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Background. Alternative approaches to transplantation for liver failure are needed. One of the alternative approaches is stem cell
therapy. However, stem cell therapy in liver failure is not standardized yet, as every centre have their own methods. This
systematic review is aimed at compiling and analyzing the various studies that use stem cells to treat liver failure, to get an
insight into potential protocols in terms of safety and efficacy by comparing them to controls. Methods. This systematic review
was done according to PRISMA guidelines and submitted for registration in PROSPERO (registration number
CRD42018106119). All published studies in PubMed/MEDLINE and Cochrane Library, using key words: “human” and “stem
cell” AND “liver failure” on 16" June 2018, without time restriction. In addition, relevant articles that are found during full-text
search were added. Inclusion criteria included all original articles on stem cell use in humans with liver failure. Data collected
included study type, treatment and control number, severity of disease, concomitant therapy, type and source of cells, passage of
cells, dose, administration route, repeats, and interval between repeats, outcomes, and adverse events compared to controls. Data
were analyzed descriptively to determine the possible causes of adverse reactions, and which protocols gave a satisfactory
outcome, in terms of safety and efficacy. Results. There were 25 original articles, i.e., eight case studies and 17 studies with
controls. Conclusion. Among the various adult stem cells that were used in human studies, MSCs from the bone marrow or
umbilical cord performed better compared to other types of adult stem cells, though no study showed a complete and
sustainable performance in the outcome measures. Intravenous (IV) route was equal to invasive route. Fresh or cryopreserved,
and autologous or allogeneic MSCs were equally beneficial; and giving too many cells via intraportal or the hepatic artery might
be counterproductive.

over, the number of patients who need a liver transplant is on
the rise each year, which in 2016 the rise in demand was 10%

The gold standard therapy for liver failure is liver transplant.
However, there are discrepancies between liver supply and
demand for transplantation. In the USA, Habka et al. stated
that from 16,000 patients who were registered to receive liver
transplantation, only 38% could get the transplant [1]. More-

compared to the demand in 2015 [2]. Limited numbers of
donors and transplant rejections are problems that liver fail-
ure patients have to face. A study on adult living donor trans-
plantation showed that the hazard ratio for chronic and acute
rejection was 6.93 (p=0.006) and 2.96 (p=0.017),
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respectively [3]. Attempts to increase the potential of altruis-
tic organ donation through social media is promising, but not
without problems, as there is a possibility that a potential liv-
ing donor may become a victim of inappropriate social media
campaign [4].

Therefore, alternative approaches other than transplanta-
tion are needed. One of the alternative approaches is stem cell
therapy. However, stem cell therapy in liver failure is not
standardized yet, as every centre have their own methods,
in terms of the type of cells, the dose, route, and outcome
measures to assess the success of therapy. This systematic
review is aimed at compiling and analyzing the various stud-
ies that use adult stem cells to treat liver failure, to get an
insight into potential protocols in terms of safety and efficacy
by comparing them to controls.

2. Materials and Methods

This systematic review was done according to preferred
reporting items for systematic review (PRISMA) guidelines
and submitted for registration in PROSPERO (registration
number CRD42018106119). All published studies in Pub-
Med/MEDLINE and Cochrane Library, using key words:
“human” and “stem cell” AND “liver failure” on 16" June
2018, without time restriction. In addition, relevant articles
that are found during full-text search were added.

2.1. Inclusion Criteria. All original articles on adult stem cell
use in humans with liver failure were included. Exclusion cri-
teria included articles in the non-English literature such as
Chinese and German language, and studies on stem cell ther-
apy in liver failure that did not assess both the adverse events
and any of common liver failure study outcomes, i.e., liver
failure symptoms and signs (ascites, lower limb edema, and
jaundice), lab findings (albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin,
direct bilirubin, prothrombin time and concentration), or
liver failure complications (hematemesis, melena, encepha-
lopathy). Also studies that gave granulocyte-macrophage
colony-stimulating factor (GM-CSF) only without stem cells
were excluded.

Data collected includes type of study, number of partici-
pant, number of treatments and controls, severity of disease,
concomitant therapy besides of stem cell therapy, type and
source of cells, passage of cells, dose, vehicle type, vehicle
amount, administration route, repeats, and interval between
repeats, outcomes, and adverse events compared to controls.

2.2. Data Analysis. The studies were grouped and tabulated
according to types of studies, which were divided into case
studies (studies without control) and controlled clinical tri-
als. Further, the number of cases, and outcome-related vari-
ables, ie., type and source of cells, passage, dose,
combination with other therapies and outcome were tabu-
lated. In addition, stem cell therapy adverse reaction-related
variables, i.e., cell type and sourc, vehicle type and volume,
route of administration, and adverse reaction, were also
tabulated.
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Data were analyzed descriptively to determine the possi-
ble causes of adverse reactions, and which protocols gave a
satisfactory outcome, in terms of safety and efficacy. Further
animal studies and pluripotent cell-derived cell therapy were
discussed.

3. Results and Discussion

3.1. Results. From PubMed/MEDLINE, we found 395 articles
and from Cochrane’s library, 48 articles, out of which there
were 13 and seven eligible articles from PubMed/MEDLINE
and Cochrane’s library, respectively, where four articles were
found in both (overlapping). In addition, there were nine
articles that were found during full-text search. So altogether,
there were 25 original articles (Figure 1). Of these articles, 8
studies did not have controls and were classified as case stud-
ies (Table 1) [5-12], while 17 studies had controls (random-
ized and non-randomized clinical trials Table 2) [13-29].
Figure 2 shows country distribution of adult stem cell therapy
for liver failure.

3.2. Discussion. The eight case studies included variable num-
bers of patients, from one to 17 patients, and mostly (seven
case studies) used various autologous stem cells, i.e., bone
marrow- (BM-) mesenchymal stem cells (MSCs) (3 studies)
and the rest used peripheral blood (PB) CD133, PB-CD34,
CD34-depleted BM-mononuclear cells (MNCs), or BM-
CD34 [5-11]. Only one study used allogeneic umbilical cord-
(UC-) MSCs [12]. Moreover, there were 17 studies that
included 25 to 158 cases and compared stem cell treatments
to controls, which used various autologous stem cells, i.e.,
BM-MSCs (six studies) [13-18], BM-MSC-derived hepatic
lineage (one study) [19], BM-MNCs/BM CD133 [20], BM
CD34 and CDI133 [21], BM-MNCs [22], PB-CD34 (two
studies) [23, 24], and allogeneic stem cells, i.e., BM-MSCs
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Adult stem cell therapy for liver failure

B P.R. China ¥ India

B Egypt Italy

® Iran United Kingdom
B Malaysia Switzerland

B (South) Korea

FiGure 2: Country distribution of adult stem cell therapy for liver
failure.

[25], UC-MSCs (three studies) [26-28], and stem cell con-
taining umbilical cord blood (UCB) [29]. Moreover, inclu-
sion and exclusion criteria, cell dose, route of
administration, concomitant therapies, and outcome mea-
sures differed between those studies, which caused a system-
atic review was more appropriate than meta-analysis.

3.3. Safety of Adult Stem Cell Therapy in Liver Failure. Case
studies without G-CSF administration and/or leucapheresis
did not show any serious adverse events that were related
to stem cell therapy [5-7, 11, 12] (Table 1), the same applied
to controlled studies without G-CSF administration, where
cell therapy-related adverse events were recorded and
adverse events in treatments were equal or less compared to
controls [16-19]. Further, there was no stem cell-related
adverse event in the use of allogeneic MSCs [25-28], and
stem cell containing UCB [29] (Table 2). However, a con-
trolled study showed that one out of ten cases who received
BM-MNC administration developed hepatocellular carci-
noma, compared to none in the control, or those received
CD133 cells [20].

Most case studies that used granulocyte colony-
stimulating factor (G-CSF) administration did not show any
serious stem cell-related adverse events [9, 10]; and controlled
studies with G-CSF administration in treatment arm did not
show any difference in adverse event occurrence between
treatments and controls [15, 21-24]. However, several case
studies that used PB stem cells [8, 9] following G-CSF admin-
istrationand CD133 [8] or CD34 collection [9] by leucapher-
esis showed that all cases either experienced increased model
of end-stage liver disease (MELD) score and creatinine after
G-CSF administration [8], or decrease platelet count at day-1
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that returned to baseline at day-7 after G-CSF administration
and leucapheresis [9]. Further, a controlled study that used
BM-MNC following G-CSF administration showed acute var-
iceal bleeding and aspiration pneumonia [22].

However, administration of G-CSF in another case study
that used BM-CD34 [10] and administration of G-CSF in
controlled studies that used BM-MSCs [15], BM-
CD34/CD133 [21], and PB-CD34 [23, 24] did not show
any G-CSF-related adverse event.

In a case study to assess the safety of various doses, higher
doses of thawed PB-CD133 after cryopreservation (150,000,
400,000, and 10°/kg body weight (BW)) showed a more
worsening condition (encephalopathy, hepatocellular carci-
noma, and death compared to lower doses (50,000/kg BW)
[8].

In the case studies, only two studies used IV route only [6,
12], while the other six used invasive application to the
hepatic artery (four studies) [7, 8, 10, 11], or to splenic/IV
(one study) [5]) or to the hepatic artery/portal vein (one
study) [9].In controlled studies, seven studies used IV route
[13-15,25-27, 29], while other studies used invasive applica-
tion via the hepatic artery (six studies) [16-18, 22, 24, 28],
intrasplenic/intrahepatic (one study) [19], intraportal (two
studies) [20, 21], and intraportal/intrahepatic [23]. There
was no serious adverse event that was related to invasive
route of application. Though IV is the easiest and safest
way of administration and does not need special expertise
in choosing the most effective way of administration, the
results need to be considered. However, comparing the
results of various routes of applications was inappropriate,
as the studies used different types and/or dose of stem cells,
except for two case series that compared either intravenous
(IV) and splenic vein application [5] or the portal vein and
hepatic artery application [9], and a controlled study that
compared intrasplenic and intrahepatic route [19]. In a case
series and a controlled study, compared applications showed
more or less the same improvement [5, 19]. However, in
another case study, one out of three cases, who got PB-
CD34 administration through a portal vein showed worsen-
ing condition of the liver function, which did not occur in
administration through the hepatic artery [9].

3.4. Efficacy of Adult Stem Cell Therapy in Liver Failure. Effi-
cacy of stem cell therapy in liver failure was assessed in eight
case studies without controls (Table 1) and 17 controlled tri-
als (Table 2). However, case studies without controls lack of
rigor, as the improvements might be due to placebo effects,
or might be the natural course of disease, as some studies
gave additional treatment other that stem cell therapy.
Therefore, efficacy is more appropriate to be concluded from
controlled trials, and case studies/series are more appropriate
for safety studies.

3.4.1. Case Studies/Series Using Adult Stem Cells. Table 1
showed that three case studies transplanted BM-MSCs at var-
ious passages (PO to P4), and various numbers of BM-MSCs,
ie, from 10 x 10° (total number) to 2 x 10%/kg BW [5-7].
Most BM-MSC studies showed some improvements; one
case series with application via splenic vein or IV [5] was
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followed up until 6 months and showed improvements in
almost all parameters, including decrease in MELD score in
part of the cases. Another case series [6] with IV application
was followed up until 12 months and showed improvements
in albumin level, including MELD score that were preserved
until 12 months in half of the cases, while a case report (7]
with application to the hepatic artery showed improvement
at week-8, but then at week-26 onward improvement
decreased and died 12 months after stem cell transplantation.

A case study that used PB CD133 stem cells showed that
some cases of all doses experienced a decrease in MELD score
and total bilirubin only between wk-1 to wk-6 [8], while
another case study that used PB CD 34 showed that some
cases of all doses experienced serum bilirubin reduction
and albumin level increase [9].

A case study that used BM-CD34, where all cases were
followed up until 6 months showed some improvement in
some though not all parameters, and at month-6 all cases
showed reduced Child-Turcotte-Pugh (CTP) score, and
75% of cases showed reduced MELD score [10].

A case study that used CD34-depleted BM-MNC that
was followed up until 12 months showed that the best result
was improvement in the albumin level of all cases, but only
until day-14, which improvement gradually decreased,
except in one out of three remaining cases who also showed
decreased CTP score at month-12 [11].

A study that used allogeneic UC-MSCs that was followed
up until 12 months showed that improvement was only on
gamma glutamyl transferase (GGT) and alkaline phospha-
tase (ALP) level that occurred in all cases and reduced ascites
in all four ascites cases until 12 months [12].

3.4.2. Clinical Trials with Controls Using Adult Stem Cells.
Table 2 showed that from 17 controlled trials, a randomized
controlled trial (RCT) that gave 120-295 x 10® BM-MSCs via
IV route showed no beneficial effect of stem cell therapy
compared to control [13], but two other (phase-2 controlled
trial and RCT) that gave the same cells and via the same route
showed improvement in some of the parameters including
reduced MELD Score [14], or CTP score [15]. Both studies
that showed improvement used lower number of cells, i.e.,
10° cells/kg BW. The three studies using BM-MSCs via IV
route differed in inclusion criteria of the cases, where the first
study was on post hepatitis B liver failure [13], the second
was on hepatatitis C virus- (HCV-) genotype 4 advanced cir-
rhosis with CTP score C and MELD score > 12 and was given
PEG-IFN and Ribavarin [14], and the third was on end-stage
liver disease, WHO performance score < 2 [15].Severity of
disease and cell number might play a role in the result, where
stem cell therapy might benefit for less severe disease, and too
many cells might be deleterious. Moreover, concomitant
therapy that aimed at the cause, such as the use of antiviral,
might be beneficial.

Further, a matched controlled trial and two RCTs gave a
dose of 10 x 10%, 50 x 10°, and around 1 x 10® BM-MSCs,
respectively, via the hepatic artery [16-18], and two out of
the three trials on post hepatitis B liver failure that was con-
comitantly given standard supportive therapy and hepatitis B
liver cirrhosis that was given entecavir showed improvement
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in most of the parameters including MELD score decrease
[16, 18], while the other one on alcoholic cirrhosis with
CTP score B or C and alcohol abstinence only showed
improvement in CTP score and fibrosis [17].These three tri-
als showed that concomitant therapy to stem cell therapy
might be beneficial to enhance the effect of cell therapy.

An RCT on end-stage liver disease due to hepatitis C
virus (HCV) with CTP grade C, serum albumin < 2.5 mg/dl,
prothrombin concentration (PC) < 60%, and MELD score <
25 used BM-MSC-derived hepatic lineage (20 x 10° hepatic
lineage cells in 200 x 10° BM-MSCs) that was given intrahe-
patic or intrasplenic showed no difference between the two
routes, and showed partial improvement including CTP
and MELD score compared to controls [19].

Two RCTs that used BM-MNCs with a total dose of
1000 x 10° and a dose of 50 x 10°/kg BW, which was given
intraportal and the hepatic artery, respectively, showed no
benefit compared to control [20, 22], but when BM-MNCs
were enriched for CD133 with a dose of around 5x 10°
[20] or CD34/CD133 with a dose of 55 x 10° [21], there were
partial improvements [20, 21]. It seems that using too many
BM-MNCs intraportal or intrahepatic is counterproductive,
but when they are enriched to reduce the cell number, they
are more beneficial. Two non-RCTs that used CD34-
enriched PB-MNCs with a dose of 1000 x 10° and 20-40 x
10° that were given intraportal or the hepatic artery showed
partial improvements compared to controls [23, 24].

Four studies that used allogeneic MSCs [25-28] and an
RCT that used umbilical cord blood (UCB) [29] showed var-
ious grades of improvements. An RCT on acute on chronic
liver failure (ACLF) with MELD score 17-30 used cryopre-
served allogeneic BM-MSCs with a dose of 1-10 x 10°/kg
BW via IV route and concomitant standard therapy showed
improvements in some parameters including MELD score
[25]. Three controlled trials used fresh [26, 28] or cryopre-
served [27] UC-MSCs with a dose of 5 x 10°/kg BW via IV
route [26], a dose of 450 x 10° via IV route [27], or a dose
of 200 x 10° via the hepatic artery [28], all with concomitant
standard therapy, where two controlled trials showed
improvements in most parameters [27, 28], while another
one showed improvements in only some of the parameters
including MELD score [26]. Allogeneic use of stem cells
might need to be cryopreserved to match the availability of
cells and patients, and the studies above showed that cryopre-
served cells might be equal to fresh cells [27, 28], and both IV
or invasive application via the hepatic artery might be equal
[27, 28].

One RCT used stem cell containing UCB compared with
blood transfusion once to three times a week, with a total
transfusions of two to five times, and showed partial
improvements compared to control [29].

3.5. Animal Studies on Stem Cell Therapy for Liver
Failure/Cirrhosis. Various animal study showed beneficial
effect of adult stem cells to treat liver damage and failure
[30-33].

A study used bone marrow-derived mesenchymal stem
cells (BM-MSCs) infusion to treat ConA-induced liver
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damage in mice showed that the BM-MSCs were found in the
liver and liver damage was reduced. Moreover, the trans-
planted BM-MSCs caused improvement in immune function
by suppression of intrahepatic natural killer T cells, which
previously induced liver damage upon ConA treatment
[30]. Another study used intraparenchymal liver injection
of human or rat adipose-derived mesenchymal stem cells
(AD-MSCs) to treat rat models of acute-on-chronic liver fail-
ure and showed improvements in liver failure symptoms
including ascites, hepato- and splenomegaly, and serum liver
biochemical parameters [31]. A recent study used BM-MSCs
and colony-stimulating factor-1-induced bone marrow-
derived macrophages (id-BMMs), either alone or in combi-
nation, to treat carbon tetrachloride- (CCl4-) induced cirrho-
sis in mice. All kinds of treatment showed beneficial effects in
terms of liver fibrosis reduction, which was due to matrix
metalloproteinase (MMP-9, MMP-13) secretion, decrease
in liver enzyme levels in blood, and increase in hepatocyte
proliferation, but the most effective treatment was obtained
by combination therapy [32]. Moreover, a study compared
intravenous and intrasplenic administration of BM-MSCs
to CCL4 induced liver fibrosis in rats and found that both
routes showed similar improvements in liver functions, but
intravenous route showed better reduction in IL-18, IL-6,
and INF-y [33].

3.6. Pluripotent Stem Cell-Derived Cell Therapy for Liver
Failure/Cirrhosis. To regenerate damaged liver tissue, hepato-
cytes are an option for cell therapy. As hepatocytes cannot be
expanded in vitro, production of hepatocytes from infinitely
self-renewable pluripotent stem cells (PSCs), namely embry-
onic stem cells (ESCs) or induced pluripotent stem cells
(iPSCs) that were initially developed by Takahashi and Yama-
naka [34], is an important solution. Many studies developed
protocols to induce PSCs into hepatocytes, though most of
the hepatocytes were more similar to immature hepatocytes,
and therefore were called hepatocyte-like cells (HLCs) [35]
Some of the studies used combination of growth factors that
were given in a sequential manner [36, 37], or combination
of transduction factors (FOXA2 and HNFlalpha) [38]. In
addition, a study used extracellular matrix laminin to induce
ESCs into HLCs [39], and another study used a chemically
defined culture medium to induce ESCs into HLCs [40].

Recently, a study succeeded to develop hepatocytes from
human pluripotent stem cells in a current good manufactur-
ing practice (cGMP) setting that are compliant for cell ther-
apy. The study used two human iPSC and one ESC cGMP
lines to generate functional hepatocytes using a highly repro-
ducible protocol. The protocol used chemically defined
media and consisted of four steps to produce immature pro-
genitor of hepatocytes in 21 days, followed by seeding the
immature progenitor on a scaffold made from 3D poly(ethyl-
ene glycol)-diacrylate hydrogel lattice to induce the matura-
tion into hepatocytes. These hepatocytes were tested on
immune-competent mice and were showed to be viable and
functional [41].

3.7. Mechanism of Action of Liver Failure Healing in Adult
Stem Cell Therapy. From the various kinds of stem cells, most
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studies using MSCs either from the bone marrow [14-16, 18,
25] or umbilical cord [26-28] showed the most promising
results, especially when combined with concomitant stan-
dard/supporting therapy [14, 16, 18, 25-28].

MSCs are stromal cells that can be differentiated into
hepatic lineage [19], though most studies showed that in
stem cell therapy, most stem cells did not differentiate into
the needed cells to replace damaged cells except in several
conditions such as bone repair [42]; instead stem cells mostly
work through paracrine effect [42]. MSC paracrine effect was
shown to target hepatic stellate cells to reduce fibrosis [43],
and this effect was also shown in a randomized controlled
trial that found 25% and 37% reduction of fibrosis in treat-
ment groups that received autologous BM-MSCs in a dose
of 5x107 cells via the hepatic artery as once and twice
administration, respectively [17].

This review showed that IV route was equal to invasive
application via the hepatic artery [19, 27, 28] or the splenic
artery [5] and was safer compared to portal vein delivery
[9] that deliver the stem cells directly to the liver. These find-
ings might be due to the fact that when MSCs are delivered
via IV route, after 30 minutes they are trapped in the liver,
spleen, and lungs, and after 90 minutes they are in the liver,
spleen, and bone marrow [44]. When MSCs home to liver,
they can send mitochondria-containing tunneling nanotubes
to their surrounding damaged hepatocytes to repair the dam-
age [42]. For MSCs that are trapped in other area/organs
other than liver, they can communicate with the damaged
hepatocytes in the liver from afar by means of extracellular
vesicles (microvesicles and exosomes) and send beneficial
factors such as cytokines and growth factors including hepa-
tocyte growth factors (HGF) to heal the damaged hepatocytes
[42, 45] or to act on resident stem cells to differentiate and to
replace the damaged hepatocytes.

Both autologous [14-16, 18] and allogeneic [25-28]
MSCs were beneficial and did not show any cell-related
adverse event. MSCs lack human leucocyte antigen (HLA)-
DR and T cell costimulatory molecules [46, 47]; therefore,
allogeneic MSCs are regarded relatively safe for large number
systemic infusion even they are not HLA matched.

Overall, none of the studies showed a complete and sus-
tainable performance in the outcome measures. Moreover,
various types of cells, various doses, and various routes were
used, which need more studies on the quality of the cells, as
well as the safety and efficacy of the therapy in well-designed
clinical trials that is compliant with government regulation
for cell therapy in the countries where the trials are conducted.

4. Conclusion

Among the various adult stem cells that were used in human
studies, MSCs from the bone marrow or umbilical cord
performed better compared to other types of adult stem cells,
though no study showed a complete and sustainable perfor-
mance in the outcome measures. IV route was equal to
invasive route. Fresh or cryopreserved, and autologous or
allogeneic MSCs were equally beneficial; and giving too many
cells via intraportal or the hepatic artery might be
counterproductive.
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