01eIOge| ‘[PAIAING

sy
‘s1a19weled A101eloge| ‘[eAIAING

SV
'uolIssalboid 01 awi ‘[PAIAING

sia19wieled [edisAyd
pue A101e10qe| ‘JH ‘|eAIAINS

LWS/SYVYIN

1INS/dHA dd ‘Id

1WS/3d

1WS/av3

1WS/av3

1WS/SUVYIN

dN

YN :d1D/aT3N %25 9By
dljoyod|e ‘jelin AISON

¥ 1Y ped 1IN
9'8//08 (%) S9[eW
Y91/ Gp :(s1eaA) 20y
AGH

L'2¢/9'LCdT1AN
£09/€° £S5 %S9leN
87v/S9p i(s1eA) 2By
(Krewnd
10 pasoduwiliadns) siedsy d1joyod)y

(s123[gns 4d 10} uaAIB Ajuo
aul|aseq) payidads 10U pue d1joyod|y

¥6L/59L (1IN
£9/8L (%) S3[BW
/St i(s1eak) 2By
dljoyody

YN :uoIsn|ox3
aIn|ie} uebionnwi
YU pa1edl|dwiod sinedsy 919ASS JIUOIYD :UoISN|DU|

YN [UOISN|OXJ
winisodwAs [euoiieu 5661 ayl
JO BLIR1D 3y 01 BujpiodIe siieday [eliA 19AS (UOISN|DU|

uond/yUl
AIH 10 @ Jo D sieday ‘sipedsy sunwwioine ‘asessip
J19AI] D1|0YOD|e [25835IP SUOS|IA ‘Siineday paonpul-bnip
'S95835|p D160j0IeWSY 0} NP SWIl UIquIoIy10id pabuo)
-0ud ‘@d1punel 5pAjowsy pue 9AIIdNIISCO UOISN|IX]
0€ <13 2uawiean auipnalwe| snoiaaid
|| 9peIb < IH Jo/pue ‘Ayredoinbeod ‘(j/joww | /| <T1g1)
92Ipunef 919A3s se pauyap ‘(w/sa1dod 0000 L < YNA
-AGH) 31n|iej JaAI| g Sireday DIUOIYD-UO-31Nde :UOISN|DU|

sIsAjelp D1uoIyD ‘AlljIgeISul dweUAPOWaY ‘SD10Ig U O}
SAIsuodsalun uondajul buipaa|g PajjoIuodUN 35eSSIP
JUBYWODUOD 3I9ASS L WW/000'0F > 11d ‘SE <ATIN
'SIsoquuoiy} UlaA [exiod sisoyllid a6e3s-pus uoisn|oxg
AJ01SIY [BDIPaW IO
/pue ‘sbuipuy A1ojeioge| ‘Asdoiq AG pawIyuOd Sseasip
J2AI] 21UOIYD BUIAPISPUN + HYS g WNIRIIS SDUDSE SISO}
-A203N3] [V < 1SV :BUIMO|0f DY1 JO T /HYS PaUIYUOD
Asdoig Jan]| 2y Wnieas ‘(7€ < 4Q s, aippe) Ayredol
-nbeod pue ‘(Ip/buw g < 7ig1) 921punef Jo 19suo pidel
‘uondwnsuod 15e| 3Y1 U9MISQ SHIIM 9 JO LUNWIIXeW
'95Nqe [0Y0d[e AABSY JO AIOISIY ‘SIBSA 8| < :UOISN|U|
YN :uoIsnpx3
SE-81L QTN sisoyud Jo uon
-esuadwodap 31nde Jo siieday djjoyod|e nde :uoisn|du|
95easIp 101
-eJ|dsaI01pIed 319A3S U0l A|H BUnSIXe02 ‘SYH 104
uissaidija) yum Juswireasy Joud (Aoueubaid 1y g snO
-1n21d Y1 Jano Bulpas|q [eunsaiulonseb saddn Jo uon
-D3jul pajjouodun ‘Aoueubijew dnedayenxa/oneday
UMOUY ‘ApN1s J9YIOUE Ul JUSW||0JUS Jopud :uoisn|ox3
SISOYLID 'SYH 10 || 9peID) IH Jayue
pue (j/|ow 001 < 71gL) 221punel (Y 8t J19A0) a1ed aainiod
-dns a1dsap UoI1LIONIAP [BDIULD SAISS2I60.d 219/ O}
BuIpe3| $Y93M 17— A0 UOIDUNY J9AI| Ul UOIIBIONSISP
91NDB [295B3SIP JIAI| D1|OYOD[e !PJO SIBSA G/—8| UoISN|dU|

%(S002) NH

#(0000) °H

(8007) NA

(8107) uosdwoy|

(¢107) vewada]

(#007) uas

sawodInQ

uosuedwod 10
/pue (S)uoljusnIlu|

1Is1I93dRIRYD BUIjdseq pue
aseasip buifzepun ayi jo Abojong

e AN

1eak uonediiqnd ‘soyine 31si14

(panunuod) | 3|qey



Page 9 of 17

(2021) 11:10

Ocskay et al. Ann. Intensive Care

dd ‘aseasip 12

dnoib uonuaniayul 8y} Ul papiodal Aluo b

syuaned ||y .
SaN|eA UBIPA o
sanjeA uealy ,

9seasip Areuow|nd dA13ONIISCO DIUOIYD GdOD ‘sNUIA D siyeday ADH ‘uoisnyiadowsay 12311p JH@ ‘uoisnyiad ewseld

A1) D1j0YOdjRUOU VN ‘@SRI3jSRIIOUIWER BUluRR [TV ‘Bseidjsurijoulwe d)eiedse Sy ‘siizeday d1|oyod|e 319A3S HY/S ‘dWoIpuAs ssaisip A1ojelidsal ynpe sgyy ‘abueydxa ewseld 34 ‘sniia g sizeday

AgH ‘Wuawissasse ain|iey uebio |enuanbas y40s ‘pariodal Jou YN ‘Ybnd-a33021n1-p|IYD 1D ‘DIIAP ISISSe JDAI| [2210d100eIIXD V7T ‘iN|Ie) JDAI| DIUOIYD-UO-IINDE 7DV ‘SJUIAS 3sIaApe s7Y ‘Adeay) |edipaw piepue)s
1S ‘widisAs Buie|nNdJ1D31 pue JUSGIOSPE 1BIND3JOW SY Y)Y ‘9Se3SIP JaA1| 96e)S-puB J04 [DPON @TIW ‘siHyedayoleals d1joyod[e-uou HSN ‘SniiA ADuaidyapounwiwi uewny AjH ‘2inssaid [e1alie uesw Jyjy ‘ewourdied

Jejnjj@d03eday HHH ‘Adelay) Juswade|dal [euas 14y ‘UoieINBEOD JejNdseAR Ul PRIRUIWBSSIP D/ ‘Ol3el PazZijew.ou [euolieusaiul Y/ ‘19191eld 174 ‘Ayredojeydadua dizeday JH ‘swoipuAs jeusioyeday SyH ‘uign.

18303 7191

243y paisl| a4 (, Aq paredipul) sisayjuks aaizeyiienb pue aaizeuenb 3y} Ul PaPN|OUL SSPIY

s1o1oweled

Aloieloge| 's3y ‘|eAIAING 3d/SSIVaEH

S3y Auswaroidwl

o160j0Inau pue 2160]01sAYd 1INS/La-21boT01g

S3V ‘sio1oweled AlolejogeT J9AOSSOID 911D F SYVIN

sy ‘sia1oweled Alo1eioqe 1INS/ SNaY18WOId/SHYIN

19A0SSOID

sy ‘sia1oweled Alojeioqe 'SNaY1aWO0ld PUe SYVYIA

LY2/€C a1IN
£€8/001 :(%) S3[eW
SEv/L Tl (s1ek) 2By
(@) [eaIA
YN :dLD/QTIN
001/09 :(%) S3lew
L'T/€8S (51eak) 30V
C\Socv_Cj
‘SunwiwioIne ‘AgH ‘ADH 21j04odly

L'Z€ 5@ 1AIW
4N :(%) S3JeW
99§ :(sieak) .oby
SEIe
pue ‘HSYN ‘ADH ljoyod]e Apsoi

SYT/L6T/LTT ATAN
0S/£°99/€°€8 (%) S9|eW
8'GS/TEV/SYS H(sieak) a0y
dlj0yodlY

¥'GE Q1IN

%9 (%) 5S9[eW

/6 :(s1eak) ,oby

ADH Dljoyodie Apsoiy

YN :UOISN|OXJ
(9002) uoniuysp suol
-BIDOSSY [E2IP3IA 353UIYD) Y1 AQ PUYDp 41DV UoIsn|dU|

YN :uoisnppx3
Ayiedojeydadua Al opeld
pue 35e35IP JaAI| D1UOIYD pa1esusduiodap :Uolsn|du|

(G2 > Hd) sisopide (| _|-[oww 60> +zeD)
eIWa|ed0dAY 219A3S 'SISe1S9|0YD D1ledayeIIXs UOISN|OX]
SYH (P) 10/pUe ‘$31125€ JO 1UsWIdO|IASP OAOU 3P (D)
1< opeIb 3H (q) 'Ip/Bu 0T < TIgLJO 9583IDUI 960G < BIW
-aulgnJijigsadAy aaissaiboud e (e) 3nsul dneday pasod
-1adns a1n2e |geyinusp! [enus10d e s)e SH99M 8-
UIyHMm suonedlidwod Buimol|o) syl JO SUO 1ses| 1e
(jp/Bw G <71g1) siseisajoyd dnedayeiiul padojeasp
195B3SIP J9AI| D1UOIYD palesuadwiod ‘s1eak g| <:uoisnpou|

| 9dA1 SYH ‘uondayul bulobuo (gdoD wapuadap
-pl0J31s 40 1uspuUdap-UabAXo ‘asessip Areuow|nd
-01pJed 21aAss ‘eisejdoau ‘spiealdued buizijoidau sinde)
2WO02IN0 J00d Y1IM P31eIDOSSE SANIPIGIOWOD ‘SAep §
1sed ay1 Ul Buipas|q [PUNISIIUI0IISED SAIIDE ‘UIBLIO
Siredayuou Jo euIOD ‘SIseISa|oyD diiedayeilxa :uoisn|ax3
(9%DW 7| < uIgnlijiq paieAs|d
pue 1uaAs buneydpaid ayi Jo Jusuireas sudssp
UO[IdUNY JSAI] Ul UORIONISP Judisisiad) 47Dy pue uon
-B|N2JID DIUWRUAPISdAY Pa1eIDosse Yim UojsualiadAy
|evod ‘sieday dljoyodje pasodiadns Yim SISOuID
oljoyod|e uanold Ajjes1bojolsiy ‘sieak G/—g| :uolsnjpu|

YN :uoIsnpx3
41DV :uoisnpu|

#(1107) NOA

%(8661) UOSUNJIA

«(C107) s1Rlis

x(900¢) uews|e

%(500) 43Sy

uospiedwod 1o

sawodINQ /pue (s)uonuanialu|

S11s119)1oRIRYD BUljdseq pue
aseasip buif|iapun ayy jo A6ojon3

enad Ay

16113 1eak uonedygnd “oyine 3sii4

(penunuod) | ajqey



Ocskay et al. Ann. Intensive Care (2021) 11:10

et al. [47] tested the hybrid bioartificial liver support-
ing system (HBALSS) in 6 patients with similar mor-
tality rate to controls. He et al. [48] tested the effects
of plasma perfusion (PP), plasma exchange (PE), and
direct hemoperfusion (DHP) compared with SMT and
the results were reported in Chinese. A higher survival
rate was reported in the intervention group (68.75% vs
46.67%) for the whole study population. Extracted data
for mortality in the ACLF subgroup by Alshamsi et al.
did not show a significant difference (RR 0.59, 95% CI
0.33-1.04) [19].

Long-term survival was assessed in six studies.
Six-month survival was reported to be identical in
both groups by Hassanein, Heemann, and Pyrsopou-
los (additionally presented at a conference, together
with 1-year survival) [31, 38, 42]. Duan et al. reported
higher transplant-free survival in the ELAD group,
maintained until the end of the 5-year follow-up [40].
On the contrary, Thompson et al. found comparable
mortality in the two groups at 5 years [39]. Interest-
ingly, Qin et al. showed that in the PE group the 5-year
cumulative survival probability was significantly
higher (43% vs 31% survived) and have found that
treatment added about 6 months to the life expectancy
of patients with HBV-associated ACLF.

Hepatic encephalopathy and ammonia

Altogether ten studies reported the changes in men-
tal status, but for hepatic encephalopathy (HE) differ-
ent scales and definitions were used (Additional file 1:
Table S2). All studies reported improvement, which was
statistically significant only in five cases, all using MARS
therapy.

Ten studies reported changes in blood ammonia levels
(Additional file 1: Table S4). Findings are controversial
for MARS. Prometheus and BioLogic-DT do not remove
ammonia effectively.

Bilirubin

Changes in total bilirubin (TBIL) were reported in
twenty studies (Additional file 1: Table S3). The results
were not pooled on account of different treatment
doses, measurement time points, and definitions for
bilirubin reduction. Hassanein et al. rightly pointed
out that the time between the last treatment session
and post-treatment measurements could greatly influ-
ence this outcome [38]. They showed that a single ses-
sion of MARS reduced TBIL levels significantly, but
this difference decreased by the end of the 5-day treat-
ment period. MARS, PE, MARS combined with PE,
Prometheus, ELAD, and HBALSS treatments signifi-
cantly reduced bilirubin levels. Krisper et al. compared

Page 10 of 17

MARS and Prometheus in a crossover design and
reported Prometheus to be more effective in the
removal of conjugated and unconjugated bilirubin.
BioLogic-DT does not remove bilirubin effectively.

Bile acids

Hassanein, Heemann, and Laleman found that both
MARS and Prometheus reduced bile acid levels sig-
nificantly (P<0.001 and P<0.001, respectively) [31, 38,
49]. Krisper et al. reported that MARS and Prometheus
remove individual bile acids with different clearance
rates [50]. On the other hand, Meijers et al. observed
no significant reduction in bile acid levels after MARS
sessions.

Creatinine and blood urea nitrogen
Changes in creatinine levels were reported in 12 cases
(Additional file 1: Table S5). Findings for MARS and Bio-
Logic-DT are controversial regarding creatinine removal
from the blood, and Prometheus and plasma exchange
therapy do not influence creatinine levels.

MARS, Prometheus, and BioLogic-DT were found to
decrease blood urea nitrogen levels effectively.

Cytokines

TNEF-a levels were reduced after 6 hours of BioLogic-
DT treatment (P=0.04) as reported by Kramer et al.
[32], but only small changes were observed by Ellis
et al. [37]. MARS and Prometheus treatment did not
reduce TNF-« levels [34, 51]. He et al. reported sig-
nificant TNF-a reduction after treatment [48]. MARS
did not change IL-6, IL-8, and IL-10 levels, similarly
to TNF receptors 1 and 2 [34, 51]. Higher IL-8 levels
were measured in the BioLogic-DT group [37]. Levels
of anti-inflammatory protein IL-1 receptor antagonist
were significantly elevated for days in ELAD-treated
subjects [39].

Harms

In the numbers of adverse events (AEs) and reporting
protocols, an immense heterogeneity was shown; there-
fore, quantitative data synthesis was not carried out. All
devices were evaluated to be safe, and the number of AEs
was comparable to the control groups. Hassanein et al.
described nine possibly treatment-related adverse events
in the MARS group; however, the nature of these was not
detailed [38]. Acute hemolysis developed in one patient in
the ELAD group [40] and treatment was discontinued in
several subjects due to adverse events not specified [39, 41,
43]. Heemann et al. compared AEs in the MARS group to
patients who received dialysis and found no significant dif-
ference. Two out of the twelve patients treated with MARS
had fever/sepsis possibly related to the catheter [31].
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Summary of findings Quality
of evidence
Intervention’ Rank Study event rates (%) Risk ratio (95%  Anticipated absolute effects Overall certainty
(Studies?) Crl) of evidence
With standard ~ With Risk Risk difference
medical extracorporeal with standard with extracorporeal
therapy? liver support medical therapy liver support
devices* devices
3-month overall survival (follow-up: range 84 days to 91 days)
PE (2 RCTs) 1 334/569 (58.7%) 136/244 (55.7%)  RR0.74 (0.60 to 59 per 100 15 fewer per 100 OO0
0.94) (from 23 to 4 fewer)  Very low
MARS (2 RCTs) 2 12/17 (70.6%) RR0.78 (0.38 to 13 fewer per 100 OO0
1.40) (from 36 fewer to 23 Very low
more)
Prometheus (1 3 46/77 (59.7%) RR0.97 (0.68 to 2 fewer per 100 (from @O0
RCT) 1.40) 19 fewer to 23 Very low
more)
ELAD (4 RCTs) 4 78/213 (36.6%) RR0.99 (0.76 to 1 fewer per 100 (from @O OO
1.30) 14 fewerto 18 Very low
more)
BioLogic-DT (1 5 5/5 (100.0%) RR 1.00 (0.55 to 0 fewer per 100 (from @O OO
RCT) 2.10) 26 fewer to 65 Very low
more)
1 month overall survival (follow-up: range 28 days to 31 days)
PE (1 RCT) 1 122/359 (34.0%)  19/104 (18.3%) RR0.51 (0.12 to 34 per 100 17 fewer per 100 @GBEBO
2.40) (from 30 fewer to 48 Moderate
more)
MARS (3 RCTs) 2 109/113 (96.5%) RR 0.60 (0.15 to 14 fewer per 100 @OOO
1.30) (from 29 fewer to 10 Very low
more)
MARS + PE 3 7/60 (11.7%) RR 0.60 (0.07 to 14 fewer per 100 OO0
(indirect) 3.20) (from 32 fewerto 75 Very low
more)
Prometheus (1 4 29/77 (37.7%) RR 1.00 (0.25 to 0 fewer per 100 (from  ®@OOQO
RCT) 4.30) 25 fewer to 100 Very low
more)
BiolLogic-DT (1 6 6/10 (60.0%) RR1.10 (0.24 to 3 more per 100 (from  &OOQO
RCT) 5.40) 26 fewer to 100 Very low
more)
ELAD (3 RCTs) 7 26/117 (22.2%) RR 1.40 (0.56 to 14 more per 100 OO0
3.60) (from 15 fewer to 88  Very low
more)
3-month transplant-free survival (follow-up: range 84 days to 91 days)
PE (1 RCT) 1 189/396 (47.7%)  42/104 (40.4%) RR0.77 (0.51 to 41 per 100 11 fewer per 100 (from @®&®Q)
1.10) 23 fewer to 5 more) Moderate
Prometheus (1 2 52/77 (67.5%) RR0.96 (0.67 to 2 fewer per 100 (from @O OO
RCT) 1.40) 16 fewer to 19 Very low
more)
ELAD (4 RCTs) 4 76/217 (35.0%) RR 1.00 (0.78 to 0 fewer per 100 (from  @OOQO
1.40) 11 fewer to 19 VERY LOW
more)
MARS (1 RCT) 5 7/8 (87.5%) RR1.10 (0.61 to 5 more per 100 (from @O OO
2.10) 19 fewer to 53 Very low

more)
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Table 2 (continued)
Summary of findings Quality

of evidence

Intervention’ Rank Study event rates (%)

(Studies?) Crl)
With standard ~ With
medical extracorporeal
therapy? liver support
devices?

Risk ratio (95%

Anticipated absolute effects Overall certainty

of evidence

Risk Risk difference

with standard with extracorporeal

medical therapy liver support
devices

1-month transplant-free survival (follow-up: range 28 days to 31 days)

ELAD (2 RCTs) 1 109/264 (41.3%)  14/43 (32.6%) RR047 (0.13 to 41 per 100 22 fewer per 100 (from @O OO
1.20) 36 fewer to 8 more)  Very low

PE (1 RCT) 2 47/104 (45.2%) RR0.52(0.21 to 20 fewer per 100 (from ©&&0)
1.20) 33 fewerto 8 more) Moderate

MARS (3 RCTs) 3 60/122 (49.2%) RR 0.96 (0.50 to 2 fewer per 100 (from @O OO
1.50) 21 fewer to 21 more) Very low

Significant results are highlighted in italic

Crl credible interval, PE plasma exchange, RCT randomized controlled trial, RR risk ratio, MARS molecular adsorbent and recirculating system, ELAD extracorporeal liver

assist device

' Intervention compared to SMT as reference comparator
2 Number of studies included in the direct comparison

3 Data from all studies

4 Data from studies included in the direct comparison

Adverse events were reported in all but four papers
in general. The most frequent complications were
bleeding at the site of the catheter, clotting in the
apparatus, and thrombocytopenia. Hypotension was
reported in patients treated with PE and Prometheus
[33, 49].

Risk of bias assessment and quality of evidence

The quality of evidence is shown in Table 2 (see Addi-
tional file 1: Table S1 for more detail). Quality of evidence
was moderate for PE in the analysis of OS at 1 month
and both TFES outcomes. All other results were of very
low certainty. The results of the risk of bias assessment
conducted separately for OS and TFS are shown in Addi-
tional file 1: Figures S13 and S14. Overall risk of bias was
low in 50% of the studies included in the OS analyses.
33% carried moderate and 22% high risk of bias. For TFS,
22% of studies carried low, 22% moderate, and 46% high
risk of bias.

Discussion
Extracorporeal liver support therapies have been and
will remain of fundamental interest in the management
of ACLF [52]. However, their benefits have been debated
for long. Therefore, we conducted the first network meta-
analysis focusing on patients with ACLEF, assessing overall
and transplant-free survival at 1 and 3 months. The analy-
ses for OS yielded similar results, with PE ranking first and
MARS second on the cumulative ranking curves in both
cases. From all comparisons, only plasma exchange was
associated with a statistically significant improvement,
when compared to SMT in the analysis of 3-month over-
all survival, but with very low certainty of evidence. Other
comparisons did not reach statistical significance, but
SMT had very low probabilities of being the best option in
all analyses.

Until then, evidence on the efficacy of PE in ACLF
mostly originated from cohort studies. The APASL con-
sensus guideline recommended the use of PE in ACLF

(See figure on next page.)

Fig. 2 b Studies included in the analysis for 3-month overall survival (OS). € Geometry of the network: the nodes represent the number of studies
and the thickness of the lines corresponds to the number of direct comparisons. a League table: The league table contains the risk ratios (RR) and
credible intervals (Crl) for every possible comparison of the interventions. Events were defined as death during the follow-up period (84-91 days).
Significant results are highlighted in bold. d Cumulative ranking curves: On the x axis the cumulative probability of the treatment being in the first
n rank is shown, while the y axis shows the ranks. e Surface under the cumulative ranking curves: The surface under the cumulative ranking curve
(SUCRA) is a numeric presentation of the overall ranking and presents a single number associated with each treatment. SUCRA values range from 0
to 100%. The higher the SUCRA value, and the closer to 100%, the higher the likelihood that a therapy is in the top rank or one of the top ranks. The
height of each bar corresponds to the SUCRA value of the respective treatment
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a
Treatment 1
RR (95% Crl) Treatment 2
0.95(0.53, 2.0)
0.76(0.50, 1.2)  0.81(0.36, 1.5) [ERZEIGEGENE
0.75(0.53,1.1) 0.79(0.37,1.5) 0.98(0.63, 1.6)
0.72(0.35,1.4) 0.75(0.28,1.7) 0.93(0.43,1.9) 0.95(0.46,1.9) :TRTTe0)s
0.74 (0.60,0.94) 0.78(0.38,1.4) 0.97(0.68,1.4) 0.99(0.76,1.3) 1.0(0.55,2.1)
b C
MARS ELAD
Study ID Intervention(s) Patients/group
Thompson (2018) ELAD/SMT 96/107
Hillebrand (2010) ELAD/SMT 14/4
Teperman (2012) ELAD/SMT 25/28
Pyrsopoulos (2019) ELAD/SMT 78/73
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for bridging to transplantation or recovery. The EASL
did not find the available evidence to be sufficient for rec-
ommending the use of any liver support therapy for the
treatment of ACLF. High-volume PE was found to reduce

mortality and effectively remove DAMPs, TNF-a, and
IL-6 in ALF patients in an RCT [53, 54].

The role of immune dysfunction and dysregulated
immune response in ACLF has recently come into focus.
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Fig. 3 Rankograms for 3-month overall survival: Rankograms show the probability (x axis) of the respective treatment achieving certain ranks
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Standard medical therapy

Both hyper-inflammation and immunosuppression play
a role in acute decompensation [1, 7]. Inflammation rep-
resented by elevated inflammatory markers was previ-
ously thought to be a consequence of ongoing infection,
but lately endogenous inducers were identified as under-
lying causes [2]. Bioartificial devices have the potential

of synthetic functions and contribution to the immune
response [55]. So far, only ELAD was tested in RCTs,
always compared to SMT. Although ELAD did not per-
form well on the cumulative ranking curves, significantly
higher IL-1 receptor antagonist levels were measured
during ELAD therapy than in controls [39]. Based on this
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finding, the immunomodulatory functions of bioartificial
devices should be further assessed.

Several new devices are being tested in animal models
of liver failure, including both artificial and bioartificial
ones [56, 57], and ongoing clinical trials are enrolling
ACLF patients ([58], NCT03882346, NCT04051437).
Other blood purification methods, such as CytoSorb ™
therapy, also seem promising [59, 60], but they have not
yet been evaluated in a randomized setting. Nevertheless,
according to a recent in vitro experimental model, Cyto-
Sorb hemoperfusion leads to an initially faster removal of
cytokines, like TNF-a and IL-6, as well as more effective
reduction of albumin-bound toxins, such as indirect bili-
rubin and bile acids, compared to MARS [61].

There are some strengths and several limitations to our
study. This is the first NMA in this field using the latest
recommendations from the Cochrane Collaboration for
statistical analysis, risk of bias, and QE assessment. We
evaluated OS and TES separately, at 1 and 3 months.
We did not pool in-hospital, short-term, and long-term
survival data. Studies enrolling patients with hepatore-
nal syndrome were not excluded with the aim of includ-
ing cases with poorer prognosis. This new methodology
enabled the comparison and ranking of different devices
and highlighted the need for international consensus on
the definition of ACLF and further trials testing already
existing and new devices.

The absence of loops in all of the created networks lim-
its statistical analysis in Bayesian networks and results
in wider credible intervals. Transitivity could not be
directly tested, but we think that the differences between
the study populations do not violate the assumption of
transitivity. The analyses included relatively few stud-
ies, some of them only enrolling less than 10 subjects
per group, raising concerns about the beta-type error.
Most importantly, due to the different definitions of
ACLF used (Table 1), patient characteristics can differ
significantly among studies, resulting in a highly het-
erogeneous population in our study. Eligibility criteria
and the ratio of viral and alcoholic etiology differs in the
included studies, but all patients were diagnosed with
ACLE. Differences in the study populations may explain
some of the controversial results of RCTs included in
this meta-analysis. Also, in some of the included studies
mortality was not a primary endpoint and was reported
additionally; therefore, bias arises. The recruitment
period for the included trials ranges from March 1997
until February 2015, which could impose chronological
bias. Variance in SMT and treatment dose also could
have influenced outcomes [62]. Due to the differences in
treatment dose, cut-offs and reporting protocols, data on
HE, laboratory parameters, and AEs could not be ana-
lyzed quantitatively.

Page 150f 17

Conclusion

Implication for practice

Plasma exchange seems to have the most beneficial effect
at present, but liver support devices in general had higher
probabilities for the first two ranks than SMT. Choos-
ing the best option remains in the hands of the attending
physician.

Implication for research

International consensus is needed to standardize the defi-
nition of ACLF. Further RCTs targeting carefully selected
subgroups of the ACLF population, using already exist-
ing and new therapeutic methods are needed to produce
high-quality evidence for guideline development.
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