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Most current article
Caspase-mediated apoptosis and inflammation contribute to progression of liver disease.
Emricasan is a pan-caspase inhibitor that reduced serum markers of apoptosis and liver
inflammation in patients with hepatitis C and non-alcoholic steatohepatitis (NASH).
METHODS:
 Weperformed amulticenter study of 86 patients with cirrhosis (Child-Pugh class A or B;mean score,
6.9; 38%with alcohol-associated cirrhosis, 29%withHCV-associated cirrhosis, and 23%with NASH)
andmodel for end-stage liver disease (MELD) scores of 11–18 (mean, 12.8). Patients were randomly
assigned to groups given placebo (N[ 42) or Emricasan (25 mg, N[ 44), twice daily for 3 months;
subjects then received open-label Emricasan (25mg) twice-daily for 3months. The primary endpoint
was the change from baseline in serum levels of cleaved keratin 18 (CK-18) at month 3.
RESULTS:
 Seventy-four patients completed the 3-month study period (40 given Emricasan and 34 given pla-
cebo); 69 patients received open-label Emricasan for 3months afterward. At the 3-month timepoint,
Emricasan significantly reducedmeanMELD (P[ .003) and Child-Pugh (P[ .003) scores in subjects
with highMELD scores (15 ormore), comparedwith placebo,with significant reductions in INR (95%
CI, –0.2882 to –0.0866) and total bilirubin (95% CI, –1.5069 to –0.0823) vs placebo. There were no
significant differences between Emricasan and placebo groups in mean MELD (P [ .466) or Child-
Pugh (P [ .124) scores overall at 3 months compared to placebo. Of patients with high MELD
scores, 6/9 given Emricasan (67%) had a reduction of 2 points or more at month 3, compared with
2/10 given placebo (20%). Serum levels of full-length CK-18 (P [ .02) and caspase 3/7 (P < .001),
but not cleaved CK-18 (P [ .092), decreased significantly at 3 months in the Emricasan vs placebo
group. Emricasanwaswell tolerated, and adverse eventswere balancedbetween groups. Emricasan’s
effects were generally maintained or increased after 6 months of treatment.
CONCLUSIONS:
 In a randomized trial of patients with cirrhosis, we found 3 months treatment with Emricasan
to improve liver function, compared with placebo, reducing MELD and Child-Pugh scores, INR,
and total bilirubin in patients with MELD scores ‡15. ClinicalTrials.gov no: NCT02230670.
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What You Need to Know

Background
Emricasan is a pan-caspase inhibitor that decreases
serum apoptotic and inflammatory liver markers.
This was a randomized, blinded study of emricasan
versus placebo in subjects with Child-Pugh class A or
B cirrhosis and MELD scores 11–18.

Findings
Emricasan treatment improved MELD and Child-
Pugh scores in high-MELD (�15) subjects after 3
months of treatment due to improvements in INR
and total bilirubin.

Implications for patient care
Larger studies in patients with single etiologies of
cirrhosis will be needed to better characterize the
safety profile of emricasan and the potential clinical
benefit of emricasan treatment.
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Many chronic, progressive liver diseases are
associated with excessive hepatocyte apoptosis,

inflammation, and fibrosis. Apoptosis is markedly
increased in patients with nonalcoholic steatohepatitis
(NASH),1,2 hepatitis C,3 hepatitis B,4 and alcoholic liver
disease.2 Excessive apoptosis leads to cell repair,
inflammation, fibrosis, and ultimately cirrhosis.

Caspases are a family of 11 intracellular cysteine pro-
teases that mediate apoptosis and regulate inflammatory
and immune responses to dying cells.5,6 Cellular injury
from lipotoxicity, endoplasmic reticulum stress, and viral
replication activate caspases. Executioner caspases5 (cas-
pases 3, 6, and 7) cleave many cell proteins, including
keratin 18 (CK-18), and mediate the production of proin-
flammatory, profibrotic hepatic microvesicles,7 which
interact with hepatic stellate/myofibroblasts and sinusoidal
endothelial cells7 leading to activation, migration, and
profibrotic gene expression.8 Inflammatory caspases5 (eg,
caspases 1, 4, and 5) process interleukin-1 family members
to activated forms6 and initiator caspases5 (caspases 2, 8, 9,
and 10) play an important role in priming the NLRP3
inflammasome and producing interleukin-1b. Caspase in-
hibition could therefore lead to beneficial effects on liver
inflammation and fibrosis and portal hypertension.

Emricasan (IDN-6556) is an oral pan-caspase inhibi-
tor that decreased apoptosis, inflammation, and fibrosis
in animal models of liver injury including NASH9 and
CCl4-induced cirrhosis.10 Emricasan also decreased
excessive caspase activity and alanine aminotransferase
(ALT) in subjects with hepatitis C11,12 and nonalcoholic
fatty liver disease.13

This study assessed whether Emricasan treatment
might improve caspase-related biomarkers, hepatic
function, Model for End-Stage Liver Disease (MELD), and
Child-Pugh scores in Child-Pugh class A or B cirrhosis
patients with MELD scores 11–18.
Materials and Methods

Study Oversight

Conatus Pharmaceuticals Inc designed the trial. Data
were collected by the investigators and analyzed by the
sponsor. Authors had access to the study data, participated
in writing the manuscript, and approved the final manu-
script. The trial was conducted in accordance with the In-
ternational Conference on Harmonisation Guidelines for
Good Clinical Practice. The protocol was approved by
the institutional human research review committee at each
site.
Subjects

Subjects were Child-Pugh class A or B with clinical,
radiologic, or biochemical evidence of cirrhosis and
classified as compensated or decompensated by medical
history. MELD scores were 11–18 during screening. Male
and female subjects of childbearing potential used 2
reliable forms of contraception.

Exclusions included autoimmune hepatitis, active in-
flammatory bowel disease, hepatitis B–infected subjects
on treatment for less than 3 months, and hepatitis
C–infected subjects planning to receive anti–hepatitis
C virus (HCV) treatment during the study. Other exclu-
sions were Child-Pugh class C, international normalized
ratio (INR) �2.5, platelets �20 � 109/L, hepatic en-
cephalopathy �grade III, serum creatinine �2 mg/dL,
alcohol consumption >21 oz/week for males or 14 oz/
week for females, variceal hemorrhage within 3 months
of screening, and uncontrolled ascites.

Study Protocol

This study had 2 treatment periods of 3 months: an
initial randomized, double-blind, placebo-controlled phase,
and an open-label phase. All subjects provided informed
consent. Subjects were assessed monthly and 28 days after
stopping treatment. Emricasan, 25 mg twice a day, was
studied because that was the lowest dose that maximally
inhibited 4 biomarkers (ALT, aspartate aminotransferase,
caspase 3/7, and cleaved CK-18 [cCK-18]) in subjects with
hepatitis C (unpublished data). Subjects received standard-
of-care treatment for cirrhosis, including adjustment of
medications to treat ascites or hepatic encephalopathy.
New or worsening complications of cirrhosis were to be
reported as adverse events (AEs).

Measures of Clinical Efficacy

The primary endpoint was the change from baseline
in cCK-18/M30 at Month 3. cCK-18/M30 is a cleavage
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fragment of CK-18 produced by the action of executioner
caspases, such as caspase 3/6/7.14 Secondary clinical
endpoints included changes in total bilirubin, INR, albu-
min, MELD score, and Child-Pugh status. Secondary
biomarker endpoints included changes in ALT, caspase
3/7 activity, and full-length CK-18 (flCK-18/M65, which
measures both intact and cCK-18). Clinical and
biomarker measurements were performed by PPD Global
Central Labs, LLC (Highland Heights, KY). cCK-18/M30
(Apoptosense), flCK-18/M65 (EpiDeath), and caspase
3/7 activity (Caspase-Glo 3/7) were measured in sera
(laboratory reference ranges: 80–102 U/L, 63–211 U/L,
and 1429–3908 relative light units, respectively). However,
in 3 previous studies where 31 healthy subjects were
treated with Emricasan, group mean values between 178.1
and 280.5 U/L were observed for cCK-18, 332.0 and 401.1
U/L for flCK-18, and 1173.0 and 1293.4 relative light units
for caspase 3/7 (unpublished data).

Safety Assessments

Safety assessments included collection of AEs, clinical
examination, vital signs, laboratory tests, and electro-
cardiograms. The severity of AEs and relation to study
medication treatment was collected. An independent
monitoring committee evaluated unblinded data
regularly.

Blinding and Randomization

The sponsor, investigational staff, and subjects were
blinded to the original treatment for the entire 6 months
of treatment. Subjects were randomized 1:1 to Emricasan
or placebo for the initial 3 months using a validated,
verified randomization program.

Statistical Analysis

Seventy-two evaluable subjects provided 90% power
to reject the null hypothesis of no treatment difference at
a statistical significance level (2-sided) of 0.05 if the true
mean difference in log-transformed cCK-18/M30 was
–0.331 with a common standard deviation of 0.417.
Those parameters were estimated from a previous study
in subjects without cirrhosis with active hepatitis C and
an ALT or aspartate aminotransferase �1.5 times the
upper limit of normal during screening.12

Efficacy analyses were conducted on the full analysis
set, which consisted of all randomized subjects who
received at least 1 dose of treatment. Efficacy analyses used
the intention-to-treat principle. Missing values at Month 3
were imputed using the last observation on-study. The
statistical analysis plan was finalized before study
unblinding and identified predefined efficacy subgroups:
subjects with MELD scores �15 at baseline, and disease
etiology subgroups HCV, NASH, and alcohol/other.
Safety analyses were conducted according to the
treatment subjects received. No adjustments for multi-
plicity were made.

The mean difference between Emricasan and placebo
in log transformed cCK-18/M30 at Month 3 was tested
using the least square means (LSM) 2-sided 0.05 statis-
tical significance level including treatment as a factor,
adjusted for baseline. The LSM estimate of the difference
and corresponding 95% confidence intervals was back
transformed to provide the relative changes between
Emricasan, 25 mg, and placebo. The LSM primary anal-
ysis model included treatment group and adjusted for
baseline value and treatment group. The LSM secondary
analysis model for other endpoints included treatment
group and adjusted for baseline differences in MELD
category (<15; �15), etiology, and treatment group
interaction terms.
Results

Disposition

A total of 140 subjects were screened, 87 subjects
were randomized, and 86 were treated with placebo
(N ¼ 42) or Emricasan (N ¼ 44). Eight placebo and 4
Emricasan subjects withdrew during the blinded phase.
One Child-Pugh class C subject was inadvertently ran-
domized and withdrawn. Four subjects with MELD
scores <11 and 1 with a MELD score of 19 were ran-
domized because of errors. The low MELD score subjects
continued in the study but the subject with the MELD
score of 19 was discontinued. Detailed disposition in-
formation is shown in Supplementary Figure 1.
Baseline Demographics and Liver Disease
Characteristics

Baseline demographics and liver disease character-
istics are shown in Table 1. The patient population was
heterogeneous in terms of cirrhosis etiology with more
HCV cirrhosis patients in the placebo group and more
“alcohol/other” patients in the Emricasan group.
Baseline MELD scores were 8–19 with more Child-Pugh
class A patients in the Emricasan group (50.0% vs
35.7% in placebo group) and more Child-Pugh class B
patients in the placebo group (61.9% vs 50.0% in
Emricasan group), although the Child-Pugh scores were
the same (6.9 in both groups). By history, 90.7% of
patients were decompensated, including variceal hem-
orrhage (12.8%), ascites (52.3%), and hepatic en-
cephalopathy (68.6%).

Baseline demographics in the prespecified high-MELD
(score �15) and NASH cirrhosis subgroups were rela-
tively balanced. Supplementary Table 1 shows the
baseline liver function in all subgroups, including the
low-MELD (�14) and alcohol/other subgroups.



Table 1. Baseline Demographics and Liver Disease Characteristics

All patients MELD �15 NASH patients

Placebo
(N ¼ 42)

Emricasan
(N ¼ 44)

Placebo
(n ¼ 10)

Emricasan
(n ¼ 9)

Placebo
(n ¼ 9)

Emricasan
(n ¼ 11)

Age 57.5 � 8.75 58.5 � 8.15 57.4 � 7.88 58.3 � 9.14 62.3 � 6.00 59.9 � 8.92
Number (%) of patients

Gender
Male 30 (71.4) 24 (54.5) 9 (90.0) 6 (66.7) 7 (77.8) 4 (36.4)
Female 12 (28.6) 20 (45.5) 1 (10.0) 3 (33.3) 2 (22.2) 7 (63.6)

Race
White 37 (88.1) 39 (88.6) 9 (90.0) 8 (88.9) 7 (77.8) 11 (100)
Black/ African American 2 (4.8) 4 (9.1) 0 (0) 1 (11.1) 0 (0) 0 (0)
Unknown 1 (2.4) 1 (2.3) 1 (10.0) 0 (0) 0 (0) 0 (0)
Asian 1 (2.4) 0 (0) 0 (0) 0 (0) 1 (11.1) 0 (0)
Multiracial 1 (2.4) 0 (0) 0 (0) 0 (0) 1 (11.1) 0 (0)

Cirrhosis etiology
Alcohol/other 17 (40.5) 24 (54.5) 4 (40.0) 6 (66.7) 0 (0) 0 (0)
HCV 16 (38.1) 9 (20.5) 4 (40.0) 2 (22.2) 0 (0) 0 (0)
NASH 9 (21.4) 11 (25.0) 2 (20.0) 1 (11.1) 9 (100) 11 (100)

MELD
�14 32 (76.2) 35 (79.5) 0 (0) 0 (0) 7 (77.8) 10 (90.9)
�15 10 (23.8) 9 (20.5) 10 (100) 9 (100) 2 (22.2) 1 (9.1)
Score 12.9 � 2.6 12.8 � 2.1 16.3 � 1.3 16.0 � 1.1 12.8 � 2.1 13.0 � 2.1

Child-Pugh
Class A 15 (35.7) 22 (50.0) 1 (10.0) 1 (11.1) 4 (44.4) 3 (27.3)
Class B 26 (61.9) 22 (50.0) 8 (80.0) 8 (88.9) 5 (55.6) 8 (72.7)
Class C 1 (2.4) 0 (0) 1 (10.0) 0 (0) 0 (0) 0 (0)
Score 6.9 � 1.2 6.9 � 1.3 8.2 � 1.0 7.8 � 1.0 6.9 � 1.1 7.3 � 1.2

INR 1.31 � 0.18 1.33 � 0.17 1.45 � 0.17 1.54 � 0.19 1.27 � 0.23 1.25 � 0.14
Total bilirubin, mg/dL 2.59 � 1.49 2.25 � 1.12 4.30 � 1.94 3.17 � 1.59 2.26 � 1.10 2.68 � 1.53
Albumin, g/dL 3.48 � 0.54 3.46 � 0.41 3.19 � 0.46 3.41 � 0.24 3.60 � 0.46 3.39 � 0.39
Serum creatinine, mg/dL 0.74 � 0.30 0.81 � 0.31 0.74 � 0.37 0.79 � 0.36 0.79 � 0.49 0.85 � 0.36
ALT, U/mL 30.1 � 17.5 31.7 � 14.9 33.0 � 21.8 27.7 � 12.8 29.3 � 13.1 36.3 � 19.3
AST, U/mL 50.0 � 28.1 54.3 � 22.0 61.2 � 35.8 49.7 � 17.7 43.2 � 15.4 58.4 � 26.1

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; INR, international normalized ratio; MELD, Model for End-Stage Liver
Disease; NASH, nonalcoholic steatohepatitis.
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Liver Function at 3 Months in the High Model
for End-Stage Liver Disease and Nonalcoholic
Steatohepatitis Subgroups

There were no differences between treatments in total
bilirubin, INR, or serum albumin at 3 months in the overall
population but there were significant differences in pre-
specified subgroups. Total bilirubin and INR improved at 3
months in the high-MELD subjects treated with Emricasan
(–0.79 mg/dL and –0.19, respectively, vs placebo)
(Table 2). The 95% confidence intervals for the treatment
differences in total bilirubin (–1.5069 to –0.0823) and INR
(–0.2882 to –0.0866) excluded 0 and were statistically
significant at 3 months (Figures 1A and B, respectively).
Improvements in total bilirubin and INR were significant by
Month 2 (Figure 2A) and Month 1, respectively (Figure 2B).

The NASH subgroup treated with Emricasan showed
a nonsignificant trend toward greater improvement in
total bilirubin versus placebo at 3 months (Figure 1A)
with a difference of –0.40 mg/dL (Table 2). Total bili-
rubin values remained stable between baseline and
Month 3 in the Emricasan-treated subjects, whereas
placebo-treated subjects had increasing bilirubin values
(Figure 2C). INR values remained stable in Emricasan
subjects and increased in placebo subjects (Figure 2D)
and the treatment difference at Month 3 (–0.13; Table 2)
was significantly lower versus placebo (Figure 1B).

There was no effect of Emricasan treatment on serum
albumin at 3 months (þ0.04 g/dL, high-MELD subgroup;
–0.06 g/dL, NASH subgroup).

There was no confounding effect of weight loss in the
NASH cirrhosis subgroup where body mass index at 3
months increased in the Emricasan group (þ0.83) and
was stable in the placebo group (0.00).

Consistency of Functional Improvement Across
Etiologies at 3 Months

Emricasan treatment was associated with consistent,
directional changes in most efficacy measures, observed
across different etiologies of cirrhosis (Table 2).
Although the magnitude of the treatment effect varied by
etiology, directional changes in efficacy were similar in
all etiologies irrespective of baseline MELD score.



Table 2. Treatment Difference Between Placebo and Emricasan at 3 Months in High-MELD and Etiology Subgroups

MELD �15 NASH cirrhosis HCV Alcohol/other

Placebo: n ¼ 10
Emricasan: n ¼ 9

Placebo: n ¼ 9
Emricasan: n ¼ 11

Placebo: n ¼ 16
Emricasan: n ¼ 9

Placebo: n ¼ 17
Emricasan: n ¼ 24

MELD score (LSM) –2.2a –1.6a –0.6 –0.7
Child-Pugh score (LSM) –1.3a –1.0a –0.3 –0.8a

INR (LSM) –0.19a –0.13a –0.05 –0.10a

Total bilirubin, mg/dL (LSM) –0.79a –0.40 –0.43 –0.45
Albumin, g/dL (LSM) 0.04 –0.06 –0.06 0.03
Serum creatinine, mg/dL (LSM) 0.03 –0.07 0.01 0.10a

ALT, U/mL (median) –3.0 –2.0 –6.0 –3.0
AST, U/mL (median) –5.5 –3.0 –12.0 –3.0
Caspase 3/7 (% relative change to placebo) –56%a

–52%a
–53%a

–52%a

flCK-18 (% relative change to placebo) –19% –4% –26%a
–17%a

cCK-18 (% relative change to placebo) –26% –9% –15% –28%a

ALT, alanine aminotransferase; AST, aspartate aminotransferase; cCK-18, cleaved keratin-18; flCK-18, full-length keratin-18; HCV, hepatitis C virus; INR, inter-
national normalized ratio; LSM, least square mean; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic steatohepatitis.
aStatistically significant (P < .05) treatment differences unadjusted for multiplicity.
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Model for End-Stage Liver Disease Score
at 3 Months

Emricasan treatment improved MELD scores in the
high-MELD and NASH cirrhosis subgroups versus
Figure 1. The LSM treatment difference with 95% confidence i
Child-Pugh score for the high-MELD (�15), low-MELD (<14), an
confidence interval; Pbo, placebo.
placebo at 3 months (P ¼ .003 and .029, respectively)
(Figure 1C). The low-MELD subgroup showed no mean-
ingful change. The treatment difference at 3 months in
the high-MELD subgroup (–2.2; Table 2) was caused by
MELD score increase in the placebo group (þ0.6) and
ntervals in (A) total bilirubin, (B) INR, (C) MELD score, and (D)
d NASH cirrhosis subgroups after 3 months of treatment CI,



Figure 2.Mean (SD) changes in total bilirubin and INR after 1, 2, and 3 months of treatment in the high-MELD and NASH
cirrhosis subgroups. (A) High-MELD subgroup change in total bilirubin. (B) High-MELD subgroup change in INR. (C) NASH
cirrhosis subgroup change in total bilirubin. (D) NASH cirrhosis subgroup change in INR. Emricasan group in black bars and
placebo group in white bars. Statistically significant differences between treatment groups in change from baseline are
indicated by an asterisk. EMR, Emricasan; Pbo, placebo.
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improvement in the Emricasan group (-1.6). The NASH
cirrhosis subgroup had a significant treatment difference
at 3 months (–1.6, Figure 1C and Table 2) because of
MELD score decrease in the Emricasan group (-0.46) and
increase in the placebo group (þ1.17).

The serum creatinine was stable at 3 months in both
subgroups (change: –0.01 to 0.1 mg/dL), indicating that
the MELD score difference was driven by improvement
in INR and total bilirubin.

MELD score changes for each subject in the high-
MELD and NASH cirrhosis subgroups are shown in
Supplementary Figure 2.
Child-Pugh Score at 3 Months

There was no difference between groups in the Child-
Pugh score (–0.2 vs þ0.1) but the prespecified high-
MELD and NASH cirrhosis subgroups had statistically
significant improvement (Figure 1D). Both Emricasan-
treated subgroups had a significant treatment differ-
ence from placebo in Child-Pugh score (–1.3, P ¼ .003
and –1.0, P ¼ .030, respectively). The Child-Pugh score
treatment difference for the high-MELD subgroup was
caused by increase in the placebo group (þ1.06) and
decline in the Emricasan group (–0.25). The low-MELD
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subgroup showed no meaningful change. In the NASH
subgroup the Child-Pugh score increased þ0.8 in the
placebo group and decreased –0.2 in the Emricasan
group (Table 2).

Child-Pugh score changes for each subject in the high-
MELD and NASH cirrhosis subgroups are shown in
Supplementary Figure 3.

Change in Cleaved Keratin-18 and Other
Biomarkers at 3 Months

Mean baseline values of cCK-18 were 486.0 (placebo,
N ¼ 44) and 385.2 (Emricasan, N ¼ 44). Mean baseline
caspase 3/7 activity (2795.0, placebo; 2923.2, Emrica-
san) and flCK-18 (673.1, placebo; 859.3, Emricasan)
were also elevated. ALT values were within the normal
range (Table 1).

The primary analyses adjusted treatment groups for
baseline biomarker value and treatment group. In the
primary endpoint analysis for cCK-18, Emricasan
reduced cCK-18 –13% relative to placebo at 3 months
(Figure 3A) but statistical significance was not achieved
(P ¼ .092; 2-sided), although the changes at 1 and 2
months were significant. Caspase 3/7 activity
(Figure 3B; –45.5% vs þ8.8%) and flCK-18 (Figure 3C;
–18.0% vs –3.0%) were also reduced by Emricasan
relative to placebo at 3 months and statistical signifi-
cance was achieved for both (P < .001 and P ¼ .020,
respectively), and at the 1- and 2-month visits. Ad hoc
analyses that additionally adjusted for baseline differ-
ences in MELD score and cirrhosis etiology achieved
statistical significance for all 3 biomarkers at each study
visit.

Mean ALT values decreased relative to baseline but
were not statistically significant versus placebo
(Figure 3D). Within each treatment group there was no
clear relationship between change in platelet count and
change in total bilirubin, INR, MELD, or Child-Pugh score.

Results at 6 Months

Because there was no control group for the second 3
months of treatment, the changes in efficacy measures
following 6 months of Emricasan treatment were refer-
enced to baseline (Supplementary Table 2).

The high-MELD subgroup either stabilized or
continued to improve between 3 and 6 months. The
MELD score (–1.6 to –2.8) and INR (–0.14 to –0.21) at 3
and 6 months showed significant improvement, whereas
the Child-Pugh score, total bilirubin, and albumin
were essentially stable between months 3 and 6
(Supplementary Table 2).

The NASH cirrhosis subgroup during the second 3
months of treatment showed stabilization or improve-
ment relative to baseline, and improvement relative to
Month 3, in MELD scores, Child-Pugh scores, INR, total
bilirubin, and albumin (Supplementary Table 2).
Adverse Events

An overview of AEs at 3 months is shown in Table 3.
There were no deaths. Serious AEs were reported by
13.6% and 11.9% of subjects in the Emricasan and pla-
cebo group, respectively. The proportion of subjects with
moderate AEs (38.6% and 28.6%), severe AEs (11.4%
and 9.5%), and AEs leading to study discontinuation
(6.8% and 4.8%) were similar between the Emricasan
and placebo groups.

The frequency of new or worsening decompensation
events was similar in both treatment groups at 3 months
(Table 3). More placebo subjects had new or worsening
ascites (7.1% vs 2.3%); more Emricasan subjects had
new or worsening hepatic encephalopathy (4.8% vs
11.4%). All Emricasan-treated subjects who reported
hepatic encephalopathy had a prior history of hepatic
encephalopathy and were taking either lactulose alone
(1/5), rifaximin alone (1/5), or lactulose plus rifaximin
(3/5). Hepatic encephalopathy in both groups was
generally precipitated by intercurrent illness, noncom-
pliance with lactulose or rifaximin, or resolved despite
continued treatment with study medication. One subject
randomized to placebo was found to have recurrent
hepatocellular carcinoma at the 3-month visit, before
treatment with Emricasan.

There was no difference between treatment groups
for any laboratory evaluation except for measures that
were related to the pharmacodynamic effect of Emrica-
san (eg, ALT, aspartate aminotransferase, total bilirubin,
and INR). There was no effect on red blood cells, white
blood cells, or platelet counts. There were no differences
in systolic and diastolic blood pressure, heart rate, or
electrocardiogram parameters.
Discussion

This study suggests that 3–6 months of Emricasan
treatment may improve hepatic function relative to pla-
cebo in patients with cirrhosis of different etiologies,
with greater effects in subjects with MELD scores �15
and NASH as the etiology of cirrhosis. Following 6
months of treatment, Emricasan improved total bilirubin
(–0.65 mg/dL), INR (–0.21), albumin (þ0.1), MELD
scores (–2.8), and Child-Pugh scores (–0.7) in subjects
with baseline MELD scores �15.

Chronic progressive liver diseases, such as NASH,1

hepatitis C,3 hepatitis B,4 and alcoholic liver disease,2

are all associated with excessive caspase activation and
hepatocyte apoptosis. It was therefore interesting to
compare the improvement in liver function observed
with treating the result of hepatocyte injury (caspase
activation) with directly treating the cause of injury. Belli
et al15 studied the improvement in hepatic function
following treatment of HCV infection with direct-acting
antivirals in 102 decompensated viremic patients
with cirrhosis listed for transplant.16 Treatment with



Figure 3. Baseline and Month 1, 2, and 3 values of cCK-18, caspase 3/7, flCK-18, and ALT in all subjects treated with
Emricasan (black bars) or placebo (white bars). (A) Geometric mean cCK-18 values, U/L (primary endpoint). (B) Geometric mean
caspase 3/7 activity, relative light units. (C) Geometric mean flCK-18 values, U/L. (D) Mean ALT values, IU/mL. Statistically
significant differences between treatment groups (primary analysis) in change from baseline are indicated by an asterisk. Pbo,
placebo; RLU, relative light unit.
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direct-acting antivirals improved total bilirubin (–0.395
mg/dL), albumin (þ0.3 g/dL), MELD score (–1) and
Child-Pugh score (–1) but not INR 24 weeks after
completing treatment.16 It was interesting that treating
both the cause of HCV cirrhosis and the caspase activa-
tion that resulted from different kinds of hepatocyte
injury resulted in similar degrees of functional
improvement after 24 weeks.

The results from this human study showing that
Emricasan improved hepatic function in subjects with
cirrhosis are supported by preclinical studies in the rat
CCl4 cirrhosis model where Emricasan decreased intra-
hepatic vascular resistance, reduced inflammation,
improved sinusoidal cell/hepatic stellate cell phenotype
and microcirculatory function, and caused fibrosis
regression.10

One explanation for the apparently different re-
sponses in the high-MELD versus low-MELD subgroup is
that the total bilirubin and INR values were much higher
in the high-MELD versus low-MELD subgroup and it was



Table 3. Summary of AEs and AEs Reported in 3 or More
Subjects

Overview of adverse events during 3-month double-blind
phase

Evaluable subjects
Placebo (N ¼ 42)

n (%)

Emricasan
(N ¼ 44)
n (%)

Subjects with AEs 30 (71.4) 34 (77.3)
Subjects with SAEs 5 (11.9) 6 (13.6)
Subjects with moderate AEs 12 (28.6) 17 (38.6)
Subjects with severe AEs 4 (9.5) 5 (11.4)
Subjects with AEs leading

to discontinuation
2 (4.8) 3 (6.8)

Preferred term Number (%) of subjects
Placebo Emricasan

Headache 3 (7.1) 7 (15.9)
Nausea 4 (9.5) 7 (15.9)
Hepatic encephalopathy 2 (4.8) 5 (11.4)
Vomiting 1 (2.4) 5 (11.4)
Fatigue 6 (14.3) 4 (9.1)
Abdominal pain 3 (7.1) 3 (6.8)
Arthralgia — 3 (6.8)
Urinary tract infection 1 (2.4) 3 (6.8)
Edema peripheral 4 (9.5) 1 (2.3)
Ascites 3 (7.1) 1 (2.3)
Muscle spasms 3 (7.1) —

New or worsening
decompensation events

6 (14.3) 7 (15.9)

New or worsening ascites 3 (7.1) 1 (2.3)
New or worsening hepatic

encephalopathy
2 (4.8) 5 (11.4)

New or recurrent
variceal bleeding

— —

Other 1 (2.4) 1 (2.4)

AE, adverse event; SAE, serious adverse event.
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therefore easier to detect improvement in liver function.
Baseline liver function in the NASH subgroup was more
similar to the low-MELD subgroup. MELD and Child-Pugh
scores, and total bilirubin and prothrombin time, increase
in a greater-than-linear manner as liver function de-
teriorates.16,17 Heterogeneity between treatment groups,
particularly with regard to etiology and Child-Pugh class,
and the small number of subjects may have obscured a
potential treatment effect. Analyses that minimized the
potential effect of heterogeneity by analyzing subjects with
single etiologies of cirrhosis did suggest that heterogeneity
was a factor because those analyses showed consistent
trends for improvement in each subgroup were observed
regardless of baseline MELD score.

Although Emricasan treatment was associated with
decreases in cCK-18, flCK-18, and the executioner cas-
pase 3/7, there was no apparent correlation between
biomarker and clinical responses. Assessment of the ef-
fect of Emricasan on inflammatory or initiator caspases
may lead to better correlation with specific measures of
liver function.

Emricasan may have other beneficial effects in pa-
tients with cirrhosis. A pilot study in compensated,
Child-Pugh class A subjects with cirrhosis suggested that
Emricasan improved severe portal hypertension (hepatic
venous pressure gradient >12 mm Hg) within 28 days.18

The ability of Emricasan to potentially improve the 2
critical components of end-stage liver disease, portal
hypertension and liver function, is important. Although
HCV infection can be successfully treated in patients with
compensated and decompensated cirrhosis,19,20 regres-
sion of cirrhosis and improvement in portal hypertension
may take years and patients who achieve a sustained
viral response but continue to have portal hypertension
remain at risk for decompensation and death.21,22 A
medication that improves both liver function and portal
hypertension is greatly needed.

Emricasan treatment was generally well-tolerated in
this study. AEs were frequent in both treatment groups
with small differences in the frequencies of AEs between
groups. AEs were those typically observed in patients with
decompensated cirrhosis. Larger and longer studies are
necessary to better understand the safety and tolerability
profile of Emricasan in subjects with cirrhosis.

This study has limitations. Because of limited safety
experience in subjects with cirrhosis, the number of
subjects and length of treatment was limited and only a
single dose level of Emricasan was studied. Higher and
lower doses will be assessed in future studies to select
an optimal clinical dose. Patients will also need to be
treated for longer than 3–6 months. Although improve-
ment in hepatic inflammation may occur relatively
rapidly, improvement in fibrosis will take longer. The
multiple etiologies of cirrhosis in a single study increased
heterogeneity and may have obscured the treatment ef-
fect, as suggested by the single-etiology efficacy analyses
where treatment effects were observed regardless of
baseline MELD score. The magnitude of improvement in
clinical measures, such as total bilirubin, INR, MELD, or
Child-Pugh scores, must be confirmed in future studies.

In conclusion, this study comparing treatment with
Emricasan with placebo in largely decompensated pa-
tients with cirrhosis showed significant improvement of
hepatic function in subjects with baseline MELD scores
�15 and stabilization of function in subjects with NASH
cirrhosis. Future single-etiology studies will better
characterize the safety profile of Emricasan and better
estimate the magnitude of the treatment benefit.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2018.06.012.
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Supplementary
Figure 1. CONSORT flow-
chart showing the disposi-
tion and reasons for
discontinuation of the
subjects.
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Supplementary Figure 2. Individual subject changes in MELD score for the (A) high-MELD Emricasan subgroup, (B) high-
MELD placebo subgroup, (C) NASH cirrhosis-Emricasan subgroup, and (D) NASH cirrhosis-placebo subgroup. Increases in
MELD score at the 3-month visit are shown in white bars and decreases in MELD score are shown in black bars. Seven of 9
high-MELD subjects treated with Emricasan improved MELD scores, 1 of 9 had no change, and 1 of 9 increased at 3 months.
Most placebo-treated subjects had stable (4/10) or increased MELD scores (4/10), with only 2 of 10 having improved MELD
scores. A total of 67% (6/9) of high-MELD Emricasan patients had �2-point decrease in MELD at Month 3 versus 20% (2/10)
of the placebo group. In the NASH cirrhosis subgroup, individual subject responses were consistent with less progression in
the Emricasan-treated subjects (C and D) in whom 3 of 11 improved MELD scores, 3 of 11 remained stable, and 5 of 11
worsened compared with the placebo subjects in whom 2 of 9 improved, 1 of 9 remained stable, and 6 of 9 worsened.
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Supplementary Figure 3. Individual subject changes in Child-Pugh score in the High-MELD and NASH subgroups at Month 3.
(A) High-MELD subgroup treated with Emricasan. (B) High-MELD subgroup treated with placebo. (C) NASH subgroup treated
with Emricasan. (D) NASH subgroup treated with placebo. In the high-MELD subjects treated with Emricasan for 3 months, 4 of
9 subjects improved Child-Pugh scores, 5 of 9 had no change, and none increased. Placebo-treated subjects demonstrated
stability or worsening of disease, with 4 of 10 having a stable Child-Pugh score, 4 of 10 showing an increased Child-Pugh
score, and 2 of 10 having an improved Child-Pugh score. A total of 44% of the high-MELD Emricasan group had a
decrease in the Child-Pugh score versus 20% of placebo-treated patients. The NASH cirrhosis subgroup also had a Child-
Pugh score pattern of response that favored Emricasan. Emricasan treatment resulted in 4 of 11 subjects improving Child-
Pugh scores, 6 of 11 having stable scores, and 1 of 11 having a worse score. Placebo treatment resulted in 2 of 9
improving the Child-Pugh score, 3 of 9 having a stable score, and 4 of 9 worsening.
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Supplementary Table 1. Baseline Liver Function in Key Subgroups

MELD �14 MELD �15 NASH patients Alcohol/other

Placebo
(n ¼ 32)

Mean � SD

EMR
(n ¼ 35)

Mean � SD

Placebo
(n ¼ 10)

Mean � SD

EMR
(n ¼ 9)

Mean � SD

Placebo
(n ¼ 9)

Mean � SD

EMR
(n ¼ 11)

Mean � SD

Placebo
(n ¼ 17)

Mean � SD

EMR
(n ¼ 24)

Mean � SD

INR 1.27 � 0.16 1.27 � 0.12 1.45 � 0.17 1.54 � 0.19 1.27 � 0.23 1.25 � 0.14 1.33 � 0.19 1.36 � 0.16
Total bilirubin,

mg/dL
2.05 � 0.78 2.01 � 0.84 4.30 � 1.94 3.17 � 1.59 2.26 � 1.10 2.68 � 1.53 2.73 � 1.53 2.21 � 1.03

Albumin, g/dL 3.57 � 0.53 3.47 � 0.44 3.19 � 0.46 3.41 � 0.24 3.60 � 0.46 3.39 � 0.39 3.44 � 0.45 3.46 � 0.43

EMR, Emricasan; INR, international normalized ratio; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic steatohepatitis; SD, standard deviation.

Supplementary Table 2. Change From Baseline in Efficacy Measures in the High-MELD and NASH Cirrhosis Subgroups Who
Were Treated With Emricasan for 6 Months

MELD �15 subgroup (n ¼ 9) NASH patients (n ¼ 11)

Baseline M3 Change M6 Change Baseline M3 Change M6 Change

MELD 16.0 –1.6a –2.8a 13.0 0.3 0.1
Child-Pugh 7.8 –0.6 –0.7 7.3 –0.3 –0.1
Total bilirubin 3.17 –0.55 –0.65 2.68 0.09 –0.03
INR 1.54 –0.14a –0.21a 1.25 0.01 0.00
Albumin 3.41 0.07 0.10 3.39 0.05 0.03

INR, international normalized ratio; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic steatohepatitis.
aStatistically significant (P < .05) paired comparison with baseline unadjusted for multiplicity.
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