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Sponsor 
Novartis 

Generic Drug Name 
Tropifexor (LJN452) 

Trial Indication(s) 
Non-alcoholic steatohepatitis 

Protocol Number 
CLJN452A2109 

Protocol Title 
A Phase 1, open-label, single-dose, multi-center, parallel group study to evaluate the pharmacokinetics of tropifexor (LJN452) in subjects with 
mild, moderate or severe hepatic impairment compared to healthy control subjects 

Clinical Trial Phase 
Phase I 

Phase of Drug Development 
Phase II 

Study Start/End Dates   
24-Sep-2018 to 25-Sep-2019 



  Page 2 of 35 
Clinical Trial Results (CTR) 
  CLJN452A2109 
 
Study Design/Methodology 
This was a Phase 1, multi-center study with parallel groups. The study employed a single-dose, open-label design in subjects with mild, 
moderate, or severe hepatic impairment along with matched healthy control subjects with normal hepatic function. Subjects with normal 
hepatic function were matched with subjects with hepatic impairment for gender, age (± 10 years), body weight (± 10%), and smoking status, 
since these covariates could contribute to the pharmacokinetics (PK) variability of tropifexor. The matching criteria helped to reduce between-
group differences due to these contributing covariates. 

The study was comprised of an up to 21-day screening period (Days -21 to -2), a baseline evaluation (Day -1) prior to treatment on Day 1, and 
a follow-up period of 7 days for PK sample collection (pre-dose, 1 h, 2 h, 4 h, 8 h, 10 h, 12 h, 24 h, 48 h, 72 h, 96 h, 120 h, 144 h and 168 h 
post-dose). A safety follow-up phone call was done 30 days after administration of the study drug. 

A total of 42 subjects were enrolled (8 each of mild [Child-Pugh A], moderate [Child-Pugh B], severe hepatic impairment [Child-Pugh C]), 
and 18 healthy control subjects). Each subject received a single oral dose of 200 µg of tropifexor on Day 1. 

PK parameters were determined using the actual recorded sampling times and non-compartmental methods with Phoenix WinNonlin version 
8.0. Tropifexor PK parameters were calculated based on tropifexor plasma concentrations determined by a validated liquid chromatography 
and tandem mass spectrometry (LC-MS/MS) method. All drug concentrations below the lower limit of quantification (LLOQ) (0.02 ng/mL 
for tropifexor) were reported as zero and treated as zero for the calculation of PK parameters. 

For plasma protein binding, a single predose plasma sample was collected and was spiked with radiolabeled tropifexor. After separation with 
equilibrium dialysis, the samples were analyzed using a liquid scintillation counting method. 

Centers 
3 centers in 1 country (United States). 

Objectives: 
The primary purpose of this study was to evaluate the effect of hepatic impairment on the systemic exposure of tropifexor and to evaluate the 
safety of tropifexor in subjects with hepatic impairment. The results of this study will support treatment and dosing decisions for patients with 
varying degrees of hepatic impairment. 
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Primary objective(s) 
To assess the pharmacokinetic (PK) properties of tropifexor after a single oral dose of 200 μg in subjects with mild, moderate, or severe 
hepatic impairment as compared to healthy subjects with normal hepatic function as classified by a Child-Pugh score by assessing PK 
parameters, including the observed maximum concentration (Cmax), the time to reach maximum concentration (Tmax), the area under the 
concentration-time curve (AUC) from time zero to the time of the last quantifiable concentration (AUClast), and the AUC from time zero to 
infinity (AUCinf), along with the terminal elimination half-life (T1/2), apparent total clearance of the drug from plasma (CL/F), and the 
apparent volume of distribution during terminal phase (Vz/F). 

Secondary objective(s) 
 Objective 1: To assess the safety and tolerability of tropifexor after a single oral dose of 200 μg of tropifexor in subjects with mild, 

moderate, or severe hepatic impairment as compared to healthy subjects with normal hepatic function, by evaluating all safety endpoints 
up until and including 30 days post dose. 

 Objective 2: To assess the relationship between baseline hepatic function parameters and tropifexor PK parameters by comparing the 
hepatic function parameters, Child-Pugh scores, total bilirubin, prothrombin time, albumin and aspartate aminotransferase (AST), and the 
PK parameters, Cmax, AUClast, AUCinf, and CL/F. 

 Objective 3: To assess the plasma protein binding free fraction of tropifexor (fu) in subjects with hepatic impairment as compared to 
healthy subjects. If the protein bindings are different between hepatically impaired subjects and their healthy counterparts, to calculate the 
unbound PK parameters i.e., unbound Cmax (Cmax,u), unbound AUClast (AUClast,u), unbound AUCinf (AUCinf,u), and unbound CL/F 
(CL/F,u) and to assess the relationship with baseline hepatic function parameters listed in Objective 2. 

Test Product (s), Dose(s), and Mode(s) of Administration 
A single oral dose of 200 μg (2 capsules of 100 μg, each) of tropifexor was administered to each subject on Day 1.  

Statistical Methods  
Log-transformed PK parameters (Cmax, AUClast, AUCinf, Cmax,u; AUClast,u; and AUCinf,u) were analyzed using separate linear mixed 
effects models with group as fixed effect (2 group levels) and matched pair (approximately 6 to 8 pairs) as random effect to compare each 
hepatic impairment group with its matching control group. Least squares means for each hepatically impaired group and its matching control 
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group, as well as the difference between each hepatically impaired group and its matching control group, along with the corresponding 90% 
confidence interval (CI) on the log-scale were calculated for each PK parameter in each of the 3 analyses. Back transformed ratios and 90% 
CIs were provided. For Tmax and Tmax,u; median, and difference of medians for each hepatically impaired group (mild, moderate, or severe) 
and the matched control group were provided. 

The relationship between PK parameters (Cmax, AUClast, AUCinf, CL/F, Cmax,u; AUClast,u; AUCinf,u; and CL/F,u) and hepatic function 
tests (Child-Pugh score, total bilirubin, prothrombin time, albumin, and AST) were explored using ordinary least squares regression of the PK 
parameters (dependent variable; log-scale for all parameters, except CL/F; because CL/F = dose/AUCinf and log-transformed CL/F analysis 
is the same as AUCinf) on the Child-Pugh score and liver function tests (predictors). 

Safety data were summarized, and no formal statistical analysis was performed. 

Study Population: Key Inclusion/Exclusion Criteria  

Key Inclusion Criteria 

All subjects 

 Written informed consent obtained before performing any assessments. 

 Male and female subjects 18 to 70 years of age. 

 Subjects had to weigh at least 50 kg to participate in the study, and had to have a body mass index (BMI) within the range of 18 to 
38 kg/m2. 

 Subjects had to be able to communicate well with the Investigator, to understand and comply with the requirements of the study. 

 Subjects had to be willing to remain in the clinical research unit as required by the protocol. 

Group 1 (Healthy Subjects) 

 Each subject had to match in age (± 10 years), gender, weight (± 10%), and smoking status to an individual subject in Group 2, 3, and 4. 

 Subjects had to be in good health as determined by past medical history, physical examination, electrocardiogram (ECG), laboratory tests, 
and urinalysis screening. 
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 At Screening and Baseline, vital signs (systolic and diastolic blood pressure, and pulse rate) were assessed in the supine position after the 

subjects had rested for at least 5 minutes. Supine vital signs had to be within the following ranges: 

o Oral body temperature, 35.0 to 37.5°C 

o Systolic blood pressure, 89 to 139 mmHg 

o Diastolic blood pressure, 50 to 89 mmHg 

o Pulse rate, 40 to 90 bpm 

Group 2, 3, and 4 (Subjects with mild, moderate, or severe hepatic impairment) 

 Vital signs after 5 minutes of rest in the supine position had to be within the following ranges: 

o Oral body temperature, 35.0 to 37.5°C 

o Systolic blood pressure, 89 to 160 mmHg 

o Diastolic blood pressure, 50 to 100 mmHg 

o Pulse rate, 50 to 100 bpm 

 A Child-Pugh score clinically determined and calculated as per the Child-Pugh classification in line with the hepatic impairment of each 
Group, i.e., Group 2, 3, and 4 (subjects with mild, moderate, or severe hepatic impairment). 

 Hepatic impairment as defined by the Child-Pugh classification for severity of liver disease: 

o Group 2; mild; Child-Pugh score 5-6; Class A. 

o Group 3; moderate; Child-Pugh score 7-9; Class B. 

o Group 4; severe; Child-Pugh score 10-15; Class C. 

 Stable Child-Pugh status and no worsening of more than 1 point in Child-Pugh score within 28 days prior to dosing. 
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 Subjects with impaired hepatic function with other stable medical disorders such as controlled diabetes, hyperlipidemia, hypothyroidism, 

etc., may be eligible as long as they are considered appropriate for enrollment as determined by the Investigator by past medical history, 
physical examination, vital signs, ECG, and laboratory tests at Screening. 

Key Exclusion Criteria 

All subjects 

 Use of other study drugs at the time of enrollment, or within 5 half-lives of enrollment, or within 30 days, whichever is longer; or longer 
if required by local regulations. 

 History of hypersensitivity to any of the study treatments or excipients, or to drugs of similar chemical classes. 

 Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a female after conception and until termination of 
gestation, confirmed by a positive human chorionic gonadotropin (hCG) laboratory test. 

 Women of child-bearing potential, defined as all women physiologically capable of becoming pregnant, unless they are using highly 
effective methods of contraception during the study and for 2 weeks after stopping of the study drug. Women are considered 
postmenopausal and not of child-bearing potential if they have had 12 months of natural (spontaneous) amenorrhea with an appropriate 
clinical profile (i.e. age appropriate, history of vasomotor symptoms), or have had surgical bilateral oophorectomy (with or without 
hysterectomy), total hysterectomy, or tubal ligation at least six weeks prior to taking the study drug. In the case of oophorectomy alone, 
only when the reproductive status of the woman was confirmed by follow-up hormone level assessment will she be considered not of 
child-bearing potential. 

 Known history of, or current clinically significant arrhythmias. 

 History of immunodeficiency disease, or a positive HIV test result. 

 History of malignancy of any organ system (other than localized basal cell carcinoma of the skin or in-situ cervical cancer), treated or 
untreated, within the past 3 years, regardless of whether there is evidence of local recurrence or metastases. 

 Taking medication prohibited by the protocol. Hepatically impaired subjects had to be excluded if there have been changes in dose regimen 
of medically-required medication within the last 2 weeks prior to Screening, or if there has been a significant change or addition to their 
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routine medication (prescribed) within 1 month of dosing on Day 1. Minor changes to medications that require frequent dose adjustment, 
such as insulin or analgesia, can be made up to 2 weeks prior to Day 1 as agreed between the Investigator and Novartis. 

 Donation or loss of 450 mL or more of blood within 8 weeks prior to taking the study drug, or longer if required by local regulation. 

 History of drug abuse or unhealthy alcohol use within 12 months prior to dosing, or evidence of such abuse as indicated by the laboratory 
assays conducted during Screening and/or Baseline. Note: Subjects who do not agree to comply with abstinence from alcohol use from 
Screening to the End of Study had to be excluded. Unhealthy alcohol use is defined as 5 or more drinks on the same occasion on each of 
10 or more days in the past 30 days. 

 Sexually active males unwilling to use a condom during intercourse while taking the study drug and for 2 weeks afterwards. A condom is 
required for all sexually active male participants to prevent them from fathering a child and to prevent delivery of the study drug via 
seminal fluid to their partner. In addition, male participants should not donate sperm for the time period specified above. 

 Recent (within the last 3 years) or recurrent history of autonomic dysfunction (e.g. recurrent episodes of fainting, palpitations, etc.). 

 Any surgical or medical condition which might significantly alter the absorption, distribution, metabolism, or excretion of drug (apart 
from cholecystectomy), or may jeopardize the subject in case of participation in the study. The Investigator had to make this determination 
in consideration of the subject’s medical history and/or clinical laboratory evidence of the following: 

o Inflammatory bowel disease, peptic ulcers, gastrointestinal including rectal bleeding within 3 months prior to screening. 

o Major gastrointestinal tract surgery such as gastrectomy, gastroenterostomy, or bowel resection. 

o Pancreatic injury or pancreatitis. 

Group 1 (Healthy subjects) 

 Significant illness which has not resolved within 2 weeks prior to dosing. 

 Liver disease or liver injury as indicated by abnormal liver function tests. Alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), gamma glutamyltransferase (GGT), alkaline phosphatase (ALP), and serum bilirubin had to be tested. 

 Any single parameter of ALT, AST, GGT, ALP, or serum bilirubin had not to exceed the upper limit of normal (ULN). If necessary, 
laboratory testing may be repeated on 1 occasion, as soon as possible, prior to study drug administration to rule out any laboratory error. 
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 Subjects known to have Gilbert’s syndrome. 

 Chronic infection with Hepatitis B (HBV) or Hepatitis C (HCV). A positive HBV surface antigen test, or if standard local practice, a 
positive HBV core antigen test, excluded a subject. Subjects with a positive HCV antibody test had to have HCV ribonucleic acid (RNA) 
levels measured. Subjects with positive (detectable) HCV RNA were excluded. 

 Hemoglobin levels below 12.0 g/dL at Screening and Baseline. 

 Evidence of urinary obstruction or difficulty in voiding at Screening. 

 History or presence of impaired renal function as indicated by clinically significant abnormal creatinine or blood urea nitrogen (BUN) 
and/or urea values, or abnormal urinary constituents (e.g. albuminuria). 

 Symptomatic genital or urinary tract infection in the 4 weeks prior to dosing or the presence of active urinary tract infection at Screening. 

 Total white blood cell count which falls outside the range of 3.5 to 10.7 × 109/L, or platelets < 100 × 109/L at Screening. 

 A history of clinically significant ECG abnormalities, or any of the following ECG abnormalities at Screening and/or pretreatment: 

o PR > 200 msec. 

o QRS complex > 120 msec. 

o QTcF > 450 msec (males). 

o QTcF > 460 (females). 

 Use of any prescription drugs, herbal supplements, including Silybum marianum and Valeriana officinalis, within 4 weeks prior to dosing, 
and/or over the counter medication or dietary supplements (vitamins included) within 2 weeks prior to dosing. 

Groups 2 and 3 (Subjects with mild or moderate hepatic impairment) 

 Hepatically impaired subjects with abnormal laboratory values for the following parameters: 

o Hemoglobin < 9 g/dL 

o Platelet count < 30 × 109/L 
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o White blood cell count < 2.5 × 109/L 

o Absolute neutrophil count < 1.5 × 109/L 

o Lymphocytes < 0.8 × 109/L 

o Total bilirubin > 8 mg/dL 

o Serum amylase > 2 × ULN 

o International standardized ratio (INR) > 2.3 

o Corrected serum calcium < 8.6 or > 10.2 mg/dL 

 Severe complications of liver disease within the preceding 3 months. 

 Emergency room visit or hospitalization due to liver disease within the preceding 3 months. 

 Subject who had received liver transplant at any time in the past and was on immunosuppressant therapy. 

 Subjects requiring paracentesis more than every 30 days for the management of ascites were excluded. Subjects who were receiving 
diuretics to manage ascites could be enrolled and were assigned the Child-Pugh score for the degree of ascites while on diuretic treatment. 
The diuretic dose had to have been stable for 28 days prior to dosing. 

 Transjugular intrahepatic portosystemic shunt and/or had undergone portacaval shunting. 

 Acute HBV or HBC infection. 

 Clinically significant abnormal findings in physical examination, ECG, or laboratory evaluations, not consistent with known clinical 
disease. Subjects having myocardial infarction ≥ 5 years ago were eligible to participate. 

 Use of any prescription or non-prescription medication, dietary supplements, or vitamins that have the potential to interact with tropifexor 
during the study from dosing until the End of Study visit (Day 8) had been conducted. Hepatically impaired subjects had to be excluded 
if there have been changes in dose regimen of medically-required medication within 2 weeks prior to Screening or if there had been a 
significant change or addition to their routine medication (prescribed) within 1 month prior to drug administration. Minor changes to 
medication that require frequent dose adjustments, such as insulin or analgesia, can be made up to 2 weeks prior to drug administration, 
as agreed between the Investigator and Novartis. 
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 A history of clinically significant ECG abnormalities, or any of the following ECG abnormalities at Screening and/or pretreatment: 

o PR > 225 msec. 

o QRS complex > 120 msec. 

o QTcF > 470 msec (males). 

o QTcF > 460 (females). 

 Presence of moderate to severe impaired renal function as indicated by any or all of the following criteria: 

o Creatinine clearance < 45 mL/min as calculated using the Cockroft-Gault formula or eGFR < 45 mL/min/1.73 m2 based on MDRD 
calculation. 

o Serum creatinine > 1.5 × ULN. 

 Encephalopathy Grade 3 or worse within 28 days of planned dosing. 

 Primary biliary cholangitis or biliary obstruction. 

 History of gastrointestinal bleeding within the past 3 months prior to Screening. 

Group 4 (Subjects with severe hepatic impairment) 

 Hepatically impaired subjects with abnormal laboratory values for the following parameters: 

o Hemoglobin < 8.5 g/dL. 

o Platelet count < 30 × 109/L. 

o White blood cell count < 2.5 × 109/L. 

o Total bilirubin > 8 mg/dL. 

o Serum amylase > 2 × ULN. 

o International standardized ratio (INR) > 2.3. 
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 Severe complications of liver disease within the preceding 3 months. 

 Emergency room visit or hospitalization due to liver disease within the preceding 1 month. 

 Subject who had received liver transplant at any time in the past and was on immunosuppressant therapy. 

 Subjects requiring paracentesis more than every 30 days for the management of ascites were excluded. Subjects who were receiving 
diuretics to manage ascites could be enrolled and were assigned the Child-Pugh score for the degree of ascites while on diuretic treatment. 
The diuretic dose had to have been stable for 28 days prior to dosing. 

 Transjugular intrahepatic portosystemic shunt and/or have undergone portacaval shunting. 

 Acute HBV or HCV infection. 

 Clinically significant abnormal findings in physical examination, ECG, or laboratory evaluations, not consistent with known clinical 
disease. Subjects having myocardial infarction ≥ 5 years ago were eligible to participate. 

 Use of any prescription or non-prescription medication, dietary supplements, or vitamins that have the potential to interact with tropifexor 
during the study from dosing until the End of Study visit (Day 8) had been conducted. Hepatically impaired subjects were excluded if 
there had been changes in the dose or schedule of medically-required medication within 2 weeks prior to Screening or if there had been a 
change or addition to their routine medication (prescribed) within 1 month prior to drug administration, except for changes to medication 
that require frequent dose adjustments, such as insulin or analgesia, which could be made within 2 weeks prior to drug administration, as 
agreed between the Investigator and Novartis. 

 A history of clinically significant ECG abnormalities, or any of the following ECG abnormalities at Screening and/or pretreatment: 

o PR > 225 msec. 

o QRS complex > 120. 

o QTcF > 480 msec (males). 

o QTcF > 480 (females). 

 Presence of moderate to severe impaired renal function as indicated by any or all of the following criteria: 
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o Creatinine clearance < 45 mL/min as calculated using the Cockroft-Gault formula or eGFR < 45 mL/min/1.73 m2 based on MDRD 
calculation. 

o Serum creatinine > 1.5 × ULN. 

 Encephalopathy Grade 3 or worse within 28 days of planned dosing. 

 Primary biliary cholangitis or biliary obstruction. 

 History of gastrointestinal bleeding within the past 3 months prior to Screening. 
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Participant Flow Table 
Study phase subject disposition – n (percent) of subjects (Safety analysis set) 
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Baseline Characteristics 
Subject demographics by hepatic function groups and matching normal group (Safety analysis set) 
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Primary Outcome Result(s) 
Summary statistics for plasma PK parameters of tropifexor (total) by hepatic function groups and matching normal group 
(Pharmacokinetic analysis set) 
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Statistical analysis of pharmacokinetic parameters of tropifexor (total) (Pharmacokinetic analysis set) 
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Secondary Outcome Result(s) 
Statistical assessment of relationship between PK parameters and hepatic function tests at baseline (Pharmacokinetic analysis 
set) 
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Summary statistics for plasma PK parameters of tropifexor (unbound) by hepatic function groups and matching normal group 
(Pharmacokinetic analysis set) 
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Statistical analysis of pharmacokinetic parameters of tropifexor (unbound) (Pharmacokinetic analysis set) 
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Statistical assessment of relationship between PK parameters (unbound) and hepatic function tests at baseline (Pharmacokinetic 
analysis set) 
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Safety Results 
Incidence of treatment-emergent adverse events by system organ class – n (percent) of subjects (Safety analysis set) 
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Incidence of treatment-emergent adverse events by preferred term – n (percent) of subjects (Safety analysis set) 

 

 

Serious Adverse Events and Deaths 
There were 2 SAEs (multiple fractures [the subject fell off a roof] and hepatic encephalopathy) reported in this study for subjects in Group 4 
(severe). 

No deaths were reported in this study. 
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Conclusion: 
 A single oral dose of 200 μg tropifexor was well-tolerated in subjects with normal hepatic function as well as by subjects with mild, 

moderate, and severe hepatic impairment enrolled in this study. 

 There was no relevant increase in exposure to total tropifexor in subjects with mild, moderate and severe hepatic impairment. However, 
exposure to unbound tropifexor was increased in subjects with moderate and severe hepatic impairment compared with their healthy 
controls. 

 The safety and efficacy profile for doses planned in future studies will determine if dose adjustments in patients with moderate and/or 
severe hepatic impairment will be warranted based on the observed increase in tropifexor unbound AUC. 

Date of Clinical Study Report 
09-Jun-2020 

 


