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ABSTRACT 

Background & Aims : Apoptosis signal-regulating kinase 1 (ASK1) plays a key role in 

hepatocyte injury, inflammation, and fibrosis in nonalcoholic steatohepatitis (NASH). We 

evaluated the safety and anti-fibrotic effect of selonsertib, a selective inhibitor of ASK1, in 

patients with advanced fibrosis due to NASH. 

Methods: We conducted two randomized, double-blind, placebo-controlled, phase 3 trials of 

selonsertib in patients with NASH and bridging fibrosis (F3, STELLAR-3) or compensated 

cirrhosis (F4, STELLAR-4). Patients were randomized 2:2:1 to receive selonsertib 18 mg, 

selonsertib 6 mg, or placebo once daily for 48 weeks. Liver biopsies were performed at screening 

and week 48 and noninvasive tests of fibrosis (NITs) were evaluated. The primary efficacy 

endpoint was the proportion of patients with �•��-stage improvement in fibrosis without worsening 

of NASH at week 48. Additional endpoints included changes in NITs, progression to cirrhosis 

(in STELLAR-3), and liver-related clinical events. 

Results: Neither trial met the primary efficacy endpoint. In STELLAR-3, fibrosis improvement 

without worsening of NASH was observed in 10% (31/322, p=0.49 vs placebo), 12% (39/321, 

p=0.93 vs placebo), and 13% (21/159) of patients in the selonsertib 18 mg, selonsertib 6 mg, and 

placebo groups, respectively. In STELLAR-4, the primary endpoint was achieved in 14% 

(51/354; p=0.56), 13% (45/351; p=0.93), and 13% (22/172) of patients, respectively. Although 

selonsertib led to dose-dependent reductions in hepatic phospho-p38 expression indicative of 

pharmacodynamic activity, it had no significant effect on liver biochemistry, NITs, progression 

to cirrhosis, or adjudicated clinical events. The rates and types of adverse events were similar 

among selonsertib and placebo groups. 
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Conclusions: Forty-eight weeks of selonsertib monotherapy had no anti-fibrotic effect in 

patients with bridging fibrosis or compensated cirrhosis due to NASH. 

(Funded by Gilead Sciences; ClinicalTrials.gov numbers NCT03053050 and NCT03053063) 
 

LAY SUMMARY  

Patients with nonalcoholic steatohepatitis (NASH) can develop scarring of the liver (fibrosis), 

including cirrhosis, which increases the risks for liver failure and hepatocellular carcinoma. In 

two studies, we tested whether 48 weeks of treatment with selonsertib reduced fibrosis in NASH 

patients with advanced liver scarring. We did not find that selonsertib reduced fibrosis in study 

patients. 
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INTRODUCTION  

Nonalcoholic steatohepatitis (NASH), a progressive form of nonalcoholic fatty liver disease 

(NAFLD) characterized by hepatic steatosis, hepatocyte injury, and inflammation, is estimated to 

have a worldwide prevalence between 1.5% and 6.5%.1 The natural history of NASH is variable, 

but approximately one-third of patients will progress to cirrhosis with the attendant risks of 

hepatic decompensation, hepatocellular carcinoma (HCC), and premature mortality.2 The 

prevalence of cirrhosis resulting from NASH has risen dramatically in recent decades, and will  

soon overtake viral hepatitis as the leading indication for liver transplantation.3-5 Thus far, no 

pharmacologic therapies have been approved for the treatment of NASH. Although weight loss 

may be effective, it has proven difficult to achieve and sustain, and anti-fibrotic effects in 

patients with advanced fibrosis appear limited.6 As fibrosis is the primary determinant of clinical 

disease progression in patients with NASH, there is a clear unmet medical need for new therapies 

with anti-fibrotic effects, particularly for patients with bridging fibrosis and cirrhosis.7-10   

Selonsertib is an oral, once-daily inhibitor of apoptosis signal-regulating kinase 1 (ASK1). When 

activated by oxidative stress, ASK1 signals through the mitogen-activated protein kinase 

pathway terminating in the effector kinases p38 and c-Jun N-terminal kinase, which mediate pro-

inflammatory and pro-fibrotic changes in the liver.11-15 The ASK1 pathway, as indicated by 

hepatic expression of phosphorylated p-38 (p-p38), is upregulated in patients with NASH and 

correlates with the stage of liver fibrosis.15 In pre-clinical models of NASH and liver fibrosis, 

ASK1 inhibition has demonstrated anti-fibrotic effects.14 Moreover, in a 24-week, phase 2 study 

in patients with NASH and stage 2 or 3 liver fibrosis, 43% of those receiving selonsertib 18 mg 

and 30% of those receiving selonsertib 6 mg experienced a reduction of at least 1 stage in hepatic 

fibrosis, as compared with 20% of patients receiving an inactive therapy (simtuzumab).16 Hepatic 
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expression of p-p38 was reduced in this trial in a dose-dependent fashion, supporting the 

pharmacodynamic activity of selonsertib.  

Based on this mechanistic rationale, pre-clinical data, and promising phase 2 data, we conducted 

the STELLAR-3 and STELLAR-4 phase 3 trials to evaluate whether ASK1 inhibition with 

selonsertib could cause fibrosis regression and reduce clinical disease progression in patients 

with bridging fibrosis or compensated cirrhosis due to NASH. 

 

METHODS 

Patients 

Eligible patients were 18 to 70 years of age with a histologic diagnosis of NASH (defined as a 

NAFLD Activity Score �>�1�$�6�@���R�I���•�����Z�L�W�K��at least each of grade 1 steatosis, hepatocellular 

ballooning, and lobular inflammation). The STELLAR-3 trial (NCT03053050) enrolled patients 

with bridging fibrosis (F3 fibrosis according to the NASH Clinical Research Network [CRN] 

classification) and the STELLAR-4 trial (NCT03053063) enrolled patients with compensated 

cirrhosis (F4 fibrosis). A historical liver biopsy was acceptable for enrollment if  it was 

performed within 6 months of screening for STELLAR-3 or within 12 months of screening for 

STELLAR-4. Patients were required to have serum alanine aminotransferase (ALT) levels no 

more than 8 times the upper limit of normal, creatinine clearance as estimated by the Cockcroft-

Gault equation of at least 30 mL/min, hemoglobin A1c (HbA1c) of no more than 9.5%, a platelet 

count of at least 100,000 per �PL, and an international normalized ratio (INR) of no more than 

1.4. Patients with liver disease of other etiologies (including alcoholic liver disease, hepatitis B 

virus infection, hepatitis C virus infection, and autoimmune disorders), or a history of solid organ 
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transplantation, hepatic decompensation, or HCC were excluded. In addition, patients were 

excluded if they had a Model for End-Stage Liver Disease (MELD) score >12, or a Child-Pugh-

Turcotte (CPT) score >6 in STELLAR-3 or >7 in STELLAR-4. All patients provided written 

informed consent before undertaking any study-related procedures. The full eligibility criteria for 

both trials are provided in the Supplementary Appendix. 

Study Design  

In both studies, patients were randomly assigned in a 2:2:1 ratio to receive 18 mg of selonsertib, 

6 mg of selonsertib, or matching placebo administered orally once daily with or without food. 

The planned total duration of treatment was 240 weeks; however, both studies were terminated 

after a preplanned efficacy analysis at week 48 demonstrated that selonsertib was ineffective. 

Patients who developed evidence of hepatic decompensation (ascites, hepatic encephalopathy of 

grade 2 or higher, or gastrointestinal bleeding related to portal hypertension), or whose hepatic 

function was impaired to the level that would qualify for liver transplantation ���0�(�/�'���•��������

confirmed by a Hepatic Events Adjudication Committee, or who progressed to cirrhosis based on 

histology (STELLAR-3 study) were offered open-label treatment with selonsertib 18 mg daily 

for up to 240 weeks. 

For both studies, patient randomization was performed using an interactive web response system 

(Bracket, San Francisco, CA). Randomization was stratified by the presence or absence of type 2 

diabetes mellitus (as determined by medical history or screening labs [i .e. HbA1c < or �•��������; or 

fasting plasma glucose < or �•���������P�J���G�/�@) and by the Enhanced Liver Fibrosis (ELF) score (< vs  

�•�������� for STELLAR-3 and < vs �•11.27 for STELLAR-4). These ELF thresholds optimally 

predicted clinical disease progression in two prior phase 2 trials of patients with advanced 

fibrosis due to NASH that evaluated simtuzumab.7 Within each of the 4 strata, patients were 
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randomly assigned to selonsertib 6 mg, selonsertib 18 mg, or placebo using a block size of 10. 

Site personnel obtained the patien�W�¶�V���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���Q�X�P�E�H�U���D�Q�G���V�W�X�G�\���G�U�X�J���D�V�V�L�J�Q�P�H�Q�W���I�U�R�P���W�K�H��

IWRS. Patients and all personnel directly involved in the conduct of the study were blinded to 

treatment assignment. Study drugs were dispensed by the study pharmacist, or designee, in a 

blinded fashion to the patients. 

Study Assessments 

Liver Histology 

For both studies, liver biopsy specimens were collected at screening from patients who did not 

have a qualifying historical liver biopsy and at week 48 of treatment. All biopsy samples were 

read by a single central reader (ZG), who was blinded to treatment assignment, but not biopsy 

sequence. Histological assessments included the adequacy of the biopsy specimen, confirmation 

of the diagnosis, fibrosis staged according to the NASH CRN and modified Ishak fibrosis 

classifications, and grading of steatosis, lobular inflammation, and hepatocellular ballooning 

�D�F�F�R�U�G�L�Q�J���W�R���W�K�H���1�$�6�����0�R�U�S�K�R�P�H�W�U�L�F���T�X�D�Q�W�L�¿�F�D�W�L�R�Q���R�I���K�H�S�D�W�L�F���F�R�O�O�D�J�H�Q��and fat content, as well 

as �.-s�P�R�R�W�K���P�X�V�F�O�H���D�F�W�L�Q�����.-SMA) expression, were performed as previously described.17 

In addition, in order to assess the pharmacodynamic activity of selonsertib, 

immunohistochemistry (IHC) for the ASK1 pathway activation marker p-p38 was performed on 

a random subset of baseline and week 48 liver biopsies from the STELLAR-4 study. For this 

assay, formalin-fixed paraffin embedded tissue blocks were sectioned (RM2255 microtome, 

Leica, Buffalo Grove, IL�����D�W���������P���W�K�L�F�N�Q�H�V�V�����S�O�D�F�H�G���R�Q���V�O�L�G�H�V�����D�Q�G���E�D�N�H�G���D�W�������qC for 20 minutes. 

Slides were deparaffinized and stained using the HQ HRP and Chromomap detection system. A 

commercially available rabbit monoclonal antibody was used to detect p-p38 (Cell Signaling 

Technologies, Danvers, MA) and whole slide-scan images of IHC stained slides were captured 
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using a Leica SCN400 scanner at 40�u magnification. To quantify p-p38, digital whole slide 

images were analyzed at 20�u resolution using Visiopharm software (Hoersholm, Denmark) and a 

customized algorithm detected the tissue area, nuclei, and p-p38-positive marker area. The 

results were expressed as either the percentage of the tissue area that was positive for p-p38 or as 

the percentage of p-p38 positive nuclei normalized against the number of nuclei. 

Serum Markers 

Fasting blood samples were collected at screening for clinical laboratory values, including ALT, 

aspartate aminotransferase (AST), alkaline phosphatase, gamma-glutamyl transferase (GGT), 

bilirubin, albumin, platelets, and INR. Blood samples for noninvasive tests of fibrosis (NITs) 

including the ELF test (Siemens, Tarrytown, NY), Fibrosis-4 index (FIB-4), and NAFLD 

Fibrosis Score (NFS), and markers of apoptosis and cell death (CK18 M30 and M65; Pacific 

Biomarkers, Seattle, WA), were collected at screening, day 1, and at weeks 12, 24, and 48. 

Where available, liver stiffness was measured by trained operators using vibration controlled 

transient elastography (VCTE; FibroScan, Echosens, Paris, France) with the patient in a fasting 

state, as previously described.18  

Safety 

Safety was assessed by clinical laboratory tests, physical examinations, measurement of vital 

signs, and by the documentation of adverse events (AEs). Safety data were analyzed from the 

first dose of study drug up to 30 days after the last dose of study drug. A Hepatic Events 

Adjudication Committee reviewed liver-related clinical events. These include clinically apparent 

ascites requiring treatment, hepatic encephalopathy of Grade 2 or above according to the West 

Haven criteria requiring treatment, and portal hypertension-related gastrointestinal bleeding 

(identified by endoscopy and requiring hospitalization, including events of bleeding from 
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esophageal varices, gastric varices, and portal hypertensive gastropathy), cases of HCC, and all 

deaths to determine if they were liver-related. Potential cases of drug-induced liver injury (DILI)  

were reviewed by a DILI Adjudication Committee. Patients who met protocol-defined liver 

biochemistry criteria potentially consistent with DILI were put under close observation, which 

included obtaining repeat liver biochemistries within 48-72 hours, and the collection of a more 

detailed medical history and evaluations to exclude other etiologies of liver test abnormalities 

(see Supplementary Appendix for additional details). In cases where on-treatment elevations of 

ALT and/or AST were confirmed on repeat testing within 48-72 hours of results and no 

alternative etiology was apparent, further treatment was to be withheld. Finally, a Cardiovascular 

Events Adjudication Committee reviewed all major adverse cardiovascular events (MACE) 

including cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina 

or cardiac failure, and coronary revascularization. 

Outcome Measures 

Primary Histologic and Clinical Efficacy Endpoints 

For both studies, the primary histologic efficacy endpoint was the proportion of patients who 

�D�F�K�L�H�Y�H�G���D���•��-�V�W�D�J�H���L�P�S�U�R�Y�H�P�H�Q�W���L�Q���I�L�E�U�R�V�L�V���Z�L�W�K�R�X�W���Z�R�U�V�H�Q�L�Q�J���R�I���1�$�6�+�����G�H�I�L�Q�H�G���D�V���D���•��-point 

increase in hepatocellular ballooning or lobular inflammation) at week 48. The primary clinical 

efficacy endpoint for both studies was the time to first clinical event, defined as hepatic 

decompensation (as previously defined), liver transplantation, qualification for transplantation 

���0�(�/�'���•������, or all-cause mortality, as well as progression to cirrhosis in the STELLAR-3 

study.  

Secondary and Exploratory Efficacy Endpoints 
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Secondary efficacy endpoints at week 48 included the proportions �R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���D���•��-stage 

improvement in fibrosis, the proportion of patients with NASH resolution (defined as a lobular 

inflammation score of 0-1 and a ballooning score of 0), and the proportion of patients with 

histologic progression to cirrhosis (in STELLAR-3). Exploratory efficacy endpoints included 

changes in liver biochemistry tests, NITs (e.g. ELF, liver stiffness by VCTE), markers of 

apoptosis and necrosis, and other histologic measures including hepatic collagen and fat content, 

�.-SMA expression, and p-p38 activity by IHC. 

Statistical Analysis 

Sample Size Assumptions 

In STELLAR-3, the sample size of 320 patients in each active treatment arm and 160 patients in 

the placebo arm was calculated to provide 94% power to detect a difference of 15% or more in 

�W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���D���•��-stage improvement in fibrosis without worsening of NASH 

at week 48 at a two-sided significance level of 0.025, assuming the proportion of patients that 

would meet the endpoint in the placebo arm was 12%. In STELLAR-4, the same sample size 

would provide 97% power to detect a difference of 12% or more in the proportion of patients 

meeting the primary endpoint assuming a response rate of 4% in the placebo group.  

Analysis Methods 

A stratified Mantel-Haenszel test was used to compare differences in proportions of patients 

achieving the primary histologic and secondary efficacy endpoints in the selonsertib and placebo 

groups with adjustment for stratification factors. For the primary histologic endpoint, a two-sided 

significance level of 0.025 was used to control for an overall Type I error rate of 0.05 by 

Bonferroni adjustment. According to the intention-to-treat (ITT) principle, patients with missing 

histologic data were analyzed as treatment failures. Point estimates and 95% confidence intervals 
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for the differences in proportions between each selonsertib arm vs placebo were calculated. Pre-

specified subgroup analyses were also conducted according to baseline diabetes status, ELF 

category, weight loss at �Z�H�H�N���������������Y�V���•�����������Y�L�W�D�P�L�Q���(���W�U�H�D�W�P�H�Q�W�����D�Q�G���K�L�V�W�R�U�\���R�I���V�X�V�W�D�L�Q�H�G��

virologic response (SVR) to therapy for chronic hepatitis C (HCV). 

Comparisons of event-free survival were made using Kaplan-Meier survival analysis and a 

proportional hazards model with time to first clinical event as the dependent variable and 

treatment group and stratification factors as independent variables. Analyses of exploratory 

efficacy endpoints (e.g. changes in NITs and hepatic collagen content) were conducted using 

analysis of covariance (ANCOVA) with change from baseline as the dependent variable, and 

baseline value, treatment group, and stratification factors as independent variables.   

Finally, we conducted post hoc exploratory analyses using Wilcoxon rank-sum tests to evaluate 

associations between changes from baseline in clinical, histologic, and biomarker parameters 

according to the following endpoints in the combined STELLAR-3 and STELLAR-4 populations 

at week 48: 1) fibrosis regression, defined as �•1-stage improvement in fibrosis on liver biopsy; 

2) ELF response, defined as �•0.5-unit reduction; and 3) liver stiffness response, defined as �•25% 

relative reduction in liver stiffness by VCTE. In the simtuzumab studies,7 �D�Q���(�/�)���U�H�G�X�F�W�L�R�Q���•��������

units was associated with a significant decrease in the risk of progression to cirrhosis in patients 

with bridging fibrosis and liver-related clinical events in those with cirrhosis. Similarly, �D���•��������

relative reduction in liver stiffness was associated with a reduced risk of clinical disease 

progression in the STELLAR studies (data not shown).19 
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Study Oversight 

The studies were approved by the institutional review boards or independent ethics committees 

at all participating sites and conducted in compliance with the Declaration of Helsinki, Good 

Clinical Practice guidelines, and local regulatory requirements. The studies were designed and 

conducted according to protocol by the sponsor (Gilead Sciences) in collaboration with the 

principal investigators. The sponsor collected the data, monitored study conduct, and performed 

statistical analyses. An independent data monitoring committee reviewed the progress and 

provided oversight of the studies. All authors had access to the data and assumed responsibility 

for the integrity and completeness of the reported data. The initial draft of the manuscript was 

prepared by a professional writer employed by the sponsor; subsequent drafts incorporated input 

from all authors. Further information regarding the methods is available in the CTAT table 

supplement and CONSORT statements.  

RESULTS 

Baseline Characteristics 

For the STELLAR-3 trial, 2,250 patients were screened between January 31, 2017 and March 17, 

2018, at sites in 26 countries in Europe, North America, South America, Asia, and the Pacific 

region. Of these, 808 patients with bridging fibrosis (F3) were randomized and 802 began 

treatment (Supplementary Figure 1). For the STELLAR-4 trial, 2,154 patients were screened 

between January 30, 2017 and January 23, 2018 at sites in 21 countries in Europe, North 

America, Asia, and the Pacific region. Of these, 883 patients with compensated cirrhosis (F4) 

were randomized and 877 began treatment (Supplementary Figure 2).  

The demographic and baseline characteristics of patients in both trials are typical of those with 

advanced fibrosis due to NASH (Table 1); there were no substantial differences between 
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treatment groups. The median age of patients with bridging fibrosis was 59 years (interquartile 

range [IQR] 52, 64) and 59 years (IQR 53, 65) for those with compensated cirrhosis. Overall, 

60% of patients were female, 68% were obese (body mass index �•�������N�J���P2), and 74% had 

diabetes. Over 80% of patients had a NAS �•5. As expected, compared with patients in the 

STELLAR-3 trial, those in the STELLAR-4 trial had baseline characteristics consistent with 

more advanced disease including higher median hepatic collagen content, ELF scores, NFS, FIB-

4, and liver stiffness by VCTE, and lower platelet counts (Tables 2 and 3).   

Efficacy 

STELLAR-3 (Bridging Fibrosis Population) 

Among 802 patients treated in the STELLAR-3 study, liver biopsies at week 48 were available in 

751 (94%). The primary reasons for premature discontinuation of treatment were subject 

decision (3.2%), AEs (1.6%), and loss to follow-up (0.7%). From baseline through 48 weeks, the 

median change in body weight was -0.6 kg (IQR -2.6, 1.5); 13% (102/802) of patients �O�R�V�W���•������

body weight with no differences between treatment groups. 

Primary Histologic Endpoint 

In ITT analysis, �D���•��-stage improvement in fibrosis without worsening of NASH at week 48 of 

treatment was achieved by 31 patients (10%) receiving selonsertib 18 mg, 39 (12%) receiving 

selonsertib 6 mg, and 21 (13%) receiving placebo (Figure 1A). The differences in proportions of 

responders in the selonsertib and placebo groups were not statistically significant: -2.1% (95% 

CI, -8.3%, 4.0%; P=0.49) for patients receiving selonsertib 18 mg and -0.3% (95% CI, -6.6%, 

6.0%; P=0.93) for those receiving selonsertib 6 mg. Similar results were observed in a per 

protocol analysis including only patients with week 48 liver biopsies (data not shown). In pre-

specified subgroup analyses according to baseline diabetes status, ELF category, weight loss at 
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week 48 (Supplementary Table 1), vitamin E treatment, and history of SVR to HCV therapy, 

differences in the proportions of patients achieving the primary endpoint between selonsertib and 

placebo-treated patients were not significantly different (Supplementary Figure 3). Thus, 

neither dose of selonsertib led to significant regression of fibrosis compared with placebo in 

patients with bridging fibrosis. 

Secondary and Exploratory Efficacy Endpoints 

Patients in the selonsertib groups did not have significantly better outcomes than those in the 

placebo group for any of the week 48 secondary endpoints (Figure 1A). A �•��-stage 

improvement in fibrosis (regardless of changes in NAS) was observed in 41 patients (13%) 

receiving selonsertib 18 mg, 44 (14%) receiving selonsertib 6 mg, and 26 (16%) receiving 

placebo. NASH resolution without worsening of fibrosis was observed in 16 patients (5%) 

receiving selonsertib 18 mg, 14 (4%) receiving selonsertib 6 mg, and 14 (9%) receiving placebo. 

�1�$�6�+���U�H�V�R�O�X�W�L�R�Q���Z�D�V���P�R�U�H���F�R�P�P�R�Q���D�P�R�Q�J���S�D�W�L�H�Q�W�V���Z�L�W�K���•�������Z�H�L�J�K�W���O�R�V�V���E�H�W�Z�H�H�Q���E�D�V�H�O�L�Q�H���D�Q�G��

week 48 (Supplementary Table 1). Histologic progression to cirrhosis occurred in 42 patients 

(13%) receiving selonsertib 18 mg, 50 (16%) receiving selonsertib 6 mg, and 25 (16%) receiving 

placebo.   

With the exception of liver stiffness by VCTE, there were no significant differences between the 

selonsertib and placebo-treated groups in changes between baseline and week 48 in liver 

biochemistry tests, NITs, markers of apoptosis, C-reactive protein (CRP), serum lipids, glycemic 

parameters, or histologic features including Ishak fibrosis stage, hepatic collagen or fat content, 

or �.-SMA expression (Table 2). However, patients receiving selonsertib 18 mg had a reduction 

in liver stiffness compared with those that received placebo after adjustment for baseline 
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stiffness and stratification factors (difference in LSmeans, �í������0 [95% CI �í������2�����í����09]; 

P=0.04). 

Liver-Related Clinical Events 

During a median follow-up of 16.5 months (IQR 15.0, 18.9), 122 patients with bridging fibrosis 

(15%) had confirmed liver-related clinical events: 44 patients (14%) in the selonsertib 18 mg 

group, 53 (17%) in the selonsertib 6 mg group, and 25 (16%) in the placebo group 

(Supplementary Figure 4). Most events (96% [117/122]) were histologic progression to 

cirrhosis, while others included hepatic encephalopathy (n=2), portal hypertensive bleeding 

(n=2), and qualification for transplantation (n=1). Compared with placebo treatment, time to 

events did not differ between patients treated with selonsertib 18 mg (hazard ratio [HR]: 0.77; 

95% CI 0.47, 1.26 [p=0.29]) or selonsertib 6 mg (HR 1.00; 95% CI 0.62, 1.61 [p=1.00]). One 

patient in the selonsertib 18 mg group developed HCC. 

STELLAR-4 (Cirrhosis Population) 

Among 877 patients treated in the STELLAR-4 study, liver biopsies at week 48 were available in 

792 patients (90%). The primary reasons for premature discontinuation of treatment were subject 

decision (2.5%), AEs (1.4%), and investigator discretion (1.1%). From baseline through 48 

weeks, the median change in body weight was -0.6 kg (IQR -2.7, 1.8); 13% (110/877) of patients 

�O�R�V�W���•�������E�R�G�\���Z�H�L�J�K�W���Z�L�W�K���Q�R���G�L�I�I�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V�� 

Primary Histologic Endpoint 

In ITT analysis, fibrosis improvement without worsening of NASH was achieved by 51 patients 

(14%) receiving selonsertib 18 mg, 45 (13%) receiving selonsertib 6 mg, and 22 (13%) receiving 

placebo (Figure 1B). The differences in proportions of responders in the selonsertib vs placebo 
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groups were not statistically significant: 1.9% (95% CI, -4.4%, 8.2%; P=0.56) for patients 

receiving selonsertib 18 mg and 0.3% (95% CI, -6.0%, 6.5%; P=0.93) for those receiving 

selonsertib 6 mg. Similar results were observed in a per protocol analysis including only patients 

with week 48 liver biopsies (data not shown). In pre-specified subgroup analyses (see above), 

differences in the proportions of patients meeting the primary histologic endpoint did not differ 

between selonsertib and placebo-treated patients (Supplementary Figure 5). �:�H�L�J�K�W���O�R�V�V���•������

was not associated with the likelihood of achieving the primary endpoint (Supplementary Table 

1). 

Secondary and Exploratory Efficacy Endpoints 

Significant improvements were not seen in either of the week 48 secondary endpoints (Figure 

1B). A �•��-stage improvement in fibrosis was experienced by 67 patients (19%) receiving 

selonsertib 18 mg, 59 (17%) receiving selonsertib 6 mg, and 27 (16%) receiving placebo. NASH 

resolution was experienced by 8 patients (2%) receiving selonsertib 18 mg, 13 (4%) receiving 

selonsertib 6 mg, and 7 (4%) receiving placebo.  

There were no significant differences between either of the selonsertib groups and the placebo 

group in changes between baseline and week 48 in any liver biochemistry tests, NITs, markers of 

apoptosis, CRP, serum lipids, glycemic parameters, or other histologic features (Table 3).   

Liver-Related Clinical Events 

During a median follow-up of 15.8 months (IQR 13.9, 18.2), 27 patients (3%) with compensated 

cirrhosis had confirmed liver-related clinical events: 2% (8/354) of patients receiving selonsertib 

18 mg, 4% (15/351) receiving selonsertib 6 mg, and 2% (4/172) receiving placebo 

(Supplementary Figure 6). Events included ascites (n=13), hepatic encephalopathy (n=7), 
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portal hypertensive bleeding (n=4), qualification for liver transplantation (n=2), and 

transplantation (n=1). Compared with placebo treatment, the risk of events did not differ between 

patients treated with selonsertib 18 mg (HR 0.83; 95% CI 0.25, 2.75 [P=0.76]) or selonsertib 6 

mg (HR 1.61; 95% CI 0.53, 4.87 [P=0.40]). Four patients (0.5%) developed HCC, two in each of 

the selonsertib 18 mg and placebo groups. 

Pharmacodynamic Activity of Selonsertib 

In order to confirm the pharmacodynamic activity of selonsertib, we performed a post hoc 

analysis of p38 phosphorylation by IHC in a subset of liver biopsies from the STELLAR-4 trial. 

At week 48, we observed significant decreases from baseline in median p-p38 area (Figure 2A) 

and nuclear p-p38 expression (Figure 2B) in patients treated with selonsertib compared with 

placebo. The magnitude of p-p38 inhibition was not associated with the likelihood of histologic 

response (data not shown; representative IHC images in Supplementary Figure 7). This dose-

dependent reduction in p38 phosphorylation suggests that selonsertib successfully inhibited 

ASK1. 

Associations Between Fibrosis Regression and Changes in Clinical Parameters and NIT s  

In the combined STELLAR-3 and -4 study populations, 17% (264/1543) of patients exhibited 

histologic fibrosis regression, 16% (258/1583) met the pre-defined ELF response threshold 

(defined as an improvement of at least 0.5 units), and 27% (297/1084) met the pre-defined 

VCTE response threshold (defined as a relative decrease of at least 25% in liver stiffness). As 

shown in Figure 3, fibrosis regression was associated with statistically significant reductions in 

�K�H�S�D�W�L�F���F�R�O�O�D�J�H�Q���F�R�Q�W�H�Q�W���D�Q�G���.-SMA expression on liver biopsy, as well as a small, but 

significantly smaller increase in ELF score compared with nonresponders. On the other hand, 
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ELF and liver stiffness reductions were associated with statistically significant reductions in 

multiple parameters including other NITs, liver biochemistry tests, glycemic parameters, CK-18, 

CRP, serum bile acids, and body weight, but not the aforementioned histologic features. Data for 

the combined selonsertib groups and placebo-treated patients are included separately in 

Supplementary Figure 8. 

Safety 

In both studies, the majority of patients reported at least 1 AE, mostly grade 1 or 2 in severity 

(Table 4). Treatment-related AEs, g�U�D�G�H���•����AEs, and serious adverse events (SAEs) were 

reported in similar frequencies across treatment groups. The AEs occurring in at least 10% of 

patients in any treatment group are listed in Table 4. The majority of patients had at least 1 

graded laboratory abnormality, mostly mild to moderate in severity. Similar proportions of 

patients across treatment groups experienced grade 3 or 4 abnormalities. No deaths were reported 

in either study. 

STELLAR-3 (Bridging Fibrosis Population) 

Thirteen patients in the STELLAR-3 trial discontinued study drug due to AEs: 6 (2%) in the 

selonsertib 18 mg group, 4 (1%) in the selonsertib 6 mg group, and 3 (2%) in the placebo group. 

Five patients discontinued treatment due to AEs that were deemed related to study drug: 2 

patients receiving selonsertib 18 mg (1 due to hypertension and 1 due to insomnia, dyspepsia, 

and pruritic rash), 2 patients receiving selonsertib 6 mg (1 due to increased ALT and 1 to 

increased AST), and 1 patient receiving placebo (due to myalgia).  

Grade 3 or 4 laboratory abnormalities were observed in 8-11% of patients in the 3 treatment 

groups. Overall, the most common abnormalities were hypertriglyceridemia (4%), decreased 
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segmented neutrophils (1%), and increased INR (1%). A total of 6 patients (1%) met criteria for 

review by the DILI Adjudication Committee. Two of these�² 1 in a patient receiving selonsertib 

6 mg and 1 in a patient receiving placebo�² were identified as cases in which DILI could not be 

excluded as attributable to study treatment. In the remaining 4 cases, insufficient data were 

available to make an assessment. 

STELLAR-4 (Cirrhosis Population) 

Twelve patients with cirrhosis discontinued study drug due to AEs: 11 (3%) in the selonsertib 18 

mg group and 1 (0.3%) in the selonsertib 6 mg group. Seven patients, all in the selonsertib 18 mg 

group, discontinued due to AEs that were deemed related to study drug: grade 2 asthenia, nausea, 

and vomiting, grade 3 increased GGT, grade 4 drug hypersensitivity (generalized pruritus, 

rhinorrhea, numbness of lips, throat discomfort), grade 3 drug-related liver injury, increased 

blood uric acid, and grade 4 acute kidney injury. 

Overall, the most common grade 3 or 4 laboratory abnormalities were hypertriglyceridemia 

(3%), decreased lymphocytes (2%), and anemia (2%). Similar percentages of patients in the 3 

treatment groups developed liver test abnormalities that met protocol-defined criteria for close 

observation: 23 patients (6%) receiving selonsertib 18 mg, 24 (7%) receiving selonsertib 6 mg, 

and 14 (8%) receiving placebo. Only 4 patients (3 on selonsertib 6 mg and 1 on placebo) met 

criteria to withhold study drug. Five cases were reviewed by the DILI Adjudication Committee; 

two of these (1 in the selonsertib 18 mg group and 1 in the placebo group) were adjudicated as 

DILI events or those where it could not be excluded that worsening of hepatic function was 

attributable to study drug. 
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Cardiovascular Events 

During a median follow-up of 15.8 months (IQR 13.8, 18.2), 16 patients (1.0%) in the 2 studies 

had a total of 18 MACE. No differences in MACE incidence were observed between treatment 

groups (data not shown). Two patients with bridging fibrosis (0.2%) and 14 patients with 

cirrhosis (1.6%) had events including stroke (n=5), coronary revascularization (n=6), myocardial 

infarction (n=4), and hospitalization for cardiac failure (n=2) or unstable angina (n=1). The 

overall incidence of a first MACE was 0.72 per 100 person-years of follow-up (95% CI 0.41, 

1.17); the incidence was significantly higher in patients with cirrhosis (1.22 per 100 person-years 

(95% CI 0.67, 2.05) than those with bridging fibrosis (0.19 per 100 person-years [95% CI 0.02, 

0.67]; HR 6.45 [95% CI 1.46, 28.36]; P=0.0137). This difference persisted after adjustment for 

age and diabetes status (HR for F4 vs F3 fibrosis: 5.96; 95% CI 1.35, 26.30).  

 

DISCUSSION 

In these two large, randomized, placebo-controlled, phase 3 studies in patients with bridging 

fibrosis or compensated cirrhosis due to NASH, treatment for 48 weeks with the ASK1 inhibitor 

selonsertib demonstrated potent activity against the target, but was not associated with regression 

of fibrosis or a reduction in liver-related clinical events. This lack of efficacy was confirmed by 

all methods of assessment including histology and serum markers of fibrosis and liver injury. 

Moreover, selonsertib failed to perform better than placebo in any patient subgroup or 

consistently for any secondary or exploratory endpoint. Although selonsertib was safe and well 

tolerated in these trials, its lack of clinical efficacy led to the decision to terminate both trials.       
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Despite positive pre-clinical and phase 2 human data,16 the STELLAR trials conclusively 

demonstrate that selonsertib does not have a beneficial effect on fibrosis or other liver-related 

outcomes in patients with advanced fibrosis due to NASH treated for 48 weeks. Several 

explanations for these negative results are possible. The putative mechanism of action of 

selonsertib is inhibition of ASK1, which phosphorylates the effector kinases, p38, and c-Jun N-

terminal kinase, which in turn promote hepatic inflammation, apoptosis, necrosis, and fibrosis. 

As our post hoc analysis in a subset of liver biopsies showed, selonsertib does in fact reduce 

hepatic p38 phosphorylation, suggesting that the lack of clinical efficacy was not due to a failure 

to inhibit the target. An alternative explanation is that the 48-week treatment period was too short 

to regress advanced fibrosis with selonsertib. However, the absence of any trends to 

improvements in histology, NITs, liver biochemistry, or clinical event rates over time or in those 

patients with the longest exposures argue against this hypothesis. Third, pre-treatment fibrosis in 

the patients studied in these trials may have been too advanced and not amenable to regression 

during treatment with selonsertib. Alternatively, ASK1 inhibition may be insufficient to impact 

fibrosis due to redundancy in other pathways that mediate hepatocellular injury and fibrosis in 

NASH. In this regard, while selonsertib monotherapy was not effective in these populations, a 

beneficial effect on NASH in combination with other agents with distinct mechanisms of action 

cannot be excluded. The ongoing ATLAS trial (NCT03449446), which is evaluating the safety 

and efficacy of various combinations of NASH drugs, including selonsertib, in patients with 

advanced fibrosis due to NASH, will address this hypothesis.   

The rates of histologic response in the STELLAR trials are in keeping with placebo responses in 

prior studies. Specifically, fibrosis improvement without worsening of NASH was observed in 

11% and 13% of patients with bridging fibrosis and compensated cirrhosis, respectively. 
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Importantly, histologic fibrosis improvement was not associated with significant changes in 

relevant biomarkers including serum markers of fibrosis, liver stiffness, or liver biochemistry 

tests (see below). These data suggest that the observed histological fibrosis changes are likely 

attributable to sampling error of liver biopsy and not true fibrosis improvement. We also 

observed spontaneous reductions in hepatic collagen content between baseline and week 48 in 

the absence of a clear treatment effect, improvement in metabolic parameters, weight loss, or 

reductions in biopsy quality (Supplementary Table 2). Similar observations were made in 2 

prior controlled trials of simtuzumab among patients with advanced fibrosis.17 We hypothesize 

that these findings reflect regression to the mean, a phenomenon that occurs when study subjects 

are selected based on extreme values; in this case, advanced fibrosis on liver biopsy.20 

In light of these limitations of biopsy, data from the STELLAR trials regarding the 

responsiveness of noninvasive markers of fibrosis including the ELF score and liver stiffness by 

VCTE are intriguing. Whereas fibrosis regression determined via biopsy was associated with 

meaningful improvement only in other �K�L�V�W�R�O�R�J�L�F���I�H�D�W�X�U�H�V�����L���H�����K�H�S�D�W�L�F���F�R�O�O�D�J�H�Q���F�R�Q�W�H�Q�W���D�Q�G���.-

SMA expression), patients with reductions in ELF score or liver stiffness by VCTE had 

consistent improvements across a range of parameters including liver biochemistry, other fibrosis 

markers, serum bile acids, glycemic indices, and CK18 (Figure 3). In addition to supporting the 

potential contribution of liver biopsy sampling error to our findings (see above), these discordant 

observations emphasize the need to validate noninvasive clinical trial endpoints that may more 

accurately reflect disease within the entire liver compared with the limited assessment provided 

by liver biopsy. 

In addition to these data regarding fibrosis regression, the STELLAR studies add to a growing 

body of literature regarding the natural history of disease progression in patients with advanced 
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fibrosis due to NASH. Over 48 weeks, approximately 15% of patients with bridging fibrosis in 

the STELLAR-3 study progressed to cirrhosis on biopsy, similar to findings from the 

simtuzumab study (16%). However, the 3% incidence of liver-related clinical events among 

patients with compensated cirrhosis in the STELLAR-4 study is substantially lower than among 

cirrhotic patients in the simtuzumab study (19% over 2 years). These findings are likely due to 

selection bias in the latter study, which included patients with more advanced disease. 

Specifically, whereas patients in STELLAR-4 were required to have at least grade 1 steatosis, 

�a���������R�I���W�K�R�V�H���L�Q���W�K�H���V�L�P�W�X�]�X�P�D�E���V�W�X�G�\���K�D�G���Q�R���V�W�H�D�W�R�V�L�V�����³�F�U�\�S�W�R�J�H�Q�L�F���F�L�U�U�K�R�V�L�V�´�������D���S�K�H�Q�R�W�\�S�H��

that is associated with accelerated disease progression.21 Likewise, compared with patients in 

STELLAR-4, those in the simtuzumab study had greater fibrosis burden (median hepatic 

collagen, 10.6% vs 12.5%) and lower platelet counts (157 vs 130 �u 103/�PL), suggestive of more 

advanced disease.7 The rate of clinical disease progression observed in STELLAR-4 is, however, 

in keeping with data from the PRELHIN study, in which Angulo and colleagues described liver-

related events in 24% of patients with compensated cirrhosis over a median follow-up of 12.6 

years.9 Likewise, over a median follow-up of 86 months, Bhala et al. described hepatic 

complications in only 19% of patients with advanced fibrosis due to NASH.22 Surprisingly, only 

5 patients (0.3%) in the STELLAR studies developed HCC during follow-up. Although 

additional validation is required, these observations are relevant for the management, counseling 

and monitoring of these patients, and for the design of controlled trials in the future. 

In addition to advancing our knowledge regarding liver-related outcomes in patients with 

advanced fibrosis due to NASH, these studies provide important insights into the risk of 

cardiovascular complications in this patient population. Specifically, the overall incidence of 

adjudicated MACE was 0.72 per 100 person-years of follow-up �± lower than the rate of liver-
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related events - emphasizing that the key adverse outcomes in this population are hepatic in 

nature.23 Interestingly, the incidence of MACE was nearly 6-fold higher among patients with 

compensated cirrhosis than those with bridging fibrosis, even after adjusting for age and 

diabetes. These findings differ from those recently reported in an analysis of the NASH CRN 

cohort (n=2212) - which included predominantly patients with mild fibrosis - in which a similar 

risk of incident coronary artery disease, cerebrovascular disease, and hypertension was observed 

between patients with F3 and F4 fibrosis.24!Although the STELLAR data require validation 

considering the small number of patients with events (n=16) and lack of standardized 

management of cardiovascular risk factors in these trials, further research is required to evaluate 

specific mechanisms (e.g. imbalance in proinflammatory and/or procoagulant mediators) that 

may explain these findings. 

Although the STELLAR studies did not achieve their expected outcome of demonstrating an 

anti-fibrotic effect of selonsertib in NASH, several additional lessons can be learned that may 

inform subsequent studies in this field. First, the studies demonstrate that large clinical trials in 

this population are feasible and that paired liver biopsies are acceptable to motivated patients. 

Indeed, ~90% of patients underwent both baseline and week 48 liver biopsies in these trials. 

Another takeaway for future trials concerns monitoring for DILI  in this patient population. The 

STELLAR trials included a protocol to determine when to initiate close observation for possible 

liver toxicity. According to this protocol, patients with moderate baseline ALT or AST 

elevations (>1 and <5 times the upper limit of normal) were to undergo close monitoring if a 

single on-treatment ALT or AST value rose to >2 times the baseline concentration. This 

approach resulted in an unnecessarily high rate of close observation with additional testing and 

monitoring. Specifically, across both trials, ~10% of patients underwent close observation, yet 
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only 0.5% required temporary interruption of study medication and only 0.2% (n=4) were judged 

to have potential DILI. Based on the natural fluctuations in liver biochemistry in patients with 

advanced fibrosis due to NASH, alternative and less stringent definitions for DILI monitoring 

may be more appropriate in future trials, particularly for therapies for which there exist limited 

potential for hepatotoxicity.   

In conclusion, these two phase 3 trials demonstrate that selonsertib was ineffective in reducing 

fibrosis in patients with advanced fibrosis due to NASH. However, the data collected from these 

large cohorts of well-characterized NASH patients with bridging fibrosis and cirrhosis will 

provide important insights regarding the natural history of NASH, the utility of noninvasive 

markers of fibrosis, and help to inform the design of future clinical trials in this area. 
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Characteristic  
STELLAR -3 STELLAR -4 

SEL 18 mg 
(N=322) 

SEL 6 mg 
(N=321) 

Placebo  
(N=159) 

SEL 18 mg 
(N=354) 

SEL 6 mg 
(N=351) 

Placebo  
(N=172) 

Demographics        

Age (years)  59 (51, 64) 59 (53, 64) 59 (51, 63) 59 (53, 66) 59 (52, 64) 61 (55, 67) 
Female sex 181 (56) 196 (61) 76 (48) 216 (61) 230 (66) 101 (59) 
Race       

White 219 (68) 227 (71) 113 (71) 261 (74) 279 (79) 136 (79) 
Asian 88 (27) 84 (26) 41 (26) 73 (21) 59 (17) 33 (19) 

Black 8 (2) 5 (2) 2 (1) 5 (1) 4 (1) 1 (1) 

Ethnicity       

Hispanic or Latino 52 (16) 48 (15) 22 (14) 49 (14) 51 (15) 22 (13) 

Not Hispanic or Latino 269 (84) 269 (84) 137 (86) 300 (85) 297 (85) 149 (87) 

Metabolic factors        
Diabetes mellitus 224 (70) 223 (69) 116 (73) 270 (76) 269 (77) 135 (78) 
Body mass index (kg/m2)  32.4 (29.5, 37.1) 32.4 (28.4, 36.1) 32.2 (27.5, 37.5) 32.4 (28.5, 37.4) 33.6 (29.5, 37.9) 32.9 (27.9, 37.5) 

Continuous variables are median (interquartile range) and categorical variables are n (%). SEL, selonsertib. 
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Outcome  

SEL 18 mg  
(n=322) 

SEL 6 mg  
(n=321) 

Placebo  
(n=159) 

Baseline  Week 48 Baseline  Week 48 Baseline  Week 48 
Liver Histology  
NASH CRN fibrosis stage, n 
(%)       

0 0 0 0 1 (0.3) 0 2 (1.3) 
1 0 11 (3.4) 0 9 (2.8) 0 9 (5.7) 
2 0 30 (9.3) 0 34 (10.6) 0 16 (10.1) 
3 322 (100) 239 (74.2) 321 (100) 227 (70.7) 159 (100) 107 (67.3) 
4 0 42 (13.0) 0 50 (15.6) 0 25 (15.7) 

Ishak fibrosis stage, n (%)       
0 0 0 0 1 (0.3) 0 2 (1.3) 
1 0 11 (3.4) 0 9 (2.8) 0 9 (5.7) 
2 0 30 (9.3) 0 34 (10.6) 0 16 (10.1) 
3 188 (58.4) 108 (33.5) 173 (53.9) 108 (33.6) 88 (55.3) 58 (36.5) 
4 134 (41.6) 131 (40.7) 148 (46.1) 119 (37.1) 71 (44.7) 49 (30.8) 
5 0 31 (9.6) 0 38 (11.8) 0 14 (8.8) 
6 0 11 (3.4) 0 12 (3.7) 0 11 (6.9) 

Hepatic collagen (%) 4.1 (2.4, 5.8) 3.3 (1.6, 5.7) 4.3 (2.6, 6.4) 3.1 (1.8, 6.0) 4.2 (2.5, 6.0) 3.1 (1.8, 5.9) 
Morphometric fat content (%) 12.4 (7.8, 18.0) 10.7 (6.5, 15.2) 11.3 (7.7, 16.8) 10.1 (6.4, 15.0) 11.7 (6.9, 16.8) 9.7 (5.3, 14.4) 
α-SMA expression (%) 5.9 (2.7, 8.9) 6.3 (3.0, 11.0) 6.3 (2.7, 9.6) 6.9 (2.9, 11.1) 5.8 (3.3, 9.1) 5.7 (2.9, 10.7) 
Liver Biochemistry  
ALT (U/L) 56 (36, 79) 50 (33, 77) 52 (33, 80) 45 (29, 69) 56 (37, 79) 49 (32, 66) 
AST (U/L) 48 (34, 69) 45 (31, 64) 46 (33, 63) 41 (28, 61) 43 (31, 65) 36 (27, 59) 
GGT (U/L) 58 (39, 105) 57 (36, 100) 54 (37, 87) 53 (33, 95) 61 (39, 94) 54 (36, 83) 
ALP (U/L) 82 (70, 103) 80 (67, 100) 81 (66, 99) 78 (62, 96) 81 (69, 104) 78 (66, 96) 
Total bilirubin (mg/dL) 0.6 (0.4, 0.8) 0.5 (0.4, 0.8) 0.6 (0.4, 0.8) 0.5 (0.4, 0.7) 0.6 (0.4, 0.9) 0.5 (0.4, 0.8) 
Direct bilirubin (mg/dL) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 
INR 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 
Albumin (g/dL) 4.5 (4.3, 4.7) 4.5 (4.3, 4.7) 4.5 (4.3, 4.7) 4.5 (4.3, 4.7) 4.5 (4.3, 4.7) 4.5 (4.3, 4.7) 
Fasting bile acids (�Pmol/L) 5.3 (4.9, 9.7) 6.3 (4.9, 10.1) 5.5 (4.9, 9.1) 5.5 (4.9, 8.4) 5.8 (4.9, 8.8) 5.3 (4.9, 9.7) 
Noninvasive Markers of Fibrosis  
ELF test 10.07 (9.42, 10.61) 10.16 (9.53, 10.85) 9.95 (9.42, 10.65) 10.09 (9.49, 10.81) 9.90 (9.34, 10.63) 10.00 (9.31, 10.73) 
FibroSure/FibroTest 0.41 (0.25, 0.63) 0.42 (0.24, 0.64) 0.42 (0.26, 0.64) 0.42 (0.24, 0.64) 0.46 (0.27, 0.69) 0.47 (0.27, 0.67) 
APRI 0.7 (0.4, 1.0) 0.6 (0.4, 1.1) 0.7 (0.4, 1.0) 0.6 (0.4, 0.9) 0.6 (0.4, 1.0) 0.5 (0.4, 0.8) 
FIB-4 1.75 (1.27, 2.68) 1.81 (1.34, 2.70) 1.73 (1.31, 2.52) 1.69 (1.20, 2.50) 1.69 (1.23, 2.56) 1.63 (1.22, 2.39) 

NAFLD fibrosis score -0.201 (-0.982, 
0.706) 0.003 (-0.780, 0.900) 

-0.135 (-1.182, 
0.506) 

-0.111 (-0.870, 
0.705) 

-0.185 (-1.016, 
0.501) 

-0.118 (-0.946, 
0.533) 

Markers of Inflammation and Apoptosis  
CK-18 M30 (U/L) 335 (212, 593) 359 (213, 634) 341 (196, 628) 328 (212, 538) 356 (208, 565) 318 (206, 546) 
CK-18 M65 (U/L) 415 (184, 898) 524 (209, 1207) 416 (157, 845) 472 (226, 884) 395 (162, 878) 379 (179, 833) 
CRP (mg/L) 0.277 (0.139, 0.597) 0.261 (0.116, 0.546) 0.334 (0.134, 0.672) 0.294 (0.122, 0.584) 0.244 (0.097, 0.511) 0.262 (0.090, 0.554) 
Liver Function Prognostic Scores  
MELD 6 (6, 7) 6 (6, 7) 6 (6, 7) 6 (6, 7) 6 (6, 7) 6 (6, 7) 
CP score, n (%)       
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    5 316 (98.1) 315 (97.8) 313 (97.8) 311 (96.9) 154 (96.9) 153 (96.2) 
    6 5 (1.6) 6 (1.9) 5 (1.6) 7 (2.2) 3 (1.9) 6 (3.8) 
    7 1 (0.3) 1 (0.3) 2 (0.6) 2 (0.6) 2 (1.3) 0 
    9 0 0 0 1 (0.3) 0 0 
Elastography  
Liver stiffness by VCTE (kPa) 13.1 (9.7, 17.1) 11.8 (8.9, 16.6) 12.50 (9.7, 17.3) 12.2 (9.4, 16.3) 12.7 (9.7, 17.4) 12.0 (8.7, 17.4) 
Metabolic Parameters  
Total cholesterol (mg/dL) 178 (153, 201) 168 (145, 193) 172 (150, 206) 166 (143, 196) 176 (150, 203) 172 (149, 194) 
LDL cholesterol (mg/dL) 94 (72, 117) 87 (67, 109) 96 (69, 123) 87 (64, 111) 90 (72, 115) 89 (69, 112) 
HDLcholesterol (mg/dL) 45 (38, 55) 46 (37, 55) 45 (38, 54) 45 (38, 54) 45 (36, 56) 46 (35, 53) 
Triglycerides (mg/dL) 156 (114, 217) 151 (107, 199) 152 (118, 208) 147 (111, 200) 164 (109, 226) 149 (115, 216) 
Glucose (mg/dL) 116 (99, 137) 121 (102, 150) 116 (99, 144) 123 (103, 151) 117 (103, 145) 117 (101, 139) 
Insulin (μIU/mL) 17.54 (11.96, 27.22) 18.89 (11.34, 29.80) 17.91 (12.30, 28.60) 17.30 (11.41, 28.47) 18.60 (12.49, 28.00) 17.28 (11.26, 29.49) 
HOMA-IR 5.17 (3.45, 8.44) 5.65 (3.29, 9.82) 5.15 (3.25, 9.42) 5.29 (3.48, 9.51) 5.26 (3.55, 8.82) 5.27 (3.26, 9.52) 
HbA1c (%) 6.4 (5.7, 7.4) 6.5 (5.7, 7.4) 6.4 (5.8, 7.2) 6.5 (5.8, 7.3) 6.3 (5.6, 7.0) 6.3 (5.7, 7.0) 

Baseline value was the last available value collected on or prior to the date of the first dose of study drug except for ALT, AST, total bilirubin and direct bilirubin. Baseline values of 
these 4 laboratory tests were the averages of all the values obtained from screening through the date of first dose. Missing data at Week 48 were imputed by the last observation 
carried forward approach. ! !
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Outcome  
SEL 18 mg  

(n=354) 
SEL 6 mg  
(n=351) 

Placebo  
(n=172) 

Baseline Week 48 Baseline Week 48 Baseline Week 48 
Liver Histology  
NASH CRN fibrosis stage, n (%)       

0 0 0 0 1 (0.3) 0 0 
1 0 2 (0.6) 0 1 (0.3) 0 0 
2 0 1 (0.3) 0 2 (0.6) 0 0 
3 0 64 (18.1) 0 55 (15.7) 1 (0.6) 27 (15.7) 
4 354 (100) 287 (81.1) 351 (100) 292 (83.2) 171 (99.4) 145 (84.3) 

Ishak fibrosis stage, n (%)       
0 0 0 0 1 (0.3) 0 0 
1 0 2 (0.6) 0 1 (0.3) 0 0 
2 0 1 (0.3) 0 2 (0.6) 0 0 
3 0 22 (6.2) 0 21 (6.0) 0 8 (4.7) 
4 0 42 (11.9) 0 34 (9.7) 1 (0.6) 19 (11.0) 
5 148 (41.8) 108 (30.5) 116 (33.0) 97 (27.6) 74 (43.0) 57 (33.1) 
6 206 (58.2) 179 (50.6) 235 (67.0) 195 (55.6) 97 (56.4) 88 (51.2) 

Morphology  
Hepatic collagen (%) 10.5 (7.2, 14.5) 8.8 (5.5, 13.5) 10.5 (7.4, 14.7) 9.5 (5.8, 14.6) 11.0 (8.0, 14.7) 8.2 (5.2, 12.9) 
Morphometric fat content (%) 8.5 (5.9, 12.3) 7.8 (5.2, 10.8) 8.9 (5.9, 13.1) 8.1 (4.8, 12.6) 7.9 (5.4, 12.1) 8.1 (5.1, 11.8) 
α-SMA expression (%) 13.0 (8.4, 18.0) 12.9 (7.4, 19.5) 13.0 (8.7, 19.3) 12.7 (8.0, 19.9) 13.7 (8.9, 20.3) 13.1 (8.0, 18.9) 
Liver Biochemistry  
ALT (U/L) 42 (32, 60) 39 (27,57) 44 (30, 61) 42 (29, 60) 44 (33, 61) 40 (29, 54) 
AST (U/L) 46 (34, 63) 42 (30, 57) 45 (33, 60) 42 (30, 57) 46 (35, 59) 41 (32, 57) 
GGT (U/L) 83 (47, 147) 75 (44, 138) 79 (48, 135) 76 (45, 124) 86 (53, 156) 84 (48, 142) 
ALP (U/L) 90 (71, 116) 88 (69, 115) 89 (71, 110) 86 (67, 107) 91 (75, 119) 88 (72, 112) 
Total bilirubin (mg/dL) 0.6 (0.5, 0.9) 0.6 (0.5, 1.0) 0.6 (0.5, 0.9) 0.6 (0.4, 0.9) 0.6 (0.5, 0.9) 0.6 (0.4, 0.8) 
Direct bilirubin (mg/dL) 0.2 (0.2, 0.3) 0.2 (0.1, 0.3) 0.2 (0.1, 0.3) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 0.2 (0.1, 0.2) 
INR 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 
Albumin (g/dL) 4.4 (4.2, 4.6) 4.4 (4.1, 4.6) 4.4 (4.2, 4.6) 4.3 (4.1, 4.6) 4.4 (4.2, 4.6) 4.4 (4.2, 4.6) 
Fasting total bile acids (�Pmol/L) 8.8 (5.4, 18.1) 9.3 (5.5, 18.6) 9.5 (5.7, 18.6) 10.3 (5.4, 19.1) 10.3 (6.0, 19.9) 8.8 (5.0, 16.3) 
Noninvasive Markers of Fibrosis  
ELF test 10.61 (10.04, 11.34) 10.73 (10.07, 11.51) 10.64 (10.01, 11.34) 10.84 (10.08, 11.52) 10.67 (10.05, 11.16) 10.66 (10.14, 11.26) 
FibroSure/FibroTest 0.58 (0.44, 0.73) 0.58 (0.40, 0.75) 0.58 (0.41, 0.73) 0.58 (0.39, 0.73) 0.59 (0.40, 0.77) 0.57 (0.39, 0.73) 
APRI 0.8 (0.6, 1.2) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 0.8 (0.6, 1.2) 0.7 (0.5, 1.2) 
FIB-4 2.55 (1.76, 3.62) 2.65 (1.74, 3.76) 2.48 (1.74, 3.65) 2.58 (1.65, 3.99) 2.50 (1.81, 3.66) 2.50 (1.65, 3.67) 
NAFLD fibrosis score 0.659 (-0.119, 1.472) 0.816 (0.031, 1.574) 0.629 (-0.215, 1.629) 0.984 (-0.031, 1.814) 0.682 (-0.304, 1.450) 0.774 (-0.241, 1.595) 
Markers of Inflammation and Apoptosis  
CK-18 M30 (U/L) 305 (195, 480) 341 (211, 532) 319 (198, 504) 333 (222, 516) 324 (186, 575) 319 (213, 508) 
CK-18 M65 (U/L) 363 (200, 660) 396 (169, 799) 350 (180, 641) 412 (176, 781) 372 (183, 712) 396 (186, 760) 
CRP (mg/L) 0.331 (0.161, 0.650) 0.284 (0.128, 0.537) 0.362 (0.166, 0.689) 0.311 (0.150, 0.630) 0.330 (0.131, 0.669) 0.287 (0.118, 0.646) 
Liver Function Prognostic Scores  
MELD 7 (6, 8) 7 (6, 8) 7 (6, 8) 7 (6, 8) 7 (6, 8) 7 (6, 8) 
CP score, n (%)       

5 335 (94.6) 327 (92.4) 331 (94.8) 320 (91.2) 170 (98.8) 163 (94.8) 
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6 17 (4.8) 19 (5.4) 15 (4.3) 24 (6.8) 2 (1.2) 8 (4.7) 
7 2 (0.6) 6 (1.7) 3 (0.9) 4 (1.1) 0 0 
8 0 2 (0.6) 0 1 (0.3) 0 1 (0.6) 
9 0 0 0 2 (0.6) 0 0 

Elastography  
Liver stiffness by VCTE (kPa) 21.1 (14.7, 28.8) 19.40 (14.3, 27.3) 21.30 (14.0, 29.8) 20.40 (13.9, 29.8) 20.00 (14.4, 26.7) 19.30 (13.8, 26.7) 
Metabolic Parameters  
Total cholesterol (mg/dL) 171 (148, 193) 164 (138, 185) 172 (147, 199) 164 (138, 191) 169 (148, 197) 167 (143, 190) 
LDL cholesterol (mg/dL) 94 (71, 114) 85 (64, 106) 91 (72, 117) 86 (63, 108) 89 (70, 112) 86 (69, 109) 
HDLcholesterol (mg/dL) 47 (38, 56) 47 (38, 58) 47 (38, 58) 46 (38, 58) 46 (40, 56) 46 (38, 54) 
Triglycerides (mg/dL) 142 (112, 186) 131 (102, 180) 138 (104, 194) 132 (97, 179) 135 (104, 175) 135 (107, 179) 
Glucose (mg/dL) 117 (100, 150) 122 (104, 151) 117 (100, 149) 123 (104, 155) 125 (105, 146) 123 (102, 148) 
Insulin (μIU/mL) 20.99 (13.20, 32.00) 21.06 (12.67, 33.36) 19.55 (13.87, 32.20) 20.09 (13.35, 32.16) 21.94 (13.15, 34.47) 20.67 (13.16, 33.91) 
HOMA-IR 6.83 (3.87, 11.97) 6.27 (3.61, 11.43) 6.22 (3.73, 10.16) 6.09 (3.90, 11.71) 6.38 (4.07, 10.95) 6.45 (4.15, 11.89) 
HbA1c (%) 6.5 (5.7, 7.6) 6.5 (5.7, 7.4) 6.5 (5.7, 7.5) 6.6 (5.7, 7.6) 6.6 (5.6, 7.4) 6.5 (5.7, 7.5) 

Baseline value was the last available value collected on or prior to the date of the first dose of study drug except for ALT, AST, total bilirubin and direct bilirubin. Baseline values of 
these 4 laboratory tests were the averages of all the values obtained from screening through the date of first dose. Missing data at Week 48 were imputed by the last observation 
carried forward approach.  "
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Table 4. Discontinuations, Adverse Events, and Laboratory  Abnormalities 

Characteristic  
STELLAR -3 STELLAR -4 

SEL 18 mg 
(N=322) 

SEL 6 mg 
(N=321) 

Placebo  
(N=159) 

SEL 18 mg 
(N=354) 

SEL 6 mg 
(N=351) 

Placebo  
(N=172) 

Patients experiencing any AE 291 (90) 294 (92) 143 (90) 316 (89) 322 (92) 162 (94) 

Grade 3 or higher AEs 52 (16) 50 (16) 19 (12) 53 (15) 56 (16) 27 (16) 

SAEs 47 (15) 36 (11) 17 (11) 60 (17) 53 (15) 22 (13) 

Discontinuation of treatment due to 
AE 6 (2) 4 (1) 3 (2) 11 (3) 1 (0.3) 0 

Deaths 0 0 0 0 0 0 

AEs occurring in >10% of patients 

Diarrhea 52 (16) 47 (15) 30 (19) 51 (14) 60 (17) 40 (23) 

Nasopharyngitis 46 (14) 40 (12) 21 (13) 42 (12) 33 (9) 28 (16) 

Hepatic cirrhosis 42 (13) 50 (16) 25 (16) 0 1 (<1) 0 

Constipation 40 (12) 43 (13) 19 (12) 46 (13) 47 (13) 18 (10) 

Upper respiratory tract infection 41 (13) 46 (14) 22 (14) 43 (12) 52 (15) 15 (9) 

Headache 37 (11) 38 (12) 18 (11) 47 (13) 48 (14) 21 (12) 

Arthralgia 33 (10) 31 (10) 18 (11) 17 (5) 28 (8) 15 (9) 

Fatigue 35 (11) 33 (10) 12 (8) 42 (12) 51 (15) 20 (12) 

Upper abdominal pain 33 (10) 26 (8) 16 (10) 43 (12) 37 (11) 21 (12) 

Abdominal pain 23 (7) 27 (8) 15 (9) 36 (10) 33 (9) 19 (11) 

Back pain 33 (10) 27 (8) 11 (7) 34 (10) 30 (9) 16 (9) 

Nausea 32 (10) 39 (12) 14 (9) 47 (13) 59 (17) 17 (10) 

Laboratory abnormalities grade 3 or higher occurring in ≥2% of patients in any treatment group 

Anemia 1 (<1) 2 (1) 0 5 (1) 7 (2) 1 (1) 

Lymphocytopenia 2 (1) 2 (1) 2 (1) 8 (2) 7 (2) 2 (1) 

Thrombocytopenia 1 (<1) 0 1 (1) 4 (1) 7 (2) 0 

Hypertriglyceridemia 8 (2) 4 (1) 11 (7) 7 (2) 12 (3) 1 (1) 

!

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



%+"
"

FIGURE LEGENDS 

Figure 1. Primary and Secondary Efficacy Endpoints (A) STELLAR-3 (Bridging Fibrosis 
Population) (B) STELLAR-4 (Compensated Cirrhosis Population). P-values calculated using 
stratum-adjusted Mantel-Haenszel test. 

 

Figure 2. Pharmacodynamic Activity of Selonsertib Based on Hepatic p-p38 Expression by 
Immunohistochemistry (A) p-p38 Area (B) p-p38 Nuclei. P-values calculated using Wilcoxon 
rank sum test. 

 

Figure 3. Associations Between Fibrosis Regression and NIT Responses with Changes in 
Other Parameters. �(�/�)���U�H�V�S�R�Q�G�H�U���G�H�I�L�Q�H�G���D�V���•���������X�Q�L�W���U�H�G�X�F�W�L�R�Q�����/�6���E�\���9�&�7�(���U�H�V�S�R�Q�G�H�U��
�G�H�I�L�Q�H�G���D�V���•���������U�H�G�X�F�W�L�R�Q�����.-SMA, alpha-smooth muscle actin; ALT, alanine aminotransferase; 
APRI, AST to platelet ratio index; AST, aspartate aminotransferase; ELF, enhanced liver 
fibrosis; GGT, gamma-glutamyltransferase; HOMA-IR, homeostasis model assessment of 
insulin resistance. P-values obtained from Wilcoxon rank sum test comparing responders and 
nonresponders. 
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MHGLDQ 5HODWLYH (%) 
CKDQJH IURP BDVHOLQH

HLVWRORJLF FLEURVLV 
5HVSRQGHUV (Q=264) YV 

NRQUHVSRQGHUV (Q=1279) S-9DOXH
ELF (�0.5 XQLW UHGXFWLRQ)
5HVSRQGHUV (Q=258) YV 

NRQUHVSRQGHUV (Q=1325) S-9DOXH 
LLYHU 6WLIIQHVV (�25% UHGXFWLRQ)

5HVSRQGHUV (Q=297) YV 
NRQUHVSRQGHUV (Q=787) S-9DOXH 

HHSDWLF FROODJHQ <0.001 ���������� ����������

Į-6MA <0.001 ���������� ����������

ELF 0.036 <0.001 <0.001

LLYHU VWLIIQHVV E\ FLEUR6FDQ ���������� <0.001 <0.001

FIB-4 ���������� <0.001 <0.001

AP5I ���������� <0.001 <0.001

FLEUR7HVW ���������� <0.001 <0.001

AL7 ���������� <0.001 <0.001

A67 ���������� <0.001 <0.001

AONDOLQH SKRVSKDWDVH ���������� <0.001 <0.001

GG7 ���������� <0.001 <0.001

PODWHOHWV ���������� <0.001 ����������

GOXFRVH ���������� <0.001 0.007

HOMA-I5 ���������� <0.001 0.001

CK18 M30 ���������� <0.001 <0.001

CK18 M65 ���������� <0.001 <0.001

C-UHDFWLYH SURWHLQ ���������� <0.001 <0.001

BLOH DFLGV ���������� <0.001 <0.001

:HLJKW ���������� <0.001 <0.001
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HIGHLIGHTS   

x While selonsertib was safe and inhibited its target (ASK1), it did not lead to fibrosis 

regression or reduce clinical disease progression in patients with advanced fibrosis due to 

NASH.   

x Improvement in liver fibrosis on biopsy was associated with improvement only in other 

histologic features, likely reflecting sampling variability of liver biopsy. 

x On the other hand, improvements in ELF score and liver stiffness by transient 

elastography correlated with a variety of parameters suggesting true clinical benefit in 

these patients and supporting the potential of noninvasive tests as endpoints in clinical 

trials.!
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