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1. Introduction

Metabolic Syndrome (MetS) consists of physical con-
ditions and metabolic abnormalities commonly found in
association with increased risk for development of type-2
diabetes mellitus (T2DM), cardiovascular disease (CVD)
and other medical conditions . Worldwide prevalence
of MetS ranges from <10% to as high as 84%. Higher
socio-economic status, sedentary lifestyle and high Ba-
sal Metabolic Index (BMI) were significantly associated

*Corresponding Author:
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To assess the correlation between urinary C peptide creatinine ratio
with serum C peptide, serum insulin and its correlation with clinical and
biochemical parameters of metabolic syndrome. A total of 100 subjects
more than 18 years of age with metabolic syndrome according to ATP III
criteria with 100 controls were included in a prospective observational
study for a period of 1.5 years. Individual parameters of metabolic
syndrome was higher in females with hypertriglyceridemia was most
common and hyperglycaemia least common parameter of metabolic
syndrome. Fasting urinary C peptide creatinine ratio and Stimulated urinary
C peptide correlate significantly with fasting serum C peptide (p<0.01),
stimulated serum C peptide (p<0.01), serum fasting insulin (p<0.01) and
HOMA IR (p<0.01). A fasting urinary C peptide creatinine ratio of more
than 1.8 nmol/mmol, stimulated urinary C peptide creatinine ratio more
than 2.8 nmol/mmol and HOMA IR >2.7 can be used as a parameter to
distinguish individual with and without metabolic syndrome. Urinary C
peptide creatinine ratio correlate with serum C peptide and parameters
of metabolic syndrome and can be used as a non-invasive simple tool to
assess insulin resistance and also to distinguish patients with and without
metabolic syndrome.

with MetS. The prevalence of metabolic syndrome is
increasing in India, both in the urban and rural areas. It
has escalated in different parts of India to figures now
ranging from 11% to 41% "' Furthermore, the prevalence
is 1.5 -2 times higher in women compared to men .
The proposed central abnormality associated with MetS
is insulin resistance (IR) "“!. Insulin secretory capacity can
be assessed by measuring C-peptide. Serum C-peptide is
commonly used as a surrogate marker of endogenous in-

sulin secretory capacity but due to perceived practical re-
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strictions associated with sample collection its widespread
use is limited. A 24 hour urine C-peptide (UCP) excretion
provides an accurate means of assessing beta cell-secreto-
ry capacity and correlate with both fasting and stimulated
serum insulin and C-peptide ™. However, obtaining an
accurate and complete 24 hour urine collection has limited
the utility of this test """, Creatinine adjusted urine C-pep-
tide concentration enables the use of ‘spot’ urine samples
in place of 24-h urine collection. Several workers have
established that high serum C peptide levels coexist with
hyperinsulinemia in metabolic syndrome but there are
very few studies on correlation of urinary C peptide cre-
atinine ratio with metabolic syndrome and so we decided
to explore the correlation of urinary C-peptide creatinine
ratio in patients with metabolic syndrome and also its
correlation with parameters of metabolic syndrome at our
place.

2. Materials and Methods

A prospective observational study was conducted from
January 2018 to June 2019 on subjects attending Guwa-
hati Medical College. For calculating the sample size,
at 10% population prevalence and 5.8% margin of error
the required minimum sample size was 100. Total 100
Individuals more than 18 years of age fulfilling criteria
for metabolic syndrome according to ATP III with 100
control subjects were included. All agreed to participate
and gave oral and written consent. Criteria for metabolic
syndrome according to ATP III includes any three of five
criteria. Waist circumference >90 cm (M), >80 cm (F),
Fasting glucose >100 mg/dl, Triglycerides>150 mg/dl,
HDL cholesterol<40 mg/dl (M), <50 mg/dl (F), Blood
pressure->130 mm Hg systolic or>85 mm Hg diastolic.
Exclusion criteria includes patients with chronic kidney
disease (egfr<60 ml/min), post pancreatectomy, patients
on insulin and sulphonylureas. Detailed history and thor-
ough clinical examination were done as per proforma.
Anthropometric data collected from all the patients and
includes height and weight measurement. BMI calculated
for all patients and recorded, waist circumference and
hip circumference was recorded in all patients and waist:
Hip ratio calculated. Routine investigation like Haemo-
globin (Hb), Total Leucocytes Count (TLC), Differential
Leucocytes Count (DLC), Erythrocyte Sedimentation
Rate (ESR), Liver Function Test (LFT), Kidney Function
Test (KFT), Plasma glucose, HBA1C, eGFR Calculated,
Thyroid function test, ECG, Chest x ray, USG abdomen.
Markers of metabolic syndrome like hsCRP, serum uric
acid, fasting lipid profile (Triglycerides, Total cholesterol,
High Density lipoprotein, Low Density lipoprotein), fast-
ing blood glucose (FBG) done in all cases.

2 Distributed under creative commons license 4.0

Ethics approval

The Institutional Review Board of Guwahati Medical
College and Hospital approved the study protocol (Num-
ber-MC/190/2007/PT-11/47).

3. Method
Patient preparation

Stimulated urine sample collected to assess maximum
endogenous C-peptide response. Patients were asked to
collect second void fasting urine sample after voiding ear-
ly morning fasting urine. 75 gm of Glucose in water to be
taken within 5-10 minute, patient should not eat anything
else for the next 2 hours unless you have a hypoglycaemic
episode, in which case test should be done on another day.
Patient can drink water freely throughout the duration
of the collection. 2 hours after collect urine and send for
analysis. Sample processing done immediately for fasting
C-peptide (Serum & Urine), Stimulated C peptide (120
minutes post glucose) (Serum & Urine), fasting urinary C
peptide and stimulated urinary C peptide creatinine ratio
calculated and finding recorded, fasting serum Insulin.
HOMA IR calculated using fasting serum insulin and fast-
ing plasma glucose and findings recorded. The C peptide
and serum insulin measurement was done by electrochem-
iluminescence immunoassay “ECLIA” is intended for use
on Elecsys and cobas e immunoassay analyzers. Urinary
creatinine was assessed by Jaffé method using Roche/Hi-
tachi cobas ¢ systems..

Statistical analysis

Statistical analysis was done using SPSS software. The
continuous data were expressed as mean+ standard devia-
tion (SD) and range. Correlation was established by Pear-
son correlation method. Multilinear regression analysis
was used to determine association between dependent and
independent variable.

Patient and Public Involvement (PPI) statement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our re-
search.

4. Results

Our study reveals significant gender differences with
higher prevalence of metabolic syndrome in females as com-
pared to males. Out of total 100 patients, 43 (43%) patients
were male and 57 (57%) were females with higher rates of
metabolic syndrome in elderly. Females have significantly
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higher baseline fasting urinary C peptide and fasting serum C
peptide as compared to male (8.76+2.25 nmol/mmol; p-0.04;
1.74+0.65 nmol/mmol, p<0.0001). Similarly, fasting
urinary C peptide creatinine ratio, stimulated urinary C
peptide creatinine ratio (3.4+1.12 nmol/mmol, p<0.0001;
5.66+2 nmol/mmol p-0.02), serum insulin and HOMA IR
(12.854+2.43 1U, p-0.04; 2.65+0.62, p-0.04) were statisti-
cally significant in female subjects as compared to males.
Table 1 shows the baseline characteristics of patients and

control subjects. Hypertriglyceridemia was the most com-
mon and hyperglycaemia least common component of
metabolic syndrome in our study group (Table 2). There
was significant positive correlation between fasting uri-
nary C peptide creatinine ratio with Serum triglyceride
(r-0.721, p<0.01), CRP(r-0.783, p<0.01), fasting serum
C peptide (r-0.422, p<0.01) (Figure 1), stimulated serum
C peptide (r-0.663, p<0.01) (Figure 2), Serum Insulin
(r-0.528, p<0.01), HOMA IR (r-0.626,p<0.01), FBS (r-

Table 1. Baseline characteristics between cases and control

Variable Control Cases P value

Age 36.69+12.9 35.95+12.1 0.672

Serum creatinine 0.82+0.1 0.83+0.1 0.578
Weight 63.69+8.83 84.82+12.33 <0.0001

EGFR 106.8+14.3 107.76+14.08 0.634
AST 19.27+4.25 40.79+9.14 <0.0001
ALT 17.32+3.87 40.94+13.84 <0.0001
Cholesterol 124.71+18.93 175.48+35.83 <0.0001

LDL 134.08+24.18 146.3+£35.94 0.005

HDL 35.5+7.74 36.21+7.99 0.53

TG 207.27+44.16 208.27+47.72 0.878

Uric acid 6.01+0.85 6.02+0.87 0.902

hs-CRP 7.2+1.4 7.33+1.64 0.562

FBS 81.149.16 82.47+11.32 0.348
PPBS 128.96+9.02 134.78+13.16 <0.0001
Fasting urinary C peptide(nmol) 2.21+£0.42 8.36+2.22 <0.0001
Stimulated urinary C peptide (nmol) 3.55+0.59 13.76+2.58 <0.0001

Urine creatinine(mmol) 2.73+0.69 2.83+0.84 0.371
Fasting serum C peptide (nmol) 0.87+0.29 1.51+0.73 <0.0001
Stimulated serum C peptide(nmol) 1.39+0.45 2.51+0.75 <0.0001
Fasting urinary C peptide creatinine ratio(nmol/mmol) 1.2+0.32 3.12+1.08 <0.0001
Stimulated urinary C peptide creatinine ratio(nmol/mmol) 2.05+0.37 5.28+1.86 <0.0001
Waist circumference(cm) 79.98+7.36 109.19+12.32 <0.0001
Hip circumference(cm) 85.62+7.71 105.88+7.57 <0.0001
W:H ratio 0.94+0.05 1.05+0.05 <0.0001

Height(cm) 161.98+9.33 162.58+9.58 0.654
Weight(kg) 65.28+9.6 84.82+12.33 <0.0001
BMI (kg/m?) 24.63+2.34 31.97+3.31 <0.0001

HBAIC (%) 5.37+0.27 5.53+0.5 0.005
Fasting serum insulin (MIU/L) 10.98+1.46 12.43£2.32 <0.0001
HOMA IR 2.19+0.33 2.54+0.62 <0.0001

EGFR-Estimated glomerular filtration rate, AST-Aspartate transaminase, ALT-Alanine transaminase, FBS-Fasting blood sugar, PPBS-

Post prandial blood sugar, TG-Triglycerides, LDL-Low density lipoprotein, HDL-High density lipoprotein, hs-CRP-High sensitivity

C-reactive protein, BMI-Body mass index, HOMA IR-Homeostatic model assessment -Insulin Resistance

Distributed under creative commons license 4.0
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0.384, p<0.01), PPBS (R-0.536 P<0.01), Waist: Hip
ratio(r-0.421, p<0.01) (Table 3). Similarly there was sig-
nificant negative correlation between fasting urinary C
peptide creatinine ratio with HDL (r-0.195, p<0.01) (Table
4). Stimulated urinary C peptide creatinine ratio showed
significantly positive correlation with Serum triglyceride
(r-0.735, p<0.01), CRP (r-0.758, p<0.01), fasting serum
C peptide (r-0.399, p<0.01) (Figure 3), stimulated serum
C peptide (r-0.545, p<0.01) (Figure 4), Serum Insulin (r-
0.580, p<0.01), HOMA IR (r-0.634, p<0.01), FBS (1-0.331,
p<0.01), PPBS (1-0.386 p<0.01), Waist: Hip ratio (r-0.330,
p-0.001) (Table 5&6). On multiple linear regression
analysis with fasting urinary C peptide creatinine ratio as
dependent variable there was significant association with
stimulated serum C peptide (p-<0.0001), Serum FBS (p-
0.04), Serum triglycerides (p<0.0001) and fasting serum
insulin (p<0.0001) (Table 7). On multiple linear regres-
sion analysis with stimulated urinary C peptide creatinine
ratio as dependent variable there was significant associ-
ation with stimulated serum C peptide (p-0.03), Serum
triglycerides (p<0.0001) and fasting serum insulin (p-
<0.0001) (Table 8). The receiver operating characteristic
(ROC) curve of fasting and stimulated urinary C peptide
creatinine ratio for the diagnosis of Metabolic syndrome
was depicted and the area under the curve (AUC) was
calculated (Figure 5). The ROC curve identified a cut-off
of fasting UCPCR > 1.8 nmol/mmol and stimulated UCP-
CR >2.8 nmol/mmol for discriminating individual with
metabolic syndrome from control population (AUC 0.980
& 0.999) with 100% sensitivity and specificity. The ROC
curve identified a cut-off of HOMA IR >2.7 for discrim-
inating patients with metabolic syndrome from control
population (AUC 0.66) with 30% sensitivity and 95%
specificity.

Table 2. Distribution of component metabolic syndrome
among subjects(N-100) according to ATP III criteria

Component Male (N-43) Female (N-57) Total
FBS >100mg/dl 2(25%) 6(75%) 8(100%)
TG >150mg/dl 41(43.2%) 54(56.8%) 95(100%)
HDL
<40mg/dl (Males) 32 (74.4%) - 43(100.0%)
<50mg/dl (Females) - 47 (82.5%) 57 (100.0%)

Waist Circumference

Males >90cm 38 (88.4%) - 43 (100.0%)

Females >80cm - 51 (89.5%) 57(100.0%)
Systolic blood pressure
18(43.99 23(56.19 41(1009
(>130mmHg) (43.9%) (56.1%) (100%)
Diastolic blood pressure o o o
(>85mmHg) 33(49.3%) 34(50.7%) 67(100%)

Table 3. Pearson correlation: Fasting Urinary C peptide
creatinine ratio in metabolic syndrome(N-100)

Parameter Correlation coefficientr P Value
Fasting serum C peptide(nmol) 0.422 <0.01
Stimulated serum C peptide(nmol) 0.663 <0.01
Serum Insulin (MIU/L) 0.528 <0.01
HOMA IR 0.626 <0.01

Table 4. Pearson correlation: Fasting urinary C peptide
creatinine ratio in metabolic syndrome(N-100)

Parameter Correlation coefficientr P Value
Low Density Lipoprotein(mg/dl) 0.078 0.44
High Density Lipoprotein(mg/dl) -.195 <0.01
Triglyceride(mg/dl) 0.721 <0.01
Uric acid(mg) -0.011 0.913
hs-CRP (mg) 0.783 <0.01
Fasting Blood Sugar(mg/dl) 0.384 <0.01
Post Prandial Blood Sugar(mg/dl) 0.536 <0.01
HBAIC (%) 0.099 0.105
Waist Circumference(cm) 0.114 0.261
Waist: Hip Ratio 0.421 <0.01
BMI (kg/m’) 0.188 0.06

Table 5. Pearson correlation: Stimulated Urinary C pep-
tide creatinine ratio in metabolic syndrome

Parameter Correlation coefficientr P Value
Fasting serum C peptide(nmol) 0.399 <0.01
Stimulated serum C peptide(nmol) 0.545 <0.01
Serum Insulin (MIU/L) 0.580 <0.01
HOMA IR 0.634 <0.01

Table 6. Pearson correlation: Stimulated Urinary C
peptide creatinine ratio in metabolic syndrome

Parameter Correlation coefficientr P Value
Low Density Lipoprotein(mg/dl) 0.049 0.628
High Density Lipoprotein(mg/dl) -.163 0.105
Triglyceride(mg/dl) 0.735 <0.01
Uric acid(mg) 0.108 0.283
hs-CRP (mg) 0.758 <0.01
Fasting Blood Sugar(mg/dl) 0.331 <0.01
Post Prandial Blood Sugar(mg/dl) 0.386 <0.01
HBAIC (%) 0.105 0.298
Waist circumference (cm) 0.055 0.589
Waist:Hip Ratio 0.330 0.001
BMI (kg/m®) 0.142 0.16

4 Distributed under creative commons license 4.0
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Table 7. Multiple linear regression analysis with fasting Table 8. Multiple linear regression analysis with stimulat-

urinary C peptide creatinine ratio as dependent variable ed urinary C peptide creatinine ratio as dependent variable

95.0%
Confidence
Interval for B

95.0%
Confidence

Dependent Variable: Dependent Variable:

Fasting urinary C peptide Stimulated urinary C

creatinine ratio Interval for B peptide creatinine ratio

. Lower Upper . Lower Upper
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asting serum ISWHN— 149 3833 00001 057  .180 asting Serum mSUin— »31 4385 <0.0001 126 336
(MIU/L) (MIU/L)
Low Density Lipoprotein 000 -170 865 004 003 Low Density Lipoprotein 000 074 041 -006 006
(mg/dl) (mg/dl)
High Density Lipoprotein o 4o 640 013 .02  High Density 021 1410 162 -009 051
(mg/dl) Lipoprotein (mg/dl)
1o R?=0.1785
£ o o
E
s 8
3 _ °
[*] E ?
[-']
EE [ ®
£T s @ L @
;E E @ ™ Goq 4] | —
s 4 e P
g8 &3 " —vfeg © °
s83) g . o ﬂ-é»ﬂ'ﬁﬁ °g 80 o o o
P
g 1 g8 "%e o O_ge LPCE ® s
- "]
= 1 (-] o
ke
0
0 05 1 15 2 25 3 3.5

Fasting Serum C Peptide{nmaol/1)

Figure 1. Scatter plot: Fasting urinary c peptide creatinine ratio and Fasting Serum C Peptide
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Figure 2. Scatter plot: Fasting urinary c peptide creatinine ratio and stimulated Serum C Peptide
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ROC curve to identify patients with metabolic syn-
drome from control population. The ROC curve identified
a cut-off of fasting UCPCR > 1.8 nmol/mmol and stim-
ulated UCPCR >2.8nmol/mmol for discriminating indi-
vidual with metabolic syndrome from control population
(AUC 0.980 & 0.999) with 100% sensitivity and specific-
ity. The ROC curve identified a cut-off of HOMA IR >2.7
for discriminating patients with metabolic syndrome from
control population (AUC 0.66) with 30% sensitivity and
95% specificity.

5. Discussion

Higher levels of central obesity are found among
South Asians compared to European Whites with in-
sulin resistance is the central feature of the Metabolic
syndrome. In our study, we found higher prevalence of
metabolic syndrome in females (57%) as compared to
males (43%), metabolic syndrome rate increases with in-
creasing age and was higher in elderly. In a similar study
Seerat Beigh '” and D S Prasad "'’ found that female have
higher prevalence of metabolic syndrome as compared
to males and rates are higher in older age groups. On the
other hand, Anthonia o ogbera "* found that frequency
of occurrence of the metabolic syndrome was similar for
men and women and it increases with age in both sex-
es. Hypertriglyceridemia (95%) was the most common
and hyperglycaemia (8%) least common component of
metabolic syndrome in our study group. Also, individual
component of metabolic syndrome was higher in female
subjects as compared to males. Yasmeen khan "* in her
study found hyperglycaemia as the most common parame-
ter of metabolic syndrome followed by high Triglyceride,
obesity, high blood pressure and low HDL. Seerat Beigh
1% found hypertension (38%) the most important metabolic
syndrome parameters in the study subjects. Fasting urinary
C peptide creatinine ratio and stimulated urinary C peptide
creatinine ratio was higher in females as compared to male
subjects (2.76+0.93 nmol/mmol vs 3.4+1.12 nmol/mmol,
p<0.0001) & (5.66£2 nmol/mmol vs 4.79+1.56 nmol/mmol,
p-0.02) which was very similar to study by Nicholas J
Thomas " where he found that gender affects urinary C
peptide excretion, with values 1.48-fold higher in women
than men. This difference is because of gender differ-
ences in muscle mass in females as compared to males
which leads to higher creatinine excretion (3.02+0.91 vs
2.69+0.77, p-0.05). Similarly, Kulkarni et al " found that
urinary C peptide creatinine ratio to be 1.5 times higher in
women than men. Serum fasting insulin (12.85+2.43 TU
vs 11.8842.06 1U, p-0.04) and HOMA IR (2.65+0.62 vs
2.39+0.6, p-0.04) was significantly higher in female sub-
jects than males which is similar to study by Chen-Huan

Distributed under creative commons license 4.0

Chen "” in Chinese population. In our study fasting uri-
nary C peptide creatinine ratio was positively correlated
with fasting serum C peptide (1-0.422, p<0.01), stimulated
serum C peptide(r-0.663, p<0.01), fasting Serum Insulin
(r-0.528, p<0.01), HOMA IR (1-0.626,p<0.01) and Waist:
Hip ratio(r-0.421, p<0.01).Richard A Oram "' found that
in participants with normal renal function, fasting sec-
ond void UCPCR correlate with serum insulin, serum C
peptide, and HOMA2- IR. kulkarni et al " and Jose E "'
similar to our study found urinary C peptide correlated
with serum C peptide and serum insulin. Mary T "' found
that the fasting urinary C peptide may serve as a practical
method for estimating the secretion rate of insulin. Studies
on correlation between serum C peptide with blood sugar
level shows positive correlation but there are sparse stud-
ies on urinary C peptide and blood sugar level. We found
fasting urinary C peptide creatinine ratio to be positively
correlated with FBS (r-0.384, p<0.01) and post prandial
blood sugar (r-0.536, p-0.01). HsCRP and dyslipidaemia
known to be associated with metabolic syndrome and its
component but studies on urinary C peptide are lacking,
our study showed significant positive correlation with
hsCRP (r-0.783, p<0.01) and Serum triglyceride (1-0.721,
p<0.01). Yanai Wang *” on the other hand didn’t find
correlation between fasting urinary C peptide creatinine
ratio and triglyceride, HDL and LDL cholesterol. In our
study stimulated urinary C peptide creatinine ratio has
significant positive correlation with fasting serum C pep-
tide (r-0.399 p<0.01), stimulated serum C peptide (r-545
p<0.01), fasting serum insulin (r-580 p<0.01), HOMA IR
(r-634 p<0.01) which is in accordance with study con-
ducted by Richard A Oram """ where he showed 120 min
stimulated urinary C peptide creatinine ratio correlate
with serum insulin and serum C-peptide. Mary T "' found
that post prandial and 24 hour urinary C peptide excretion
correlate with secretion rate of insulin. Renato pasquali "
while evaluating clinical application of the 24-h urinary
C-peptide excretion rate found positive correlation with
fasting and post prandial serum C peptide. Pokhriyal BN
21 found that home urine C-peptide determination could
be practical alternative to serum C-peptide in detecting
severe insulin deficiency. Although no study has correlat-
ed stimulated urinary C peptide with metabolic syndrome
parameters, we found significant positive correlation be-
tween stimulated urinary C peptide creatinine ratio with
waist: Hip ratio (r-0.330 p<0.01), serum triglyceride (r-735
P<0.01), hsCRP (R-0.758 p<0.01), fasting blood sugar
(r-331 p<0.01) and significant negative correlation with
High density lipoprotein (r-241 p-0.016). We found that
on multivariate analysis both fasting and stimulated uri-
nary C peptide creatinine ratio correlate with stimulated
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serum C peptide as compared to fasting serum C peptide.
Literature also suggests that stimulated serum C peptide
to be more accurate as compared to fasting serum C pep-
tide. The receiver operating characteristic (ROC) curve of
fasting and stimulated urinary C peptide creatinine ratio
for the diagnosis of Metabolic syndrome was depicted and
the area under the curve (AUC) was calculated (Figure 5).
The ROC curve identified a cut-off of fasting UCPCR >
1.8 nmol/mmol and stimulated UCPCR >2.8 nmol/mmol
for discriminating individual with metabolic syndrome
from control population (AUC 0.980 & 0.999) with 100%
sensitivity and specificity. HOMA IR cut-off of 2.5 is
established for the diagnosis of metabolic syndrome with
sensitivity of >70% and specificity of >60% as shown by
previous studies in Indian adolescents ). The ROC curve
identified a cut-off of HOMA IR >2.7 for discriminating
patients with metabolic syndrome from control population
(AUC 0.66) with 30% sensitivity and 95% specificity.

This study opens the door for future clinical research
to establish additional criteria for diagnosis of Metabolic
syndrome and to assist in refining the definition of Met-
abolic syndrome. In view of lack of comparative studies
on urinary C peptide creatinine ratio in patients with
metabolic syndrome, small sample size and observational
design it is difficult to establish clinical significance of
subtle abnormalities noticed in this study. Further studies
are needed to verify the finding of our studies

In conclusions, urinary C-peptide is a useful indicator
of beta cell function owing to sensitivity, reproducibility
and convenience of the test. Urinary C peptide creatinine
ratio is feasible and reliable marker of insulin secretion
and insulin resistance in patient with metabolic syndrome.
Fasting and stimulated urinary C peptide creatinine ratio
correlate positively with markers of metabolic syndrome
and can be used for differentiating individuals with and
without metabolic syndrome with high sensitivity and
specificity. Urinary C peptide creatinine ratio may be in-
corporated in diagnostic criteria in the future. Similarly,
HOMA IR of >2.7 can also be used as cut off in individual
at high risk of metabolic syndrome. Further work is need-
ed to examine the potential clinical uses of this novel test
and to verify the finding of our study.

6. Strength and Limitation

Very few studies have been done on fasting and stimu-
lated urinary C peptide creatinine ratio and its correlation
in metabolic syndrome.

This study opens the door for future clinical research
to establish additional criteria for diagnosis of Metabolic
syndrome and to assist in refining the definition of Meta-
bolic syndrome.

8 Distributed under creative commons license 4.0

In view of lack of comparative studies on urinary C
peptide creatinine ratio in patients with metabolic syn-
drome, small sample size and observational design it is
difficult to establish clinical significance of subtle abnor-
malities noticed in this study.

Further studies are needed to verify the finding of our
studies.
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Earlier we have been reviewing the etiopathogenesis (EP) of obesity, type2
Diabetes mellitus (T2DM), Metabolic Syndrome (MetS), Non Alcoholic
Fatty Acid Liver Disease (NAFLD) non alcoholic steatohepapititis
(NASH), along with its propagation to Hepatocellular carcinoma (HCC)
in addition to their therapies exhaustively. T2DM continues to be a major
health issue with reaching epidemic to pandemic proportions. Liver disease
includes a spectrum of liver injury varying from isolated steatosis known
as Non Alcoholic Fatty Acid Liver Disease (NAFLD) to HCC. Clinically
it has been observed that the coexistence of NAFLD as well as T2DM is
prevalent. T2DM aids in the biological events that results in escalation
of robustness of NAFLD that constitutes the primary etiology of chronic
liver diseases. In the past 2 decades the incidence of nonviral NAFLD/
NASH, obtained HCC has been escalating at a fast pace. In view of no
appropriate agents for therapy of NAFLD/NASH, a thiazolidenedione
group of drug pioglitazone used for T2DM therapy is utilized occasionally.
Thus here we conducted a systematic review utilizing search engine
pubmed, google scholar; web of science; embase; Cochrane review
libraryutilizingtheMeSHterms like T2DM; MetS; NAFLD; NASH; HCC;
WAT; BAT; Visceral AT; Obesity; BMI; Adipocytokines; adiponectin;
leptin; resistin; visfatin; irisin; Hepatokines; angiopoietin like protein
2; hepatosscin; retinol binding protein 4; treatment like pioglitazone;
liraglutide; elafibranor CVC (cerviciroc); obeticholic acid; aramchol;
selonosertib; simtuzumab; Oxidative stress(OS); insulin resistance (IR)
from 1980’s to 2021 till date. We found a total of 1050 articles out of which
we selected 236 articles for this review. No meta-analysis was done. Hence
diagnosis avoidance in addition to treatment of the generation as well as
propagation of NAFLD/NASH are significant areas needing tackling. Thus
here we have summarized the EP of NAFLD/NASH, as well as NAFLD/
NASH, obtained HCC along with the present advantageous therapies under
trial, for NAFLD/NASH. Moreover how adipocyte obtained adipokines
along with liver obtained hepatokines might work as both diagnostic in
addition to therapeutic targets from NAFLD to HCC.
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1. Introduction

Earlier we have been reviewing the etiopathogenesis
(EP) of obesity, type2 Diabetes mellitus (T2DM), Meta-
bolic Syndrome (MetS), Non Alcoholic Fatty Acid Liver
Disease (NAFLD) non alcoholic steatohepapititis (NASH),
along with its propagation to Hepatocellular carcinoma
(HCC) in addition to their therapies exhaustively !'**
[besides many more]. T2DM, altogether with obesity,
NAFLD represents the commonest liver disease associat-
ed -in about 30% of the general population **'. The prop-
erties of NAFLD are hepatic triglycerides (TG), collection
in addition to insulin resistance (IR) . This is basically
the hepatic presentation of Metabolic Syndrome (MetS)
along with spans a problem encompassing benign with
hepatic steatosis to NASH . Widely the 2 are clubbed as
Non Alcoholic Fatty Acid Liver (NAFL) as well as NASH
I NAFL represents isolated steatosis, whereas NASH
possesses properties of steatosis, lobular inflammation
(alias infiltration by inflammatory cells), hepatocellular
ballooning in the existence or absence of fibrosis .
NASH is the one having maximum aggressiveness of the
NAFLD, possesses capacity of propagation to continuous
fibrosis, with a direct correlation with the risk of Hepato-
cellular carcinoma (HCC) generation that might be a ma-
jor reason for morbidity as well as mortality stimulated by
liver failure (Figure 1) ***”. Prevalence of NASH is about
30% in case of patients with NAFLD "'’ Roughly 20% of

patients with NASH having fibrosis propagate to cirrhosis
B2 Liver cirrhosis exists in just 50% of NAFLD-associat-
ed HCC ™. Incidence of NAFLD-associated HCC with-
out cirrhosis is about 8% of total HCC patients **, while
total incidence rate of HCC in NAFLD as well as NASH
varies from 2-13% .

In the clinical scenario NAFLD is present along with
T2DM, obesity, influencing synergism action resulting in
greater robust liver failures *%. Prevalence of NAFLD is
thought to be about 75% in cases with T2DM along with
90% in obese cases, that point to a significant association
of NAFLD with T2DM along with obesity °”. NAFLD
participates significantly in escalated incidence of T2DM
in addition to its complications . Further T2DM exac-
erbates NAFLD as well to a more robust type of NASH,
fibrosis as well as HCC (Figure 1) 7%,

HCC, represents a highly aggressive cancers "', Earlier
hepatitis C virus was believed to the commonest etiology
of HCC ™, although recently it has been illustrated that
till 50% of new onset HCC cases did not have a viral
etiology *". The causation of NAFLD/NASH stimulated
HCC is highly complicated, which is correlated with a lot
of modes like cellular plasticity, inflammation, apoptosis,
cell cycle as well as cell demise *. Hence therapy of
HCC is tough. Moreover it is essential that concentration
is done for avoidance of NAFLD/NASH propagation by
treating them earlier as well as avoidance of its propaga-
tion towards irreversible chronic liver Diseases like cir-

B The progression of NAFLD/NASH to HCC

= Type 2 diabetes & Obesity

HCC wuthout cirrhosis

2-'13%
,'.:p :
_p = '
Llpn-gamsm . Inﬂammatmn Flhmsls
=30% =20%
Normal liver NAFLD NASH Cirrhosis

HCC mth cirrhosis

Figure 1. The progression of NAFLD/NASH to HCC

Legend for Figure 1

Courtesy ref no-30-Type 2 diabetes and obesity aggravate the progression of NAFLD/NASH to HCC. Clinically, type 2 diabetes
coexists with NAFLD, and it aggravates NAFLD to more severe forms of NASH, hepatocirrhosis, and HCC, leading to a

metabolically worse phenotype.
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rhosis as well as HCC. No FDA approved drugs exist till
date.

Besides have reviewed a lot of therapies for NAFLD,
trials under way for NAFLD/NASH therapy, we had re-
viewed the role of adipocytokines in obesity as well as
T2DM associated heart failure (HF). Here we have tried
to update on EP of NAFLD/NASH, as well as NAFLD/
NASH associated HCC, besides the present beneficial
therapies for NAFLD/NASH under trials. Moreover the
initiation of as well as propagation can get influenced
by adipokines/organokines liberated from Metabolic or-
gans when Metabolic impairment exists like T2DM as
well as obesity ). Thus here we have concentrated on
organokines liberated by AT as well as liver. That are key
organs for controlling of lipid metabolism. Newer under-
standing with regards to adipoklines/hepatokines which
might serve as potential diagnostic as well as therapeutic
targets in NAFLD/NASH as well as NAFLD/NASH ob-
tained HCC. These are believed to be biological markers
which can anticipate robustness of NAFLD from NAFLD
to HCC.

Thus here we carried out a systematic review on the
association of various metabolic disturbances in the initi-
ation of various liver disorders ranging from NAFLD to
NASH and further towards HCC.

2. Methods

Thus here we conducted a systematic review utilizing
search engine pubmed, google scholar; web of science;
embase; Cochrane review library utilizing the MeSH
terms like T2DM; MetS; NAFLD; NASH; HCC; WAT;
BAT; Visceral AT; Obesity; BMI; Adipocytokines; adi-
ponectin; leptin; resistin; visfatin; omentin; irisin; Hepa-
tokines; angiopoietin like protein 2; hepatosscin; retinol
binding protein 4; treatment like pioglitazone; liraglutide;
elafibranor CVC (cerviciroc); obeticholic acid; aramchol;
selonosertib; simtuzumab; Oxidative stress(OS); insulin
resistance (IR) from 1980’s to 2021 till date.

3. Results

We found a total of 1050 articles out of which we se-
lected 236 articles for this review. No meta-analysis was
done.

4. Discussion

4.1 Etiopathogenesis (EP) of Non Alcoholic Fatty
Acid Liver Disease (NAFLD) as well as Non
Alcoholic Steatohepapititis (NASH)

Disturbed Balance -among fatty acids(FA) Metabolism

12 Distributed under creative commons license 4.0

NAFLD represents the commonest cause of chronic
liver disease. NAFLD occurs, secondary to escalated
triglycerides (TG), collection in the liver **. Hence the
balance among FA input as well as -output is key **. Im-
plying that generation of NAFLD takes place if levels of
exogenous FA uptake (by dietary ingestion along with ad-
ipose tissue (AT) lipolysis) as well as endogenous FA gen-
eration (DNL in liver is greater than the liberation of FA
(FA oxidation, lipolysis, as well as FA liberation in very
low density lipoprotein (VLDL) TG) from liver (Figure 2).

The liberation of FA from AT as well as effectiveness
of FA uptake by liver are escalated by about 59% in cases
of NAFLD ™! Liver FA is based on the number as well
as action of specific FA transporter as well as FA carrier
proteins like FA translocase (FAT, CD36), FA transport
polypeptide [FAT]) as well as, fatty acids binding protein
(FABP) . Like hepatic expression of FAT/CD36 is sig-
nificantly escalated in cases with NAFLD, as well as he-
patic expression of FABP4 as well as FABPS is intricately
correlated with intrahepatic TG collection.

In about 26% of patients, the method of aiding liver FA
pool is hepatic Denovo lipogenesis (DNL) 7. DNL rep-
resents metabolic event which is implicated in generation
of new FA from escalated glucose **’. It significantly aids
in hepatic lipid collection in etiopathogenesis of NAFLD
] The activation of 2 Transcription factors (of sterol reg-
ulatory element binding protein 1c (SREBPIc), as well as
carbohydrate responsive element binding protein [ChRE-
BP]), enhanced by insulin as well as glucose reaction to
dietary carbohydrate . They possess synergistic signif-
icant part in coordinated control of hepatic DNL. In rest
15% of patients of NAFLD, FA pool is obtained from diet
TG. That is correlated with chylomicron **',

The maximum lucrative theory in etiopathogenesis of
NAFLDis “2hit” posit ©”. 1st hit is IR, secondary to esca-
lated FA flux, 2™ is inflammation, correlated with gut ob-
tained endotoxins, Oxidative stress (OS) as well as mito-
chondrial impair. It is intricately associated with NAFLD-
NASH.

Endotoxin behavior

NAFLD as well as other insulin resistance (IR) dis-
ease are correlated with activation of innate immune
system=>chronic inflammation . Recently gut obtained
endotoxin, like lipopolysaccharides (LPS) have been
posited to possess a key part in liver inflammation sec-
ondary as well as propagation to chronic Liver Disease "**\.
Normally, Endotoxin can get absorbed from the lumen of
the intestine into theportal venous system in addition to
absorbed endotoxin would get cleared fast by the reticulo
endothelial system, specifically kupffer cells **. Never-
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(de novo lipogenesis)
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Il NAFLD development: An imbalance in FA metabolism

= Major risk factors

1. FA uptake *

2. De novo lipogenesis 1
3. Lipogenesis 1

4, Lipolysis |

5. p-oxidation |

6. TG secretion |
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: Release of FA from the liver
4. Lipolysis

5. FA oxidation (p-oxidation)
6. FA secretion in VLDL-TG

Figure 2. NAFLD development: An imbalance in FA metabolism

Legend for Figure 2

Courtesy ref no-30-NAFLD development is caused by an imbalance in the intrahepatocellular fatty acid (FA) metabolism. Hepatic

TG accumulation is promoted when the FA input is greater than the FA output in the liver. The greater part of FA taken up by liver

is mainly derived from the lipolysis of subcutaneous adipose tissue TG. Another major source of FA in the liver is derived from de

novo lipogenesis that converts excess glucose into FAs. On the other hand, the consumption of FA is possible through the signaling

pathway involved in lipolysis, f-oxidation, and TG secretion (—: signaling pathways related with TG accumulation by FA, —:

signaling pathways related with the consumption of FA).

theless, obesity, type2 Diabetes mellitus (DM) along with
other nutritional parameters can change intestinal per-
meability as far as bacterial excessive growth leading to
amucosal barrier that becomes leaky resulting in bacterial
transportation, that points to the liberation of endotoxin
into the systemic circulation ®*. These invasive pathogen-
ic deleterious by products have an impact on the liver li-
pid collection along with acceleration of proinflammatory
in addition to fibrosis events .

The part of LPS from gut microbiota (GM) in the gen-
eration of NAFLD as well as NASH has been highlighted
Y Circulating LPS amounts small intestinal permeability,
along with bacterial excessive growth are escalated in
cases of NAFLD, with these factors being correlated with
the robustness of hepatic steatosis ****. Livers getting
blood directly from the portal vein remain the major tar-
gets of LPS, alias endotoxin, with LPS toll like receptor 4
(TLR4) being one of the key pathways for the generation
of NAFLD. In case of mouse models, LPS infusion caus-
es stimulation of hepatic steatosis in addition to hepatic
insulin resistance, along with hepatic weight escalation

Distributed under creative commons license 4.0

371 LPS results in acceleration of liver damage in mice
receiving a diet lacking methionine-choline °*. The LPS
binding protein LBP-CD14 complex results in stimulation
of TLR4, that is necessary cascade needed for inflamma-
tory propagation ™. Once LBP deletion occurs it ame-
liorates inflammation modulated liver damage . TLR4
possesses the characteristics of stimulation of nuclear fac-
tor kB (NFxB) in addition to liberation of proinflammato-
ry cytokines like interleukin-1f3 (IL-1B), Tumor necrosis
factor alpha (TNFa) as well as IL-6 ®. Further it has the
ability of recalling damage associated molecular patterns
(DAMP), which get liberated from damaged cells, as well
as modulates FA-stimulated inflammation °"**, In the
form of -Pharmacological treatmentsin NAFLD as well
as NASH which target the microbiome, IMM-24 (an anti-
LPS antibody), solithromycin (next generation macrolide
antibiotic) along with TLR4 antagonist **).

Oxidative stress

Chronic Oxidative stress (OS) is crucial modes re-
sulting in liver damage in NAFLD. Oxidative stress is a
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process occurring generally in NAFLD as well as NASH
secondary to escalated generation of Reactive oxygen
species (ROS) . ROS in addition to lipid per oxida-
tion can reason out maximum histological parameters of
NAFLD as well as NASH . In case of hepatic steatosis
patients, mitochondrial ROS Oxidizes hepatic fat depos-
its along with ROS stimulated Fas ligand expression can
generate apoptosis ‘. Both peroxidation of along with
intra cellular membrane can directly result in apoptosis
stimulation as well as necrosis ', The robustness of lipid
peroxidation is associated with the robustness of steatosis
in addition to can reason out the correlation among the ro-
bustness of steatosis in addition to the chances of necrosis
inflammation along with fibrosis in NASH ““. ROS that
is a critical factor in the etiopathogenesis of NASH, can
result in a self created cycle of lipid peroxidation as well
as further cause ROS generation
chondrial DNA can result secondary to products generated
by lipid peroxidation as well as result in stimulation of
the transcription factor nuclear factor kB (NFkB), which
causes upregulation of TNFa '®*). Hence it further aids in
dysfunctional mitochondrial respiration in addition to es-
calation of ROS generation "\

Escalation of mitochondrial B-oxidation of FFA is a
significant generator of ROS in NAFLD as well as NASH
[l Enhancement of FFA flux during early NAFLD stage
cause activation of mitochondrial FA-oxidation (FAO),
which points to an early liver compensation modes for
hampering liver fat collection along with sustenance of
liver lipid homeostasis . In case of NAFLD as well as
NASH mitochondrial FAO is further escalated or mini-
mum conserves in the form of a compensation reaction.
The disturbed balance among mitochondrial FAO as well
as electron transport chain (ETC) would aid in escalation
of ROS generation by escalated leaking of electrons from
the ETC #*®). ROS stimulated lipid per oxidation results
in inflammation along with hepatic fibrogenesis via the
stimulation of hepatic stellate cells (HSC’s) ™.

Trusted circulation markers which might point OS in
cases with NAFLD have got documented. Urinary 8-iso
prostaglandin F2a (8-isoPGF2a) is believed to be trusted
pointer of OS in vivo """, as well as soluble NOX2-ob-
tained peptide (s-NOX2-dp) are further agreed upon as
marker that is correlated with ROS production on stim-
ulation of NOX2, that is a member of NADPH-oxidase
family "), Enhancement of urinary amounts of 8-isoP-
GF2a as well as serum soluble NOX2-obtained peptide
are believed to be ™ trusted pointers of oxidative stress
in case of chronic inflammation along with metabolic
disease "', Further the utilization of these markers can be
done for OS regarding anticipation of robustness of liver

!, Alteration of -mito-
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injury in NAFLD ", LPS is a significant constituent of
outer membrane of gram negative bacteria which results
in stimulation of exacerbation of inflammation as well as
Oxidative stress "*). Enhancement of circulating amounts
of NOX2 as well as LPS in NAFLD point to a potential
part in gut obtained LPS in systemic NOX2 stimulation .
Moreover -s- NOX2-dp -amounts -possess a positive cor-
relation of histological grading with steatosis, inflamma-
tion, ballooning, fibrosis as well as NAFLD activity score
(NAS) ", Gut obtained LPS might result in activation of
TLR4, as well as TLR4 — modulated NOXs activation can
lead to generation of ROS by macrophage infiltration ",
This can aid to hepatic steatosis in addition to IR "7,
Nevertheless, the variablility of metabolic alterations
take place in NAFLD are not enough to get reasoned out
by “2 hit” posit. Maximum metabolic conditions like obe-
sity, T2DM, Metabolic Syndrome (MetS), dyslipidemia
work as the risk factors for generation of NAFLD by the
“multiple hits” implicating a lot of factors (Figure 3) 7"\
These “multiple hits” are bioactive molecules liberated
from AT, nutritional factors as well as environmental fac-
tors 7,
4.2 Attractive Treatment in NAFLD as well as
NASH

With the recently advocated that pioglitazone, along
with high dosages of Vitamin E, efficaciously result in
amelioration of escalation of histological alterations in
cases of NASH ). Conversely metformin has no such
action in NAFLD patients *, as well as ursodeoxycholic
acid (UDCA), has no influence on liver histological alter-
ations, inflammation, or fibrosis in patients with NASH
8 Following are certain Pharmacological examples un-
der Clinical trials as well as might work out as promising
agent for NASH treatment (Figure 4). In addition, the
metabolic profile along with liver histology correlated ef-

fectiveness of these attractive drugs !'**"*!1.

Pioglitazone

Pioglitazone represents an anti diabetic drug thi-
azolidenediones (TZD) class utilized for T2D treatment
831 TZD’S are further referred to as glitazones. Two
TZD’s are presently approved by FDA for montherapy or
combination treatment with metformin as well as sulfo-
nylureas for T2D treatment "*. TZD’s meant for insulin
sensitization aid in controlling glycemia along with insu-
lin resistance (IR) **. The maximum significant benefit of
TZD’s was that hypoglycemia doesn’t result secondary to
its utilization with single treatment, with it not being con-

traindicated in patients presenting with renal disease **.
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Figure 3. NAFLD/NASH: “Multiple-hits”

Legend for Figure 3

Courtesy ref no-30-Multiple-hits pathogenesis of NAFLD and NASH. NAFLD begins with hepatic lipid accumulation and insulin
resistance, and progresses to NASH with the concert of various factors such as inflammation, endotoxin, organokines (adipokines and
hepatokines), and oxidative stress. (=: Factors related with multiple-hits).
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Figure 4. Pharmacological examples
Legend for Figure 4

Courtesy ref no-30-Current therapeutic targets for pharmacological treatment of NAFLD and NASH. There are no FDA-approved
medications for patients with NAFLD/NASH so far. Currently, various pharmacological therapeutic candidates are being applied
to the clinical trials. The illustration demonstrates the targeted pathway and phenotype for treatment of patients with NAFLD and
NASH.

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jer.v3i2.3520 15



Journal of Endocrinology Research | Volume 03 | Issue 02 | July 2021

TZD’s work by controlling metabolic pathway by bind-
ing to the nuclear transcription factor Peroxisome Prolifer-
ator adenineActivated Receptor y (PPAR y) in addition to
modulation of the expression of the target genes . The
genes possess a part in controlling glucose metabolism,
storage of FA’s along with adipocytes differentiation ™',
In agreement with this PPAR y agonist escalated the ex-
pression of glucose transporter 4 (GLUT4alias SLC2A4)
A as well as translocation, hamper TNFa as well as result
in enhancement of insulin sensitivity in case of organs
which are insulin sensitive ™. Conversely T2D treatment
effects increments of weight as an adverse action, since
PPAR vy Receptor’s are markedly expressed in adipocytes
] 'Enhancement of fat mass is restricted to the subcu-

taneous adipose depots instead of the visceral area ***.

That can be prevented by metformin therapy ",

Recently it got documented that the PPAR y agonist
Pioglitazone possesses significant actions on NAFLD/
NASH patients. In case of patients with NASH, it ame-
lioratedliver fat collection along with fibrosis ”?. In case
of patients with NASH in addition to T2DM, it results in
reduction of hepatic steatosis, inflammation as well as se-
rum alanine amino transferase (ALT) as well as aspartate
amino transferase (AST) with better liver function ”’. In
rodent models it decreases hepatic gluconeogenesis along
with results in escalation of insulin sensitivity in the liver
as well as other peripheral tissues "\

Obeticholic acid (OCA); or INT-747; Farsenoid X
receptor [FXR] agonist

Obeticholic acid (OCA) represents a Farsenoid X re-
ceptor [FXR] agonist, that is a nuclear receptor, with sig-
nificant expression in the liver along with small intestine,
having a significant part in the generation in addition to
enterohepatic circulation of bile acids, besides controlling
hepatic glucose as well as lipid metabolism, inflammation
as well as lipoprotein constituents in addition to bile acid
generation !, In rodent models OCA has anti-inflamma-
tory along with, anti-fibrotic actions on HSC’s as well as
macrophages “”. The transcriptional repressor small or
short heterodimer partner (SHP), crossreacts with liver
receptorhomologl (LRHI1), that represents a positive
controller of CYP7A1 which encodes for the rate limiting
enzyme in the classic bile acids generation pathway as
well as represses its ability for transcription 7. HSC’s
getting exposed to FXR ligands escalated the expression
of the transcriptional repressor SHP along with reduction
of factors correlated with liver fibrosis . Belief is that
an FXR SHP controlling axis has a significant part in
controlling liver fibrosis. OCA stimulation of FXR-action
has 100 times greater potency in contrast to the chenode-
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oxycholic acid, that is a natural FXR agonist . Escala-
tion of insulin sensitivity results with the use of OCA in
addition to, reduction of hepatic inflammation markers as
well as fibrosis in patients with T2D as well as NAFLD
%1 Weight reduction results in patients with NASH, with
this weight reduction having extra advantageous actions
on SerumALT/ASTamounts along with liver histology "*".
In addition to that it results in significant enhances fibrosis
in patients with NASH "', Tt represents 1 of the agents
holding maximum promise for NASH therapy, is in phase
3 trials "'

Elafibranor (GFT-505; Peroxisome Proliferator
Activated Receptor (PPAR)-agonist)

PPAR’s represent transcription factors that get activat-
ed by ligand, belonging to the nuclear hormone receptors
superfamily "), Their expression occurs in liver, adipose
tissue (AT), heart, skeletal muscle, as well as kidney, be-
sides controlling -p -oxidation along with gluconeogen-
esis ', Three kinds of nuclear receptor isoforms exist;
PPARa, PPAR 6, as well as PPARy. PPARa, facilitates
B -oxidation, decreases triglycerides (TG), amounts, be-
sides escalated high density lipoprotein (HDL) cholesterol
amounts "'*. Further it hampers nuclear factor kB (NFxB)
stimulation of inflammatory genes "*”. PPAR«a agonists
like fibric acids derived compounds like fibrates is in
usage widely for the treatment of hypertriglyceridemia,
while it doesn’t possess significant actions in NAFLD
patients "”!. The reason for this is the existence of PPAR«.
in a lot of organs besides liver. Akin to PPARa, PPAR 6
causes escalation of FA oxidation along with decreases
macrophages in addition to Kupffer cells activation, in
view of its existence on macrophages """, GW50516
represents a synthetic PPAR § particular agonist """
GW50516 can be thought of as attractive proposition in
Clinical trials, in view of it possessing potent efficiency,
however it possesses safety issues '™,

Elafibranor, alias GFT505 is a double PPARa as well
as & agonist """ Tt attenuates inflammation, apoptosis,
necroptosis in case of NASH mouse model "%, It led to
reduction of histological hepatic steatosis, inflammation
in addition to, robustness of fibrosis in both the NAFLD/
NASH as well as fibrosis mouse model """ It has a ten-
dency to result in weight reduction, but not that of liver
in case of diet stimulated NAFLD/NASH rodent models
"] In cases of obese subjects it enhances hepatic as well
as peripheral insulin sensitivity """, Moreover it hampers
proinflammatory (interleukin-1p, TNFa as well as F4/80),
in addition to, profibrotic transforming growth factor
beta TGF-B, tissue inhibitors of matrix metalloprotein-
ase (TIMP2), collagen typel, alpha2 as well as collagen
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typel, alpha2 markers in obese subjects 'Y, No -weight

gain was reported """, Presently it is getting analysed in
phase 3trials in NASH subjects ",

Arachidylamido cholanoic acid (Aramchol)
Stearoyl-Co A Desaturase (SCD1) Inhibitor

Aramchol represents the liver targeted, an innovative
synthetic lipid molecule,a conjugate of the bile acid, chol-
ic acid as well as arachidic acid (FABACs). It influences
liver fat metabolism by causing reduction in FA genera-
tion along with escalation of B -oxidation "', Furthermore
it results in stimulation of cholesterol efflux by activation
of the ATP — binding cassette transporterAl (ABCA1) ¥
Additionally, it decreases inflammation as well as fibro-
sis in methionine as well as choline deficient (MCD) fed
mice "%, Moreover it tends to ameliorate steatohepapititis
as well as fibrosis by causing reduction in SCD1 amounts
by controlling the transsulfuration pathway resulting in
escalated glutathione amounts as well as the glutathione
disulfide (GSSH/GDX redox couple for appropriate bal-
ance of redox environment "',

In a phase 2 trial, of patients with NAFLD, Aramchol
decreased the liver fat amounts along with liver histology
" No significant toxicity was observed as seen in cir-
culating ALT as well as AST amounts, besides alkaline
phosphatase (AP) amounts """, In view of it targeting
general properties of NASH (like escalated liver fat
amounts, lipotoxicity as well as OS) in addition to fibrosis
Aramchol is at present getting generated for NASH treat-
ment along with that of fibrosis. No significant alterations
in body weight was observed in NASH patients. Phase 3
clinical trials are ongoing in patients with NASH as well
as fibroses got started in 2019.

Liraglutide (GLP-1Agonist)

Glucagon like peptide 1 receptor (GLP-1) agonists
have got well proven -in the form of attractive anti Dia-
betic agent in animals as well as - patients with T2DM ">,
GLP-1 represents an incretin hormone liberated from the
L-cells in the distal ileum along with colon "'\, It causes
stimulation of pancreas resulting in insulin generation, in
addition to decreases glucagon generation "**). Endoge-
nous GLP-1 gets broken down by Dipeptidyl Peptidase-4
(DPP-4) enzyme within few minutes whereas Liraglutide
possesses long half life 13h '*¥,

Exenatide that is a synthetic Extendin-4 was the 1™
GLP-1R agonist that got FDA approval in 2005 for T2DM
treatment in form of monotherapy or as add on therapy
with metformin as well as or sulfonyl urea, in case control

was not sufficient "',
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Liraglutide, the second GLP-1R agonist that got a li-
cense in 2010 by FDA for T2DM treatment. Further in
2020 it got FDA approval for therapy of obesity patients,
dependent on its weight reduction advantages ">\, It pos-
sesses cardiovascular safety while treatment for weight re-
duction ""**. Anorexia secondary to Liraglutide is associat-
ed with glutamatergic POMC neurons, resulting in weight
reduction "*”). In cases of NAFLD as well as NASH it
causes reduction in liver fat amounts, besides with liver
histology getting rectified along with normalization of en-
zymes (ALT as well as AST amounts) without deterioratri-
on of fibrosis ["**]. In view of rodent studies demonstrating
Liraglutide conferred protection to pancreatic f3 cells from
apoptosis via AKT modulated survival signaling """,
It enhanced insulin sensitivity by activation of adenine
monophosphate activated -protein kinase (AMPK) as well
as decreases hepatic steatosis by modulation of lipid trans-
portation, B-oxidation, DNL, as well as autophagy ">

Selonsertib (ASK1 Inhibitor)

Balooning of hepatocytes, points towards the stim-
ulation of the apoptosis pathway, which represents a
hallmark of NASH along with fibrosis propagation "*".
Selonsertib represents -1°" in class Inhibitor of the apop-
tosis signal regulating kinase 1 (ASK1) "**. Selonsertib
hampers phosphorylation as well as activation of ASK1
by binding to the catalytic kinase domain of ASKI. It has
been posited recently possessing therapeutic potential for
fibrotic Diseases. In case of murine models, ASK1, that
is a serine/threonine kinase, results in phosphorylation of
p38 mitogen activated protein kinase (MAPK) as well as,
resulting in activation ofc-Jun —N terminal kinase (JNK)
resulting in activation of stress response pathways which
exacerbate hepatic inflammation, apoptosis in addition to
fibrosis "'’ In murine models of NASH, it significantly
enhances besides hepatic steatosis in addition to fibrosis
correlated with NASH, enhancement of cholesterol, the
bile acid and lipid metabolism "**, In phase 2 Clinical
trials of NASH patients as well as stage 2-3 fibrosis, it has
got demonstrated to avoid inflammation, fibrosis, escalat-
ed apoptosis as well as -propagation to cirrhosis "**. Con-
versely, phase 3 Clinical trials of NASH patients along
with advanced fibrosis were observed to escalate liver

histology, but had no influence on fibrosis regression !"**.

Simutuzumab (SIM;G6624)

Simutuzumab (SIM) represents a monoclonal Ab,that
targets lysyl oxidase —like 2 (LOXL2) enzymatic activity
which catalyzes the crosslinlinking of collagen in addition
to elastin, resulting in remodeling of the extra cellular ma-
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trix (ECM) "**. SIM binds TO LOXL2 as well as hampers
its enzymatic action """ Hence it hampers the generation
of growth factors that includes [connective tissue growth
factor (CTGF]/CCN2) as well as TGFB1 in addition to
results in reduction of fibrosis ""**\. In a mouse model
possessing advanced fibrosis stimulated by NASH, SIM
possesses an extra action in combination with the ASK1
Inhibitor "**. Nevertheless, in phase 2b clinical trials of
patients presenting with advanced fibrosis secondary to
NASH it did not display any action on enhancement of
fibrosis or cirrhosis that had been verified by hepatic col-
lagen amounts "),

C-C chemokine receptor CCR Dual -types -2 as
well as 5 (CCR2/CCRS) antagonist -(cenicriviroc)

Liver inflammation is intricately correlated with
chemokines responsible for controlling migration of
hepatocytes as well as immune cells "*"). The C-C
chemokine receptor 2 as well as 5 (CCR2, as well as
-CCRS5) with their associated ligands CCL2 as well as
CCL3-5) have a correlation with the pathogenesis of Liver
inflammation as well as fibrosis in the generation of ""**'*,
CCR2 in addition to its ligand CCL2 escalated hepatic ste-
atosis, macrophages collection, inflammation along with
fibrosis '*"". Hepatic Stellate cells (HSCs) on activation,
aid in fibrosis, liberate CCL5. CCLS5 influences profibrotic
action in hepatocytes through its receptor CCR5 as well as
results in stimulation of lipid collection as well as proin-
flammatory factors ""*".

CVC or cenicriviroc represents an innovative CCR2,
as well as CCRS antagonist which is at present in Clin-
ical generation for the therapy of liver fibrosis patients
presenting with NASH "**. CVC results in reduction of
markers of inflammation like IL-1p, IL-6 as well as influ-
ences antifibrotic actions "'*’. Fast track movement was
given by FDA in 2015, being a highly lucrative therapy
for NASH as well as liver fibrosis. In a phase 2b study of
NASH patients presenting with stage 2-3 fibrosis, CVC
-demonstrated enhancement in liver fibrosis. In addition to
no deterioration in -NASH ", At present a phase 3 clin-
icaltrial is ongoing for the therapy of NASH cases with
liver fibrosis "',

4.3 Diagnostic Approaches as well as Therapeutic
Targets in NAFLD as well as - NASH -
Adipocytokines

It is thought that NAFLD as well as NASH are sec-
ondary to lots of etiopathogenetic factors "*. Of these we
concentrate on adipokines liberated from adipose tissue
(AT) which yield fatty acids (FA) as the main site aid-
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ing for NAFLD generation *. Various Adipokines are
implicated in the pathogenesis as well as propagation of
NAFLD "*! Leptin, resistin, in addition to visfatin have
a part in NAFLD generation as well as propagation of
NASH "> Conversely adiponectin, irisin as well as
ghrelin have advantageous actions on NAFLD as well as
NASH "' Pharmacological drugs which impact liver
histology along with pathophysiology might affect these
adipocytokines amount. This points that adipocytokines
could prove to be significant therapeutic targets as well as
biomarkers in NAFLD robustness anticipation (Figure 5).
These adipocytokines might further have a significant role
in generation of HCC.

Adiponectin

Adiponectin is a significant Adipocytokines possessing
the ability to hamper NAFLD generation. A reduction of
circulating amounts of Adiponectin was found in cases
of NAFLD as well as NASH """ They had an inverse
association with the robustness of hepatic steatosis as well
as inflammation. Pioglitazone, the antidiabetc which had
a beneficial action on liver histology escalated adiponec-
tin amounts, in patients withNASH . Nevertheless,
metformin the commonest used antidiabetc agent did not
have any significant actions on either the liver histology
but decreased the adiponectin amounts *"*'!. Vitamin E
has a robust antioxidant action that can confer protection
to bodies cells against Oxidative stress "**. It had been
thought to be an alternate medicine advocated for NAFLD
as well as NASH. It enhances liver histology as well as
displays certain adv actions in case of non Diabetes mel-
litus cases with NASH, as well as apparently it enhances
adiponectin amounts ""**. Nevertheless, it has no efficacy
in NASH cases with T2DM "**!. In case of mouse models,
adiponectin represses hepatic lipid collection by lipid me-
tabolism collection by escalated FA oxidation along with
reduction in DNL “*. Adiponectin has anti inflammation,
anti fibrotic as well as anti apoptosis action ""**. Adiponec-
tin delivery escalates hepatic steatosis along with inflam-
mation ""**. Moreover adiponectin expression has an in-

.. . . 155
verse association with tumor size as well as recurrence ">,

Leptin

Leptin is a hormone possessing appetite repression
actions, that gets liberated from fat cells. It controls food
consumption, body fat in addition to insulin sensitivity
%% In animal models it is believed to escalate lipid me-
tabolism in case of non AT’s "), Nevertheless, in liver, it
accelerates hepatic IR, that results in liver steatosis. Fur-
ther it escalates -liver fibrosis ', Leptin delivery might
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Figure 5. NAFLD robustness anticipation

Legend for Figure 5

Courtesy ref no-30-Adipokines as diagnostic markers and therapeutic targets in NAFLD and NASH. Adipokines that are secreted

from adipose tissues are classified into anti-inflammatory adipokines and pro-inflammatory adipokines. Anti-inflammatory adipokines

including adiponectin, irisin, and ghrelin inhibit the development and progression of NAFLD and NASH, whereas pro-inflammatory

adipokines including leptin, resistin, and visfatin promote the development and progression of NAFLD and NASH.

escalate proinflammatory along with fibrogenic reaction
in the liver through procollagen 1 along with transforming
growth factor beta (TGF-B1) """, Nevertheless, in humans
its actions are not certain. Escalated circulating amounts
are present in patients with NASH "*”. Leptin expression
has a positive association with robustness of steatosis, in-
flammation along with fibrosis "*”. Leptin expression has
a positive association with cell proliferation in HCC, as
validated by proliferation marker Ki67 ">,

Resistin

Resistin is a proinflammatory adipocyte obtained mod-
ulator of hepatic IR "', Further it gets expressed in liver
as well. It is correlated with hepatic lipogenesis as well as
liver fibrosis "'*”. Circulating Resistin amounts are escalat-
ed in patients with NAFLD as well as NASH, with circu-
lating Resistin amounts in NAFLD patients are associated
with the robustness of steatosis, inflammation along with
fibrosis !'*”). Escalated Resistin amounts are believed to be
correlated with IR. In subjects with NAFLD Pioglitazone
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therapy escalates insulin sensitivity along with reduces
plasma Resistin amounts """

Ghrelin

Ghrelin represents an anti-inflammatory Adipokine.
It is the endogenous ligand for growth hormone secreta-
gogue receptor possessing a peptide structure having 28
amino acids "*. In patients with NAFLD lesser Ghrelin
are correlated with IR ", Plasma Ghrelin amounts possess
a significant association with liver function. Nevertheless,
Ghrelin amounts are not influenced by Pioglitazone in
the form of one of insulin sensitizers *"'. At the time of as
well as following NAFLD generation, Ghrelin delivery
escalates lipid metabolism, inflammation, Oxidative stress
as well as apoptosis '*”. In mouse models Ghrelin result-
ed in reduction in TG amounts as well as the cytokines
TNF-a, IL-6 as well as ameliorated lipotoxicity via auto-
phagy activation in addition to hampering NFxB %", In
toto Ghrelin might work as a biomarker for both diagnosis
and management of non alcoholic fatty liver disease.
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Irisin

Irisin is a myokine liberated from skeletal muscles on
shivering in addition to exercise stmn "*'®). Fibronectin
typelll domain containing 5 precursors (FNDCS5) is the
precursor of Irisin. FNDC5/Irisin facilitate thermogene-
sis in AT via ERK as well as p38pathways ', It causes
enhancement of glucosehomeostasis along with IR, be-
sides resulting in weight """ reduction. In the recent past
FNDC5/Irisin induction was obtained at the time of adi-
pocytes differentiation, as well as can get over liberated
from human visceral (VAT) as well as subcutaneous (SAT)
adipose tissue ', It is believed to be a compensatory
action. In agreement with this circulating Irisin amounts
are escalated in NAFLD patients, besides being positively
associated with portal inflammation ", that is further
thought to be a compensatory action.

Visfatin

Visfatin represents an inflammatory adipokine enzyme
(alias nicotinamide phospho ribosyl transferase as well
as pre B cell colony enhancing factor). Visfatin amounts
are escalated in T2DM in addition to insulin resistant
situations '™, Circulating Visfatin amounts are further es-
calated in NAFLD patients, besides being correlated with
hepatic steatosis as well as fibrosis """, Nevertheless, they
don’t get influenced by insulin sensitizers like pioglita-

zone, rosiglitazone as well as metformin "%,

4.4 NAFLD as well as - NASH --Obtained HCC

Pathogenesis of NAFLD as well as - NASH --
associated -HCC

HCC being the 3rd commonest etiology of cancer asso-
ciated mortality """, NAFLD as well as NASH associated
HCC represents the most rapidly escalated indication for
liver transplantation "'*'. Cirrhosis exists in about 60% of
cases of NAFLD as well as NASH associated HCC """,
This points that HCC can get stimulated from NAFLD
as well as NASH without cirrhosis. Hence belief is that
inflammatory parameters will also have a key part in
NAFLD/NASH-obtained HCC.

Gut obtained endotoxin

Already detailed how Gut obtained endotoxins work
in the form of alternative inflammatory parameters have a
significant part in the generation of NAFLD/NASH. The
amounts of LPS, alias endotoxins are further escalated in
portal as well as peripheral venous veins of patients with
HCC "7, They facilitate significantly the invasion poten-
tial besides inducing epithelial -mesenchymal transition
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(EMT), despite them hampering tumor growth as well
%1 LPS stimulates JNK in addition to MAPK through
TLR4 in HCC cells while hampering of JNK in addition
to MAPK causes a significant reduction in EMT taking
place "*. Hence the LPS-TLR4 signaling might be one of
the lucrative pathways in controlling the propagation from
NAFLD-NASH to HCC "*",

Adipokines

Adipokines represent inflammatory parameters asso-
ciated with HCC generation. Expression of adiponectin
in human HCC has an inverse association with the tumor
size " It escalates phosphorylation of c-jun N terminal
kinase (JNK) as well as activation of caspase 3 resulting
in apoptosis in HCC "**, Hampering of JNK phospho-
rylation avoids anti apoptotic actions of adiponectin "**.
Adiponectin has a chemoshielding, besides hepatoshield-
ing actions through sulfatase2 (SULF2) in HCC "],
Adiponectin deletion facilitates fibrosis as well as HCC
propagation in a choline deficient NASH mouse model
%41 Conversely high amounts of circulating adiponectin
makes it feasible to anticipate the subsequent generation
of HCC along with poor HCC survival ""*. Moreover ad-
iponectin hampers the oncogenic action of leptin on cell
proliferation, migration as well as invasion of HCC ",

Leptin expression is escalated in hepatoma tissues as
well as cell lines "**'. Regulatory T Cells(TRegs), effector
CD 4+T cells, as well as CD 8+T cells result in stimula-
tion of the expression of the Leptin receptor (LEPR) in
the liver following generation of HCC "*”. Macrophages
as well as, dendritic cells, upregulate LEPR expression on
the T Cells. Leptin hampers activation of TRegs as well as
function "*. Escalated Leptin expression in HCC is cor-
related with the expression of human telomerase reverse
transcriptase (h\TERT) "*”). Leptin might possess a key
part in obesity associated tumorigenesis. Adipokines that
include adiponectin along with Leptin are critical actors
in obesity associated conditions as well as might be impli-
cated in the etiopathogenesis of NAFLD as well as HCC.

Diagnostic as well as - -Therapeutic target in NAFLD
as well as - NASH --Obtained HCC-Hepatokines

The liver is an organ which liberates cytokines, known
as hepatokines. Adipose tissue (AT) in NAFLD, having
the properties of hepatic TG collection, has a key part
in facilitation of FFA uptake into the liver via lipolysis
3 Hence the part of adipokines from AT, that yields
energy source for the generation of NAFLD, would be
very significant in the liver. Conversely, lipid droplets
collection by itself does not influence inflammation as
well as is believed to be simple steatosis. The propaga-
tion from NAFLD to NASH to HCC needs extra factors
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like oxidative stress, mitochondrial impairment as well as
endoplasmic reticulum (ER) Stress **'®). Another signif-
icant factors facilitating NASH in simple steatosis is free
nonesterified cholesterol as well as its oxidized products
%1 They are cytotoxic, influencing synergistic actions
with TNF, that is markedly escalated in NASH patients
[ Hence hepatokines liberated from liver might have an
impact of potency in the propagation of NAFLD to NASH
to HCC (Figure 6) greater propagation.

02-HS- glycoprotein (Fetuin A as well as - Fetuin B)

Fetuin A, that is one of the liberated glycoproteins is
believed to be the 1* hepatokine demonstrated to be corre-
lated with metabolic diseases *”". Fetuin A gets positively
correlated with hepatic steatosis as well as IR1 ", Tts
amounts are escalated in patients with NAFLD, NASH in
addition to T2DM "*”, In the form of a significant source
of NAFLD generation, FFA escalates proinflammatory
Fetuin A expression ¥, FFA stimulated Fetuin A works
as an endogenous ligand of TLR4, as well as accelerates

lipid modulated insulin resistance "**. FFA can further
escalate the recruiting of NFxB to the Fetuin A promoter
as well as escalate the generation as well as liberation of
Fetuin Ain primary hepatocytes "*Y. Pioglitazone signifi-
cantly represses serum Fetuin A amounts in patients with
T2DM " Pioglitazone hampers mRNA as well as pro-
tein amounts of hepatic Fetuin A along with oral delivery
of pioglitazone in mice partly mitigated IR with reduction
in hepatic Fetuin A expression . These data point that
Fetuin A might serve as a therapeutic target of NAFLD/
NASH as well as IR. Moreover circulating Fetuin A
amounts are escalated in patients with HCC """, Fetuin
B -might also work out to be an independent pointer of
NAFLD generation "*"), It also stimulates hepatic steato-
sis, IR, glucose intolerance """\, It results in phospho-
rylation amounts as well as exacerbates LXR/SREBPIc
modulated hepatic lipogenesis “**. Conversely, circulat-
ing Fetuin A as well as circulating Fetuin B amounts in
NAFLD patients have a negative correlation with liver
fibrosis ",

* Fetuin-A: Hepatic stamcmisf, Insulin resistance

* Fetuin-B: Hepatic Sl:iailln::ul-is'?l Insulin raai:;i.anﬂ.’:!ﬂ'1 Glucose tolsram:nf
+ RBP4: Insulin resistance?

* Hepassocin: Hepatic Iipuganasisf

» FGF21: p-oxidation?, Hepatic lipogenesisy , Insulin resistancey

+ Fetuin-A: Hepatic steatosist Insulin resistance?

* Fetuin-B: Hepatic Smnmisﬁ Insulin rasistanco‘:‘, Inﬂnmmnﬂon‘r
+ RBP4: Lobular inﬂammntiunf ,Fibrnsia?

+ FGF19: Hepatic lipid accumulauonf

+ ANGPTLS: Hepatic stantush‘r . Tumor cell proliferation *
+ ANGPTL4: Tumorigenesis{, Metastasisq

Figure 6. the propagation of NAFLD to NASH to HCC

Legend for Figure 6

Courtesy ref no-30-Hepatokines that are secreted from the liver are closely associated with the progression from NAFLD to NASH
to HCC. Hepatokines including Fetuin-A, Fetuin-B, RBP4, and FGF19 play an important role in NAFLD and NASH. They are
associated with hepatic lipid accumulation, insulin resistance, and inflammatory signaling pathways. Additionally, ANGPTL4 and 8

tend to function in opposite ways in HCC tumorigenesis.
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Retinol Binding protein-4 (RBP4)

The liver has a central part in Vitamin A metabolism.
In NAFLD hepatic Vitamin A homeostasis gets disturbed
(2] RBP4 is a particular Retinol/Vitamin A carrier protein
liberated from the liver. Further it also gets liberated from
adipocytes along with macrophages “*). Serum RBP4
amounts are correlated with NAFLD generation %,
Circulating RBP4 amounts have a positive association
with body mass index (BMI) as well as IR ). In case of
moderate to severe NASH, escalated amounts of RBP4
was association with lobular inflammation in addition
to fibrosis scores **. In case of cirrhosis, expression of
RBP4 escalated hepatic glucose generation, but not insu-
lin sensitivity *””. One knows that Vitamin A homeostasis
is impaired in addition to decreased secondary to liver fi-
brosis as well as cirrhosis. Significantly escalated amounts
of RBP4 might become a marker for NAFLD generation,
along with the lower amounts of RBP4 might further be a
marker for propagation of NASH with fibrosis in NAFLD
stages **Y.

Hepassocin (HPS)

Hepassocin is a hepatocyte obtained fibrinogen corre-
lated peptide (HFREP-1), a hepatokine which is implicat-
ed in during liver regeneration ***. In case of mice along
with human patients with NAFLD, plasma HPS amounts
are escalated ™", Overexpression of hepassocin escalated
hepatic lipid collection, besides NAFLD activity scores
(NAS), while its removal enhances them “*?'”. Serum
HPS amounts are escalated with the amounts of inflam-
matory cytokines in addition to lipogenic gene expres-
sion ', HPS stimulated hepatic steatosis gets triggered
via the extracellular signal regulated kinase (ERK1/2)-
based pathway “'". FFA stimulates expression of HPS
B2 "Oleic acid the maximum distributed unsaturated
fatty acids, stimulates expression of HPS vis the Signal
Transducers and Activators of Transcription3 (STAT3)
signaling """, Palmitate, that has the maximum content
of saturated fatty acids, stimulates expression of HPS via
endoplasmic reticulum (ER) stress — modulated p38 acti-
vation by C/EBPp in primary hepatocytes *'. In addition
to that hepatic expression of HPS gets escalated by partial
hepatectomy in mice, as well as gets stimulated by hepatic
nuclear factor 1(HNF-1a) via the IL-6/STAT3 pathway
3 Delivery of HPS confers protection against liver dam-
age as well as escalates survival in rats with hepatitis ',
Liver particular expression of HPS gets suppressed with
the downregulation of the correlation of HNF1 alpha with
reduced amounts of hepassocin in human Hepatocellular

. 213,21
carcmoma[ > 5].
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Fibroblast -growth -factor 19 and -21 (FGF19 as
well as - - FGF21)

FGF19 as well as FGF21 belong to the FGF19 family,
which needs the Klotho proteins as cofactors. They stim-
ulate FGFR4 along with Klotho, that has an abundance of
expression in hepatocytes ', FGF19 as well as FGF21
have the role of controlling glucose, lipid as well as bile

acid metabolism *'",

Fibroblast -growth -factor 19 (FGF19)

In case of NASH, the amounts of serum FGF19, Fibro-
blast growth factor receptor 4(FGF R4), along with bile
acids are significantly escalated, that causes dysfunction
of FXR as well as FGFR4 modulated signaling *'*'. In cas-
es of NASH, FAF analogue significantly causes reduction
in hepatic lipid accumulation. Conversely up regulation
of FGF19 is correlated with the propagation, recurrence,
in addition to worst prognosis of HCC *'”'. The - Klotho
proteins are further escalated in liver as well as serum of
subjects with HCC "),

Fibroblast -growth -factor 21 (FGF21)

The hepatokine FGF21 possess advantageous actions
on hepatic lipid metabolism. It escalates lipid oxidation,
represses DNL, in addition to escalate insulin resistance
by inhibiting mammalian target of rapamycin complex1
(mTOR) ", Hepatic FGF21 expression possesses a
positive association with adipocyte in addition to intra
hepatic TG, with its serum amounts being escalated by
significant amounts in subjects with obesity, NAFLD
as well as T2DM “**. Serum amounts of FGF21 are es-
calated in obese children with or without NAFLD #*/,
Escalated amounts of FGF21 are believed to be based on
the robustness of steatosis, along with positive association
with NAS . Cases of advanced NASH can be labelled
on the basis of properties of circulating FGF21 amounts
in combination with inflammatory factors (cytokeratin 18,
M30antigen, IL-1Ra, pigment epithelium-based factor, as
well as osteoprotegrin) **°
as hepatic FGF21 amounts are seen in cirrhosis as well as
HCC 9,

!, Enhancement of serum as well

Angiopoietin —Like Protein- 8 (betatrophin/
ANGPTLS)

ANGPTLS/betatrophin represent a circulating hepa-
tokine also called TD26 as well as lipasin 7. It is sig-
nificantly expressed in liver as well as visceral adipose
tissue (VAT) ***). Over expression of ANGPTLS in brown
adipose tissue (BAT) escalates lipoprotein lipase (LPL)
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action along with TG uptake "****” [reviewed by us in

169]. Serum ANGPTLS are significantly escalated in pa-
tients with pre Diabetes as well as type2 Diabetes ™. It
has been documented that ANGPTLS is not implicated in
Pancreatic PBcells expansion, although it has a part in con-
trolling glucose along with lipid metabolism in mice **"**.
In addition ANGPTLS expansion is significantly esca-
lated in HCC ™. It crosstalks with SREBP1, secondary
to which it facilitates lipogenesis along with tumor cell
proliferation in HCC ®*, Hence it is believed that it has a
positive association with the tumor size. ANGPTLS needs
ANGPTL 3 instead of controlling LPL by itself #***%,
ANGPTL 3 controls TG metabolism by directly hamper-
ing LPL ®**1 ANGPTL 4 gets markedly expressed in
liver as well as adipose tissue, in addition to can controls
TG metabolism by hampering LPL action ******. Never-
theless, ANGPTL 4 expression reduction exists in HCC,
besides Over expression of ANGPTL4 hamper hepatocar-
cinogenesis along with metastasis of HCC .

5. Conclusions

Over the past 2 decades the percentage of HCC cases
possessing non viral etiology has been escalating at a fast
pace. Secondary to this the significance of NAFLD/NASH
obtained HCC has been showing up. At present what holds
the truth is that management of subjects with NAFLD/
NASH is usually carried out with the utilization of medi-
cines for the treatment of type2 Diabetes mellitus as well
as hyperlipidemia. The adverse actions which show up
following the long term utilization have to be taken into
account. Hence proper therapeutic targets along with FDA
approved treatments are required at war footing. It is be-
lieved that the causation of failure of generation of a ther-
apy for subjects with NAFLD/NASH in spite of contin-
uous attempts are i) pathogenesis is still not totally clear;
i) absence of actions; iii) safety issues. Adipose tissue as
well as the liver constitute the most significant organs that
are correlated with lipid metabolism. Hence it is essential
to watch adipokines as well as hepatokines that can work
as diagnostic in addition to therapeutic targets as well as
signaling pathways that get targeted by the present ther-
apies. In addition, to that it needs to get deep insight via
the classification as per the etiology of NAFLD. It would
yield a significant point of view for the regulation of the
metabolic phenotype from NAFLD to NASH to HCC. At
present it has been accepted that think of NAFLD as being
occurring secondary to a concert of different parameters
that include nutritional factors, Gut Microbiota, genetic
in addition to epigenetic factors as well as adipokines in
addition to hepatokines. To be able to achieve a successful
therapy, it is essential to watch different factors in a wider
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perspective.
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1. Introduction

Acromegaly is a chronic illness characterised by chang-
es in appearance, skeletal deformities and various met-
abolic disorders. In 95% of cases, acromegaly is caused
by excessive secretion of the growth hormone (GH) by

*Corresponding Author:
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Introduction: Acromegaly is chronic progressive disease with multisystem
involvement characterised by an excess secretion of growth hormone and
increased circulating insulin like growth factor 1 concentration.

Aims and Objectives: To assess surgical outcome of acromegaly patients at
tertiary care institute using SF 36 quality of life questionnaire. SF-36 scores
comprise 3 components: the physical component summary (PCS), the mental
component summary (MCS) and role-social component summary (RCS).

30 acromegaly patients admitted in Guwahati medical college were
enrolled in study and followed up post operatively for surgical remission.
All participants completed the SF-36 preoperatively, 1 year and 2 years
postoperatively.

Material and Method: Out of 30 patients 6 patients had surgical remission
post operatively on the basis of postoperative glucose suppressed GH Level
done after 12 weeks. Preoperatively subscale scores (physical functioning,
role physical, general health) which were below the set standards for the
normal population show significant postoperative improvements along with
mental health (MH) scores. Similarly, PCS, MCS and RCS scores changed
significantly after surgery. We also compared the QOL of 6 patients whose
peak GH level was < 0.4 pg/L during postoperative oral glucose tolerance
testing with those patients whose nadir GH level was > 0.4 pg/L. There
was significant difference between partial and complete remission group in
subscale score role physical, social function and mental health. Similarly,
PCS and RCS score significantly different in partial and complete remission
group than MCS score.

Conclusions: QOL is considerably reduced in patients with acromegaly
compared to general population which improves significantly after surgical
treatment. Patients achieving the new remission criteria had significant
improvement in physical and social components than those who did not.

a hormonally active adenoma of the anterior lobe of the
pituitary gland (GHoma) which in turn leads to excessive
secretion of insulin-like growth factor-1 (IGF-1). Exces-
sive secretion of IGF-1 results in bone and soft tissue
proliferation in the distal extremities, the jaw, tongue, lips,
nose and the frontal eminence. Disease control by vari-
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ous means can improve metabolic function, improve life
expectancy and reduce morbidity '), Metabolic abnor-
malities associated with acromegaly lead to cardiac hyper-
trophy, heart failure and increased incidence of ischemic
heart disease which is the leading cause of death in pa-
tients with acromegaly "*!. The introduction advanced
surgical techniques have significantly improved the cure
rate of acromegaly patients ", Remission of acromegaly
is usually defined on the basis of 3 month post-operative
suppressed GH< 1 ug/l, however according to a new con-
sensus guideline based on GH suppression to < 0.4 pg/
L and age and sex adjusted IGF 1 level is recommended
Pl We do not know the effect of surgical remission on the
post-operative QOL in patients with acromegaly and also
of new consensus criteria. So, we conducted this study to
assess the effect of surgical treatment on quality of life
using SF36 questionnaire in a prospective cohort of acro-
megaly patients. We also evaluated the quality of life in
patients who have achieved remission according to new
consensus criteria.

2. Material Methods

30 newly diagnosed acromegaly patients (14 men and
16 women) based on clinical, biochemical and radiolog-
ical features with an average age of 44.5 years (range
21-67) were included in study. The diagnosis of acro-
megaly was confirmed with post oral glucose tolerance
test (OGTT) GH >1.0 pg/L, and IGF-I level was above
the upper normal range for age and sex. Patients were
treated using transsphenoidal surgery performed by a
senior neurosurgeon during period of 2015-2019. IGF-1
normalization was achieved in 6 out of 30 patients (20%)
according to new consensus criteria (peak GH level dur-
ing the OGTT of < 0.4 pg/L). All participants underwent
an OGTT 3 months post-surgery and based on that peak
GH level were divided into old consensus criteria (nadir
GH level during the OGTT of < 1 pg/L or >1ug/L): the
complete remission group or the not in remission group.
Complete remission group was further divided according
to a new consensus guideline into: the complete remission
group and the partial remission group (postoperative nadir
GH level during the OGTT of < 0.4 ng/L or > 0.4 pg/L).
We compared the clinical and biochemical characteristics,
and postoperative SF-36 scores between the two groups.
We also did pre- and post-surgical hormonal profile and
follow-up patients 3 monthly.

3. Survey Methods

We conducted thorough Clinical and biochemical ex-
aminations pre- and 3-month post- surgery. The validity

Distributed under creative commons license 4.0

and reliability of SF-36 have been already established
in Indian population and has been used to assess health
outcomes in several diseased population "'*'""". All 30 pa-
tients completed SF 36 quality of life questionnaire at the
assessment. The quality-of-life questionnaire evaluates 12
items regarding a patient’s general well-being, each item
has multiple questions under it and all questions have 5
possible answers. All questions are scored on a scale of
1-5. The items are scored in various scales: physical func-
tioning, daily activities, symptoms, social, psychological,
general health perception, sleep, sexual health, pain, en-
ergy, body image and cognition. Higher the scores poor is
the quality of life. We compared the pre- and post- opera-
tive quality of life questionnaire scores. All patients com-
pleted preoperative questionnaire. In this questionnaire,
responses to questions around physical symptoms — My
body has enlarged/ grown enormously — could be given
as “not important”, “slightly important”, “important”,”
fairly important” or “very important”. We also assessed
the severity of obstructive sleep apnoea with the help of
polysomnography which is shown by the apnoea hypo-
pnea index (AHI).

4. Statistical Analysis

Subjects were divided based on remission criteria.
Spearman correlation coefficients were calculated be-
tween the change in IGF-I levels and SF 36 scores.
Non-parametric tests (Mann-Whitney U and Kruskal-Wal-
lis one-way ANOVA) were performed to test the statistical
significance of differences between different groups. All
statistical analyses were performed with SPSS software
and a p<0.05 was considered statistically significant. In-
formed consent was obtained from all the individual par-
ticipating in study.

5. Results

Table 1 shows the baseline characteristics of individu-
als. A total of 14 males and 16 female individuals Patient
with mean age of 44.5 years (21-67) and mean duration
of symptoms7.6 years (4 years-15 years) were included.
Dyslipidaemia was the most common co-morbidity (80%),
followed by hypertension (73%) and diabetes (60%).
Coronary artery disease was present in 8 (26%) patients
at baseline with none of them having history of cerebro-
vascular accident or malignancy. Acral enlargement was
the most common symptom (73%) followed by arthralgia
and fatigue (66%) (Table 2). Hyperprolactinemia (53%)
was the most common hormonal abnormality followed
by low cortisol (40%), hypothyroidism(30%), hypog-
onadism (23%) and diabetes insipidus (10%) (Table 3).
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Pituitary macroadenoma was found in (83%), followed by
microadenoma(10%) and empty Sella (6.6%). On immu-
nohistochemistry 24 patients had somatotroph adenoma,
4 patients had mamo-somatotroph adenoma and 2 patients
had pleurihormonal adenoma. All patients were treated
with surgery for IGF-1 normalization. Preoperative mean
stimulated GH level was 66.4+55.4 ng/ml (1.5-185) and
postoperative stimulated GH was 6+4.9 ng/ml (0.1-16)
which was significant (p-0.003). The preoperative IGF-
1 levels ranged from 344.0 pg/L to 1400.0 pg/L (mean:
797.3 £ 275.1 pg/L). There was a significant reduction
in postoperative serum IGF-1 levels (388 + 200 pg/L, p
-0.003). No significant change in proportion of patients
with hypertension, diabetes mellitus, or hyperlipidaemia,
AHI. Fewer patients required hormonal replacement post
operatively at 12month (Hyperprolactinemia-8, Hypothy-
roidism-4, low cortisol-6, hypogonadism-5, diabetes insip-
idus-1). Figure 1 shows Preoperative and postoperative (12
month and 24 month) subscale scores. Preoperative phys-
ical functioning (PF), role physical (RP), general health
(GH) was below the national standard value as indicated
by the boxed value. Significant postoperative improve-
ments were observed for the physical functioning (PF)
(53+10.4 vs 60+8.7 vs 63.34£6.7, p<0.0001), role physical
(RP) (50.1£8.7 vs 60+£9.9 vs 60.8+13.3, p<0.0001), gener-
al health (GH) (47.548.3 vs 63.6+8.1 vs 62.1+8.8, p,0.001)
and mental health (MH) (58+7.8 vs 64.8+6.8 vs 70+6,
p<0.0001) scores but not in bodily pain (BP) (62.8+9.1 vs
63.5+9.2 vs 63.6+9.1, p-0.934 ), vitality (VT)(65.1+7.2 vs
65.3+7.1 vs 65.6£7.6, p-0.965), social functioning (SF)
(64.6+7.7 vs 64.8+7.7 vs 65.8+7, p-0.969), role emotional
(RE) (63.1+8 vs 63.3£7.6 vs 63.5+7.6, p-0.986). Figure
2 shows the preoperative and postoperative results of
PCS, MCS, and RCS score. The baseline score was close
to the national standard. The PCS, MCS and RCS scores
did change significantly after surgery. Figure 3 shows
pre-operative and post-operative subscale score in patient
group. There was significant difference in subscale score
between partial and complete remission group in role
physical (RP) (57.6+12.7 vs 71.4+9.8, p-0.014), social
function (SF) (63.4+7.8 vs 70.7+6, p-0.05) and mental
health (MH) (68.4+5.7 vs 75+4, p-0.009). Similarly, PCS
(64.2+4.4 vs 67.5£4.6, p<0.012) and RCS (60.9+5.4 vs
69.2+5.4, p<0.0001) score significantly different in partial
and complete remission group than MCS score (62.7+5.3
vs 67.1+5, p-0.064).
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Table 1. Table showing baseline characteristics with radi-
ological and immunohistochemistry character of individuals

Baseline Characters N-30
Male: Female 14:16
Age(years) 44.5 (21-67)
Duration of symptoms(years) 7.6 (4-15)
Adenoma characteristics
Macroadenoma 25(83%)
Microadenoma 3(10%)
Empty sella 2(6.6%)
Immunohistochemistry hormonal secretion
GH Secreting 24(80%)
GH+Prolactin 4(13.3%)
Pleurihormonal 2(6.6%)

Table 2. Showing predominant symptoms in individual
patients

Symptoms(N-30) Number of patients

Acral enlargement 22(73%)
Coarse facial features 18(60%)
Hoarse voice 16(53%)
Excessive sweating 16(53%)
Arthralgias 20(66%)

Sleep apnoea 14(46%)
Headache 12(40%)
Hypogonadal symptoms 8(26%)
Visual deficit 10(33%)
Fatigue 20(66%)

Table 3. Showing predominant hormonal abnormality in
individual patients

Hormonal Number Number
abnormality(n-30) preoperative postoperative
Hypothyroidism 9(30%) 4(13%)
Hypocortisolism 12(40%) 6(20%)
Hypogonadism 7(23%) 5(16%)
Hyperprolactinemia 16(53%) 8(26%)
Diabetes Insipidus 3 (10%) 1(3%)

Table 4. Showing preoperative and postoperative charac-
teristics of patients

Postoperative

Characteristics Preoperative (12 month) p value
Diabetes Mellitus 18(60%) 14(46%) -
Hypertension 22(73%) 20(66%) -
Dyslipidaemia 24(80%) 20(66%) -
OSA 16(53%) 11(36%)
Mild (AHI:5-20) 8(50%) 5(45%)
Moderate (AHI:20-40) 4(25%) 4(36%) )
Severe (AHI>40) 4(25%) 2(18%)
CAD 8(26%) 8(26%) -
CVA 0 - -
Cancer 0 -

GH (Glucose stimulated) 66.4+55.4 ng/ml  6+4.9 ng/ml  0.003
IGF 1 797.3 +£275.1 pg/l 388 +200 pg/l  0.003

OSA(Obstructive sleep apnea), CAD(Coronary Artery
Disease), CVA(Cerebrovascular accident)
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6. Discussion

Acromegaly is associated with various disabilities with
poor quality of life. There are very few prospective studies
reporting postoperative changes in QOL among patients
treated by surgery alone.

Our study showed preoperative SF-36 scores were
lower in acromegaly patients than that of the general pop-
ulation in subscales, including physical functioning, role
physical, general health which indicate that acromegaly
significantly affects patient’s physical condition, self-per-
ception as well as participation. We found that postop-
erative there was significant improvement in physical
component, mental component and role social component
of SF36 QOL questionnaire. Sardella et al. "' on the
other hand found that surgical cure resulted in improve-
ments in the mental components as compared to physical
or role-social components of SF 36 QOL questionnaire.
Yoshida et al. " in acromegaly patients reported higher
psychological scores in patients with surgically achieved
disease control. Biermasz et al. """ found better physical
function in surgically cured acromegaly patients.

Shingo Fujio "' using SF-36 questionnaire found MCS
score improved significantly postoperatively while there
was no significant difference in PCS, RCS and MCS
scores between complete and partial remission groups.
We, on the contrary found that there was significant post-
operative improvement in PCS, RCS and MCS scores but
MCS score did not change significantly between complete
and partial remission group.

All of our patients achieved IGF-1 normalization by
surgery alone, and fewer number of patients required post-
operative hormone replacement therapy. Several comor-
bidities, such as joint pain due to severe arthritis, myopa-
thy and hypertension, impairs postoperative improvement

DOI: https://doi.org/10.30564/jer.v3i2.3531 37



Journal of Endocrinology Research | Volume 03 | Issue 02 | July 2021

in physical and emotional subscale score in some patients
with acromegaly even after achievement of postoperative
cure.

Gilbert et al. " in his study showed improvements in
health perception and fatigue during medical treatment
among newly-diagnosed with acromegaly. In addition,
Sardella et al. " in Acromegaly patients observed im-
provements in psychological and appearance domains
after a 6-month course of a somatostatin analog. Matta et
al. " reported higher AcroQoL psychological subscale
scores in controlled acromegaly patients compared to pa-
tients with uncontrolled disease.

There was significant difference in subscale score be-
tween partial and complete remission group in role phys-
ical (RP), social function (SF) and mental health (MH).
In a similar study Renata Aparecida Elias Dantas """ in
acromegalic patients found the scores obtained on SF-36
domains were higher in patients with controlled disease
and statistical differences were found in the domains Role
Physical, Pain, Vitality, Role Emotional.

Kauppinen Mikelin et al. " in his study reported that
a post OGTT nadir GH level in the 0.3— 1.0 pg/L range
could achieve the best QOL but not < 0.3 pg/L. Post
OGTT nadir GH level <0.3 pg/L might have GH deficien-
cy and adversely affect QOL. None of our patients devel-
oped post OGTT low GH suggestive of GH deficiency
although we could not perform GH secretory function in
our patient group.

Significant number of patients present with diabetes
mellitus, hypertension and hyperlipidaemia pre-operative-
ly which decreased post-surgery. However, the dose of
antidiabetic and antihypertensive medication decreased in
some cases but antihypertensives could not be withdrawn
which could be due to irreversible remodelling of vascular
system.

Small sample size has limited the generalization of our
study. We need large studies to evaluate the effects of the sur-
gical remission on the QOL of patients with acromegaly.

Some of the limitations of our study are, we have used
SF-36 questionnaire which may be less sensitive when
compared with disease-specific questionnaires, such as
the AcroQoL questionnaire. OGTT will change depending
upon the time of its performance *". We have performed
OGTT at 3 months interval which could be different at 1
year when we administered SF36 questionnaire. We have
evaluated SF 36 scores at baseline, 1 year and 2 years
post-surgery but patient’s score can change at any time.
Therefore, long term studies with extended follow-up is
needed to confirm the long-term effects of surgery. Final-
ly, further studies are needed to gather information regard-
ing the impact of GH deficiency on postoperative QOL.
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7. Conclusions

Acromegaly is debilitating illness with multisystem
involvement and poor QOL. Our study showed that ac-
romegaly leads to low preoperative SF-36 QOL scores
compared to the general population. Surgical remission
leads to an improvement in the mental, physical and so-
cial domain of SF 36 QOL scores. There were significant
differences in physical and social scores of QOL between
complete and partial remission group. Although, small
sample size has limited the generalisation of the finding of
our study, there are few prospective studies reporting post-
operative changes in QOL among patients cured solely
by surgery. We need further large-scale long-term studies
with extended follow-up to evaluate the effects of surgery
as well as newer stricter remission criteria on QOL.
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1. Introduction

Lung cancer is one of the most common cancers to
cause endocrine paraneoplastic syndromes ', When para-
neoplastic syndrome occurs, the associated metabolic
or endocrine disorder is related to the malignant tumor
secreting hormones or peptides *. One of these paraneo-
plastic syndromes is hyponatremia related to inappropriate
secretion of the anti-diuretic hormone (ADH), and thus
the condition is called the syndrome of inappropriate an-

*Corresponding Author:
Jerome H. Check,

Hyponatremia related to ectopic secretion of cancer cells of arginine
vasopressin (AVP) or atrial natriuretic peptide (ANP) is most commonly
caused by small cell lung cancer. The ideal treatment would be one that
not only corrects the hyponatremia, especially if it is life threatening, but
at the same time causes regression of the cancer, and thus improves both
quality and length of life. As one is waiting for chemotherapy, surgery,
or radiotherapy to decrease the cancer burden, tolvaptan has been used
to correct the hyponatremia to improve symptoms or prevent death.
Mifepristone, a progesterone receptor modulator/antagonist has been used
to treat various cancers. The oral 200mg tablet was given to an 80-year-old
woman who developed sudden extensive lung cancer with a serum sodium
of 118 mmol/L. She refused chemotherapy but agreed to take mifepristone.
The hyponatremia was completely corrected (145 mmol/L) within one
month of treatment. She was in complete remission for 5 years and died
not from lung cancer, but an acute myocardial infarction. Mifepristone
may serve the purpose to not only quickly correct hyponatremia when it
is related to an endocrine paraneoplastic syndrome, but also to provide
improved quality and length of life.

ti-diuretic hormone (SIADH) ),

The most common type of lung cancer associated with
SIADH is small-cell lung cancer (SCLC) representing
about 70% of the lung cancer cases (1). SIADH may be
present in 7-16% of patients with SCLC '*”. Though non-
SCLC (NSCLC) has also been associated with SIADH,
it only accounts for 1% of the cases of SIADH resulting
from a paraneoplastic syndrome *).

Another paraneoplastic etiology for hyponatremia asso-
ciated with lung cancer is the ectopic secretion of the atrial
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natriuretic peptide (ANP) "', Studies of SCLC cell lines
have demonstrated that ectopic ADH, and ANP, are equally
likely to be the cause of the hyponatremia, and not uncom-
monly both may be increased at the same time "*'*.

The prognosis for patients with lung cancer with hy-
ponatremia is worse than those with normal serum sodium
levels "), Serum sodium levels <125 mEq/L are associat-
ed with an extremely poor prognosis, with death generally
within two weeks associated with severe brain edema that
is associated with very low sodium levels with the re-
sulting low plasma hypo-osmolarity leading to headache,
memory impairment, generalized muscle weakness and
associated fatigue, seizures, nausea, and psychiatric dys-
function progressing to coma and death "',

Chemotherapy, possibly combined with surgery or radi-
otherapy, and supportive measures are the main treatment
modality for hyponatremia associated with lung cancer
[®1 If one achieves a remission following chemotherapy,
there is a high success rate in correcting the hyponatremia.
However, with tumor recurrence, the hyponatremia gener-
ally also returns ' In very rare circumstances, aggressive
chemotherapy may be associated with marked hyponatremia
related to sudden excessive release of stored ADH (otherwise
known as arginine vasopressin AVP)) and ANP "

A case is reported of probable rapid onset very aggres-
sive SCLC, with marked hyponatremia, who had quick
resolution of the hyponatremia, not with chemotherapy,
but with a progesterone modulator/antagonist.

2. Case Report

A 78-year-old woman was first diagnosed with chronic
lymphocytic leukemia (CLL). Since she was asymptomat-
ic, she was given no therapy but continued observation
and evaluation by blood studies. With continued slow
progression of leukocytosis (38,000) and mild thrombo-
cytopenia, and with the development of some symptoms
of dyspnea on exertion and weakness, her hematologist
when she was age 80 decided to try treatment with oral
chlorambucil.

Three days after starting the chlorambucil her clinical
status significantly deteriorated with confusion, extreme
weakness, and severe respiratory distress. Three months
prior to her admission to the hospital for this acute decline
in her health status, it was noted that she had mild hypon-
atremia of 130 mmol/L. On admission her serum sodium
was life threatening at 118 mmol/L. By manipulating fluid
intake and administration of electrolytes intravenously,
her serum sodium increased to 122 mmol/L. Her serum
PO2 on admission was 72 mmHg.

A chest x-ray revealed extensive pulmonary nodules
with the radiologic diagnosis of metastatic lung cancer,
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or less likely, rapidly advancing lymphoma, as opposed
to rapid progression of her CLL to a more acute leukemia
process.

A biopsy of a pulmonary lesion with possible chemo-
therapy was recommended, but she refused this manage-
ment. However, after a brief discussion, she agreed to be
treated with oral mifepristone 200 mg/day as an outpa-
tient. A compassionate use investigational drug approval
(IND) was obtained from the United States Food and
Drug Administration and her treatment was approved by
the Western Institutional Review Board.

She clinically was much improved after two weeks of
treatment. After one month of treatment her PO2 was 99-
100 mmHg without supplemental oxygen. Her serum so-
dium level was normal at 145 mmol/L.

After 2 months of treatment her computerized axial
tomography (CT-scan) showed mostly complete resolu-
tion of all of her lung nodules with those remaining much
smaller.

Subsequent chest x-rays over the next 5 years contin-
ued to demonstrate no pulmonary nodules just a ground
glass appearance to the lungs. Her PO2 and serum sodium
were continually normal. Her CLL did seem to respond
to the very short course of chlorambucil and the CLL just
slowly progressed over these 5-year period requiring no
additional therapy.

At age 85 while sleeping she had an acute myocardial
infarction, and she was pronounced dead when she arrived
by rescue squad to the hospital’s emergency room.

3. Discussion

The radiologists and oncologist based on chest x-ray and
CT scan were convinced that the woman was suffering from
lung cancer, but rapidly advancing lymphoma was a much
less likely possibility. However, without a pathological diag-
nosis, they could not determine if the woman was suffering
from SCLC or NSCLC. However, based on the very rapid
aggressive onset, and the fact that hyponatremia related to
excessive secretion of AVP or ANP is much more common
in SCLC vs. NSCLC (or lymphoma), her oncologist favored
SCLC as her diagnosis.

It is not clear if the severe sudden drop in serum sodi-
um was related to rapid advancing lung cancer, or did the
chlorambucil treatment, which was given for CLL (and
would not be a very effective treatment for lung cancer),
caused cell lysis with acute release of AVP or ANP further
exacerbating pre-existing SIADH from mild ectopic AVP
or ANP release from lung cancer cells?

Mifepristone has been proven to be an effective treat-
ment for advanced lung cancer providing significant im-
proved quality and extension of life """, Mifepristone
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has provided similar benefits in patients with a variety
of different advanced cancers “***. The mechanism of
action is thought to be secondary to its effect on blocking
membrane progesterone receptors that are needed to make
a protein called the progesterone induced blocking factor
(PIBF) """, This PIBF protein is unique with no amino
acid homology to any known protein, is needed by both
the fetal-placental unit and cancer cells to proliferate, in-
vade, tissue and escape immune surveillance, but is not
essential for everyday life in people that are healthy ",

Tolvaptan has been used to treat cancer patients with
hyponatremia due to SIADH . Tolvaptan is an oral se-
lective V2-receptor antagonist ™. AVP normally acts on
V2 receptors in the renal collecting duct to promote free
water absorption, thereby increasing extracellular fluid
volume Y. The continued upregulated expression of AVP
in paraneoplastic SIADH leads to excessive dilution of
free sodium which leads to the state of hyponatremia .

In the post-hoc analysis of the SALT-1 and SALT-2 tri-
als, 7 of 8 taking tolvaptan normalized their serum sodium
vs. 2 of 16 placebo controls " A previous study found
similar results **'. Tolvaptan could be used concomitantly
with mifepristone to try to get the hyponatremia corrected
in case the mifepristone is not able to cause regression of
that particular patient’s cancer. In that case, the tolvaptan
could be used with the drug of choice for treating that
cancer.

Nevertheless, the best treatment for the hyponatremia
is to correct the cause of ectopic production by cancer
cells of AVP or ANP, since the obvious goal is to prolong
and improve quality of life. Nevertheless, tolvaptan seems
to be a reasonable short-term solution in case the person
could die from the hyponatremia before regression of the
cancer is obtained by mifepristone, chemotherapy, radi-
otherapy or immune therapy. Nevertheless, in the case
reported here, rapid correction of the severe life-threaten-
ing hyponatremia related to SIADH was solely related to
mifepristone therapy.
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We earlier reviewed how obesity has assumed an endemic/pandemic
proportions that has resulted in escalating incidence and prevalence of
associated escalating worldwide incidence of Metabolic Syndrome (MetS)
with non alcoholic fatty liver disease (NAFLD), that is correlated with
enhanced morbidity. Later we tried to detail how probiotics, L-Carnitine
(LC), Nicotinamide Ribose (NR) Combination, along with Apical Sodium
Dependent Bile Acids Transporter (ASBT) or Volixibat and Silybin,
Vitamin D, Allyl Isothiocyanate (AITC), might aid in treating and
understand the etiopathogenesis of NAFLD. The prevalence of NAFLD
all over the world is approximately 25%, with that of non alcoholic
steatohepapititis (NASH), varying from 1.5%=6.45%. Particularly NASH,
specifically the ones associated with fibrosis possess a greater chance of
generation of side effects that include progression to cirrhosis as well as
liver-associated mortality. Despite an improvement was observed with
vitamin E, Pioglitazone. liraglutide in histological appearance in liver
randomized controlled clinical trials (RCT), at present no drugs exists
that have received FDI approval for NASH. The aim of this review was
to update the newer drugs getting evaluated, undergoing phase 2-3 trials.
Currently there are Obeticholic acid, elafibranor, cenicriviroc, resmetriom,
in addition to aramchol, that are the five agents that are getting analysed
in big, histology dependent phase 3 trials. Hopefully within another 2-4
years, newer, efficacious drugs will be available for the therapy of NASH.
Besides that a lot of phase 2 trials are continuing for different drugs.
Further depending on outcomes of phase 2-3 trials, combination treatments
are getting evaluated. For future therapeutic approaches would be made
up of variations in NASH phenotypes, besides personalized approaches
based on various NASH phenotypes in addition to response of every single
patient. Further recently there were reports of utilization of curcumin with
nonselective beta blocker for regression from cirrhosis (reviewed by us).
Hopefully once there are approved therapies for NAFLD/NASH, we can
work in that direction.
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1. Introduction

Earlier we have reviewed how obesity is assuming an
endemic/pandemic proportions resulting in escalating
incidence as well as Prevalence associated escalating
worldwide incidence of Metabolic Syndrome (MetS) with
Non alcoholic fatty liver disease (NAFLD) ", that is
correlated with enhanced morbidity ™. We tried to detail
how probiotics, L-Carnitine (LC), Nicotinamide Ribose
(NR) Combination, along with Apical Sodium Dependent
Bile Acids Transporter (ASBT) or Volixibat and Silybin,
Vitamin D, Allyl Isothiocyanate (AITC), SGLT Inhibitors
etc might aid in treating and understand the etiopathogen-
esis of NAFLD. By definition non alcoholic fatty liver
disease(NAFLD), classificationcan be performed histo-
logically into non alcoholic fatty liver or non alcoholic
steatohepapititis (NASH). The prevalence all over the
world is escalating, being approximately 25%, with that of
NASH varying from 1.5%-6.45% """, The cases of NASH
particularly the ones with fibrosis posseses greater chanc-
es of side effects like cirrhosis as well as fibrosis—associ-
ated mortality ""'"*). The maximum significant histological
parameter of NAFLD correlated with long time mortality
is fibrosis (stage 2-4) "*'*. Hence of these 2 surrogate
endpoints require to get validated in phase 2b or 3 trials
for the conditional passing of the drug for generation: 1)
rectification of NASH without deterioration of fibrosis
or; ii) fibrosis getting decreased by 1 or > stages without
deterioration of NASH ' Despite no FDA approved
drugs for NASH, vitamin E, Pioglitazone, along with Li-
raglutide escalated liver histology of patients with NASH
in randomized controlled clinical trial "*"". In spite of
Vitamin E possessing potential advantages, it has been
correlated with contradictory outcomes of total mortality
%1 the haemorrhagic stroke *” as well as prostate cancer
in males >than 50 years age ", Pioglitazone results in
weight escalation ', with its utility in NASH still getting
evaluated although now Sodium—glucose cotransporter 2
(SGLT2) inhibitors are being evaluated in view of lack of
above limitation, hence adversities need to get balanced
with the potential advantages in NASH patients [reviewed
by us], having no other option for therapy besides lifestyle
changes. Currently weight reduction as well as lifestyle
changes with the utilization of diet as well as exercise
is advocated as the 1% line treatment “**!. Nevertheless,
long time compliance with lifestyle changes is tough for
sustenance in target population. Thus, a main requirement
that has not been resolved for a new agent is to resolve
NASH along with reversal of liver fibrosis are present.
The current major targets for NASH treatment are these:
i) bile acid pathway, insulin resistance (IR), inflammation,

Distributed under creative commons license 4.0

Thyroid hormone receptor (THR)-B stimulation, hepatic
lipid metabolism, antifibrosis etc. 5 Pharmacologic drugs:
1)Obeticholic acid (OCA; Farsenoid X receptor [FXR] ag-
onist); ii) Elafibranor (a Peroxisome Proliferator Activated
Receptor [PPAR] o as well as § agonist); iii) cenicrivi-
roc (CVC-a dual antagonist of C-C chemokine receptor
(cenicriviroc CCR) types 2 as well as 5; iv) resmetriom
(THR-B- agonist) as well as aramchol (stearoyl-Co A de-
saturase [SCD1 inhibitor-resulted in enhancement of liver
histology in phase 2 studies **** along with are going
through evaluation of their long term effectiveness as well
as safety. In addition a lot of innovative agents that target
NASH-associated pathways that are undergoing phase 1
as well as 2 trials are about 200 in number. Pharmacolog-
ic drugs are being analysed for NASH therapy. Here we
review the mode of action of maximum Pharmacologic
drugs that are significant as well as describe the key phase 2
as well as 3 studies which got finished or are still ongoing.

2. Classification of the Agents Dependent on
the Mode of Action

2.1 AObeticholic Acid (OCA; Farsenoid X receptor
[FXR] agonist)

OCA is obtained from the primary human bile acid,
chenodeoxycholic acid, that is a natural Farsenoid X recep-
tor [FXR] agonist . FXR is a nuclear receptor which gets
significantly expressed in the liver along with small intestine,
having a significant part in the generation in addition to en-
terohepatic circulation of bile acids (Figure 1) "', Stimu-
lation of FXR decreases bile acids generation by hampering
the transformation of cholesterol to bile acids, as well as it
has anti-inflammatory along with anti-fibrogenic action "\
Stimulation of FXR in the ileum further hampers the up-
take of bile acids by resulting in downregulation of Sodium
dependent bile acid transporter. Lastly, OCA influences an-
ticholestatic as well as hepatoshielding action by controlling
the metabolism of cholesterol as well as bile acids "\

In a phase 2a Clinical trial over OCA, patients with
type 2 Diabetes mellitus (DM) as well as NAFLD were
randomly divided to groups receiving 25 mg OCA (n=20),
or groups receiving 50 mg OCA (n=21) or groups receiv-
ing placebo (n=23) once/day for 6 weeks (NCT00501592)
41 Enhancement of insulin sensitivity occurred by 24.5
(p=0.011) in the combined OCA groups, while a reduc-
tion by 5.5% occurred in the placebo group. Significant
decrease in the amounts of y glutamyl transferase (yGT)
as well as alanine amino transferase (ALT). Further oc-
curred in the OCA groups, besides dose-associated weight
reduction. Further, a significant reduction in the amounts
of liver fibrosis markers were observed in the OCA groups
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receiving 25 mg. In a phase 2b clinical trial, noncirrhotic
patients with NASH had a random division into 1:1 to
groups receiving placebo (n=142) as well as 25 mg OCA
(n=141) once/day for 72 weeks (FLINT NCT012605498)
B4 Fifty (45%) of the 110 patients in the OCA groups
displayed enhancement of liver histology in contrast to 23
(21%) of 109 patients in the placebo group (RR,1.9; 95%
Confidence interval [CI], 1.3-2.8P=0.0002). Further 2.3%
of the OCA groups had pruritus occurring in contrast to 6%
the placebo group. Enhancement of histological param-
eters of NASH, nevertheless, its long time advantage as
well as safety requires more elaboration.

During the interim evaluation of an ongoing, phase 3
study of OCA, patients with NASH, an NAFLD activity
score (NAS) of a minimum of 4, as well as fibrosis stage
F2-F3, or F1 with a minimum of one associated comor-
bidity got randomly divided to into 1:1:1 ratio for get-
ting placebo, OCA 10 mg or OCA 25 mg (GENERATE,
NCT02548351) *\. The primary evaluation implicated
931 patients with stage F2-F3 fibrosis (311 in the placebo
group, 312 in the OCA 10 mg group as well as 308 in the
OCA 25 mg group). The fibrosis escalation endpoint was
attained by 37 (12%) patients in the placebo group, 55
(18%) in the OCA 10 mg group (p=0.045), as well as 71
(23%) in the OCA 25 mg (P=0.0002). The resolution point
in NASH was not reached. Nevertheless, the outcomes
of this interim evaluation demonstrated that, OCA 25 mg
resulted in significant ameliorated fibrosis along with cru-
cial constituents of NASH action.

The safety population (1968 patients with fibrosis stage
F2-F3) belonging to this trial, the commonest side effect
was pruritus, that took place in 5% of the OCA 25 mg
group, 28% of the OCA 10 mg group, as well as 19% of
placebo group. Mostly pruritus was of mild moderate de-
gree. Nevertheless, 9% of OCA 25 mg safety population
omitted the drug secondary to pruritus. The lipoprotein
profile was further watched in the safety population. The
average low density lipoprotein (LDL) cholesterol as well
as total cholesterol amount reached maximum amounts
at 3 months in the OCA group. Further 17% of the OCA
group as well as 7% of the placebo group required statin
therapy.

A phase 2 trial (CONTROL, NCT02633956) that tried
to analyse the utilization of OCA in combination of statin
therapy for NASH demonstrated that utilization of OCA
at 5, 10 or 25 mg/day escalated the LDL-C amounts fol-
lowing 4 weeks of therapy along with atorvastatin supple-
mentation resulted in reduction of LDL-C amounts lower
than baseline in each OCA group by 8" week °*. OCA
combination with atorvastatin was usually safe in addition
to having a good tolerance.
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This OCA use has further been expanded to cirrho-
sis, as well as a phase 3 trial of OCA in patients with
compensated cirrhosis secondary to NASH is ongoing.
Patients got randomly allotted to 1:1:1 to the groups
receiving OCA 10 mg, 10 mg with titration to 25 mg
OCA at 3 months, or placebo for 18 months (REVERSE,
NCT03439254). In the REVERSE study utilization of
dose enhancement strategy is done in view of hepatic
decompensation resulting in patients where cholestatic
liver disease is markedly advanced that gets therapy with
OCA "7, The primary end point is the percentage of cases
showing benefit in fibrosis by a minimum of 1 stage with-
out any deterioration of NASH.

2.2 Non Bile Acid [FXR] Agonist
i) Tropifexor(LLIN-452)

Tropifexor (TXR; LIN-452) represents a significant-
ly potent. Non bile acid FXR agonist, which stimulates
the expression of target genes at minimal dosage with-
out any important Takeda G-protein coupled receptor
clones 5 getting stimulated ", A phase 2 trial on TXR in
NASH patients for 48 weeks is going on (FLIGHT-FXR,
NCT02855164) *?. During an interim evaluation of an
ongoing trial for 12 weeks, akin to that of OCA, TXR il-
lustrated lipid alterations that were not favourable with a
dose-associated escalation in the LDL-C amounts as well
as a reduction in the high density lipoprotein cholesterol
(HDL-C) amount, besides pruritus, at greater dosages in
contrast to placebo. Further a relative reduction in the liv-
er fat amounts by magnetic resonance imaging (MRI) pro-
tein density fat fraction (MRI-PDFF) of -9.8% in placebo,
-16.9% with TXR 60 mg , as well as -15.6% with TXR 90
mg, in the interim evaluation. More evaluation illustrated
that TXR possessed greater benefit in patients possessing
a lesser body mass index (BMI), which pointed that a
weight dependent strategy, might be essential *”,

ii) Cilofexor (GS-9674)

With OCA possessing troublesome adverse actions like
pruritus, hyper cholesterolemia, in addition to hepatic de-
compensation, selective, non bile acid synthetic FXR ago-
nists have got generated. Cilofexor (GS-9674), represents
a potent, nonsteroidal FXR agonist which basically works
by stimulation of FXR in the intestine as well as don’t go
through enterohepatic circulation ", FXR agonism in the
intestine by Cilofexor amplifies the physiologic liberation
of fibroblast growth factor (FGF) 19, as well as might
ameliorate the harmful actions of the systemic FXR stim-
ulation, that are dyslipidemia. Pruritus hepatotoxicity *".
10 subjects of NASH as well as fibrosis stage F2-F3 in a
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proof of concept study received 30 mg/day of Cilofexor
for 12 weeks documented reduction of hepatic fat amounts
as well as stiffness, along with enhancement of liver bio-
chemistry **)

In a phase 2 trial 140 non cirrhotic as well as NASH
patients got randomly allotted to Cilofexor 100 mg (n=56),
Cilofexor 30 mg (n=56), or placebo (n=28) for 24 weeks
(NCT02854605) *). The outcomes pointed that Cilofexor
100 mg resulted in reduction in the hepatic fat amounts,
along with had reasonable enough tolerance. Commonly
Pruritus was not encountered, but had a greater frequency
in 100 mg (14%) vis a vis 30 mg (4%) Cilofexor as well
as placebo groups (4%). No variation in Pruritus was
encountered at the Cilofexor 30 mg in contrast to place-
bo, however, like a lot of other FXR agonists, Cilofexor
resulted in Pruritus in a dose based method, with greater
moderate —severe Pruritus in the ones getting 100 mg dose

ICA,

in contrast to placebo. Cilofexor for 24 weeks led to a sig-
nificant decrease in hepatic steatosis, liver biochemistry,
as well as serum bile acids in NASH patients. Other FXR
agonists (nidufexor) Y, as well as EDP-305 ™! have got
generated, being in phase 2 trials.

2.3 Fibroblast Growth Factor 19 (FGF19Analogue),
NGM 282

The FGF family of hormones modulates metabolic
functions in addition to tissue repair as well as regener-
ation *°. FGF19 represents a downstream target of FXR
getting activated, as well as FXR results in FGF19 liber-
ation via the intestine. FGF19 is a hormone that is con-
trolling bile acids generation along with glucose homeo-
stasis ") whereas NGM 282 is an artificially generated
FGF19Analogue (Figure 1).

During a phase 2 study having 82 patients that had bi-
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Figure 1. Fibroblast Growth Factor

19 (FGF19Analogue), NGM 282

Courtesy ref no 31-Mechanism of action for nonalcoholic steatohepatitis treatment. OCA, obeticholic acid; HDL, high density
lipoprotein; LDL, low density lipoprotein; SGLT2, sodium glucose cotransporter 2; FXR, farnesoid X receptor; THR-f, thyroid
hormone receptor-; LDL-R, low density lipoprotein receptor; SR-B1, scavenger receptor class B type 1; SREBP-2, sterol regulatory

element-binding proteins-2; CYP7A1, cholesterol 7a-hydroxylase;

SREBP-1c, sterol regulatory element binding protein-1c; ACC-

1, acetyl-coenzyme A carboxylase-1; FAS, fatty acid synthase; SCD1, stearoyl-CoA desaturase 1; PPAR, peroxisome proliferator-
activated receptor; LXRa, liver X receptor a; SHP, small heterodimer partner; ERK1/2, extracellular signal-regulated kinase 1/2;
FGFR4, fibroblast growth factor receptor 4; FoxO1, forkhead box protein O1; CREB, cAMP response element-binding protein; FGF,
fibroblast growth factor; FAO, fatty acid B-oxidation; CoA, coenzyme A; TCA, tricarboxylic acid; MPC, mitochondrial pyruvate

carrier; TG, triglyceride; TGF-f, transforming growth factor-f; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6.
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opsy validated NASH got randomly allotted to get 3 mg
(n=27) or 6 mg subcutancous NGM 282 (n=28) or pla-
cebo (n=27) (NCT02443116) ™. The primary end point
was the sheer alteration in liver fat amounts from baseline
till week 12. Definition of responders were patients at-
taining a 5% or higher decrease in sheer liver fat amounts
as estimated by MRI-PDFF. Subsequent to 12 weeks, 20
(74%) patients in the 3 mg groups as well as 22 (79%)
in the 6 mg groups attained a minimum of 5% decrease
in sheer liver fat amounts from baseline vs 2 (7%) in the
placebo groups. NGM 282 generated fast as well as sig-
nificant decrease in sheer liver fat amounts with the safety
parameters that could be accepted in NASH patients. The
histological efficiency of NGM 282 in a recent open label
evaluation, in biopsy validated NASH was evaluated "**).

Paired liver biopsies from 43 patients delivered sub-
cutaneous NGM 282 (1 mg; n=24; 3 mg, n=19) once/
day for 12 weeks got assessed, that were blinded to time
point, subject as well as clinical knowledge. At 12" week,
NGM 282 enhanced the histological parameters of NASH,
with important decreases in the NAS along with fibrosis
scores, that was correlated with enhancement in noninva-
sive imaging in addition to serum markers. A larger phase
2 study possessing a target of 250 enrolled biopsy vali-
dated NASH is presently enrolling in an active manner
(NCT02443116).

2.4 Pegylated Fibroblast Growth Factor 21,
Pegbelfermin (MBS-986036)

Fibroblast growth factor 21 (FGF21) has further been
believed to be a part of bile acid pathway. Stimulation of
FXR in addition to PPARa, results in hepatic expression
as well as liberation of FGF21 ®. FGF21, that represents
a nonmitogenic hormone, that is a crucial controller of
energy metabolism *”). Endogenous FGF21 possesses a
small half life of 1-2 h, but utilization of different manip-
ulation approaches have aided in generation of FGF21
analogues that possess a longer half life. Pegbelfermin
(MBS-986036), represent a polyethylene glycol that has
been a conjugated recombinant analogue of Fibroblast
growth factor 21 that possess a longer half life which aids
in weekly dosing.

In a randomized, double blinded, placebo-controlled
phase 2a trial, 75 patients having a minimum BMI of 25
kg/m’, biopsy validated NASH (fibrosis stage 1-3) as well
as liver fat amounts of a minimum of 10% by MRI-PDFF
got randomized into 3 groups (25 patients to get 10 mg
Pegbelfermin/day as well as in the groups getting 20 mg
Pegbelfermin weekly in contrast to the placebo groups.
Maximum side effects were mild, of which the com-
monest one was diarrhea in 8 (16%) of 49 patients who
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received Pegbelfermin. Pegbelfermin treatment for 16
weeks was usually well accepted as well as significantly
led to a reduction in hepatic fat fraction in patients with
NASH. At present 2 large trials in phase 2 (FALCON 1,
n=160, FALCON 2, n=152) are ongoing for evaluation of
the effectiveness in addition to safety of Pegbelfermin.

2.5 Insulin Resistance

i) Peroxisome Proliferator Activated Receptor
(PPAR )-agonist

a) Elafibranor

PPARs represent nuclear Receptors that possess critical
part in cellular events controlling metabolic homeostasis.
Three kinds of nuclear Receptors isoform, PPARa PPARP/
3 as well as PPARY, that get encoded by separate genes .
Elafibranor (GFT505) is a double PPARa as well as & ago-
nist, which controls the lipid along with insulin metabolism.
Maximum PPARa expression occurs in the liver, whose
activation is performed by hypolipidemic fibrates. PPARa
has the role of regulation of the lipid flux in the liver via
modulation of fatty acids (FA) as well as B oxidation along
with results in enhancement of plasma lipids by reduction
in the triglycerides amounts as well as causing escalation
of HDL-C . In reference to advanced NASH, the PPARa
amounts are decreased, that return to normal subsequent to
treatment as well as enhancement . PPARS (alias PPARP)
controls the metabolism in the liver as well as peripheral
tissues. PPARS agonists cause enhancement of FAtransfer
in addition to oxidation, escalated the HDL-C amounts, as
well as enhance glucose homeostasis as well as escalation of
insulin sensitivity as well as hampering hepatic glucose out-
put ®”. In a pilot trial, a selective PPARS agonist, decreased
hepatic fat amounts, as well as led to enhancement of insulin
sensitivity along with plasma lipid amounts in addition to
reduction in the yGT amounts .

From the phase 2b study, performed on Elafibranor
patients presenting with NASH who were non cirrhotic
got randomized into getting Elafibranor 80 mg (n=83),
elafibranor 120 mg (n=91) or placebo groups (n=92)/day
for 52 weeks (GOLDEN 505, (NCT01694849) ! The
primary end point was NASH getting resolved without
deterioration of fibrosis, with the utilization of protocol
definition as well as modification of definitions. During
an intention to treat evaluation, no important variations
among the Elafibranor as well as placebo groups in the
primary end point was observed. Nevertheless, in a
posthoc evaluation of patients with NAS (>4) (n=234),
elafibranor 120 mg demonstrated resolution of NASH
in a larger percentage of patients in contrast to placebo,
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dependent on the definition of protocol (20% vs 11%;
odds ratio 3.16, 3.52; p=0.013). Further patients where
elafibranor resulted in resolution of NASH. Subsequentl
to receipt of Elafibranor 120 mg demonstrated reduction
in liver fibrosis in contrast to those where no resolution of
NASH resulted. The amounts of liver enzymes, lipids as
well as systemic inflammation in addition to glucose pro-
file illustrated significant reduction in the elafibranor 120
mg vis a vis placebo groups. Tolerance of Elafibranor was
good without resulting in weight accretion or cardiac pro-
cesses, although did lead to mild reversible enhancement
of the serum creatinine amounts.

A phase 3 trial one Elafibranor comprising of 2000
NASH patients (NAS(>4) with stage 2-3 fibrosis is on-
going (RESOLVE-IT, NCT02704403). The primary end
points is the percentage of patients where resolution of
NASH without deterioration of fibrosis resulted at 72
weeks. Further the trial did an analysis of a composite
long term results, comprising all cause mortality, cirrhosis
as well as liver associated results at 4 years. The trial got
initiated in March 16 as well as the outcomes are expected
in December 21.

b) Lanfibranor

Lanfibranor (IVA337) represents an agonist of all the 3
isoforms of, having a well balanced stimulation of PPAR«
as well as 8, along with part stimulation of PPARy ™.
Whereas other PPAR agonists target 1 or 2 of the PPAR
isoforms. Lanfibranor represents the lone pan PPAR ago-
nists that is undergoing clinical generation.

In a phase 2b clinical trial conducted on lanfibranor
(IVA337) in case of patients with NASH in addition to
liver steatosis as well as moderate to robust necroinflam-
mation without cirrhosis, 247 patients got randomized
into getting Lanfibranor 800 mg, 1200 mg or placebo/day
for 24 weeks (NATIVE, NCT03008070). The primary end
point was a reduction from baseline in the SAF (steatosis,
activity as well as fibrosis) activity score. The study got
initiated in January 2017 as well as was over by March
2020. The early outcomes were anticipated in December
2020 first half.

ii) a.Glucagon like peptide 1(GLP-1) Receptor
agonist-Semaglutide

No Pharmacological treatments have got proven for
NASH in addition to T2DM. The major thing is to find
the most appropriate anti diabetic agents for the therapy
of NASH, for avoidance of the propagation of hepat-
ic fibrosis as well as cardiovascular or renal processes.
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Glucagon like peptide 1 (GLP-1) Receptor agonist along
with Sodium—glucose cotransporter 2 (SGLT2) inhibitors
are anticipated to mitigate NASH in addition to NAFLD.
GLP-1 represents a gut generated incretin hormone which
stimulates reduction of weight of patients along with
insulin sensitivity. GLP-1 analogues got approval for uti-
lization in T2DM along with obesity. The advantages of
these analogues are weight reduction, escalated glycaemic
regulation, lesser hypoglycemia processes along with a
decreased incidence of cardiovascular processes **°". The
part of GLP-1 in the management of NASH along with
NAFLD appear lucrative "%,

In a recent randomized, placebo-controlled trial impli-
cating 52 patients with biopsy corroborated NASH 1.8 mg
of subcutaneous Liraglutide delivered/day for 48 weeks
had a correlation with greater NASH resolution as well as
lower propagation of fibrosis "', Nevertheless, the Amer-
ican Association for the study of liver disease practice
guidance 2018 advocated that it was preterm to think of
GLP-1 agonists for the treatment of liver disease in cases
of NASH along with NAFLD .

Semaglutide represents a novel GLP-1 analogue that
posseses a prolonged half life of about a week. During
phase 2 study of the actions of Semaglutide on NASH,
320 patients with NASH got randomly allocated to pla-
cebo groups or 3 dosage amounts of Semaglutide by sub-
cutaneous injection for 72 weeks (NCT02970942). The
primary end point comprised resolution of NASH without
deterioration of fibrosis. Early outcomes from the study
were anticipated in May 2020. In a separate phase 2 study
implicating weekly Semaglutide 2.4 mg x 48 weeks. The
primary results are enhancement of amelioration of liver
fibrosis by a minimum of a stage without deterioration of
NASH following 48 weeks (NCT0387451). Semaglutide
seems to be the one that is most attractive for the treat-
ment of NASH correlated with DM. Nevertheless, if GLP-
1 analogues escalated hepatic inflammation resolution or
fibrosis in NASH is not clear as yet.

b) Dapagliflozin, a Sodium —glucose cotransporter
2 inhibitor

Sodium—glucose cotransporter 2 (SGLT?2) inhibitors ham-
per glucose reabsorprtion in the proximal tubule, resulting in
glucosuria, resulting in decrease of plasma glucose amounts.
Hence, (SGLT?2) inhibitors possess a treatment potential for
both NASH along with NAFLD. Certain studies (small) have
demonstrated the action of Dapagliflozin in case of patients
with NAFLD as well as type2 Diabetes mellitus (T2DM) .
Despite the probability can’t be ruled out that a fall in body
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weight or visceral adipose tissue (VAT) secondary to Dapag-
liflozin might be correlated with a reduction in hepatic ste-
atosis or fibrosis, Dapagliflozin demonstrated an advantage
in patients with NAFLD. A multicenter, randomized, place-
bo-controlled phase 3 Clinical trial is ongoing for evaluation
of the effectiveness as well as safety of Dapaglifiozin for the
therapy of NASH (DEAN, NCT03723252). The primary
end point is enhancement of the liver histological score at 12
month. 100 subjects with NASH got randomly allocated to
placebo groups orl0 mg of Dapaglifiozin. This study got in-
itiated in March 19, as well as outcomes awaited in Novem-
ber 21.

2.6 Mitochondrial Target of Thiazolidenedione-
MSDC-0602K

1" generation insulin sensitizers thiazolidenediones have
the ability to directly bind to as well as stimulate the PPARy
nuclear hormone Receptors as well as have got utilized for
the treatment of T2DM . Nevertheless, they are correlated
with important adverse actions like edema, bone fractures
that get modulated by PPARY, along with hypoglycemia. The
2" generation insulin sensitizer MSDC-0602K got fashioned
for decreasing these adverse actions, whereas continuing to
generate insulin sensitizing Pharmacology in case of animal
models of DM ) as well as NASH ", It manipulates the
action of extra nutrition at mitochondrial pyruvate carrier
(MPC) with least PPARy binding (Figure 1) . Earlier stud-
ies demonstrated, that MSDC-0602K had the capacity of
enhancement of lipid oxidation, as well as diminish denovo
lipid generation as well as gluconeogenesis in the liver, both
in vivo, as well as in vitro, without adverse actions of the 1"
generation insulin sensitizers '’

During a randomized, double blinded, placebo-con-
trolled phase 2b trial for 52 weeks patients with biopsy
corroborated NASH as well as fibrosis (F1-F3) got a
random allocation to placebo groups (n=94) or 62.5
mg (n=99), 125 mg, (n=98) or 250 mg (n=101) of MS-
DC-0602K (EMMINENCE, NCT02784444) ", The
primary end point for effectiveness was the hepatic histo-
logical enhancement of >2 points in NAS with a >1point
decrease in ballooning or lobular inflammation as well as
no escalation in fibrosis stage at 12 months time duration.
No significant influence on liver histology was observed
in that particular study secondary to MSDC-0602K. Nev-
ertheless, significant reduction in amounts of fasting blood
glucose, insulin, glycated haemoglobin, as well as mark-
ers of liver damage without any dose restricting adverse
actions. A phase 3 study was supposed to get started in
2020 (MMONARChH, NCT03970031).
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2.7 Inflammation

i) C-C chemokine receptor CCR Dual types 2 as
well as 5(CCR2/CCRS) antagonist (cenicriviroc)

CVC or cenicriviroc represents an oral double antago-
nist of CCR2 as well as CCRS5. Once CCR2 gets blocked
that represents a chemokine receptor that mainly gets
expressed in monocyte, along with, macrophages, causes
a reduction in monocyte, along with macrophages, their
migration in addition to infiltration of these cells towards
the damaged areas of the liver ", Simultaneous inhibition
of CCRS interferes with the migration, activation along
with proliferation of the activated hepatic stellate cells /"),

During a phase 2b trial for CVC in case of patients with
NASH (NAS>4) with fibrosis (F1-F3), 289 patients got a
random allocation to either CVC 150 mg or placebo groups.
The primary end point decided was a >2 point enhancement
in NAS in addition to no deterioration of fibrosis at 1 year
(CENTAUR, NCT02217475) ®*™. The primary end point
of enhancement in NAS in the intention for treatment pop-
ulation as well as NASH resolution was attained in an akin
percentage of cases on CVC (n=145) as well as placebo.
Nevertheless, the fibrosis end point was achieved in greater
amounts of cases on CVC in contrast to placebo (20% vs
10%, p=0.02). Therapeutic advantages were higher in those
displaying greater disease activity in addition to fibrosis stage
at baseline. Subsequent to 1 year of CVC therapy double the
number of patients attained in fibrosis without deterioration
of NASH in contrast to placebo.

AURORA (NCT03028740), a randomized, double
blinded, placebo-controlled, multicenter, phase 3 trial is
ongoing for evaluation of efficacy as well as safety of
CVC therapy for liver fibrosis in 2000 subjects of NASH
presenting with stage 2-3 fibrosis. This study is planned
in 2 parts. Part 1 is meant for evaluation of the surrogate
end point of enhancement in fibrosis with a minimum of
one stage as well as without deterioration of NASH at 12
months. Those cases from part 1 would resume in part 2
in addition to further extra patients added would get re —
randomized in part 2 for estimating the long duration clin-
ical results - histopathological — propagation to cirrhosis,
Liver-associated Clinical features, in addition to all cause
Mortality. This trial got initiated in April 2017, with the
outcomes anticipated in December 2024.

2.8 Thyroid Hormone Receptor p-agonist (THR-f-
agonist)

Resmetriom (MGL-3196)

The Thyroid hormone Receptor (THR-B) gets signifi-
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cantly expressed in the hepatocyte. NASH may represent
partially, a problem secondary to reduction of liver thyroid
hormone amounts or hepatic hypothyroidism, along with
the incidence of clinical as well as sub clinical hypothy-
roidism is greater in subjects with NAFLD or NASH in

7 Activation

contrast to those age matched controls '
of THR-B causes the advantageous metabolic actions on
triglycerides as well as cholesterol amounts in addition
to enhancement of hepatic steatosis ">, Possessing the
actions of beneficial cardiometabolic profile along with
ameliorated hepatic steatosis, THR-B- agonist are getting
evaluated for NASH therapy.

Resmetriom (MGL-3196) acts as a liver pointed, orally
working selective THR-B- agonist fashioned to provide
relief in NASH by escalation of hepatic fat metabolism as
well as reduction in lipotoxicity. During a phase 2 study,
patients having biopsy verified NASH (fibrosis stage 1-3)
as well as hepatic fat percentage >10% by MRI-PDDF got
a random allocation to 2:1 for getting Resmetriom 80 mg
or matching placebo, orally once/day (NCT02912260) 7.

The primary results were the proportional alterations
from baseline in hepatic fat percentage as evaluation done
by MRI-PDDF at 12 weeks.A significant decrease in he-
patic fat percentage following 12 as well as 36 weeks of
Resmetriom was observed. Tolerance was good, neverthe-
less, it resulted in Gastrointestinal tract (GIT), side effects,
that were self restricted as well as were not responsible for
the study getting withdrawn.

A Phase 3 trial implicating 2000 patients with NASH
along with stage 2.3 fibrosis is ongoing (MAESTRO-NASH,
NCT03900429). The primary result is the action of Resme-
triom 80 or 100 mg in contrast to placebo on liver histol-
ogy along with a composite long duration results of the
amount of patients with the initiation of any of the consid-
ered processes like cirrhosis, all cause mortality, as well
as liver associated Clinical features. This trial got initiated
in March 2019, with the outcomes anticipated in March
2024.

VK2809

VK2809 represents a small molecule product of a ro-
bust THR-B-agonist. VK2809 gets selectively cleaved in
the Liver tissue by the enzyme cytochrome P450 isozyme
3A4, to liberate a pharmacologically active metabolite.
During a Phase 2a trial, patients possessing a hepatic fat
amounts of >8% as evaluation done by MRI-PDDF, a
LDL-C amount of >110 mg/dl, along with a triglycerides
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amount of >120 mg/dl got a random allocation to get oral
VK2809 5 mg/day, 10 mg alternate day, 10 mg/day or pla-
cebo for 12 weeks .

Significant drop in hepatic fat amounts by MRI-PDFF
in contrast to placebo was documented in the patients get-
ting VK2809. The median relative alteration from baseline
in hepatic fat amounts was 53.8% for VK2809 5 mg/day
(p=0.0001). 56.1% for 10 mg alternate day (p=0.0018) as
well as 59.7 for 10 mg/day (p=0.0004) vs 9.4% for place-
bo.

Dependent on these outcomes, a Phase 2b study is
ongoing in 337 subjects with biopsy validated NASH,
for evaluation of the effectiveness along with safety of
VK2809 (1.0,2.5,5.0,10 mg) vis a vis placebo for 52
weeks. The primary result is the relative alteration in he-
patic fat amounts (evaluation by MRI-PDFF) from base-
line to12 weeks (VOYAGE, NCT04173065). The study
was initiated in November 2019.

2.9 Hepatic Lipid Metabolism

i) Stearoyl-Co A Desaturase (SCD1) Inhibitor-
Aramchol

Aramchol represents arachidylamido cholanoic acid, that
is an innovative synthetic lipid molecule, a conjugate of the
bile acid, cholic acid as well as arachidic acid, a fatty acid. It
results in transformation of saturated FAsinto monounsatu-
rated FAs (Figure 1) 7. Aramchol has been evaluated in a
Phase 2a trial, over 3 months at doses of 100 mg as well as
300 mg/day. This study illustrated a decrease in hepatic fat by
magnetic resonance spectroscopy (MRS) following 3 months
of treatment in the 300 mg/day Aramchol group in contrast
to placebo, but not in the 100 mg/day Aramchol group. Fur-
ther a decrease in the ALT amounts, with the compounds
being well tolerated ", Greater doses of Aramchol (400
mg/day-600 mg/day) were delivered to patients with biopsy
validatedNASH (n=247) without cirrhosis in a Phase 2b trial
which analysed their actions on liver triglycerides amounts
with the utilization of (MRS) as well as liver biopsy (AR-
REST-NCT02279524) **), A significant >5% decrease in he-
patic fat amounts was seen with 600 mg/day Aramchol, 47%
in contrast to placebo, 24%. As per liver histology, NASH
resolution without deterioration of fibrosis was observed in
greater instances with 600 mg Aramchol in contrast to place-
bo (16.7% vs 5% OR, 4.74; 95% CI, 0.99-22.66). Despite the
study being underpowered for histological evaluation a dose
response pattern in favour of NASH resolution as well as
fibrosis amelioration was observed. A Phase 3/4 multi nation-
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al, multicenter, double blinded, placebo-controlled study for
analyzing the effectiveness along with safety of Aramchol in
cases with NASH (fibrosis 2 or 3) who present as overweight
or with obesity along with prediabetes or T2DM (ARMOR,
NCT04104321) has been continuing since September 2019.

ii) LiverX Receptor-a inhibitor- Oltipraz

Oltipraz represents a synthetic dithiolethione which
works as anti steatotic drug by hampering LiverX Recep-
tor-a (LXR —a) activity (Figure 1) ", Dithiolethiones are
an innovative class of adenine monophosphate activated
protein kinase (AMPK) stimulators, that avoid insulin
resistance (IR) by hampering AMPK-based p70ribosomal
S6 kinasel (S6K1). AMPK represents a serine/threonine
kinase possessing a key part in the controlling of car-
bohydrates as well as fat metabolism, besides which it
might result in modulation of LXR—a action along with
causing a reduction in expression of sterol regulatory ele-
ment binding protein 1c (SREBPIlc), a crucial Controller
of lipid generation ", Oltipraz has a treatment potential
for steatosis by stimulation of AMPK in addition to ham-
pering S6K1. Further it encourages lipid oxidation by
hampering LXR—a action along with resulting in reduc-
tion in expression of SREBPIc in the liver *. A Phase
2 study is presently continuing in patients with hepatic
fat amounts>20% as well as hypertransaminasaemia got
random allocation to get placebo (n=22), 30 mg Oltipraz
(n=22), 60 mg Oltipraz (n=24), bdx 24 weeks (PMK-
NO1GH, NCT01373554) . The primary result was the
alteration in the hepatic fat amounts as evaluated by MRS
from baseline x 24 weeks.

In contrast to placebo groups, a significant reduction in
the hepatic fat amounts was caused by Oltipraz in a dose—
based manner. Nevertheless, the sheer alterations in IR
along with the amounts of liver enzymes, lipids as well
as cytokines were not significantly altered in any of the
groups. Moreover the side effects were similar among the
groups.

A multicenter, randomized, double blinded, place-
bo-controlled parallel, phase 3 Clinical trial is going on
for analyzing the effectiveness along with safety of Olti-
praz in 144 subjects with NAFLD (NCT04142749). The
primary results is the difference in the amounts of liver fat
as evaluated by MRS at 24 weeks in contrast to baseline.
The study was initiated in December 2019, with early out-
comes anticipated in October 21.

iii) Acetyl-CoA Carboxylase inhibitor, firsocostat
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(GS0976)

The Controlling of denovo lipogenesis (DNL) possess-
es a main part in the fatty acids (FA) generation along
with their catabolism. The rate restricting step in DNL is
transformation of Acetyl-Coenzyme A (Acetyl-CoA) to
malonyl CoA by the enzyme Acetyl-CoA Carboxylase
(ACC). ACC possesses 2 isoforms. The ACC lisoform
catalyzes the generation of malonyl CoA, that is the main
substrate for the (FA) generation within the cytosol. ACC2
resides in the mitochondria, where malonyl CoA works as
a robust allosteric inhibitor of carnitine palmitoyl trans-
ferase (CPT)1, that is the carrier protein of FA into mito-
chondria for the p oxidation ""*"!. Hampering of ACC 1 as
well as ACC 2 would get anticipated to decrease DNL as
well as a escalate mitochondria B oxidation, respectively,
pointed that hampering of ACC would be a treatment tar-
get in NASH ™. Firsocostat (GS0976) represents a liver
targeted, small molecule allosteric inhibitor of both ACC
1 as well as ACC 2 in the generation of NASH (Figure 1).

During a recent phase 2 trial, 126 cases with hepatic
steatosis of >8% dependent on MRI-PDFF, as well as liver
stiffness of >2.5 kPa, dependent on MRE, or biopsy that
corroborated with NASH as well as F1-F3 fibrosis got a
random allocation to (2:2:1) for getting GS0976 (20 mg),
GS0976 (5 mg), or placebo groups day for 12 weeks. Dur-
ing that study, 20 mg delivery of GS0976 was safe along
with resulted in significant decrease in liver fat amounts
by MRI-PDFF as well as a reduction in TIMP1. That is a
marker of fibrogenesis (NCT02856555) ™),

2.10 Anti Fibrotic Drugs
i) Galectin-3 inhibitor, Belamectin (GRMD-02)

Galectins represent carbohydrate-binding proteins that
belong to the family of non-integrinfB-galactoside—binding
lectins ™. Galectin-3 (Gal-3) is the commonest Galec-
tin liberated in disease, basically by macrophages. Gal-
3 through its intracellular (antiapoptotic, macrophages
differentiation) along with extracellular (chemokinetic
as well as chemotactic factor) actions is significant to the
pathophysiology of hepatic fibrosis that result secondary
to a lot of chronic Liver diseases ***. Galectin inhibitors
represent a new class of drugs which target both liberated
as well as membrane — correlated Galectins in view of
their high molecular weight . Belamectin (GRMD-02),
represents galactoarabino-rhamnogalacturonate) is a com-
plicated carbohydrate molecule obtained from anatural
plant source, that possesses oligosaccharide chains having
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galactose residues as well as binds to the Galectin3 with a
lesser amount to Galectinl. A phase 1 study has illustrated
that Belamectin possesses good effectiveness along with
safety at single along with multiple doses of 2, 4 as well
as 8 mg/kgin patients possessing NASH having all proper-
ties of proved NASH in addition to advanced fibrosis but
no cirrhosis ™.

During a multicenter, randomized double blinded, pla-
cebo-controlled phase 2b trial, 162 patients with NASH,
cirrhosis as well as portal hypertension (with hepatic ve-
nous pressure gradient [HVPG]>6 mmHg) got a random
allocation to get biweekly infusion of Belamectin 2 mg/kg
(n=54), 8 mg/kg (n=54), or placebo (n=54) for 52 week
] The primary end point was the alteration in HVPG
(-28) by the finishing of 52 weeks duration in contrast to
baseline. Despite belpectin being safe, it was not corre-
lated with a significant decrease in HVPG or fibrosis, in
contrast to placebo. Nevertheless in a subgroup evaluation
of patients without esophageal varices, 2 mg/kg belapec-
tin actually led to a reduction in the generation of varices.
A phase 3 study for analyzing the safety along with ef-
fectiveness of belapectin for the avoidance of esophageal
varices in case of as well as patients with NASH cirrho-
sis without esophageal varices is getting started (NCT
04365868).

3. Combination Treatment

NASH represents a multifactorial disease implicating
various modes for its genesis with no definite approved
treatments. In future combination of drugs are attractive
in view of targeting a lot of pathways. Maximum drug
combinations are constituted by metabolic, inflammatory
as well as fibrotic drugs or as an other way an anti diabet-
ic might be utilized. At present 3 Combination treatments
options for NASH are there.

3.1 TXR as well as CVC

A randomized, double blinded, multicenter, place-
bo-controlled phase 2b study for patients evaluation of
safety along with effectiveness of TXR as well as CVC
IN 200 cases with NASH fibrosis (stage2/3) (TANDEM,
NCT03517540) ®”'. Randomization of patients in a 1:1:1:1
ratio for getting TXR 140 ug+CVC 150 mg once a day.
The study is designed as a 48 week treatments time as
well as 4 week follow up. The primary aim is analysis of
safety along with tolerance of this combination treatments
as compared to monotherapies over 48 weeks. The sec-
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ondary aim is effectiveness that by definition is >1 point
enhancement in liver fibrosis vis a vis baseline or resolv-
ing of steatohepatitis following 48 weeks. Thus this com-
bination treatments targets steatotic, inflammatory as well
as /or fibrotic pathways that are accountable for NASH.

3.2 Selonosertib, Firsocostat, as well as Cilofexor

A recent phase 2 study analysed safety along with ef-
fectiveness of a combination of Selonosertib, firsocostat,
as well as cilofexor in patients with bridging fibrosis of
compensated cirrhosis without deterioration of NASH.
Results were anticipated in 2020.

3.3 Semaglutide, Firsocostat as well as Cilofexor

During a phase 2 study where utilization of combina-
tion of Semaglutide, firsocostat as well as cilofexor was-
done, 109 cases presenting with NASH fibrosis (stage 2/3)
got a random allocation to Semaglutide groups, Sema-
glutide+ firsocostatgroup, Semaglutide+ cilofexor 30 mg
group, Semaglutide+ cilofexor 100 mg, or Semaglutide +
firsocostat + cilofexor group (NCT039U7074). The pri-
mary aim is analysis of safety along with tolerance of the
study drug/drugs in adult cases with NASH.

3.4 TXR as well as Licogliflozin

Licogliflozin is a once/day, oral SGLT1/2 double in-
hibitor. A phase 2b randomized, double blinded, multi-
center, study is doing evaluation of the safety along with
effectiveness of as well as tolerance of oral TXR as well
as licogliflozin in combination treatments in contrast to
monotherapies, in case of subjects with NASH as well
as liver fibrosis. The primary end point is the population
of patients with NASH resolution by a minimum of one
stage without deterioration of fibrosis at 48 weeks in con-
trast to baseline (ELIVATE, NCT 04065841).

4. Conclusions

Despite Vitamin E, pioglitazone, Liraglutide cause
enhancement of liver histology, no FDA approved agent
exist for NASH currently. Hence weight reduction by
utilization of lifestyle modifications, that are diet along with
exercise remains the major way of treatment of NAFLD.
Here we have given an overview of the key phase 2-3 trials
dependent on the mode of working in NASH (Figure 2).

5 Pharmacological drugs like Obeticholic acid, elafi-
branor, cenicriviroc, resmetriom, in addition to aramchol
are getting analysed in big, histology dependent phase 3
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trials. Depending on the outcome of these trials, newer are further getting analyzed. In view of NASH occurring
agents possessing greater efficacy are anticipated in 2 to  secondary to a lot of factors combination treatments ap-
4 years. Various phase 2 trials are ongoing with different  pear to be promising. Lastly, finally further approaches of
drugs like non bile acid Farsenoid X receptor antagonists,  treatments would be composed of combination treatments
FGF19 along with 21 analogues, GLP-1RA, SGLT2 in- along with precision medicine depending on the various
hibitors, pan-PPAR agonists, MPC inhibitors. ACC inhib-  phenotypes of NASH along with personalised patients
itors as well as Gal-3 antagonists. Combination treatments  treatment response.
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Figure 2. key phase 2-3 trials dependent on the mode of working in NASH

Courtesy ref no 31-The classification of phase 2,3 trials based on mechanism of action in nonalcoholic steatohepatitis (NASH)
treatment. FXR, farnesoid X receptor; FGF, fibroblast growth factor; PPAR, peroxisome proliferator-activated receptor; SGLT2,
sodium glucose cotransporter 2; GLP-1 RA, glucagon-like peptide-1 receptor agonist; MPC, mitochondrial pyruvate carrier; SCD1,
stearoylCoA desaturase 1; ACC, acetyl-coenzyme A carboxylase; THR-p, thyroid hormone receptor-f3.
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