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Abstract

Objective

No efficient medical treatment is available for severe acute hepatitis (SAH) except N-acetyl-

cysteine for acetaminophen-induced acute liver failure. The human C-type lectin Reg3α,

referred to as ALF-5755, improved survival in an animal model of acute liver failure and was

well tolerated in a phase 1 trial in humans. We performed a phase 2a trial of ALF5755 in

non-acetaminophen induced SAH.

Design

double-blind, randomized, placebo-controlled study. The primary end-point was the

improvement in the coagulation protein synthesis assessed by the change of Prothrombin

(PR) during the 72 hours following treatment initiation calculated as PRH0 minus PRH72

divided by 72 (PR slope H0H72). Intention to treat (ITT) and per-protocol (PP) analysis of

the entire group and the Hepatitis B virus (HBV)/AIH (auto-immune hepatitis) sub-group

were done separately.
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Results

57 patients were included. Twenty-eight received ALF-5755, 29 the placebo. Etiologies were:

Hepatitis A (n = 10), HBV (n = 13), AIH (n = 9), drug-induced (n = 8), other (n = 17). On the

whole group, nor the PR slope H0H72 (0.18±0.31 vs 0.25±0.32), nor the transplant-free sur-

vival rate at day 21 (75 vs 86%) differed between groups. Conversely, in the HBV-AIH sub-

group, in which ALF was more severe, PR slope H0-H72 was higher in the ALF-5755 arm,

the difference being significant in PP analysis (0.048±0.066 vs -0.040±0.099, p = 0.04); the

median length of hospitalization was lower in the ALF-5755 group (8 vs 14 days, p = 0.02).

Conclusion

ALF-5755 was not efficient in a ITT analysis performed on the whole sample; however it led

to a significant, although moderate, clinical benefit in a PP analysis of the sub-group of

patients with HBV or AIH related SAH. As HBV is the major cause of SAH in Asia and Africa

and AIH a growing cause, this study emphasizes the need to pursuit the evaluation of this

novel medical treatment of SAH.

Trial Registration

ClinicalTrials.gov NCT01318525

Introduction
Acute liver failure (ALF) is a rare, orphan disease, characterized by a massive cell death and the
suppression of the regenerative capacity of the liver, often leading to multi-organ failure and
death [1]; this liver destruction is the outcome of a progressive hepatocyte necrosis named
severe acute hepatitis (SAH), the frontier between SAH and ALF being the occurrence of a liver
encephalopathy which can progress from the mild stage 1 to the highly severe stage 4. The
major etiologies of ALF are hepatitis viral infection (HBV, HAV, HEV), auto-immune hepati-
tis, drug-induced including suicides by acetaminophen overdose. Minor etiologies include neo-
plastic infiltration, acute Budd—Chiari syndrome, heatstroke, mushroom ingestion, metabolic
diseases such as Wilson’s disease and pregnancy; however in about 15% the ALF cause remains
unknown [2]. ALF can occur on a healthy liver or be superimposed on a chronic liver disease, i.
e a liver already injured. This latter situation often occurs in HBV-related chronic hepatitis
during a reactivation phase seen in 15–30% of HBeAg negative [3]. Due to the high HBV prev-
alence in Africa and Asia, viral hepatitis is the leading cause of ALF in these areas [2]. Another
model of acute on chronic liver disease is auto-immune chronic hepatitis (AIH), which was the
third cause of ALF in the USA after exclusion of acetaminophen overdose [2] and accounted
for 26% of the cases in a recent Argentina series [4].

The exact mechanism of ALF is still not well-known and might vary according the etiology
and the underlying liver status. Nevertheless, ALF is characterized by a strong oxidative stress
which leads to a massive tissue injury and suppresses liver cell proliferation. Liver oxidative
stress results from a strong increase in the production of reactive oxygen and nitrogen species,
generated by the causal agents. Several pathways are activated in excess including tumor necrosis
factor, TNF-related apoptosis-inducing ligand, CD95 (APO-1/Fas) [5] and finally the comple-
ment system which leads to an over production of the proinflammatory anaphylatoxin C5a [6].
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Owing to the progressive nature of the liver failure, the main preoccupation of clinicians is
to avoid the progression from SAH to ALF and the worsening of encephalopathy when it is
already present at time of admission. The general idea is to save time in order to allow the liver
to regenerate. In this regard, several treatments have been proposed.

N acetyl cysteine (NAC) administration is an efficient therapy in acetaminophen-induced
ALF [7], subjected it is administered early after ALF development. NAC has been reported to
be efficient in non-acetaminophen ALF with low grade encephalopathy [8] but there is no
complete agreement between authors in this regard [9, 10]. Specific medical treatment accord-
ing to the ALF etiology have also been tested, such as nucleoside analog therapy in HBV related
ALF but the majority of studies did not show any significant improvement in survival [3], or
such as corticotherapy in severe AIH related ALF but this did not improve the prognostic [11].
Extracorporeal liver-assist devices and bioartificial devices are also potential ALF therapy;
some of them are in evaluation [1] but even they are shown to be efficient they will require a
specific and sophisticated environment. Finally, liver transplantation is the ultimate option of
ALF treatment when no process has been able to control or to stop the liver failure, ALF now
accounting for around 8% of liver transplant activity in Europe and the US [12]. Together, a
convenient and efficient treatment exists for acetaminophen induced ALF but there is an
unmet therapeutic need for all the ALF non-related to acetaminophen intoxication.

The human secreted C-type lectin Reg3α (also called hepatocarcinoma- intestine-pancreas/
pancreatitis-associated protein [HIP/PAP]) is a good candidate in this regard. Indeed in vitro,
HIP/PAP conferred strong resistance against TNFα-induced apoptosis to pancreas and liver
cells and protected against acetaminophen- and Fas-induced ALFs [5, 13]. These exciting prop-
erties led to consider the pharmacological use of HIP/PAP through the development of a
recombinant (rc) full-length human HIP/PAP protein (rcHIP/PAP). This molecule, referred to
as ALF-5755, was tested in an animal model of ALF, the Fas-intoxicated mice, and it improved
significantly the survival in a dose-dependent and time-dependent manner [13]; moreover a
phase 1 trial demonstrated a good tolerability and pharmacokinetic profile of rcHIP/PAP in
healthy subjects [13].

We therefore designed a proof of concept (POC), phase IIa study to evaluate the efficacy of
intravenous ALF-5755 to improve liver function as compared with placebo in patients with
non-acetaminophen SAH or early stage of ALF.

Patients and Methods

Patients
Patients eligible for the study were male and female adult patients with nonacetaminophen
severe acute hepatitis and early stage acute liver failure. A full description of the protocol is pro-
vided in S1 Text. Patient had to meet all the following inclusion criteria prior to randomization:
1. Early stage acute liver failure or severe acute hepatitis defined as: 15%� Prothrombin
rate< 50%, no more than grade I or II encephalopathy, presumed acute illness onset of less
than 26 weeks, no evidence of underlying cirrhosis, no known history of chronic hepatitis; 2.
Ability to receive first treatment dose within the first 12 hours after biological baseline assess-
ment; 3. Age� 18 and� 75 years; 4. Contraception (only for females of childbearing potential)
to be taken throughout the study until D21; 5. A signed written informed consent from patient
or from patient's next of kin; 6. Affiliation to social security insurance system.

Exclusion criteria were the following: 1. Acetaminophen-induced hepatitis defined as acet-
aminophen intake> 4 g/day, at least once in the 7 days prior to baseline; 2. Shock liver (ische-
mic hepatopathy) or HELLP syndrome or Budd-Chiari syndrome or intrahepatic malignancy;
3. Serum creatinine� 180 μmol/L; 4. Body Mass Index� 35; 5. Sepsis defined as systemic
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response to proven or suspected infection manifested by two or more of the Systemic Inflam-
matory Response Syndrome criteria. 6. Uncontrolled active bleeding; 7. Patients who received
fresh frozen plasma, PPSB (Prothrombine-Proconvertine-Stuart-B), or vitamin K infusion
over the last 48 hours; 8. Patient receiving liver support device treatment, including but not
exclusively bioartificial liver, Extracorporeal Liver Assist Device, transgenic pig perfusion; 9.
Patient receiving hemodialysis, hemofiltration or hemodiafiltration treatment; 10. Intractable
arterial hypotension (arterial systolic blood pressure equal to or below 70 mmHg) present or
require inotropic drugs at baseline; 11. Human Immunodeficiency Virus (HIV) positive
patient; 12. Active cancer; 13. Pregnancy or breast-feeding; 14. Surgery within 4 weeks prior to
baseline, or unsolved surgical disease outside liver transplantation; 15: Patient included in
another clinical trial within 4 weeks prior to baseline; 16. Patient with organ or bone-marrow
allograft; 17. Absolute contra-indication to liver transplantation.

Methods
This was a prospective, multicentre, double-blind, placebo-controlled phase IIa study (EudraCT
number 2010-020657-14; Clinical trial.gov: NCT01318525). The protocol was approved by the
official agencies (S2 and S3 Text), by the “Comité de Protection des Personnes (CPP)” of the
Bicêtre hospital (France) on July 2010 (S4 Text) and by the Essen Ethic Committee (Germany)
in April 2011(S5 Text). Patients were recruited in 12 Liver units with transplant facilities located
in France and in Germany. Written informed consent was obtained from all participants or
their next of kin when they were unable to sign. In addition to ALF-5755 or placebo, patients
received the best standard treatment on assessment of investigators. The study was opened on
October 2010 in France and July 2011 in Germany and closed on April 2013. The flow diagram
is presented in Fig 1. Patients were followed-up for adverse events and survival every 12 hours
during the infusion period, 12 hours after the last infusion, at day 8 and 21.

Drug administration
The protocol of drug administration (Fig 2) was scheduled according to data obtained in exper-
imental studies on animal and in humans during the phase I clinical trial of ALF-5755 [13].
Patients received slow intravenous infusions of 10 mg (25 ml) of ALF-5755 or placebo (physio-
logical saline solution: 0.9% NaCl) over 10 minutes using automatic syringes every 12 hours
over 3 days. Randomisation was in the ratio 1:1 and stratified by site.

Study endpoints
ALF is a rare disease and the recruitment of patients is slow; for example, 8 years (1998 to
2006) were necessary for Lee et al [8] to recruit 170 patients with non-acetaminophen related
ALF, a length not compatible with a POC study. Moreover, as patients with ALF are treated as
early as possible, according to the AASLD recommendations published in 2005 [14], using the
usual criteria of efficacy in ALF treatment trials, that is the survival rate, would have requested
to include a very high number of patients to reach a confident statistical power.

Therefore we look for a surrogate, biological, marker of efficacy. The King’s College [15]
and the Clichy [16] criteria are currently used by physicians to decide the transfer to a liver
unit with transplantation facilities; they are prognostic markers but they have not been evalu-
ated sequentially as a marker of efficacy of a given treatment. Considering the biological ALF-
5755 capacity to confer a resistance to the cellular necrosis as described above, we hypothesized
that ALF-5755 might improve the coagulation protein synthesis, a widely used hallmark of
liver function. Indeed, in patients with ALD factor VII level at admission and changes in factor
V during hospitalization have been reported to be reliable prognostic factors [17] as well as
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serial prothrombin time in paracetamol induced fulminant hepatic failure [18]. Therefore we
decided to assess the ALF-5755 efficacy using the change in prothrombin according to time, a
prognostic marker that we evaluated recently in patients with severe ALD [19]; then the pri-
mary endpoint was the change in Prothrombin (PR) during 72 hours, referred to as PR slope
H0H72, following treatment initiation calculated as the difference between PR at H72 and PR
at H0 pre-dose divided by the time elapsed between the two dosages, i.e 72h (mathematical for-
mula: (PRH0-PRH72)/72). PR was measured every twelve hours. The secondary end-points

Fig 1. Flow Diagram.

doi:10.1371/journal.pone.0150733.g001
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were the transplant-free survival rate, defined as being alive and not transplanted, at Day 21, a
variable proposed early by Lee et al [8], the length of hospitalization, the safety and the rate of
change in MELD [20] during 72 hours following treatment initiation. MELD is a scoring sys-
tem for assessing the severity of chronic liver disease based on the patient's values for serum bil-
irubin, serum creatinine, and the international normalized ratio for prothrombin time (INR).
It usually ranges from less than 10 to more than 40; higher is the value, poorer is the survival
prognosis. After the unblinding of the study data the time to reach a prothrombin value equal
to 50%, a cut-off above which liver transplant is no more considered, was added as a secondary
efficacy analyze. Patients were followed-up until day 21 after inclusion, even those who early
discontinued.

Subgroup analysis
When we analyzed our initial cohort of patients with ALF [19], we noticed that patients with a
HBV or a AIH-related ALF behaved differently from the others in terms of PR slope H0H72
(-0.02±0.07 vs 0.30±0.26, p<0.001) and mortality (76.9 vs 36.0%, p<0.001) (Bertrand Nalpas,
personal communication), a result not reported in our publication [19]; this result fitted well
with reports showing that HBV ALF mortality was higher than that with hepatitis A or E infec-
tions [21, 22] and other showing that as AIH related ALF respond poorly to corticosteroids so
patients should be systematically placed on the list for transplantation [14]. Hypothesizing that
it could be the same in the present prospective study we scheduled to perform a secondary
analysis of ALF-5755 efficacy on the specific subgroup of patients with HBV-AIH related ALF,
if possible since we could not anticipated the number of patients satisfying this condition who
will be included.

Sample size
The sample size was determined from a series of patients reported elsewhere [19]. The mean
and standard deviation of the PR slope H0H72 (0.22±0.27) from this series were assumed for
the placebo group. We hypothesized that the PR slope H0H72 in the ALF-5755 would be twice
that of the placebo. Based on these data, it was calculated that the required number of patients
was 30 per group using a 2-sided 2-sample t-test with an alpha and beta level equal to 5% and
80% respectively.

Fig 2. Protocol of drug administration.

doi:10.1371/journal.pone.0150733.g002
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Statistical analysis
Quantitative variables were described as mean±SD or median and qualitative values as fre-
quency. PR slope between placebo and active groups on the whole sample and the HBV/HAI
subgroup was compared by a non-parametric test (Wilcoxon). Mortality and liver transplanta-
tion frequencies were compared by a Chi2 test and their time-to-event by a log-rank test. In
addition, the comparison was adjusted for sub-groups based on initial PR and etiology (combi-
nation of HBV and AIH etiologies, see the study endpoint section) using the Cochran-Mantel-
Haenszel test. A complete description of the statistical analysis plan is provided in S6 Text.
Adjustment on hepatic encephalopathy could not be done owing to the small number of
patients displaying this complication (see the results section). In a post-hoc analysis we com-
pare the time to event (Kaplan plot and log rank) for achieving a Prothrombin value of 50%. A
p-value below 0.05 was considered as significant. Statistical analyses were performed using
SAS1, Version 9.2 (SAS Institute, Cary, Northern Carolina, USA).

Results
Fifty-nine patients were randomized, of which 57 patients were treated (2 patients were ran-
domized by mistake and did not receive treatment) and constituted the ITT population; 28
received the study drug and 29 the placebo. There were 33 men and 24 women aged of 41.7
±15.8 y. Their main characteristics are presented in Table 1; the incidence of hepatic encepha-
lopathy was rather low (around 10%) and the MELD score was around 25, thus the series was
made of patients with moderately severe ALF.

Twenty-two patients had a HBV or a AIH related ALF, among 13 were treated and 9
received the placebo (difference NS). They were no significant differences between the two

Table 1. Main characteristics of the studied patients at time of inclusion.

ALF-5755 Placebo p

N 28 29

M/W 9/21 14/15 NS

Age (Mean±SD) 43.5±14.8 40.0±15.3 NS

BMI (Mean±SD) 24.5±5.0 23.3±4.4 NS

Etiology (N patients) NS

HAV 4 6

HBV 9 4

AIH 4 5

Drug induced 4 4

Unknown1 3 5

Others 4 5

Concomitant NAC2 (N, %) 23 (82.1) 24 (82.7) NS

Hepatic encephalopathy (N, %) 3 (10.3) 3 (11.1) NS

Bilirubin 303 (17–612) 212 (18–511) NS

ASAT 2157 (98–27033) 1440 (123–8643) NS

ALAT 2296 (190–7215) 3191 (415–7951) NS

Prothrombin rate (Median, range) 34 (16–49) 35 (17–49) NS

INR (Median, range) 2.2 (1.5–4.5) 2.2 (1.2–4.4) NS

MELD (Median, range) 26(14–40) 25 (14–40) NS

1. despite complete investigation;
2. N acetyl cysteine.

doi:10.1371/journal.pone.0150733.t001
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groups in terms of the disease severity nor between demographic parameters except for the
proportion of caucasian patient which was higher in the ALF-5755 group. All, except two (1 in
each arm), patients with HBV related ALF received an antiviral treatment and all those with
AIH received corticosteroids; NAC was administered to 23 (82.1%) and 24 (82.7%) of the ALF-
5755 and the placebo groups, respectively. None of the patients received treatments that could
affect the PR.

The Intention to treat (ITT) population was made of all patients having received at least one
infusion of the study drug or the placebo, that is the 57 patients included. Among these, 51
received the six infusions and were analyzed apart as per protocol (PP); the reasons why 6
patients did not completed the treatment were liver transplant in 4 and severe SAE in 2.

Impact of ALF-5755 on the total population
The analysis of PR slope H0-H72 showed no significant changes between the ALF-5755 and
the placebo group for the ITT population (0.18±0.31 vs 0.25±0.32, NS) (Table 2).

Eleven patients (19.6%) were liver transplanted or died during the 21 days of follow-up and
the transplant-free survival rate at day 21 did not significantly differ between the active drug
(75%) and the placebo (86.2%) and so it was for the time to event using the log-rank test
(p = 0.14). The median number of days in the hospital for the ITT population alive with no
transplant was slightly lower the ALF-5755 group (10 days) compared to the placebo group (14
days) but the difference was not significant.

Among the 6 patients with HE at baseline, 3 (2 receiving ALF-5755 and 1 the placebo) were
liver transplanted within 5 days following admission while HE had disappeared at H72 in the
remaining 3; in both the active and the placebo group, no HE occurred in those patients with-
out HE at admission.

Pharmacokinetics
Pharmacokinetic studies of ALF-5755 were performed in a subset of 8 patients randomly
selected. While Cmax was stable from the first to the sixth infusion (2144.00 ng/mL versus
2189.33 ng/mL), T1/2 increased from 5.32 hours at the first infusion to 17.58 hours at the sixth
infusion. AUC0-12 increased from 3085.83 ng/mL at the first infusion to 3563.59 ng/mL at the
sixth infusion.

Table 2. Comparative efficacy between ALF-5755 and placebo on the PR slope from H0 to H72 and the
survival without liver transplantation.

Condition ALF-5755 Placebo p

ITT* 28 29

PR slope H0-H72 0.18±0.31 0.25±0.32 NS

LT free (N, %) 21 (75) 25 (86.2) NS

Days in hospital (median, range) 7[1.5–83] 10 [2.5–85] NS

PP** 25 26

PR slope H0-H72 0.21±0.26 0.27±0.32 NS

LT free (N, %) 21 (84) 23(88.5%) NS

Days in hospital (median, range) 7 [5–83] 10 [5–85] NS

* intention to treat;

** per protocol: administration of the 6 infusions.

doi:10.1371/journal.pone.0150733.t002
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Prognostic value of PR slope H0H72
The cut-off predictive value of PR slope H0H72 for survival was reported to be 0.1 [19].
Among the 57 patients studied, 29 (50.8%) had a PR slope H0H72 equal to or higher than 0.1,
and all of them survived without liver transplantation. Conversely, 28 (49.2%) had a value<0.1
and 11 either died or were liver-transplanted. Therefore the positive predictive value of a PR
slope H0H72 was equal to 1 in this series (the maximum value expected) while among those
who had a negative screening test, the probability of being disease-free (i.e the negative predic-
tive value) was 0.39 (maximum value = 1).

Impact of ALF-5755 on the HBV-AIH sub-group
This sub-group was made of 22 patients (13 ALF-5755 and 9 placebo) of which 18 (10 ALF-5755
and 8 placebo) received the 6 infusions. As hypothesized, the HBV-AIH related SAH subgroup
had a different behavior than the SAH related to other known etiologies. Patients from the
HBV-AIH group were older (47.7±12.4 vs 38.0±15.6, p = 0.02) and had a more severe SAH than
their counterparts on admission as stated by a higher bilirubin level (394±133 vs 182±165 μmol/
l, p<0.001) and a higher MELD score (28.5±6.0 vs 23.2±5.9, p = 0.002). These two groups also
differed on the transplant-free survival rate which was significantly lower in the HBV-HAI group
(63.6% vs 91.4%, p = 0.013); moreover in the HBV-AIH subgroup the mean PR slope H0-H72
was flat or even negative while it was positive, about + 0.3 in the other etiologies (Table 3).

In the HBV-AIH group the mean PR slope H0-H72 was two times higher in the ALF-5755 arm
(n = 13) as compared to placebo (n = 9) (Table 4) and the difference was significant (0.048±0.066
vs -0.040±0.099, p = 0.04; mean difference = -0.088, CI 95% [-0.171–0.004], effect size = 1.09)
when analysis was done in the 18 patients having received the complete treatment (PP).

Although the transplant-free survival rate did not differed between ALF-5755 and placebo
(80 vs 75%, NS), the median number of days in the hospital in non-transplanted patients was
significantly (p = 0.02) lower in the ALF-5755 group (8 days) compared to the placebo group
(14 days).

Finally the median time for patients treated with ALF-5755 to reach a PR rate> = 50%,
usual cut-off value of severe hepatic failure [25], was 8 days, a length significantly lower
(p = 0.03) than that of the placebo group of which median time was greater than the cut off
time of 21 days (Fig 3).

Safety
A total of 262 treatment-emergent adverse events (TEAE), among which the majority was mild
or moderate severity, were reported in 55 of the 57 patients (Table 5).

Table 3. Values of PR slope from H0 to H72 according to the etiology of the acute liver failure.

Etiology N PR slope H0-H72 Survival rate(%)

HAV 10 0.36±0.16 100

Drug 8 0.30±0.36 87.5

Other 9 0.31±0.25 87.5

Unknown 8 0.47±0.41 88.9

All combined 35 0.36±0.29 91.4

HBV 13 -0.02±0.13 76.9

HAI 9 -0.0±0.05 44.4

All combined 22 -0.01±0.10 63.6

doi:10.1371/journal.pone.0150733.t003
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The majority of TEAEs were reported for metabolism and nutrition disorders (57.9%), gas-
trointestinal disorders (45.6%), general disorders and administration site conditions (26.3%),
nervous system disorders (21.1%), and blood and lymphatic system disorders (17.5%) (S1
Table). Ten (35.7%) patients were reported with twenty-seven severe adverse events (SAEs) in
the ALF-5755 group, and twelve (41.4%) patients in the placebo group were reported with 17
SAEs. Two patients in the placebo group, and none in the ALF-5755 group, were reported with

Table 4. ALF-5755 efficacy in HBV or AIH related severe acute hepatitis.

Condition ALF-5755 Placebo p

ITT *(n = 22) 13 9

PR slope H0-H72 0.001±0.11 -0.032±0.09 NS

LT free (N, %) 8 (61.5) 6 (66.7) NS

Days in hospital (median, range) 7 [1.5–18] 14 [2.5–85] 0.02

PP** (n = 18) 10 8

PR slope H0-H72 0.048±0.066 -0.040±0.099 0.043

LT free (N, %) 8 (80) 6(75%) NS

Days in hospital (median, range) 8 [5–18] 16 [8–85] 0.03

* intention to treat;

** per protocol: administration of the 6 infusions.

doi:10.1371/journal.pone.0150733.t004

Fig 3. Median time for patients to reach a PR rate > = 50% in the HBV-HAI patients receiving ALF-5755
(full line) or placebo (dotted line). Analysis was performed on the ITT group (n = 22). Comparison by log-
rank test was significant at the 0.03 level.

doi:10.1371/journal.pone.0150733.g003
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four adverse events that led to withdrawal of treatment. Complete results of the trial are pro-
vided in the S7 Text.

Discussion
ALF-5755 offers a novel and original approach to liver failure treatment based on the reduction
of cellular necrosis and stimulation of liver cell proliferation. Although we found no significant
differences between the ALF-5755 group and the placebo group with respect to the primary
end point when the analysis was done on the whole sample, ALF-5755 might be of potential
interest in a specific subgroup of patients with HBV-AIH related severe SAH.

The lack of global clinical efficacy that we observed could be due to a number of factors.
Firstly, our series was characterized by a high rate of survival, 80.7%, while it was 52% in
another of patients resembling to ours, i.e. with non-acetaminophen induced low grade ALF
[8]; therefore such a striking natural improvement hampered any demonstration of the poten-
tial efficacy of the treatment in evaluation. Such hypothesis is reinforced by the results obtained
in the most severe sub-group of our series, that is the patients with HBV or AIH related SAH,
although we agree that these results should be taken with caution due to the small size of this
sub-group. Indeed, this sub-group was characterized by lower survival rate as compared to the
remaining counterpart, in accordance with previous data [22], and by a flat PR slope H0H72.
The reasons explaining these differences in outcome according to the etiology are not well
understood however one could suspect that in the HBV and AIH sub-group, the acute liver
failure might well occur on a liver previously and chronically injured; since both HBV and AIH
are known to lead chronic hepatitis, those patients could well have been diagnosed as having a
non cirrhotic Acute on Chronic Liver Failure (ACLF), a syndrome recently revisited [23]. In
our protocol, a history of chronic hepatitis was indeed an exclusion criteria but histological
evaluation of the 6 liver biopsies from HBV or AIH patients available at the time of transplan-
tation showed features of chronic hepatitis and thus did confirm the diagnosis of ACLF. There-
fore, in the specific sub-group of HBV-AIH related ACLF, the active drug ALF-5755

Table 5. Treatment Emergent Adverse Events.

ALF-5755 (N = 28) Placebo (N = 29) Total (N = 57)
n N (%)* n N (%) n N (%)

Treatment Emergent Adverse Events 133 28 (100.0%) 129 27 (93.1%) 262 55 (96.5%)

Severe Treatment Emergent Adverse Events 27 10 (35.7%) 17 12 (41.4%) 44 22 (38.6%)

Serious Treatment Emergent Adverse Events 8 5 (17.9%) 11 7 (24.1%) 19 12 (21.1%)

Drug-Related Treatment Emergent Adverse Events 18 7 (25.0%) 9 7 (24.1%) 27 14 (24.6%)

Serious Drug-Related Treatment Emergent Adverse Events 2 2 (7.1%) 6 4 (13.8%) 8 6 (10.5%)

Treatment Emergent Adverse Events leading to withdrawal 0 0 4 2 (6.9%) 4 2 (3.5%)

Severity

CTCAE** grade 1 or Mild 86 25 (89.3%) 67 23 (79.3%) 153 48 (84.2%)

CTCAE grade 2 or Moderate 20 10 (35.7%) 45 18 (62.1%) 65 28 (49.1%)

CTCAE grade 3 or Severe 18 10 (35.7%) 13 11 (37.9%) 31 21 (36.8%)

CTCAE grade 4 or Life Threatening 8 3 (10.7%) 3 3 (10.3%) 11 6 (10.5%)

CTCAE grade 5 or Death 1 1 (3.6%) 1 1 (3.4%) 2 2 (3.5%)

* n = number of events,

N = number of subjects,

% = percentage of subjects;

**CTCAE = Common Terminology Criteria for Adverse Events.

doi:10.1371/journal.pone.0150733.t005
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significantly improved the PR slope as compared to the placebo, although in the PP analysis
only; this could well be due to the specific ALF-5755 pharmacological properties since the tran-
sition from a chronic liver disease to ACLF is associated with an increase in proinflammatory
cytokine [24] leading to necrosis of liver cells, as well as fibrosis and cholestasis. As a conse-
quence, the time period to reach a prothrombin rate higher than 50%, a value above which the
inscription on a waiting list for liver transplantation is not considered [25], was significantly
shortened. Finally the duration of hospital stay was decreased but there was no significant ben-
efit on survival. Although obtained on a short series these results suggest that ALF-5755 could
improve the ACLF outcome through boosting the liver regeneration process when it is slowed
down or even stopped.

The second reason of the global lack of efficacy might come from a non-adapted therapeutic
administration schedule. The chosen dose, 10mg per infusion, was based on data obtained in
experimental models after verification it was safely tolerated in humans. The timing of infusion
was based on pharmacokinetic data obtained in the phase I study [13]; given a terminal plasma
half-life around 4.5 hours, the administration was scheduled every 12 hours. However, pharma-
cokinetics studies performed in the present phase II study showed a residual accumulation all
along the 6 infusions and a sharp increase in the T1/2 which was three times higher at the sixth
infusion as compared to the first one. ALF 5755 is acting as both a survival factor and a mitogenic
molecule. Also, this is a C-type lectin which binds the fibrin network of the extracellular matrix
and targets to the matrix its strong and intrinsic antioxidant action. Thus, interestingly, binding
to the extracellular matrix specifically occurs upon liver inflammation and has been shown to
last for at least 24 hours upon a single infusion [26]. These modes of actions and the pharmaco-
logical pattern may indeed offer the possibility to optimize the administration schedule.

Although not devoted to evaluate the performance of biomarkers of survival, our prospec-
tive study confirms the performance of the PRslope from the admission to the third day of hos-
pitalization as a prognostic marker in SAH [19]. Indeed, in that series, the positive predictive
value of a PR slope> = 0.1 was equal to 1, i.e the maximum probability, while the predictive
negative value was 0.39. It is not however an “early” prognostic marker since it can be calcu-
lated only three days following admittance and therefore could not replace the scores assessing
the severity on admission such as the Meld [20] score. But from the third day, subjected the
patients is still alive, using the PR slope appears to be convenient owing to its simplicity.

Conclusions
In conclusion, although ALF-5755 was not efficient on the whole sample our results identify a
sub-group of ALF patients, i.e. those in whom the liver regeneration process is under arrest,
specifically with HBV or AIH related ACLF in our series, for whom ALF-5755 administration
led to a significant, although moderate, clinical benefit. These results obtained on small sample
need to be confirmed in a larger series but as ALF-5755 is an original medical treatment with
respect to its modes of action and pharmacological pattern and as HBV is the major cause of
ACLF in Asia and Africa and AIH a growing cause, this study emphasizes the interest and the
need to pursuit the evaluation of ALF-5755 in ACLF treatment.

Supporting Information
S1 CONSORT Checklist.
(DOCX)

S1 Table. Treatment-Emergent Adverse Events.
(DOC)

ALF-5755 as a Treatment of Acute Liver Failure

PLOS ONE | DOI:10.1371/journal.pone.0150733 March 16, 2016 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s002


S1 Text. Study Protocol.
(PDF)

S2 Text. Administrative approval France.
(PDF)

S3 Text. Administrative approval Germany.
(PDF)

S4 Text. Ethical Approval France.
(PDF)

S5 Text. Ethical Approval Germany.
(PDF)

S6 Text. Statistical analysis plan.
(PDF)

S7 Text. Clinical study report.
(PDF)

Author Contributions
Conceived and designed the experiments: BN PI LJ JB CB GA PA DS. Performed the experi-
ments: NCMR PM FD GGMM CT DL SR CD VL. Analyzed the data: BN PI LJ JF NM CB
GA PA DS. Wrote the paper: BN.

References
1. Bernal W, Wendon J. Acute Liver Failure. N Engl J Med 2013; 369: 2525–34. doi: 10.1056/

NEJMra1208937 PMID: 24369077

2. LeeWM, Squires RH, Nyberg SL, Doo E, Hoofnagle JH. Acute liver failure: Summary of a workshop.
Hepatology 2008; 47:1401–15 doi: 10.1002/hep.22177 PMID: 18318440

3. SetoWK, Lai CL, Yuen MF. Acute-on-chronic liver failure in chronic hepatitis B. Journal of Gastroenter-
ology and Hepatology 2012; 27: 662–9. doi: 10.1111/j.1440-1746.2011.06971.x PMID: 22098452

4. Mendizabal M, Marciano S, Videla MG, Anders M, Zerega A, Balderramo DC et al. Changing etiologies
and outcomes of acute liver failure: perspectives from 6 transplant centers in Argentina. Liver Transpl
2014; 20: 483–9. doi: 10.1002/lt.23823 PMID: 24425668

5. Shen HM, Pervaiz S. TNF receptor superfamily-induced cell death: redox- dependent execution.
FASEB J 2006; 20: 1589–98. PMID: 16873882

6. Xu G, Chen J, Yang F, Li G, Zheng L, Wuet Y. C5a/C5aR Pathway Is Essential for the Pathogenesis of
Murine Viral Fulminant Hepatitis by Way of Potentiating Fgl2/Fibroleukin Expression. Hepatology 2014;
60: 114–24. doi: 10.1002/hep.27114 PMID: 24604562

7. Keays R, Harrison PM, Wendon JA, Forbes A, Gove C, Alexander GJ et al. Intravenous acetylcysteine
in paracetamol induced fulminant hepatic failure: a prospective controlled trial. BMJ 1991; 303: 1026–
9. PMID: 1954453

8. LeeWM, Hynan LS, Rossaro L, Fontana RJ, Stravitz RT, Larson AM et al. Intra venous N-acetylcys-
teine improves transplant-free survival in early stage non-acetaminophen acute liver failure. Gastroen-
terology 2009; 137: 856–64 doi: 10.1053/j.gastro.2009.06.006 PMID: 19524577

9. Bass S, Zook N. Intravenous acetylcysteine for indications other than acetaminophen overdose. Am J
Health Syst Pharm 2013; 70: 1496–501. doi: 10.2146/ajhp120645 PMID: 23943180

10. Sales I, Dzierba AL, Smithburger PL, Rowe D, Kane-Gill SL. Use of acetylcysteine for non-acetamino-
phen-induced acute liver failure. Ann Hepatol 2013; 12: 6–10 PMID: 23293188

11. Ichai P, Duclos-Vallée JC, Guettier C, Hamida SB, Antonini T, Delvart V et al. Usefulness of corticoste-
roids for the treatment of severe and fulminant forms of autoimmune hepatitis. Liver Transpl 2007; 13:
996–1003 PMID: 17370335

12. O’Grady J. Timing and benefit of liver transplantation in acute liver failure. J Hepatol 2014; 60: 663–
670 doi: 10.1016/j.jhep.2013.10.024 PMID: 24211740

ALF-5755 as a Treatment of Acute Liver Failure

PLOS ONE | DOI:10.1371/journal.pone.0150733 March 16, 2016 13 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150733.s009
http://dx.doi.org/10.1056/NEJMra1208937
http://dx.doi.org/10.1056/NEJMra1208937
http://www.ncbi.nlm.nih.gov/pubmed/24369077
http://dx.doi.org/10.1002/hep.22177
http://www.ncbi.nlm.nih.gov/pubmed/18318440
http://dx.doi.org/10.1111/j.1440-1746.2011.06971.x
http://www.ncbi.nlm.nih.gov/pubmed/22098452
http://dx.doi.org/10.1002/lt.23823
http://www.ncbi.nlm.nih.gov/pubmed/24425668
http://www.ncbi.nlm.nih.gov/pubmed/16873882
http://dx.doi.org/10.1002/hep.27114
http://www.ncbi.nlm.nih.gov/pubmed/24604562
http://www.ncbi.nlm.nih.gov/pubmed/1954453
http://dx.doi.org/10.1053/j.gastro.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19524577
http://dx.doi.org/10.2146/ajhp120645
http://www.ncbi.nlm.nih.gov/pubmed/23943180
http://www.ncbi.nlm.nih.gov/pubmed/23293188
http://www.ncbi.nlm.nih.gov/pubmed/17370335
http://dx.doi.org/10.1016/j.jhep.2013.10.024
http://www.ncbi.nlm.nih.gov/pubmed/24211740


13. Moniaux N, Song H, Darnaud M, Garbin K, Gigou M, Mitchell C et al. Human Hepatocarcinoma- Intes-
tine-Pancreas/ Pancreatitis-Associated Protein Cures Fas-Induced Acute Liver Failure in Mice by
Attenuating Free- Radical Damage in Injured Livers. Hepatology 2011; 53: 618–27. doi: 10.1002/hep.
24087 PMID: 21274882

14. Polson J, LeeWM. AASLD Position Paper: The Management of Acute Liver Failure. Hepatology 2005;
41, 1179–97. PMID: 15841455

15. O’Grady JG, Schalm SW,Williams R. Acute liver failure: redefining the syndromes. Lancet 1993; 342:
273–5 PMID: 8101303

16. Bernuau J, Rueff B, Benhamou JP. Fulminant and subfulminant liver failure: definitions and causes.
Semin Liver Dis 1986; 6: 97–106 PMID: 3529410

17. Elinav E, Ben-Dov I, Hai-Am E, Ackerman Z, Ofran Y. The predictive value of admission and follow up
factor V and VII levels in patients with acute hepatitis and coagulopathy. J Hepatol 2005; 42: 82–6.
PMID: 15629511

18. Harrison PM, O'Grady JG, Keays RT, Alexander GJ, Williams R. Serial prothrombin time as prognostic
indicator in paracetamol induced fulminant hepatic failure. BrMedJ 1990; 301: 964–6.

19. Nalpas B, Francoz C, Ichaï P, Jamot L, Faivre J, Lemoinne S et al. Prothrombin index slope is an early
prognostic marker in patients with severe acute liver diseases. Gut 2012; 61: 1098–100 doi: 10.1136/
gutjnl-2011-301316 PMID: 22027480

20. Kamath PS, Wiesner RH, Malinchoc M, KremersW, Therneau TM, Kosberg CL et al. A model to predict
survival in patients with end-stage liver disease. Hepatology 2001; 33: 464–70. PMID: 11172350

21. Bernal W, Auzinger G, Dhawan A, Wendon J. Acute liver failure. Lancet 2010; 376: 190–201 doi: 10.
1016/S0140-6736(10)60274-7 PMID: 20638564

22. Ostapowicz G, Fontana RJ, Schiødt FV, Larson A, Davern TJ, Han SH et al. Results of a prospective
study of acute liver failure at 17 tertiary care centers in the United States. Ann Intern Med 2002; 137:
947–54. PMID: 12484709

23. Jalan R, Yurdaydin C, Bajaj JS, Acharya SK, Arroyo V, Lin HC et al. World Gastroenterology Organiza-
tion Working Party � Toward an Improved Definition of Acute-on-Chronic Liver Failure. Gastroenterol-
ogy 2014; 147: 4–10.

24. Jalan R, Gines P, Olson JC, et al. Acute-on chronic liver failure. J Hepatol 2012; 57: 1336–48. doi: 10.
1016/j.jhep.2012.06.026 PMID: 22750750

25. Bernal W, Hyyrylainen A, Gera A, Audimoolam VK, McPhail MJ, Auzinger G et al. Lessons from look-
back in acute liver failure? A single centre experience of 3,300 Patients. J Hepatol 2013; 59:74–80 doi:
10.1016/j.jhep.2013.02.010 PMID: 23439263

26. Moniaux N, Darnaud M, Garbin K, Dos Santos A, Guettier C, Samuel D et al. The Reg3α (HIP/PAP)
Lectin Suppresses Extracellular Oxidative Stress in a Murine Model of Acute Liver Failure. PLoS One
2015; 10 (5):e0125584 doi: 10.1371/journal.pone.0125584 PMID: 25938566

ALF-5755 as a Treatment of Acute Liver Failure

PLOS ONE | DOI:10.1371/journal.pone.0150733 March 16, 2016 14 / 14

http://dx.doi.org/10.1002/hep.24087
http://dx.doi.org/10.1002/hep.24087
http://www.ncbi.nlm.nih.gov/pubmed/21274882
http://www.ncbi.nlm.nih.gov/pubmed/15841455
http://www.ncbi.nlm.nih.gov/pubmed/8101303
http://www.ncbi.nlm.nih.gov/pubmed/3529410
http://www.ncbi.nlm.nih.gov/pubmed/15629511
http://dx.doi.org/10.1136/gutjnl-2011-301316
http://dx.doi.org/10.1136/gutjnl-2011-301316
http://www.ncbi.nlm.nih.gov/pubmed/22027480
http://www.ncbi.nlm.nih.gov/pubmed/11172350
http://dx.doi.org/10.1016/S0140-6736(10)60274-7
http://dx.doi.org/10.1016/S0140-6736(10)60274-7
http://www.ncbi.nlm.nih.gov/pubmed/20638564
http://www.ncbi.nlm.nih.gov/pubmed/12484709
http://dx.doi.org/10.1016/j.jhep.2012.06.026
http://dx.doi.org/10.1016/j.jhep.2012.06.026
http://www.ncbi.nlm.nih.gov/pubmed/22750750
http://dx.doi.org/10.1016/j.jhep.2013.02.010
http://www.ncbi.nlm.nih.gov/pubmed/23439263
http://dx.doi.org/10.1371/journal.pone.0125584
http://www.ncbi.nlm.nih.gov/pubmed/25938566

