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Abstract

Stem cells therapy could improve survival in patients with liver failure. Studies
on stem cell therapy and related growth factors in decompensated cirrhosis has
been on the forefront but has shown heterogenous results. Recent high-quality
studies have shown a lack of efficacy and safety. Patients with acute-on-chronic
liver failure (ACLF) are a unique group with high mortality in the short-term
associated with rapid onset extrahepatic organ failures. In these patients, there is
an urgent need to identify treatments that can improve liver cell function and
mass, prevent sepsis/organ failure, ameliorate systemic inflammation, and
increase transplant-free survival. Stem cells are a novel treatment in ACLF but
with unclear efficacy and safety. In this narrative review, we discuss the basics of
liver regeneration in patients with ACLF and update current clinical status of
stem cell use in patients with ACLF for improving our understanding of future
directions.

Key Words: Portal hypertension; Regenerative therapy; Mesenchymal stem cells; Liver
failure; Sepsis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In patients with acute on chronic liver failure (ACLF), the efficacy and safety
of stem cell therapy remains unclear because there are few adequately powered, high-
quality studies. Most studies in ACLF have been performed in Asian centers and in
those with hepatitis B virus infection. Some studies have demonstrated improved short-
term survival as well as liver disease severity and better hepatic synthetic and excretory
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functions. However, long term clinical efficacy and safety as well as ideal protocols for
stem cell extraction, dose, duration, route, and type, in patients with ACLF remain
unclear and requires sufficiently powered studies.

Citation: Philips CA, Augustine P. Still 'dwelling in the possibility' - critical update on stem cell
therapy for acute on chronic liver failure. World J Stem Cells 2020; 12(10): 1124-1132

URL: https://www.wjgnet.com/1948-0210/full/v12/i10/1124.htm
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INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a distinct clinical syndrome characterized by
liver failure in the presence of acute hepatic or non-hepatic injury in a patient with
chronic liver disease. The acute insult leads to severe and persistent systemic
inflammation followed by a cytokine storm resulting in rapid liver and extrahepatic
organ failure, which is the hallmark of ACLF. Common acute injuries known to cause
ACLF include alcoholic hepatitis, reactivation of chronic hepatitis B, acute non-
hepatotropic and hepatotropic viral hepatitis, drug and herb-induced liver injury, and
sepsis. Sepsis in particular can act as an acute insult as well as a consequence during
the progression of ACLF that worsens organ failure. In contrast to compensated and
decompensated cirrhosis, patients with ACLF are considered to have a very poor
‘hepatic reserve’. This reduction in hepatic reserve drives liver failure in the presence
of persistent inflammation and immune dysregulation to further mitigate the
regenerative potential of the hepatic mass under insult''l. In this regard, management
options in ACLF include treatment of acute injury (corticosteroids for alcoholic
hepatitis, antiviral therapy for hepatitis B virus infection, and withdrawal of
hepatotoxic drugs); modulation of immune functions (experimental use of
granulocyte-colony stimulating factor, plasma exchange); management of severe
inflammatory responses; reduction of circulating toxins (liver-assist devices); and
supplementation of liver regenerative capacity (stem cell therapy or growth factor
use). These practices can help reduce liver failure and its progression to multiple organ
failure. The augmentation of liver regeneration can be achieved through various
forms of stem cell therapy or organ transplantation. In this review, we briefly discuss
the pathophysiology of ACLF that substantiates stem cell use. We then explore the
basics of stem cells and their contemporaneous use in the treatment of chronic liver
failure and critically assess the current literature on various clinical studies on stem
cell use in ACLF.

ACLF AND LIVER REGENERATION

Cirrhosis is associated with progressive fibrosis, marked disruption of the hepatic-
angioarchitecture, and blood flow leading to an increase in portal pressure and
subsequent quantitative and qualitative hepatocyte loss. It is broadly divided into two
phases: compensated and decompensated. Compensated cirrhosis also encompasses
advanced compensated liver disease (ACLD) patients who have elastography-based
liver stiffness values over 15 kPa along with clinically significant portal hypertension
(hepatic venous pressure gradient = 10 mmHg)". This compensated phase may last for
10 to 15 years after which decompensation emerges with variceal bleeding, ascites,
jaundice, and hepatic encephalopathy (HE).

The decompensated phase lasts 3 to 5 years after which the liver failure and
multiple organ failure ensues leading to death or the need for a liver transplantation.
The persistence of etiological mechanisms in patients with compensated cirrhosis leads
to the continuation of liver cell necrosis and inflammation. These features lead to a
reduction in liver parenchyma cells, increased resistance to the portal blood flow,
worsening portal hypertension, and liver dysfunction™. An acute insult in the form of
hepatic or non-hepatic liver injury in cirrhosis can lead to sudden deterioration in liver
function complicated by extrahepatic organ failures that define ACLF.

According to the Asian Pacific Association for the Study of the Liver, ACLF is
described as liver failure (serum bilirubin level of 2 5 mg per dL) and coagulopathy
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(an international normalized ratio of > 1.5 or prothrombin activity of < 40%) that is
complicated within four weeks by clinical ascites and/or encephalopathy in a patient
with chronic liver disease or cirrhosis. According to the European Association for the
Study of the Liver, ACLF is the development of acute decompensation (ascites,
encephalopathy, gastrointestinal hemorrhage or bacterial infection) of cirrhosis
complicated by either single organ failure (renal or otherwise) or multiple organ
failures.

While a common definition has not been achieved between the East and West, liver
failure plays a central role in the causation and progression of organ dysfunction in
ACLFPl. Hepatocyte regeneration can compensate for acute and chronic liver injury
and depends on various signaling pathways that are contingent on cytokines and
growth factors. The two-tier regenerative response showed that mature or adult
hepatocytes replicate to sustain liver function in acute liver failure and normal
physiological regeneration. In patients with ACLF, the proliferation of hepatic
progenitor cells (HPCs) or liver stem cells initiates and regulate regenerative responses
with the continued loss of mature hepatocytesl®l.

Hepatic stellate cells (HepSCs) also have stem cell properties. Cytokines play a
central role in driving ACLF and promoting organ failure. However, cytokines such as
interleukin-6 (IL-6) and tumor-necrosis-factor alpha (TNF-a) have dual actions that
can result in hepatocyte death but also enhance liver cell proliferation via activation of
acute phase proteins with antiapoptotic effects. The tilt in balance between hepatocyte
death or proliferation and regeneration depends on the underlying liver disease
severity and intensity of acute insult. High representation of HPCs and intermediate
hepatocytes (phenotype between progenitor cells or ductular cells and mature
hepatocytes) that correlate with severity of underlying liver fibrosis and inflammation
has been demonstrated in patients with ACLF. Activation of HPCs and HepSCs and
associated cytokine signaling including hedgehog and Wingless and Int-1 (Wnt)
pathways play the central role in hepatocyte mass maintenance in patients with
ACLF"!. In ACLF, an extensive ductular reaction occurs after intense acute insult and
liver cell necrosis. This ductular proliferation involves mature cholangiocytes and
ductular hepatocytes, the latter are located in the periphery of the portal tracts and
proliferate and express cholangiocyte and hepatocyte markers. After an acute insult,
various signaling cascades come into play to sustain quality and quantity of liver cell
mass. Briefly, the important molecular cascade processes in liver regeneration during
hepatic injury include the priming phase, the proliferation phase with complete (direct
hepatotropic effect) and auxiliary (incomplete hepatotropic effect) cytokine and
growth-factor driven ‘mitogen’ activity, and the termination phasel*l.

Briefly, these phases include: (1) TNF-a mediated priming (through superfamily
members and receptors) phase of liver regeneration through activation of the nuclear
factor kB (NF-kB) transcription factor that is induced (through adaptor protein MyD88
through toll-like receptors) by intestine-derived lipopolysaccharide; (2) Activation of
the complement component Cb5a for IL-6 induction and STAT3 pathway activation; (3)
Activation of intercellular adhesion molecule 1 (ICAM-1) by leucocytes to activate
Kupffer cells and subsequent beneficial cytokine signaling; (4) Lymphotoxin-alpha
(LT-a) activation of TNF receptor 1 (TNFR1) in intrahepatic lymphocytes and
lymphotoxin 3 receptor (LTPR) on the hepatocytes; (5) Secretion of stem cell factor and
activation of its receptor, c-kit, within the liver microenvironment from bone marrow-
derived sources that upregulate IL-6 to promote hepatocyte regeneration via HPCs
activation; (6) Upregulation of hepatocyte growth factor (HGF) for activity via
activation of the receptor tyrosine kinase c-Met; (7) Epidermal growth factor (EGF)
family receptors and associated ligand activation resulting in the upregulation of
transforming growth factor (TGF)-a and heparin-binding EGF (HB-EGF) that improve
the mitogenic potential of existing hepatocytes; (8) Fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF, especially type A), and platelet-derived
growth factor (PDGF)-related upregulation and mitogenic effect on sinusoidal
endothelial cells and proliferation of liver cells; (9) Growth factor-related hepatocyte
proliferation via Ras-MAPK signaling and phosphatidylinositol 3-kinase/protein
kinase B (PI3K/ AKT) signaling pathways; (10) Insulin-like growth factors (IGFs) type I
and II, and their respective binding proteins (potent stimulators of hepatocyte
mitogenesis); (11) Canonical Wnt pathway activation and signaling leading to
stabilization and nuclear translocation of B-catenin, which performs transcriptional
regulation leading to increased DNA synthesis within hepatocytes and mitogenesis;
(12) Bone morphogenetic proteins (BMPs) activation in acute and chronic injury that
induce hepatocyte proliferation; and (13) Bone marrow derived hematopoietic stem
cells that became an important driver of liver cell regeneration.

Once proliferation is complete and satisfactory, the activin A (member of TGF
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superfamily) and TGF-f activate their individual receptor complexes on hepatocytes
resulting in activation of SMAD2 and SMAD3 and inhibition of cell proliferation
leading to termination of liver regeneration”'!. Progenitor cell mobilization for disease
modification can be achieved via direct stem cell infusion or stimulation via systemic
treatment with certain growth factors and cytokines such as the myeloid growth factor
granulocyte- and granulocyte-macrophage-colony stimulating factors (G-CSF and GM-
CSF) as well as interleukins IL-11, IL-3, and IL-8. Interleukin-22 (secreted by
mesenchymal stem cells) was recently shown to ameliorate ACLF by reprogramming
impaired regeneration pathways by upregulating STAT3, BCL2, Cyclin D, and
antibacterial genes leading to hepatocyte proliferation”. In liver disease management,
common stem cell treatments include direct progenitor cell infusion or growth factor-
directed stimulation.

To summarize, in ACLF, hepatocyte replication occurs through activation and
differentiation of HPCs (Figure 1). The TNF super family member 12 (known as
TWEAK) and the TNF receptor family 12A (known as FN14) that are activated by
macrophages, Kupffer cells, T cells, and interleukins and promote differentiation of
HPCs into hepatocytes. Apoptosis and necrosis of hepatocytes activate the Wnt
signaling (especially Wnt3) inhibiting the Notch-Hedgehog signaling with promotion
of HPCs differentiation to hepatocytes. Activation and secretion of paracrine factors
needed for hepatocyte growth and replication is supported by non-parenchymal cells
of the liver (such as stellate cells) as well as the bone marrow. Acute liver injury leads
to an increase in stromal cell derived factor 1 in bone marrow, stimulation and
secretion of bone marrow derived hematopoietic stem cells, and epithelial progenitor
cells that home towards the liver microenvironment where they upregulate hepatocyte
replication and sinusoidal cell activation, which improve angiogenesis. The latter is a
pre-requisite for liver regeneration.

STEM CELLS AND THEIR USE IN DISEASES OF THE LIVER

Stem cells are undifferentiated cells that can continually proliferate. Stem cells are
divided into embryonic, fetal, and adult types. The former can differentiate into any
type of cell depending on the stimulus while the latter has a narrow variety of
outcomes related to proliferation. Induced pluripotent stem cells and cord blood or
amniotic fluid stem cells are other types. Based on the proliferation potential, stem
cells can be further divided into totipotent, pluripotent, multipotent, oligopotent, or
unipotent types. Stem cells can be autologous (obtained from self or patients
themselves) or allogenic (from a donor). Adult stem cells have been the most utilized
and studied among patients with advanced liver disease. The commonly sourced adult
stem cells include hematopoietic stem cells (HemSC) that are isolated from blood, bone
marrow, umbilical cord blood, or occasionally from peripheral blood based on
expression of surface markers CD34+ and CD133+. Other examples include non-
hematopoietic mesenchymal stem cells (MSC) that can be isolated from blood and
multiple other tissues of the body and purely isolated bone-marrow mononuclear
(BMMNC) or bone marrow stem (BMSC) cells. Adult stem cells such as the bone-
marrow derived stem cells and HemSCs can be indirectly propagated through use of
exogenous growth factors such as G-CSF or GM-CSF.

Direct stem cell use involves infusion into the portal vein, hepatic artery, splenic
vein, hepatic sinusoids or percutaneous delivery, transplantation of clusters into the
tissue component or the use of vectors!”*l. Bone marrow-derived MSCs are the most
commonly used source of multipotent cells for stem cell transplantation in
experimental studies and clinical trials. According to the International Society for Cell
Therapy, the minimal criteria required of derived MSCs include a fibroblastoid
phenotype with expression of CD105, CD73, and CD90 and a lack of expression of
CD45, CD34, CD14 (or CD11b), and CD79a (or CD19).

MSCs are easier to obtain including from adipose tissue. MSC express surface
markers and liver specific genes including alpha fetoprotein, cytokeratin (CK)-18, CK-
19, and hepatocyte nuclear factor and can easily differentiate into hepatocyte-like cells
but with heterogenous and unstable functionality; hence, they are rarely used in
human clinical trials"l. Cytokines, chemokines, and growth factors secreted by adult
stem cells (especially MSCs) are effective in reducing inflammation and hepatocyte
apoptosis in both acute and chronic liver injury models. Similar assumptions have
been made on their utility in patients with advanced liver cirrhosis.

In this regard, a multitude of work has been done on stem cell-based treatment in
patients with decompensated cirrhosis. A recent pooled analysis of MSC-based
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Figure 1 Processes associated with liver regeneration in acute on chronic liver failure. With acute injury, multiple cellular components in the blood
and bone marrow as well as within the liver microenvironment are activated. These then secrete cytokines and chemokines that will drive systemic inflammation
towards organ failure or help mitigate injury, leading to hepatocyte replication and liver regeneration. These processes are dependent on the host, environment and
intensity of acute insult. Further, various growth factors secreted from the tissue and bone marrow compartments in the presence of cytokines activate signaling
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liver injury and replace dysfunctional liver mass. IL: Interleukin; TNF: Tumor necrosis factor; C5a: Complement 5a; G-CSF: Granulocyte-colony stimulating factor;
ICAM: Intracellular adhesion molecule; TGF: Transforming growth factor; STAT: Signal transducer and activator of transcription; Wnt: Wingless and Int-1; BCL: B cell
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therapy for liver disease inclusive of acute liver failure, chronic liver failure, and ACLF
showed that MSC-based therapy was relatively safe and improved liver function
during the first six months post treatment. The optimal dose for improvement in liver
functions using bone marrow derived MSCs was found to be a single injection via the
hepatic artery. Nonetheless, very significant heterogeneity among studies and
discontinuous results on sub-group meta-analysis were evident. Thus, the long-term
efficacy of MSC therapy was unanswered!l.

In another systematic review on stem cell therapy in chronic liver failure, eight case
studies and 17 studies with controls revealed that the most common stem cells were
autologous adult stem cells and MSCs from the bone marrow or umbilical cord!.
These performed better than other types of adult stem cells even though none of the
trials reported outcomes in the long-term. The routes of stem cell infusion did not
affect the outcomes and fresh or cryopreserved autologous or allogeneic MSCs were
equally beneficial. In one study, the use of mononuclear cells derived from the bone
marrow resulted in a higher incidence of hepatocellular carcinoma in the long term.

Some quality studies have utilized G-CSF, and cirrhosis patients either developed a
worsening model for end stage liver disease (MELD) score, new onset acute kidney
injury, thrombocytopenia (due to worsening portal hypertension), or variceal
bleeding. The analysis also showed that excessive cell infusion through the portal vein
or the hepatic artery route resulted in worse clinical symptoms!'®. Similar findings
were noted in a large single center study of decompensated cirrhosis patients awaiting
liver transplantation receiving G-CSF in a spaced regimen over one month. Versus a
matched historical control group, patients receiving G-CSF had higher mortality (75%
vs 46%, P = 0.04) at one year!"”l. A well-performed randomized controlled trial on the
use of G-CSF with or without haemopoietic stem-cell infusion in chronic liver failure
did not improve liver dysfunction or fibrosis and was demonstrably associated with
increased frequency of adverse events vs standard care. Even with a large number of
studies conducted on stem cell therapy in advanced chronic liver failure, efficient and
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cost-effective differentiation and production protocols need to be developed, and the
safety and true efficacy in the intermediate and long term remain unclear!. Studies on
the use of stem cell and growth factor therapy in patients with ACLF are less common
than those in decompensated cirrhosis. In ACLF patients, apart from mitigation of
underlying fibrosis and hepatocyte loss, stem cell therapy aims to ameliorate and
modify the systemic and local inflammation toward beneficial inflammatory responses
that promote liver regeneration. A narrative review and core summary on ACLF are
discussed in the subsequent section.

STEM CELL THERAPY FOR ACLF

Zhu et al* studied the benefits of porcine adipose-tissue derived stem cells (ADSCs) in
a rabbit model of ACLF (chronic liver disease using CCl4 intraperitoneal injection and
acute event by intravenous D-galactosamine). The authors found that rodents
receiving ADSCs had improved biochemical parameters and histomorphology score of
the liver. The authors speculated that ADSCs, like bone marrow derived stromal cells,
could differentiate into hepatocytes and promote beneficial inflammatory pathways of
regenerative potential. This study however, did not provide evidence for the
determined hypothesis. Shi et al”! and colleagues utilized umbilical-cord derived
MSCs (UCMSCs) in patients with ACLF due to hepatitis B virus infection. In this open-
label controlled study, with a survival end-point of 72 wk, stem cell therapy was given
three times at four-week intervals (two cycles). The authors found that UCMSCs
significantly increased the survival of ACLF patients while also reducing liver disease
severity scores, improved liver synthetic and excretory functions, and increased
platelet counts. Another study on peripheral venous infusion of allogenic bone
marrow-derived MSC treatment in ACLF due to hepatitis B infection also
demonstrated an increased six-month survival rate associated with improved liver
function. There was also decreased incidence of severe infections”!. These studies
described beneficial clinical outcomes with use of different tissue derived stem cells,
but did not shed light on the mechanistic actions or provide evidence on the ‘fate-of-
infused-cell” contributing to hepatic progenitor cell repopulation and liver mass
reserve. Furthermore, studies on stem cell use in ACLF have utilized a variety of tissue
derived cells which compromise conclusive evidence for accurate identification of type
of stem cell that is clinically beneficial.

A systematic review on stem MSC transplantation for ACLF due to hepatitis B virus
found three studies with 198 patients (91 treated with MSC and 107 on standard
medical therapy, controls). One of the studies included in this meta-analysis utilized
MSC transplantation along with therapeutic plasma exchange which could have
affected true outcome measures. Nonetheless, pooled results showed that MSC
treatment could significantly reduce the mortality rate and hyperbilirubinemia at three
months and was safe. Nonetheless, this systematic review and its outcomes were
confined to short term follow up with intermediate and long-term benefits of MSC
transplantation in ACLF due to hepatitis B remain unstudied™!. In a systematic review
and meta-analysis on the clinical performance of stem cell therapy in patients with
ACLF, Xue et al*land colleagues found beneficial outcomes with stem cell therapy
were satisfied in patients with ACLF only in the short-term. They also concluded that
MSCs may be better than BMMNC s in the stem cells transplantation of ACLF. This
systematic analysis not only included ACLF patients, but also those with acute
decompensation and very advanced chronic liver failure patients. Nonetheless, the
actual utility and transplant-free survival of ACLF patients on various stem cell-based
treatments remain a ‘dwelling possibility” without real life basic science driven
conviction (Figure 2).

Very recently, an interim analysis of the first prospective, randomized, controlled
multicenter trial of G-CSF (as a growth factor for bone marrow-stimulated HemSCs) in
ACLF was prematurely terminated after conditional power calculation. The
researchers found that G-CSF did not show any therapeutic efficacy, did not improve
survival, and was associated with adverse events. These findings were in obvious
contrast to the results from smaller clinical trials published previously”. Similarly, a
study of G-CSF in all-cause pediatric ACLF (5 mcg/ (kg d) for 5 d) was found to be
ineffective in improving the survival outcome on day 30 and 60 of therapy. The
authors called for studies with larger number of children and longer duration of
therapy!™. To summarize (Table 1), peripherally infused mesenchymal stem cells are
the most commonly studied regenerative therapy in patients with ACLF with hepatitis
B the most common etiology. The other common ‘regenerative” options include growth
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Table 1 Summary and salient features of clinical studies on acute on chronic liver failure utilizing stem cell therapy and/or growth factor therapy

Ref. Country Etiology of ACLF Type of study Therapy used Outcome
Shi et all”, China Hepatitis B virus Open label, randomized controlled trial (1 = 24 treated, 19  Umbilical cord derived mesenchymal stem Follow up at 72 wk; partial improvement in MELD score and
2012 controls) cells; cubital vein infusion; 3 times 4 weeks liver function; 12-wk survival better in stem cell group; no
apart long-term survival benefit
Lin et al™!], China Hepatitis B virus Open label, non-blinded randomized controlled trial (7 =  Allogenic bone marrow derived mesenchymal Follow up at 24 wk; survival better in stem cell group;
2017 56 treated, 54 controls) stem cells; peripheral vein infusion; once bilirubin reduction and MELD score improved significantly in
weekly for 4 wk stem cell group
Chen et al™!,  China Hepatitis B virus Systematic review and metanalysis of three studies (n =91 Bone marrow derived and umbilical cord Significant reduction of bilirubin at 4 wk and not beyond;
2018 treated with MSC, 107 on SMT) derived mesenchymal stem cells; one study improved survival at 12 wk (short term) only; safety profile of
included patients on plasma exchange along peripheral infusion confirmed
with stem cell therapy (not ideal for inclusion)
Xueetal®™,  China Multiple Systematic review and metanalysis of four randomized Bone marrow mononuclear cells, peripheral Significant reduction in bilirubin at 12 mo; improvement in
2018 controlled trials and six non-randomized controlled trials; ~ blood derived stem cells, bone marrow albumin level in long term (confounders not controlled); short
poor inclusion, decompensated cirrhosis patients, alcoholic derived stem cells, umbilical cord derived term survival at 12 wk; bone marrow mononuclear cells
cirrhosis and acute liver failure due to hepatitis B virus mesenchymal stem cells; peripheral veinand ~ associated with adverse events; no long-term clinical efficacy
also included hepatic artery or safety could be assessed
Engelmann  European Multiple (mostly alcoholic Interim analysis of a prospective, controlled, open-label 2-  Granulocyte-colony stimulating factor (5 No survival benefits; no clinical improvement; adverse events
etal”,2019  multicenter  hepatitis and bacterial sepsis)  armed study (1 = 163) ng/ (kg d); 12 injections in total, 5 d more with therapy; futility confirmed and study prematurely
consecutively, then 3 d apart) stopped
Sharma India Paediatric population (aged >  Open-label randomised pilot study Granulocyte-colony stimulating factor (5 Improvement in Child Pugh scores at 2 wk, not thereafter; no
et al®, 2020 1 yr); multiple etiology ng/ (kg d); once daily for 5 d) clinical improvement in the short-term; no survival benefit at

(including Wilsons disease and
autoimmune hepatitis)

30-d and 60-d follow up

ACLF: Acute on chronic liver failure; SMT: Standard medical treatment; MSC: Mesenchymal stem cells; MELD: Model for end stage liver disease.

factors, especially G-CSF. Even though some studies showed improved short-term
survival and reduction in liver dysfunction with MSC-based therapy, strong evidence
for recommending stem cell use in ACLF is currently lacking due to the heterogeneity
in tissue sources for stem cell derivation and differences in route of administration,
dose and duration. Recent studies also caution regarding the use of G-CSF for bone
marrow-derived hematopoietic stem cell stimulation in patients with ACLF.

CONCLUSION

Stem cell therapy for patients with ACLF currently remains in the domain of
experimental clinical research; strong evidence for its use in routine clinical practice
does not exist. This ‘dwelling in the possibility” for stem cell based regenerative
therapy in ACLF has been under study for almost more than half a decade and has not
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Current update on regenerative therapy in chronic liver failure

Decompensated cirrhosis G : Acute on chronic liver failure

Bone marrow derived mesenchymal stem cell most used
Peripheral infusion of stem cell most utilized Mesenchymal stem cell most used
G-CSF most common single agent therapy Peripheral infusion of stem cell most utilized
G-CSF most common single agent therapy
Short term (12 wk, best studied)
Improved synthetic function

Improved liver disease score (MELD) BliEariEs

Improved survival ACLF related to HBV most studied
12 wk outcome most analysed
Intermediate & long term (24-48 wk) Small series improved liver function
No high quality studies Survival outcomes questionable
Heterogenous results Bone marrow mononuclear cells deleterious
No benefit in transplant free survival No benefit in paediatric all-cause ACLF
Worsening liver related events High quality multi center, prospective studies lacking
Treatment related adverse events Intermediate and long term outcomes unknown

Currently no recommendation for clinical use

Figure 2 Contemporary update on role of stem cell or growth factor therapy for patients with chronic and acute-on-chronic liver failure.
MELD: Model for end stage liver disease; G-CSF: Granulocyte-colony stimulating factor; ACLF: Acute-on-chronic liver failure.

shown any promising value because the dose, duration, timing, route, and type of
stem cells with the best efficacy and safety profile in this group of patients remain
undefined similar to that in patients with decompensated cirrhosis.
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