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Abstract

Background and Aims: Alcoholic hepatitis (AH) are an acute hepatic inflammation associated with significant morbidity and
mortality in patients, who consume excessive amounts of alcohol. The currently recommended treatment options (corticosteroid,
pentoxifylline) mainly target only on reduction of inflammation response in AH. None of these recommended drugs were unable to
reduce the elevated bile enzymes. A pathophysiologically oriented approach for management of alcoholic hepatitis with Ursodiol
injection with the objective of knowing improvement in mortality rate, liver parameters, Model for end-stage liver disease (MELD)
& Maddrey’s Discriminant Function (MDF) scores, and quality of life.

Methods: An investigational clinical trial was conducted in the Department of Gastroenterology, Osmania General Hospital. A
total of two Arms in the study, 04 patients were on treatment arm A [standard of care (SOC) + supportive therapy] and 06 patients
were on treatment Arm B [Ursodiol injection 3500mg/day in two divided doses + standard of care + supportive therapy.

Results: Our study observed a lower mortality (14.28%) rate in Ursodiol injection + SOC arm B when compared to the SOC arm
A (20%). Our results were correlated with published literature on lower bilirubin levels on 7 and 14 associated with a favorable
prognosis and increased survival. The quick reduction of toxic bile levels with parenteral administration of Ursodiol might be
beneficial for severe alcoholic hepatitis patients in critical conditions. There was a gradual reduction of MDF & MELD scores of
patients in both treatment arms from day 0 to day 60 and not statistically significance was observed when compared to the two arms
but % change from baseline was improved numerically in arm B from day 14 to day 60 when compared to arm A. We have observed,
patients with arm B (Ursodiol injection+ SOC+ ST) presented significant improvement in quality of life (SF-36) when compared to
SOC arm A. Rapid improvement was observed in energy, physical health, physical functioning, sleep, appetite emotional well-being,
and abdominal pain at day 7 of Ursodiol+ SOC arm.

Conclusion: Parenteral infusion of Ursodiol in severe alcoholic hepatitis at intensive care unit (ICU), resulted in marked
improvement in elevated liver function tests and improvement in quality of life, statistically significant reduction in serum bilirubin
and improvement in serum albumin and protein levels which are continued at 60 days also with no side effects. Earlier research
studies also concluded that decreased total bilirubin on day 7 and 14 was associated with lower mortality and thereby clinical
improvement. Severe alcoholic hepatitis is associated with a high mortality rate due to comorbid conditions such as severe kidney
injury, uncontrolled sepsis, and active gastrointestinal bleeding, these conditions might hamper study outcome if not properly
standardized during inclusion and exclusion in the study. So, in order to establish adequate efficacy and safety of Ursodiol injection,
a well-organized, randomized, controlled large clinical trials need to be conducted in, with repeated treatment cycles in severe
alcoholic hepatitis patients.
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Introduction and overview

Alcoholic hepatitis (AH) is an acute hepatic inflammation
associated with significant morbidity and mortality in patients, who
consume excessive amounts of alcohol [1]. In its most severe form,
short-term mortality of AH remains high (20-30%) probably due
to poor patient characterization and the need for modern targeted
therapies [2]. The Model for end-stage liver disease (MELD) and
Maddrey’s Discriminant Function (MDF) scores are used to assess
the severity of alcoholic hepatitis [3,4]. Chronicalcohol consumption
leads to liver inflammation and liver injury. Inflammatory cytokines,
such as TNF-a and IFN-y were induced from liver injury in alcoholic
liver disease (ALD) [5]. Severe alcoholic hepatitis is manifested by
increased total bilirubin (TB) levels over 10-15 mg/dL, levels of
aspartate aminotransferase (AST) between 100 and 200 U/L, and
alanine aminotransferase (ALT) in the range of 50-150 U/L [6] and
other typical clinical findings include fever, leukocytosis, ascites,
and hepatic toxicity & encephalopathy [7]. It is generally assumed
that exposure of hepatocytes to high concentrations of toxic bile
acids is mainly responsible for liver injury and inflammation [8].

Currently, corticosteroid therapy is the most effective treatment
option even though it is helpful in only about 60% of AH patients
and only significant in reducing short-term mortality i.e one-month
[9,10]. However, patients with severe alcoholic hepatitis (SAH) who
developed an infection after corticosteroid treatment have a higher
rate of mortality [11]. Whereas several other treatment options
(Pentoxifylline, Infliximab, Etanercept) demonstrated
benefit, but most of the studies failed in efficacy and even have
harmful effects. The currently recommended treatment options
(corticosteroid, pentoxifylline) mainly target only on reduction
of inflammation response in AH. None of these recommended
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drugs were unable to reduce the elevated bile enzymes [Aspartate
aminotransferase (AST), alanine aminotransferase (ALT)] and
total bilirubin (TB) and other liver parameters] in AH. Current
therapies such as corticosteroids and pentoxifylline fail in many
alcoholic hepatitis patients and there is a clear need to develop new
pathophysiologically oriented approaches.

Ursodiol is beneficial in patients with alcohol-induced hepatitis?

Earlier research confirmed that Ursodiol protected the alcohol-
induced damage in human hepatocytes cell line [12] and alcohol-
induced liver mitochondria injury in rat models [13]. Ursodiol
(UDCA) is normally present in only 4% amounts in the bile and is
approved for the treatment of various cholestatic disorders [14,15].
Several reports explained that Ursodiol is a hydrophilic bile acid
that protects the liver from damage.

Multiple mechanisms of action of Ursodiol have been described
as follows

a) Protection of injured cholangiocytes against toxic effects
of bile acids.

b)  Stimulation of impaired biliary secretion.

c¢)  Stimulation of detoxification of hydrophobic bile acids.

d) Inhibition of apoptosis of hepatocytes [16]. Ursodiol
is a well-known hepatoprotective agent, that inhibits the
pro-inflammatory cytokines like TNF-o, IL-1f, IL-2, and IL-4
at the mRNA and protein levels and also increased an anti-
inflammatory cytokine interleukin 10 (IL-10). Ursodiol has
strong antioxidant properties and remarkable scavenging
efficiency.

In a placebo-control study of alcoholic hepatitis, Ursodiol
was given orally (15 mg/kg per day) for 4 weeks and showed
an improvement in liver parameters [17]. In alcohol-induced
hepatitis patients with very higher levels of serum hydrophobic
bile acids could be cytotoxic, which shall further deteriorate liver
hepatocytes. Due to the high first-pass metabolism, only 30%
of Ursodiol is bioavailable after oral administration. To achieve
100% bioavailability resulting in higher liver uptake a parenteral
formulation Ursodiol injection has been developed. The safety and
tolerability of parenteral Ursodiol injection was established up to
10,500mg/day in healthy humans and also efficacy has been studied
in various liver disorders such as NASH, gallbladder transparent
stones, and as an adjuvant during cancer chemotherapy, where
significant reduction of abnormal liver parameters at the dose of
3,500 mg/day has been established [18-21].

Based on the Ursodiol mechanisms and available literature data
from public domain, we hypothesized that the Ursodiol injection
form could be beneficial in alcoholic hepatitis patients. Experimental
studies of o fluorescent biliary salts showed that oral bile salts
administration would not have homogenous effects on the whole
liver parenchyma. Administration of bile salts into the systemic
circulation, the bile salts were reaching to the liver via the hepatic
artery to achieve regular distribution and homogenous uptake by
the sinusoid’s portal spaces and widespread function to reach a
higher concentration with the faster and better pharmacological
outcome. The objective of the study is to establish the safety and to
know the beneficial effects of Ursodiol injection in severe alcoholic
hepatitis patients in terms of mortality rate, improvement in liver
parameters, MELD & MDF scores and quality of life.

Patients and Methods
Ethical requirement

The study was conducted at Osmania General Hospital, 15-5-
104, Begum Bazar, Afzal Gunj, Hyderabad, Telangana 500012, India.
The study document such as study protocol, Informed Consent
Documents (ICD) (English and local language), and Case report
form (CRF) were approved by the Institutional Ethics Committee
(IEC). The study was conducted from March 2022 to October 2022
and the study was registered in the clinical trial registry, India,
CTRI/2022/03/041331 [Registered on: 24/03/2022].

Patient recruitment

All Alcoholic hepatitis patients with AST and ALT levels = 1.5
times upper normal limit (UNL), Model for End-Stage Liver Disease
(MELD) = 20 and Maddrey MDF = 32 were enrolled for the study. A
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total of 20 patients were registered in the study. Among the enrolled
patients, 02 patients were screen failed and 18 patients were
selected for the study dosing. Among the 18 patients, 06 patients
were withdrawn from the study period due to alcohol consumption
after enrollment in the study and 10 patients completed the study
period. 02 patients died in each arm due to co-morbid conditions.
Among 10 patients, 04 patients were on treatment arm A standard
of care [Pentoxyphylline tablets 400mg + N-acetyl cysteine tablets
300mg + S-Adenosyl L-Methionine tablets 200mg] + supportive
therapy [Multivitamin capsules and calcium carbonate 500 mg &
vitamin D3 250 IU tablets] and 06 patients were on treatment Arm
B [Ursodiol injection 3500mg/day in two divided doses + standard
of care [Pentoxyphylline tablets 400mg + N-acetyl cysteine tablets
300mg + S-Adenosyl L-Methionine tablets 200mg + supportive
therapy [Multivitamin capsules and calcium carbonate 500 mg &
vitamin D3 250 IU tablets].

Study Design

Patients were randomly assigned to receive either Arm-A or
Arm-B. In Arm B, a total dose of 3500mg/day of Ursodiol injection
was given daily for 7 days in two divided doses and standard of care
+ ST was continued for the period of 60 days. In Arm A standard
of care + ST was continued for the period of 60 days. The study
parameters were, mortality rate (Day 3 and day 60), improvement
in liver parameters (Day 0,3,7,14, 30, 45 and 60), MELD & MDF
scores (Day 0,3, 7, 14, 30, 45 and 60) and quality of life (Day 0, Day
7 and Day 60) were assessed on respective days.

Inclusion Criteria

The study includes patients with age between 21-70 years of
patients, who were on recent alcohol consumption > 50g/day for
> 6 months, continuing within two months before enrollment.
Patients with AST and ALT levels > 1.5 times upper normal limit
(UNL), MELD = 20, and MDF = 32 were enrolled for the study.

Exclusion Criteria

Patients shock, signs of uncontrolled systemic infection (Fever
> 38°C) and positive blood or ascites cultures and on appropriate
antibiotic therapy for > 3 days within 3 days of inclusion, Patients
with acute gastrointestinal bleeding requiring >2 units blood
transfusion within the previous 4 days, Patients Positive with HBsAg
and HCV antibody, history of treatment for tuberculosis; history of
any malignancy except skin cancer but including hepatocellular
carcinoma within the last five years, Patients with positive HIV
infection, recent previous treatment with corticosteroids or other
immunosuppressive medications including specific anti-TNF
therapy, calcineurin inhibitors within the previous 3 months,
Treatment with corticosteroids for > 3 days within 3 days of
inclusion, serious cardiac, respiratory or neurologic disease or
evidence of other liver diseases such as autoimmune hepatitis,
primary biliary cirrhosis, primary sclerosing cholangitis, Wilson
disease, hemochromatosis, secondary iron overload due to chronic
hemolysis, alpha-1-antitrypsin deficiency and Acute or chronic

kidney injury with serum creatinine > 3.0 mg/dl and Patients with
COVID-19 positive were excluded from the study.

Study variables

Demographic (age, gender, height/length, weight), vital signs
[PR (bpm), RR (breaths per min), systolic and diastolic BP (mm
Hg), and body temperature (°F)] were recorded on day 0, day 1 to
7, and day 14, day, 30 and day 45 and end day of the study period.
The clinical parameters (Hemograms, LFTs, Lipid profile, Serum
electrolytes, Serum creatinine, PT, PTINR) were collected at the time
of screening and followed by day-3 and 7. Further clinical chemistry
was performed on Day 14, Day 30, Day 45, and the end day (Day
60) of the study period. Both MELD and MDF are calculated on day
0 (Before dosing) and day-3, day-7,14,30, 45, and 60. The safety
assessment was performed up to the end of the study (i.e 60 days).
Quality of life (SF-36) assessment was performed on day 0, day 7,
and day 60.

Investigational product administration

A dose of 3500 mg/day Ursodiol injection (25mg/ml) was
administered via infusion route in two divided doses. 25 ml of
Ursodiol Injection 25 mg/ml was transferred to 100mL of 0.9%
NaCl to make the final concentration of 5.0 mg/mL of Ursodiol
in 0.9% NaCl. The investigational product was administered as
an intravenous infusion via an infusion pump over a period of
60 minutes (+5 minutes) for Arm- B. For Arm B test product was
administered daily for 7 days and standard of care (SOC) was
continued for the treatment for a period up to day 60. For arm A,
only standard of care (SOC) was administrated orally daily up to
day 60.

Adverse events

All observed adverse events (AEs) were documented between
the start of the study treatment till the end of the study visit or early
termination visit (ET).

Statistical Analysis

Statistical analysis was done in SAS 9.4. ANCOVA was used
for statistical analysis considering percent change from baseline
as a dependent variable, Treatment group as the independent
variable, and Baseline as a covariate. A level of significance of 5%
was considered for testing the significance of the p-value. ANCOVA
was done using Proc GLM in SAS version 9.4. Quantitative data are
expressed as means *SD.

Results
Baseline Characteristics of the Patients

All the patients who fulfilled eligibility criteria for Alcoholic
hepatitis (AH) were of the mean age of Arm-A is 45.75 + 10.37 and
Arm-B 38.50 £ 9.57. A total number of 10 patients completed the
end of the study. The baseline characteristics (number of patients
and demographic data, Vital signs, quality of life (SF-36), and
parameters [Liver parameters (LFTs), coagulation parameters, AH
scorings] were recorded in Tables 1A-1C for both arms.
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Mortality

There were two mortalities observed in each arm during
day 3 due to comorbid conditions. These two subjects were not
considered for statistical analysis.

Laboratory Values and AH score

The mean key LFTs (AST, ALT, and Total Bilirubin) values were
decreased (Table 2), (Figure 1) in both treatment arms from baseline
(Day 0) to day 3, 7, 14, 30,45, and 60 of post-treatment. The percent
(%) change in reduction (Table 3), of key LFTs from baseline (Day
0) up to day 60 was calculated. Among LFTs, total bilirubin (mg/

dL) showed statistically significant (p<0.0382; P<0.016) with
percent (%) change in reduction elevated value from baseline (Day
0) to day 7 and day 14 respectively. There were improvements in
total protein levels significant (p<0.0569) higher in the Ursodiol
injection Arm on day 60. The rest of the liver parameters were
numerically improved in Arm B. There was a gradual reduction of
elevated MDF & MELD scores of patients in both treatment arms
from day O to day 60 (Tables 4 & 5) and not statistically significant
was observed when compared to the two arms but a numerical %
change improved in Arm B was observed from day 14 to day 60
when compared to Arm A.
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Figure 1: Comparison of AST, ALT, ALP and Total bilirubin for Arms A and Arm B.
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Table 1A: Baseline demographic and vital sings characteristics for patients.

Arm-A Arm-B
Characteristics
SOC+ST UDCA+ SOC+ST
No. of. Patients n=4 n=6
Age (ears) 45.75+£10.37 38.50£9.57
Height (cm) 163.00+7.39 156.00+7.77
Weight (Kg) 64.30+4.28 55.32+8.06
BMI (Kg/m?) 24.38+3.45 22.87+3.95
Gender
Male 04 05
Female 00 01
Vital Signs
Pulse Rate (bpm) 87.50+7.59 81.17+6.61
Respiratory Rate 17.25+0.96 16.50+1.05
Systolic B.P. (mmHg) 99.75+1.26 91.50+5.86
Diastolic B.P. (mmHg) 61.75+8.18 59.17+4.54
Temperature ('F) 98.38+0.19 98.38+0.19
Table 1B: Baseline SF-36 Questionnaire characteristics for patients.
Arm-A Arm-B
Characteristics
SOC+ST UDCA+ SOC+ST
No. of. Patients n=4 n=6
SF-36 Questionnaire
Physical Functioning 47.504£9.57 52.50+5.24
Role Limitations due to physical health 37.50+25.00 41.6741291
Role Limitations due to emotional problems 41.67%16.67 44.44%17.21
Energy/Fatigue 53.75%£10.31 55.83%+9.17
Emotional well-being 54.00+4.00 60.67+4.68
Social Functioning 25.00£22.82 18.75%£10.46
Pain 41.88+17.12 34.17£7.19
General Health 47.50+9.57 42.50+7.58
Table 1C: Baseline clinical chemistry parameters for patients.
Arm-B
Arm-A
Parameters Ursodiol injection
SOC+ST
+SOC+ST
No. of. Patients n=4 n=6
Liver Parameters (LFTs)
AST (SGOT) (U/L) 142.25+72.09 161.17+60.52
ALT (SGPT) (U/L) 55.50423.44 88.33+99.92
Alkaline Phosphatase (ALP) (U/L) 230.00+161.79 198.83+163.43
Total Bilirubin (mg/dL) 13.11+4.07 14.16+10.18
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Direct Bilirubin (mg/dL) 10.03+3.77 9.92+7.28
Indirect Bilirubin (mg/dL) 3.08+0.41 4.22+3.49
Total Protein (g/dL) 6.85+0.24 7.34+0.73
Albumin (g/dL) 2.78+0.63 2.96+0.87
A: G Ratio 0.72+0.28 0.63+0.13
Coagulation Parameters
Mean Normal Prothrombin Time (Sec) 13.63+0.25 13.58+0.20
Patient value (Sec) 33.30+15.52 24.32+4.22
Prothrombin Ratio (PR) 3.65+2.57 1.79+0.33
International Normalized Ratio (INR) 4.01+2.95 1.88+0.33
Others
Serum Creatinine (mg/dL) 0.78+0.22 0.68+0.06
AH Scoring
MELD 30.00£7.70 24.17+4.17
MDF 164.20£135.17 63.55+19.99
Table 2: Comparative mean + SD values of liver parameters (LFTs) of treatment arms.
bay | A | ASTISGOT) | AUT(SGPT) | Ll D) | rubin e/ | Bilbin | Bilirubin | protsin | Almin | 4G
(U/L) dL) (mg/dL) | (mg/dL) | (g/dL)
Day Arm A 142.25+72.09 | 55.50£23.44 | 230.00+161.79 | 13.11+£4.07 | 10.03£3.77 | 3.08+0.41 | 6.85+0.24 | 2.78+0.63 | 0.72+0.28
0 Arm B 161.17+60.52 | 88.33£99.92 | 198.83+163.43 | 14.16x10.18 | 9.92+7.28 | 4.22+3.49 | 7.34+0.73 | 2.96+0.87 | 0.63+0.13
Day Arm A 135.75+69.37 | 54.50+23.01 | 231.25+158.78 | 14.01+5.82 | 10.63+4.42 | 3.38+1.52 | 6.83+0.52 | 2.78+0.55 | 0.73+0.29
3 Arm B 114.50+41.78 | 35.33%17.18 118.33+39.24 12.53+10.64 | 9.19+£7.75 | 3.53%3.34 | 7.10+0.87 | 2.70+0.46 | 0.63+0.14
Day Arm A 159.75+59.41 | 60.00£23.34 | 232.00+139.62 | 14.50£5.99 | 10.62+4.86 | 3.89+1.28 | 6.03+x1.76 | 3.93+x1.89 | 1.17+0.74
7 Arm B 101.00+39.58 | 42.20+34.39 | 147.80+110.94 | 13.15%10.36 | 9.70+8.00 | 3.51+2.94 | 6.76+0.75 | 2.64+0.38 | 0.62+0.11
Day Arm A 151.504£69.38 | 75.00+46.27 | 225.00£113.91 15.58+5.58 | 10.74+5.34 | 4.84+1.43 | 7.25+0.25 | 3.05+0.77 | 0.78+0.37
14 Arm B 114.17+64.76 | 43.33+14.26 137.83+33.63 10.20+9.75 7.78+7.25 | 2.43£2.68 | 7.27+0.98 | 2.90+0.41 | 0.68+0.12
Day Arm A 124.25+75.27 | 68.50£44.20 | 249.00+123.69 9.70+4.71 7.10£3.92 | 2.60£1.03 | 7.55%0.51 | 3.08+1.11 | 0.78+0.53
30 Arm B 96.83+24.14 | 45.67+18.27 | 150.83+37.57 5.31+3.42 4.03+2.85 | 1.28+0.60 | 7.05+0.93 | 2.99+0.58 | 0.76+0.18
Day Arm A 101.00+£73.85 | 50.75%29.64 | 220.50+163.61 6.30£5.26 4.80+4.42 | 1.50+0.85 | 7.38+0.79 | 2.98+0.96 | 0.80+0.54
45 Arm B 108.17£39.64 | 46.33+17.44 184.33+36.23 4.02+2.09 2.93+£1.83 | 1.17£0.63 | 7.25+1.00 | 3.08+0.57 | 0.77+0.22
Day Arm A 79.00£65.83 | 31.67+12.90 | 159.00£35.93 2.86%0.32 1.96+0.09 | 0.90+0.30 | 6.97+0.59 | 3.27+0.68 | 0.99+0.51
60 Arm B 86.50+19.77 | 37.50+17.04 | 194.83+43.08 3.47+1.70 2.43+1.41 | 0.97£0.41 | 7.58+0.69 | 3.20+0.63 | 0.77+0.27
Table 3: Comparative percent (%) change in the reduction of LFTs from baseline (Day 0) to Day 60.
Alkaline o~ . q
Day Arm details AL’LS?:SP i AS'{&?(:)O i ;2:5(22;) rTJ(I):tl?nl g:ll;;/ BR::::IC):n éﬁ?rllrﬁ; Pro'lt‘(;:;all(g/ A(lg;l(;l;‘;n A: G Ratio
(U/L) dL) (mg/dL) (mg/dL) dL)
-1.315+ -4.767+ 0.013+ 4.799+ 4.788+ 11.339+ -0.452+ 0.464+ 1.633+
Arm A
5.642 4.209 13.795 25.363 18.685 55.110 4.909 4.051 3.172
Day 3 30.781+ -23.028+ 21.925+ -15.232+ -11.805+ -19.269+ 0.901+ -1.168+ 0.996+
Arm B 30.505
39.791 32.692 19.632 21.017 14.378 17.300 22.191 4.147
P value <0.2157 <0.3900 <0.1043 <0.1953 <0.2524 <0.3028 <0.2142 <0.8696 <0.8436
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11.431+ 21.217+ 8.505+ 3.851+ 26.813+ -11.533+ 49,412+ 87.040+
4.004+
Arm A 17.009
20.303 40.365 ’ 27915 29.928 43.107 27.64 91.324 162.956
Day 7 -24.513+ -30.041+ -25.455+ -23.404+ -33.647+ -0.973+ 2.242+ 4925+
-20.289+
Arm B 18.018
49,984 29.531 ’ 17.621 23.895 10.085 11.984 17.136 9.236
P value <0.3121 <0.0651 <0.0605 <0.0382 <0.1188 <0.0562 <0.3003 <0.2749 <0.2446
28.312+ 14.980+ 21.997+ 4.885+ 63.685+ 5.943+ 9.073+ 6.405+
5.602+
Arm A 19.380
24.509 32.962 ' 34.448 37.401 61.820 5.348 9.413 10.844
Day 14 14.387+ -20.167+ -3.968+ -36.909+ -31.965+ -38.717+ 4.073+ 6.504+ 6.784+
Arm B 53.282
123.892 51.184 ’ 21.408 20.822 16.792 20.773 31.219 18.284
P value <0.9082 <0.3214 <0.5116 <0.0116 <0.0663 <0.0174 <0.0197 <0.9003 <0.9474
13.687+ -2.198+ -23.380+ -27.491+ -13.014+ 10.515+ 8.711% 1.453+
17.475+
Arm A 36.269
35.858 44,920 ' 33.524 32.902 37.071 11.533 19.228 26.767
Day 30 24.276% -33.417+ -58.960+ -57.856+ -54.599+ 1.222+ 10.613+ 22.335+
11.908+
Arm B 74.892
131.239 24.731 : 16.029 13.450 26.194 16.908 33.826 42.607
P value <0.6118 <0.1928 <0.7128 <0.0671 <0.0915 <0.1327 <0.7464 <0.7941 <0.4038
-10.496% -19.685+ -49.127+ -48.373+% -50.863% 8.031% 6.166+ 3.026+
-4.316+%
Arm A 29.722
27.753 52.920 ’ 42.440 46.908 28.031 15.204 23.614 30.854
Day 45 26.323+ -17.728% 36.139+ -61.781+ -65.284+ -43.910+ 4.482+ 13.462+ 25.192+
Arm B 87514
99.726 57.652 ’ 29.945 18.246 59.621 14.278 30.570 54.029
P value <0.1487 <0.6595 <0.4525 <0.6396 <0.4475 <0.5017 <0.4799 <0.5616 <0.4868
-34.479+ -25.705% -74.319+ -76.526+ -66.994+ -0.139+% 8.835+ 19.365+
-11.354+
Arm A 50.181
30.718 77.802 ’ 11.697 12.314 11.536 10.675 14.755 19.676
Day 60 -13.783% -41.784+ -64.941+ -67.629+ -53.839+ 7.009+ 16.029+ 26.750%
49.134+
Arm B 103.373
63.230 19.431 ' 27.895 22.236 47.094 11.568 35.862 65.541
P value <0.2112 <0.8029 <0.2800 <0.3772 <0.4208 <0.2399 <0.0569 <0.5280 <0.8814
Arm A: SOC+ST; Arm B: Ursodiol injection + SOC+ST.
Table 4: Comparative mean + SD values of MELD &MDF score.
Day Arm details MDF MELD
Arm A 164.20£135.17 30.00£7.70
Day 0
Arm B 63.55£19.99 24.17+4.17
Arm A 60.00£31.70 23.75+2.63
Day 3
Arm B 78.64+35.24 24.80+5.59
Arm A 50.88+17.86 23.25+3.59
Day 7
Arm B 77.90+£40.15 25.50+5.57
Arm A 56.88+25.87 24.75+3.77
Day 14
Arm B 50.92+21.29 21.60%7.06
Arm A 40.20+37.10 18.331£3.21
Day 30
Arm B 40.90£25.17 17.83+3.87
Arm A 39.20%£24.70 20.00+8.89
Day 45
Arm B 53.57+31.32 18.67+4.97
N
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Arm A 36.13+31.82 15.004.00
pay 60 Arm B 37.9015.90 17.00£4.38
Arm A: SOC+ST; Arm B: Ursodiol injection + SOC+ST.
Table 5: Comparative percentage (%) change from baseline (Day 0) to day 60 of MELD and MDF scores.
Day Arm details MDF MELD
Arm A -49.087+28.593 -18.480+13.212
Day 3 Arm B 8.997+31.432 -0.315+13.355
P value <0.1029 <0.2216
Arm A -52.574+28.348 -20.386+13.166
Day 7 Arm B 5.224+36.104 -0.532+6.581
P value <0.1535 <0.0847
Arm A -45.115%+35.549 -14.605+18.447
Day 14 Arm B -16.756+26.208 -13.345+20.588
P value 0.8572 <0.8510
Arm A -58.718+34.916 -33.312+22.886
Day 30 Arm B -30.180+45.334 -25.936x14.185
P value <0.7629 <0.9521
Arm A -60.606+2.876 -27.243%19.065
Day 45 Arm B -10.549+52.678 -22.464+18.892
P value <0.3055 <0.6337
Arm A -66.586+24.407 -43.262+17.316
Day 60 Arm B -35.261+34.483 -29.225+18.138
P value <0.4473 <0.5628

Arm A: SOC+ST; Arm B: Ursodiol injection + SOC+ST.

Quality of life

Table 6: Summary of SF-36 Questionnaire.

The summary ofthe SF-36 questionnaire was presented in (Table
6), (Figure 2). Quality of life (SF-36) assessment was performed on

day 0 (Baseline), day 7, and day 60 of post-treatment. The results

Ursodiol injection + SOC+ST) from baseline (Day 0) to day 7.

clearly indicated that, a statistically significant improvement was
observed in the quality-of-life parameters in arms B patients (with

. Role Limitations | Role Limitations . . .
Arm Physical . . . Emotional Social Function- . General
Day . . due to physical | due to emotional | Energy/Fatigue . . Pain
details | Functioning well-being ing Health
health problems
Day 0 Arm A 47.5049.57 37.50+25.00 41.67+16.67 53.75+10.31 54.00+4.00 25.00+22.82 41.88+17.12 47.504£9.57
Arm B 52.50+5.24 41.67+12.91 44.44+17.21 55.83+£9.17 48.67+5.89 18.75+£10.46 34.17+£7.19 42.50+7.58
Day7 | ArmA | 42.50+15.00 37.50+14.43 41.67+16.67 23.75+10.31 40.00+3.27 25.00+22.82 38.75£10.90 | 25.00+4.08
Arm B 82.50+5.24 91.67+12.91 94.44+13.61 77.50+10.84 64.00+5.66 77.08+14.61 72.92+12.19 71.67+7.53
p-values <0.0098 <0.0009 <0.0023 <0.0001 <0.0000 <0.0114 <0.0023 <0.0000
D6a0y Arm A 46.25+4.79 56.25+31.46 58.33+31.91 60.00+£7.07 44.00+3.27 37.50+14.43 46.88+17.37 | 33.75%£10.31
ArmB | 66.67+#12.91 75.00£0.00 100.00+0.00 60.83+8.01 69.33+£11.50 77.08+22.94 71.25%#11.70 | 75.00+13.78
p-values <0.0101 <0.3189 <0.0796 <0.8674 <0.0021 <0.0101 <0.0590 <0.0007
Arm A: SOC+ST; Arm B: Ursodiol injection + SOC+ST.
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Figure 2: Comparison of Total bilirubin percent (%) change in the reduction of LFTs from baseline (Day 0) to Day 60.

Adverse events

There were no infusion-related adverse events (like irritation,
edema, cellulitis, and redness) observed during the study period.
Mild adverse events like fever (01- in Arm A and 01 in Arm-B) and
headache (01- in Arm A and 01 in Arm-B) were observed.

Discussion

Ursodiol has unique and multiple liver-protective properties
like alteration of bile acid pool, anti-inflammatory, and anti-
apoptotic properties. Based on the pathophysiology of Acholic
hepatitis; the need to regulate inflammation, cell damage, and
fast reduction of elevated liver enzymes and total bilirubin (TB).
Higher levels of total bilirubin are cytotoxic to hepatocytes which
lead to hepatotoxicity and also encephalopathy. Based on Ursodiol
properties, we have investigated the safety and efficacy of Ursodiol
injection with a combination of a standard of care (SOC). The
proposed new formulation of Ursodiol injection is an alternative
to the oral dosage form with an aim to enhance bioavailability,
liver distribution, and quick reduction of elevated liver enzymes
in severe acholic hepatitis. In alcoholic hepatitis clinical trials
Nguyen-Khac et al., reported mortality rate significantly higher
in the prednisolone group (38%) than in the prednisolone-N-
acetylcysteine group (27%) at 6 months. Mortality was significantly
lower in the prednisolone-N-acetylcysteine group (8%) at 1 month
when compared to the prednisolone group (24%) [22]. Another
study reported mortality was significantly higher among patients
receiving prednisolone (35.29%) as compared to 14.71% among

those receiving pentoxifylline [23]. De BK et al,, also reported the
cause of a higher % of deaths in the prednisolone group is due to
hepatorenal syndrome (50%), gastrointestinal bleeding (16.67%),
infection (Sepsis) (16.67%), and hepatic encephalopathy (8.33%)
and other reasons (8.33%).

A  multicentered, randomized clinical study reported
treatment-related complications with prednisolone (P) alone and
prednisolone + N-Acetylcysteine (NA). Complications like infection
(P=42%; NA=19%), hepatic encephalopathy (P=4%; NA=3%),
hepatorenal syndrome (P=25%; NA= 12%) and esophageal variceal
hemorrhage (P=9%; NA= 12%) were observed. In our study, there
were no treatment-related complications observed during the
study period except mild & general adverse events like fever (01-
in Arm A and 01 in Arm-B) ad headache (01- in Arm A and 01 in
Arm-B) reported during the study period in both arms. A STOPAH
(Steroids or Pentoxifylline for Alcoholic Hepatitis) clinical trial, a
multicenter study in which more than 1000 patients with severe
alcoholic hepatitis (SAH) concluded that, pentoxifylline did not
improve survival in patients with alcoholic hepatitis. Prednisolone
was associated with a reduction in 28-day mortality that did not
reach significance and with no improvement in outcomes at 90
days or 1 year [24] and the number of randomized clinical trials
also concluded that current therapies (i.e., corticosteroids and
pentoxifylline etc.) fail in many patients [25-27]. Nguyen-Khac et
al., reported factors associated with mortality at 6 months (Tables
7 & 8) in dead and alive patients.
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Table 7: Comparative complications with Literature.

Ursodiol injection+ SOC+ST Prednisolone Prednisolone + N-Acetylcysteine
Complications
n=6 n =389 n =85
n (%) n (%) n (%)
Infections 0 37 (42) 16 (19)
Spontaneous bacterial peritonitis 0 9 (10) 5(6)
Lung infection 0 8(9) 3(4)
Urinary system infection 0 7(8) 4(5)
Erysipelas 0 3(3) 0
Staphylococcal septicemia 0 2(2) 2(2)
Gram-negative septicemia 0 2(2) 2(2)
Esophageal candidiasis 0 2(2) 0
Otitis externa 0 1(1) 0
Infection of unknown cause 0 33) 0
Hepatic encephalopathy 0 4(4) 3(4)
Hepatorenal syndrome 0 22 (25) 10 (12)
Esophageal variceal hemorrhage 0 8(9) 10 (12)
Table 8: Summary of factors associated with mortality.
Status at 6 months
Factor (Prednisolone + P value
N-Acetylcysteine)
Dead Alive
Age (years) 55.6£6.9 50.9+£8.9 <0.001
MDF score 66.3+17.8 51.2%17.9 <0.001
Child pugh score 11.5%1.3 10.9+1.4 0.01
Total bilirubin decreases on day 7_no./total no (%) 31.51 (61) 10.9+1.4 <0.001
Total bilirubin decreases on day 14 _no./total no (%) 29/46 (63) 86/97 (89) 0.001

In patients who are alive showed statistically significant lower
values of total bilirubin decreased on day 7 and day 14. A prospective
validation of the finding that a decrease in the bilirubin level after
7 days of treatment is associated with a favorable prognosis and
also decrease of bilirubin on day 14 is associated with increased
survival. In our study, we observed a marked reduction of elevated
LFTs with the Ursodiol injection + SOC arm when compared to only
SOC arm. A significant (p<0.0382; P<0.016) reduction of major
toxic bile acid total bilirubin on day 7 and 14 was observed and also
significant (p<0.0569) improvement in total protein levels were
observed in Ursodiol injection + SOC Arm on day 60. Our study
observed that, lower mortality (14.28%) rate in Ursodiol injection
+ SOC arm B when compared to the SOC arm A (20%). Our results
were correlated with published literature on lower bilirubin levels
on 7 and 14 associated with a favorable prognosis and increased
survival. The quick reduction of toxic bile levels with parenteral

administration of Ursodiol might be beneficial for severe alcoholic
hepatitis patients in critical conditions. However, upon treatment
with Ursodiol injection some liver parameters (AST, ALT ALP etc.)
were numerically decreased, but not statistically significant, this
might be due to a very small sample size.

There was a gradual reduction of MDF & MELD scores of patients
in both treatment arms from day 0 to day 60 and no statistical
significance was observed when compared to the two arms but %
change from baseline was improved numerically in Arm B from day
14 to day 60 when compared to Arm A. There was no difference in
MDF values between the pentoxifylline group and placebo group
of a double-blind, placebo-controlled trial in AH patients with 4
weeks of treatment duration [28] with low sample size. A published
and American Association for the Study of Liver Diseases (AALSD)
guidance suggesting both MELD and MDF is useful for predicting
short-term mortality in patients with Alcoholic hepatitis [3-4].
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We have observed, patients with arm B (Ursodiol injection+ SOC+
ST) presented significant improvement in quality of life (SF-36)
when compared to SOC arm A (Figure 3). Rapid improvement was

observed in energy, physical health, physical functioning, sleep,
appetite emotional wellbeing and abdominal pain at day 7 of UDCA
+SOC arm.

Physical Functioning
100.0
£0.0 -
0.0

Day 0 Day 7 Day 60 Day 0

mArm-A mArm-B

Energy/Fatigue

Day 0

mArm-A W Arm-B
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Figure 3: Comparison of SF-36 Questionnaire for Arms A and Arm B.

Conclusion

In alcoholic hepatitis, the exposure of hepatocytes to high
concentrations of toxic bile acids is responsible for liver injury and
inflammation. Based on observed results we have concluded that
the beneficial effects of intravenous administration of Ursodiol to
patients with alcoholic liver diseases are to be considered in terms
of quick reduction of highly elevated liver enzymes, which leads
to improvement in quality of life in patients who were in critical
condition. Research studies also concluded that decreased total
bilirubin on day 7 and 14 is associated with lower mortality and
thereby clinical improvement. Parenteral infusion of Ursodiol in
severe alcoholic hepatitis at intensive care unit (ICU), resulted
in marked improvement in elevated liver function tests and
improvement in quality of life, statistically significant reduction in
serum bilirubin and improvement in serum albumin and protein
levels which are continued at 60 days also with no side effects. High
dose Ursodiol injection might be a promising, safe, and effective
therapy for management of severe alcoholic hepatitis. Severe
alcoholic hepatitis is associated with a high mortality rate due to
comorbid conditions such as severe kidney injury, uncontrolled
sepsis, and active gastrointestinal bleeding, these conditions
might hamper study outcome if not properly standardized during
inclusion and exclusion in the study. So, in order to establish
adequate efficacy and safety of Ursodiol injection, a well-organized,
randomized, controlled large clinical trials need to be conducted

in, with repeated treatment cycles in severe alcoholic hepatitis
patients.
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