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Abstract

AIM

To evaluate the effect of sitagliptin vs placebo on
histologic and non-histologic parameters of non-
alcoholic steatohepatitis (NASH).

METHODS

Twelve patients with biopsy-proven NASH were
randomized to sitagliptin (100 mg daily) (7 = 6) or
placebo (7 = 6) for 24 wk. The primary outcome was
improvement in liver fibrosis after 24 wk. Secondary
outcomes included evaluation of changes in NAFLD
activity score (NAS), individual components of NAS
(hepatocyte ballooning, lobular inflammation, and
steatosis), glycemic control and insulin resistance
[including measurements of glycated hemoglobin
(HbA1C) and adipocytokines], lipid profile including
free fatty acids, adipose distribution measured using
magnetic resonance imaging (MRI), and thrombosis
markers (platelet aggregation and plasminogen activator
inhibitor 1 levels). We also sought to determine the
correlation between changes in hepatic fat fraction
(%) [as measured using the Iterative Decomposition of
water and fat with Echo Asymmetry and Least-squares
estimation (IDEAL) MRI technique] and changes in
hepatic steatosis on liver biopsy.

RESULTS
Sitagliptin was not significantly better than placebo at
reducing liver fibrosis score as measured on liver biopsy
(mean difference between sitagliptin and placebo
arms, 0.40, P = 0.82). There were no significant
improvements evident with the use of sitagliptin vs
placebo for the secondary histologic outcomes of NAS
total score as well as for the individual components
of NAS. Compared to baseline, those patients who
received sitagliptin demonstrated improved HbA1C
(6.7% £ 0.4% vs 7.9% %= 1.0%, P = 0.02), and
trended towards improved adiponectin levels (4.7 + 3.5
pug/mL vs 3.9 £ 2.7 ug/mL, P = 0.06) and triglyceride
levels (1.26 £ 0.43 mmol/L vs 2.80 £ 1.64 mmol/L,
P = 0.08). However, when compared with placebo,
sitagliptin did not cause a statistically significant
improvement in HbA1C (mean difference, -0.7%, P
= 0.19) nor triglyceride levels (mean difference -1.10
mmol/L, 7 = 0.19) but did trend towards improved
adiponectin levels only (mean difference, 0.60 pg/mL,
P = 0.095). No significant changes in anthropometrics,
liver enzymes, other adipocytokines, lipid profile,
thrombosis parameters, or adipose distribution were
demonstrated. The MRI IDEAL procedure correlated
well with steatosis scores obtained on liver biopsy in
both groups at baseline and post-treatment, and the
Spearman correlation coefficients ranged from r
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0.819 (baseline) to r = 0.878 (post-treatment), P =
0.002.

CONCLUSION

Sitagliptin does not improve fibrosis score or NAS
after 24 wk of therapy. The MRI IDEAL technique may
be useful for non-invasive measurement of hepatic
steatosis.

Key words: Sitagliptin; Randomized controlled trial; Non-
alcoholic fatty liver disease; Non-alcoholic steatohepatitis;
Fibrosis; Magnetic resonance imaging; Hepatic steatosis;
Insulin resistance; Platelet aggregation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Presently, there is no approved medical
therapy for non-alcoholic steatohepatitis (NASH). In
this randomized placebo-controlled trial, the effect
of sitagliptin on liver fibrosis in patients with NASH
after 24 wk was evaluated. There was no significant
improvement with the use of sitagliptin on liver
fibrosis, total non-alcoholic fatty liver disease activity
score or its individual components. Similarly, there
were no significant improvements in liver enzymes,
adipocytokines, lipid profile, thrombosis parameters,
or adipose distribution. There was a strong correlation
between hepatic fat % measured using the MRI IDEAL
technique and hepatic steatosis on liver biopsy.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the leading
cause of chronic liver disease in the United States,
affecting approximately 95 million adults™>., The
spectrum of disease ranges from simple steatosis
to steatohepatitis with or without fibrosis (NASH)™.
The pathogenesis of NASH has been associated with
not only insulin resistance, metabolic syndrome, and
diabetes but also oxidative stress and lipotoxicity™'.
Approximately 50%-70% of patients with type 2
diabetes (DM2) have hepatic steatosis®®!. More
importantly, those with DM2 and/or insulin resistance
are at a greater risk and have a greater likelihood for
progression of NASH™., Although lifestyle modification
is the mainstay of treatment, achievement and/or
maintenance of dietary goals and weight loss is often
difficult!®®,

Currently, there is no approved pharmacologic
agent for the management of NASH. Given the
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importance of insulin resistance, several anti-diabetic
agents have been investigated in NASH but have
yielded variable outcomes® ¥, Sitagliptin is an oral
antidiabetic agent that inhibits dipeptidyl peptidase IV
(DPP-1V), a naturally occurring enzyme that degrades
the incretins - glucagon-like peptide 1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP).
GLP-1 and GIP are hormones secreted from the
gastrointestinal system in response to food intake
and cause increased insulin secretion and suppressed
glucagon secretion, resulting in improved serum
glucose levels!®, There are two available incretin-
based anti-diabetic classes - GLP-1 analogues and
DPP-1V inhibitors, both of which are being actively
investigated for NASH.

DPP-1V activity correlates with hepatic steatosis and
NASH grading as well as with markers of liver damage
such as gamma glutamyl transferase (GGT) and
alanine aminotransferase (ALT) levels!**'”), In rodents,
reduced DPP-1V levels are associated with reduced
lipogenesis and decreased hepatic steatosis*®**!, Thus,
DPP-1V itself may be important to the pathogenesis of
NASH. Use of the DPP-1V inhibitor, sitagliptin, improves
lipid metabolism, and attenuates the progression
of hepatic fibrosis in mice with NASH, as well as
decreases platelet aggregation in vitro®?', Thus,
sitagliptin may be an attractive therapeutic option for
NASH, especially given its low risk of hypoglycemia,
weight-neutrality, and demonstrated safety profile in
individuals with moderate hepatic insufficiency®>*.

In uncontrolled human studies, sitagliptin improved
serum ALT, aspartate aminotransferase (AST), and
GGT levels in patients with DM2 and NASH™* as well
as significantly decreased hepatocyte ballooning and
NASH scores!®!, Recently, a randomized placebo-
controlled trial®® examining 24 wk of sitagliptin
therapy in patients with non-alcoholic fatty liver
disease demonstrated no significant improvement
in liver fat as measured using magnetic resonance
imaging (MRI). However, liver biopsies were not
performed in that trial.

Thus, the aim of this randomized placebo-controlled
trial was to evaluate the efficacy of sitagliptin vs
placebo in patients with DM2 and biopsy-proven NASH
in reducing liver fibrosis histologically using paired
liver biopsies. Additionally, we evaluated the effects of
sitagliptin on NAFLD activity score (NAS), mediators
of insulin resistance (adipocytokines and adipose
distribution), lipid profile and thrombosis parameters.
We also aimed to examine the use of MRI-derived
hepatic fat fraction as a surrogate for histologic assess-
ment of hepatic steatosis.

MATERIALS AND METHODS

Study design and patients

We conducted an investigator-initiated, randomized,
double-blinded, allocation-concealed, placebo-
controlled clinical trial of 24 wk’ duration of sitagliptin
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100 mg daily versus placebo in patients with DM2 and
biopsy-confirmed NASH. Participants were recruited
from the Endocrinology and Gastroenterology out-
patient clinics at St. Joseph’s Hospital and London
Health Sciences Centre, respectively, at Western
University. The trial was registered at www.clinicaltrials.
gov (registration number: NCT01260246). The clinical
trial was approved by the Western University Research
Ethics Board (REB No. 17389), and all patients pro-
vided written informed consent.

Inclusion criteria included age 18 years or older,
established diagnosis of type 2 diabetes on lifestyle
management alone or with approved treatment (see
exclusions below) with a hemoglobin A1C (HbA1C) of
7.1%-8.9%, and a diagnosis of NASH based on the
American Association for the Study of Liver Disease
criteria® including histological evidence of NASH on
the basis of pre-randomization liver biopsy. Patients
were excluded for substantial alcohol consumption
(> 20 g/d for women or > 30 g/d for men); prior
exposure to DPP-IV inhibitor, GLP-1 analogue, or
thiazolidinedione; Child’s class B or C cirrhosis; any
contraindication for MRI; any contraindication for
liver biopsy; current or prior use of medications that
can induce steatohepatitis; participation in another
clinical trial; prior history of pancreatitis; pregnancy,
breastfeeding, or intention to become pregnant.

Randomization and masking

The St. Joseph’s Hospital clinical trial pharmacy
team randomized patients into either sitagliptin
or placebo groups 1:1, stratified by gender, using
computer-generated numbers. Blinding and allocation
concealment was maintained by use of identical-
looking bottles and capsules, in which sitagliptin or
placebo were compounded by the hospital pharmacy.
Physicians and all other study personnel were also
blinded to drug allocation. Unblinding of treatment
allocation was done only after all study procedures
were completed in all study patients.

Study visits and procedures

After screening, patients underwent a baseline as-
sessment (Visit 1) including medical history; physical
examination; documentation of anthropometric mea-
sures [weight, waist-to-hip ratio, and body mass index
(BMI)]; blood work for glycemic control (HbA1C),
markers of insulin resistance [homeostasis model
of assessment for insulin resistance (HOMA-IR)]
(which used fasting glucose and insulin levels) and
adipocytokines [adiponectin, adipsin, leptin, resistin,
visfatin, interleukin-6 (IL-6), tumor necrosis factor-
alpha (TNF-a), free fatty acids (FFA), lipid profile [total
cholesterol, triglycerides, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), liver parameters [AST, ALT, alkaline
phosphatase (Alk Phos), GGT] markers of thrombosis
[platelet aggregation and plasminogen activator
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inhibitor 1 (PAI-1)]; and MRI assessment of adipose
distribution[% fat in the liver, visceral adipose tissue
(VAT), subcutaneous abdominal adipose tissue (SAAT),
and subcutaneous peripheral adipose tissue (SPAT) of
the left thigh].

After randomization, patients returned for study
visits at weeks 12 (Visit 2) and 24 (Visit 3). At visit
2, adverse effects were noted, and compliance was
assessed using pill count. Anthropometric measures
and blood work for HbA1C, fasting glucose and insulin,
FFA, lipid profile, and liver parameters were measured.
Visit 3 study procedures included documentation of
adverse effects and compliance as well as all study
procedures as visit 1, including a repeat liver biopsy.

Histologic evaluation: Ultrasonography-guided
percutaneous liver biopsies were obtained from all
subjects prior to initiation of therapy and at completion
of the study. All biopsy specimens were placed in
formalin solution for fixation and embedded in paraffin
blocks. An independent liver histopathologist (SC)
who was blinded to study treatment allocation and
clinical or laboratory information assessed baseline
and end-of-treatment liver biopsies. The grade and
stage of liver disease severity was assessed according
to the scoring system proposed by the NASH Clinical
Research Network™®. This was recorded as the sum
of the scores for steatosis (0-3), lobular inflammation
(0-3) and ballooning (0-2). Fibrosis (0-4) was scored
separately. For the purposes of analysis, fibrosis stages
1a, 1b, and 1c were considered as stage 1. A diagnosis
of NASH required the presence of steatohepatitis (NAS
= 3) with a hepatocyte ballooning score of = 1 and
fibrosis score of = 1.

MRI: MRI examinations were performed using 3 Tesla
Discovery MR750 MRI (General Electric). Quantification
of adiposity in the hepatic, VAT, SAAT, and thigh SPAT
depots used the Iterative Decomposition of water and
fat with Echo Asymmetry and Least-squares estimation
(IDEAL) procedure®®®, a computer-based quantification
method separating fat and water signals in MRI images.
Excellent correlation (* = 0.99, slope = 1.00 + 0.01)
for hepatic fat quantification using IDEAL vs the gold
standard method, magnetic resonance spectroscopy
(MRS) has been previously established*??, Regions
of interest (ROIs) were placed in vessel free regions
of the lower right lobe of the liver to obtain water-only
and fat-only images. Then, hepatic fat-fraction (HFF)
was obtained [HFF (%) = fat/(water + fat) x 100] and
mean fat fraction calculated®.

Left thigh SPAT (%) was quantified using ImageJ
version 1.34 n image analysis software, specifically
utilizing the Connected Threshold Grower and Voxel
Counter tools. Percent adipose tissue was calculated
by dividing the total voxels determined for fat intensity
signals connected to the subcutaneous adipose
seed point by the total voxels for the slice. Similarly,
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single slices (1 cm) at the L4 region were obtained
to quantify VAT and SAAT using these techniques, as
previously published by our group™>*,

Biochemical parameters: Blood work for fasting
glucose, insulin, HbA1C, FFA, AST, ALT, Alk Phos,
GGT, and lipid profile were collected and analyzed per
standard hospital procedures within our hospital core
laboratory. The analytes (adiponectin, adipsin, resistin,
leptin, visfatin IL-6, TNF-a, PAI-1) were measured
from venous blood samples collected in BD™ P800
EDTA tubes pre-coated with general protease inhibitors
(to allow for accurate measurement). Samples were
centrifuged and stored at -80 ‘C until thawing for
grouped analysis at the completion of the study.
They were analyzed using the Human Diabetes Bio-
Plex Panel and a Bio-Plex™ 200 readout System (Bio-
Rad Laboratories, CA, United States), which utilizes
Luminex® xMAP™ multiplexed immunoassay technology
(Luminex Corp., TX, United States). Levels of analytes
were automatically calculated from standard curves
using Bio-Plex Manager software (v.4.1.1, Bio-Rad).
VerifyNow-P2Y12 (Accumetrics, CA, United States) is a
rapid platelet-function cartridge-based assay that was
used to directly measure platelet aggregation™. The
data are expressed as platelet reaction units (PRU) (ref.
range 194-418).

Outcomes

The primary outcome was improvement in liver
fibrosis on histology from baseline to end of treatment.
Secondary histological outcomes included changes in
overall NAS and individual components of NAS (steatosis,
hepatocyte ballooning, and lobular inflammation)®”.
Other secondary outcome measures included changes
from baseline to 24 wk in serum liver enzyme
concentrations, fasting lipid and FFA concentrations,
measures of insulin resistance (adipocytokines and
HOMA-IR), glycemic control (HbA1C), thrombosis
(platelet aggregation and PAI-1 levels), and adipose
distribution.

Statistical analysis

Statistical review of the study was completed by a
biomedical statistician (LS). The sample size was
calculated based on a mean difference in fibrosis
score”! between pre and post conditions of -0.55,
or a decrease of slightly more than one half score
on 4 point scale (SD of difference = 0.68). Using the
methods of Cohen™!, a sample size of 16 patients
would provide 80% power to detect at least this
difference with alpha (2-tailed) = 5%. We anticipated
a 25% drop out rate, and thus our recruitment target
was increased to 20 individuals.

All evaluable patients who underwent an end-
of-treatment biopsy at week 24 were included in
the modified intent-to-treat analysis. All data are
expressed as mean = SD (standard deviation) for
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6 patients excluded
3 patients' biopsy were not

Patients
randomized
(n=12)

diagnostic of NASH
2 patients had an A1C too low
1 patient declined

l

Placebo
(7 =196)

l l

l

Sitagliptin
(n=6)

l l

Completed study
(n=75)

Completed all study
procedures except
final liver biopsy

Completed

Patient dropout due
to epigastric pain
(unlikely related to

(n=5)

(n=1)

study medication)
(n=1)

Figure 1 Study subjects’ flow diagram. HbA1C: Glycated hemoglobin; NASH: Non-alcoholic steatohepatitis.

normally distributed data and median (interquartile
range) for non-normally distributed data. Comparisons
between sitagliptin and placebo were made using
unpaired t-tests or Wilcoxon two sample tests for
continuous variables and »° tests or, where expected
counts were less than five, Fisher’s exact test for
categorical variables. The association between liver
steatosis and MRI assessment for hepatic fat was
evaluated using Spearman rank correlations. A two-
tailed P value < 0.05 was considered statistically
significant. Statistical analysis was performed using
SAS 9.4 (Cary NC, United States).

RESULTS

Between September 2011 and August 2014, we
randomly assigned 12 patients with histologically
confirmed NASH to receive sitagliptin (n = 6) or
placebo (n = 6) (Figure 1). One patient from the
sitagliptin arm withdrew from the study due to
epigastric pain (see below), and one patient from the
placebo arm completed all end of study procedures
except the liver biopsy. In the participants who
completed the trial, compliance was above 95% in
both arms. Participants were predominantly female
(66% vs 50%, sitagliptin vs placebo, P = 1.00), with
similar durations of diabetes and NASH, and similar
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fibrosis score and NAS (Table 1).

Sitagliptin was not significantly better than placebo
at reducing liver fibrosis score as measured on liver
biopsy (mean difference between sitagliptin and
placebo arms, 0.40, P = 0.82) (Table 2). Individual
patient data on changes in liver fibrosis stratified by
treatment group are shown in Figure 2. There were
no significant improvements evident with the use
of sitagliptin vs placebo for the secondary histologic
outcomes of NAS total score as well as for the
individual components of NAS (Table 2).

Compared to baseling, those patients who received
sitagliptin demonstrated improved glycemic control
(HbA1C) (6.7% % 0.4% vs 7.9% % 1.0%, P = 0.02),
and trended towards improved adiponectin levels
(4.7 £ 3.5 pg/mL vs 3.9 £ 2.7 ug/mL, P = 0.06) and
triglyceride levels (1.26 £ 0.43 mmol/L vs 2.80 + 1.64
mmol/L, P = 0.08) (Table 3). However, when compared
with placebo, sitagliptin did not cause a statistically
significant improvement in HbA1C (mean difference,
-0.7%, P = 0.19) nor triglyceride levels (mean
difference -1.10 mmol/L, P = 0.19) but did trend
towards improved adiponectin levels (mean difference,
0.60 pg/mL, P = 0.095). No significant changes in
anthropometrics, liver enzymes, adipocytokines, lipid
parameters, thrombosis, or adipose distribution were
demonstrated (Table 3).
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Table 1 Baseline characteristics of subjects

Placebo (7 = 6) Sitagliptin (7 = 6)

Demographics
Age (yr) 54.7+98 56.7+9.9
Gender - male, n (%) 2(33) 3 (50)
White, 1 (% 6 (100 5(83)
Weight (kg) 105.8 +23.5 100.4 +28.7
BMI (kg/m’) 37.4+47 359466
Diabetes duration (yr)" 6.0 (5.0, 6.0) 6.5 (5.0, 23.0)
NASH Duration (yr)" 4.0 (1.0,4.0) 1.3 (0.1, 2.0)
Biochemical profile
HbA1C (%) 82409 79+1.0
HOMA-IR 35+22 34+12
Fasting glucose (mmuol/L) 11.3+49 81+3.1
Fasting insulin (pmol/L) 165 +134 168 + 63
AST (IU/L) 39+19 44 +22
ALT (IU/L) 46 + 36 72 £50
Alkaline phosphatase (IU/L) 85+34 93 £41
GGT (IU/L) 100 £ 98 164 +182
Triglycerides (mmol/L) 2.33 £2.00 2.80 +1.64
HDL-C (mmol/L) 110+ 0.34 112+ 0.46
LDL-C (mmol/L) 1.61£0.71 1.42£0.97
Free fatty acids (umol/L) 645 +195 559 + 158
Platelet aggregation (PRU) 292 +37 236 + 28
Histologic profile
Fibrosis 22+08 2210
NAS 4215 38+08
Steatosis 1.8+0.8 1.8+0.8
Lobular Inflammation 12+04 1.0+0
Ballooning 12+04 1.0+0
MRI
Hepatic fat (%) 21.9£10.6 19.0£9.7
SAAT (%) 405+7.1 38.0£22.0
VAT (%) 30.5+£3.4 268 £11.6
Left thigh fat (%) 37.8+9.9 39.5+£15.8

'Data are presented as median (Q1, Q3). Data are presented as mean * SD,
unless otherwise specified. ALT: Alanine aminotransferase; AST: Aspartate
transferase; BMI: Body mass index; HbA1C: Hemoglobin A1C; HOMA-
IR: Homeostasis model of assessment for insulin resistance; HDL-C:
High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; NAS: Non-alcoholic fatty liver disease activity score; NASH:
Non-alcoholic steatohepatitis; MRI: Magnetic resonance imaging; PRU:
Platelet reaction units; SAAT: Subcutaneous abdominal adipose tissue;
VAT: Visceral adipose tissue.

The MRI IDEAL technique correlated well with
steatosis scores obtained on liver biopsy in both
groups at baseline and post-treatment, and the
Spearman correlation coefficients ranged from r =
0.819 (baseline) to r = 0.878 (post-treatment), P =
0.002.

Treatment with sitagliptin was well tolerated. A
total of 3 patients had adverse events. Two weeks
after randomization, one patient developed a serious
adverse event of a right subdural hemorrhage,
manifest as left leg weakness and numbness, most
likely caused by treatment with his blood thinner
(warfarin) for atrial fibrillation. He elected to continue
in the trial with blinded medication and was deemed
to have had an event unrelated to study medication.
A second patient had a non-serious adverse event
of low back pain and right foot pain, diagnosed as
lumbar spondylolysis, which resolved within 48 h of
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oral analgesic use. The adverse event was deemed
unrelated to study medication and did not result in
discontinuation of study medication as well. The third
patient developed epigastric pain approximately 1
month after starting sitagliptin. She was hospitalized
for her symptoms; pancreatitis was ruled out. The
final discharge diagnosis was possible gastritis.
She had a history of epigastric pain occurring 1 to
3 times per year for the 4 years prior to her study
entry. She withdrew from the trial at the time of her
hospitalization, and had another bout of epigastric
discomfort 1 mo following her hospitalization. Although
she was classified as having a serious adverse event,
it was deemed by the investigators that it was unlikely
related to the study medication.

DISCUSSION

In this randomized double-blinded placebo-controlled
trial, sitagliptin did not significantly improve liver
fibrosis or any parameter of NAS after 24 wk of
therapy. Those receiving sitagliptin trended towards
having improved adiponectin levels, but no other
improvements in parameters of insulin resistance,
adipose distribution, thrombosis, liver enzymes, or
lipid profile. This trial however did show a strong
correlation between hepatic steatosis on liver biopsy
and hepatic fat fraction measured using MRI with the
IDEAL technique, thus providing further data regarding
the validity of this non-invasive technique in assessing
and monitoring changes in hepatic steatosis in patients
with NASH.

This study has a number of strengths. This is the
first randomized, placebo-controlled trial to report the
effect of a DPP-1V inhibitor on liver histology in patients
with NASH. We utilized a single, expert histopathologist
who remained blinded to study treatment as well as
laboratory data throughout the study. Thus, he was
able to provide unbiased determinations of histologic
features. Second, all patients included in this trial
had histologically-proven NASH, were extensively
phenotyped and well-matched for baseline features.
Third, to the best of our knowledge this is the first
trial to document the validity of the IDEAL technique
for MRI in relation to paired liver biopsies assessing
histologic changes in hepatic steatosis. And finally,
the trial was conducted by experienced investigators
from multidisciplinary backgrounds which allowed for
us to examine the effect of sitagliptin on a number of
important outcomes related to the pathogenesis of
NASH (insulin resistance, lipid parameters) in a rigidly
executed placebo-controlled trial.

In rodent models, sitagliptin use has resulted
in improved features of NASH™**”*1 In humans,
randomized controlled trials examining the effect of
sitagliptin on liver histology has not previously been
examined. Several studies have instead examined
changes in liver enzymes as a marker of NASH but
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Table 2 Changes in primary and secondary histologic outcomes after 6 mo of treatment with sitagliptin vs placebo

Placebo (7 = 6) Sitagliptin (7 = 6) Difference
Baseline Post- P value Baseline Post- P value (95%ClI) P value
treatment' treatment'
Primary outcome
Fibrosis 22+0.8 20+1.0 0.85 22+1.0 24+1.1 0.85 0.4 (-0.98,1.78) 0.82
Secondary outcomes
NAS 42+15 38+19 0.50 3.8+08 34+15 0.85 0.2 (-1.62, 2.02) 1.00
Steatosis 1.8+0.8 1.6+09 0.62 1.8+0.8 1409 0.55 0 (-1.08, 1.08) 091
Hepatocyte ballooning 12+04 14+09 0.89 1.0+0 0.8+0.4 0.36 -0.40 (-1.05, 0.25) 0.23
Lobular inflammation 12+04 0.8+0.4 0.22 1.0+0 12+04 0.36 0.60 (-0.13, 1.33) 0.12

'Data only available for 5 subjects. Data are presented as mean + SD. NAS: Non-alcoholic fatty liver disease activity score.

Table 3 Changes in anthropometric, biochemical, and MRI parameters after 6 mo of treatment with sitagliptin vs placebo

Placebo (7 = 6) Sitagliptin (7 = 6) Difference
Baseline Post-treatment Baseline Post-treatment’ (95%ClI)
Anthropometric and biochemical parameters
Weight (kg) 105.8 £ 23.5 104.7 £23.7 100.4 +28.7 101.1+32.4 0.8 (-6.3, 8.0)
BMI (kg/mz) 374+47 36.8+4.6 359+6.6 35.8+8.0 0.6 (-2.8, 4.0)
HbA1C (%) 82+09 8.0+1.7 79+1.0 6.7 04" -0.7 (-1.7,0.4)
HOMA-IR BISE:M) 2.73 £1.631 34+12 35+29 -0.36 (-3.3,2.6)
Triglycerides (mmol/L) 2.33+2.00 2.29+1.40 2.80+1.64 1.26 +0.43° -1.10 (-2.88, 0.66)
HDL-C (mmol/L) 1.10+0.34 1.11+0.29 1.12+0.46 1.12 £ 0.40 -0.05 (-0.32, 0.22)
LDL-C (mmol/L) 1.61+0.71 1.42+0.34 142 +0.97 1.54 +0.51 0.30 (-0.17, 0.77)
Free fatty acids (umol/L) 645 £ 195 914 £ 411 559 £+ 158 488 + 270 -143 (-788, 503)
Platelet aggregation (PRU) 292 £ 37 266 £ 63 236 £ 28 251+ 74 -11 (-92, 70)
AST (IU/L) 39+19 42+23 44 +22 35+9 -5 (-36, 26)
ALT (IU/L) 46 + 36 48 +28 72 £50 51+15 -5 (-51, 41)
Alk phos (IU/L) 85+ 34 97 £43 93 £ 41 76 £28 -14 (-36, 7)
GGT (IU/L) 100 + 98 153 £176 164 £ 182 90 £ 76 -62 (-164, 39)
Adiponectin (ug/mL) 2.01+1.30 2.09+1.14 3.93+£2.65 470 +3.46° 0.60 (-0.13, 1.32)°
Adipsin (ug/mL) 0.62+0.26 0.61 +£0.26 0.66 +0.14 0.62 £ 0.07 -0.07 (-0.26, 0.13)
Visfatin (ng/mL) 3.21+3.64 3.94+3.59 1.82+233 1.70+£1.08 -0.58 (-3.26, 2.09)
Leptin (ng/mL) 14.62 £12.52 17.64 £16.20 9.61 +£3.29 8.87 £5.54 -3.5 (-8.6, 1.6)
Resistin (ng/mL) 3.66 +1.01 4.31+£1.66 7.19 + 8.66 4.55+1.73 -4.05 (-11.33, 2.34)
TNF-a (pg/mL) 3.69+1.22 4.95+4.79 2.85+0.66 5.14 £3.20 0.95 (-4.70, 6.61)
IL-6 (pg/mL) 5.89+1.37 6.19 £2.37 7.15+6.22 6.40 £ 3.41 -1.44 (-7.76, 4.87)
MRI parameters

Hepatic fat (%) 21.9+10.6 191496 19.0+9.7 16.1+12.9 2.0 (-73,11.2)
SAAT (%) 405+7.1 39.8+7.7 38.0 £22.0 34.1+20.1 0.7 (-2.3,3.7)
VAT (%) 30.5+34 303+44 26.8 +11.6 27.6+13.4 0(-6.4, 6.4)

'One subject was excluded from the post-treatment, placebo group homeostasis model of assessment for insulin resistance (HOMA-IR) calculation due
to blood glucose level above the acceptable steady-state glucose value for calculation of HOMA-IR. *P < 0.05 vs baseline; °P < 0.10 vs baseline; P < 0.10 vs

control.

effects have not been consistent*?*2°% Recently,
a randomized double-blinded placebo-controlled
trial of 50 patients by Cui et a/’®® demonstrated no
improvement in hepatic steatosis using the MRI-based
biomarker of proton density-fat fraction (MRI-PDFF),
following 24 wk of sitagliptin therapy. Our results
further extend these findings by demonstrating no
improvement in the histologic features of NASH with
sitagliptin in patients with histologically-proven NASH.
These results are in contrast with those of Yilmaz
et al'®, where sitagliptin demonstrated improved
NAS and hepatocyte ballooning with a trend towards
improved hepatic steatosis, after 1 year of therapy in
15 patients. However, the latter trial was open-label
without a comparator arm.

Our data are similar to a larger randomized
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controlled trial examining the effects of another
incretin-based antidiabetic agent, the GLP-1 analogue
liraglutide. Armstrong et al™* randomized 52 patients
to liraglutide or placebo for 48 wk to determine the
effects on liver histology, liver enzymes, FFA, lipid
parameters. Their primary endpoint was improvement
in liver histology (defined as disappearance of hepa-
tocyte ballooning without worsening of fibrosis) and
their secondary histologic endpoints were changes in
NAS and fibrosis score. Although they demonstrated
improvement in the primary endpoint, they did not
demonstrate any improvements in NAS, fibrosis score,
HOMA-IR, FFA, or liver enzymes (apart from GGT).
Thus, improvement in liver histology or liver enzymes
may be difficult to achieve with incretin-based agents,
although it is possible that a longer treatment period
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Figure 2 Changes in fibrosis scores in paired liver biopsies (n = 5 per arm) before and after 24 wk of treatment with placebo (A) or sitagliptin (B). 'In the
placebo arm, 2 patients’ fibrosis scores increased from 2 to 3; °In the sitagliptin arm, 2 patients’ fibrosis scores increased from 1 to 2.

beyond 48 wk may be required to document an effect.

While the HbA1C mean difference between sitag-
liptin vs placebo of -0.7% did not reach statistical
significance, the result is consistent with the expected
drop in HbA1C following the addition of sitagliptin to
patients with DM2 having a mean baseline HbA1C
of 8.0%"™". This demonstrates that sitagliptin did
indeed improve glycemic control to the expected
degree from published data. Furthermore, this effect
was accompanied by a trend towards improved
adiponectin levels, an adipocytokine associated with
insulin sensitivity, suggesting that improvement in
insulin resistance is still possible with sitagliptin even
in patients with NASH. Since high levels of VAT and
low levels of SPAT correlate with insulin resistance, we
examined adipose distribution as one of our secondary
outcomes. Our results demonstrating no improvement
in VAT or SPAT with sitagliptin are in contrast to
those by Lima-Martinez et a/*?!, who demonstrated
decreases in VAT of 12% after 24 wk of sitagliptin
therapy. However, the latter trial was open-label
without a comparator arm, and utilized a less precise
technique (bioimpedance analyzer) compared to MRI
to document VAT.

The hepatic fat % did not improve significantly with
the use of sitagliptin vs placebo, as evident also in the
trial by Cui et a/*®. However, the MRI IDEAL technique
did have high correlation with hepatic steatosis on
histology. This technique, while having been previously
validated with MRS'™7?! is certainly much more
feasible than MRS. This trial therefore supports that
hepatic fat fraction measurements through the IDEAL
technique may be an accurate non-invasive method
to longitudinally monitor hepatic steatosis changes in
patients with NASH.

Our study has some important limitations. Firstly,
our sample size was small. This may have affected
our ability to assess for changes in the outcomes
measured as well as the validity of MRI IDEAL
technigue. For the primary histologic outcome, the
mean potentially detectable difference in fibrosis
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score with our attained sample size was 0.8. However,
given that our negative findings were supported
by the trials by Cui et a/*® and Armstrong et a/l'**,
it is unlikely that a true histologic improvement
with 24 wk of sitagliptin therapy has been missed.
Certainly, a larger sample size and longer duration of
therapy would be helpful to address this limitation.
Secondly, this study enrolled patients with milder
NASH compared to other studies. Our baseline NAS
in the sitagliptin arm was 3.8 £ 0.8, slightly lower
than the mean scores in the studies by Armstrong et
al™ and the observational study by Yilmaz et a/*,
where the mean baseline scores were 4.9 £ 0.9 and
5.6 £ 1.6, respectively. Thus, whether sitagliptin
would have impacted histologic and non-histologic
outcomes differently in patients with more advanced
histologic NASH severity remains uncertain. Although
our results lend support to the use of MRI as a non-
invasive technique in patients with NASH, additional
multicenter trials are required to assess the utility
of the IDEAL technique for measuring longitudinal
changes in hepatic steatosis. Regardless, the current
data allow our centre to use the IDEAL technique for
future research in NASH patients to monitor hepatic
steatosis. With the emergence of additional novel
MR technologies, such as MR Elastography to assess
fibrosis, it is likely that in coming years non-invasive
means of assessing disease severity and response to
therapy may supplant liver biopsy in this condition.

Our trial therefore demonstrates that sitagliptin
100 mg daily for 24 wk, compared to placebo, does
not improve histologic features of NASH significantly.
Sitagliptin was well-tolerated in patients with NASH
and demonstrated the expected improved in glycemic
control, as measured through HbA1C. Importantly,
we did demonstrate the feasibility and validity of the
MRI IDEAL technique for non-invasive measurement
of hepatic steatosis longitudinally. Future studies of
longer duration, larger sample size and in patients with
worse severity of NASH may demonstrate different
results and should be considered.
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Background

This study was undertaken to evaluate the efficacy of an established and
effective antidiabetic medication, sitagliptin, on features of nonalcoholic
fatty liver disease (NAFLD). As NAFLD and type 2 diabetes share many
pathophysiologic mechanisms, including insulin resistance, it was theorized that
Sitagliptin may also improve liver disease in NAFLD.

Research frontiers

There are presently no approved medical therapies for NAFLD. As such the
identification of potential drug therapy for this condition is very important; given
it is a very common disorder with the potential to cause significant liver injury.

Innovations and breakthroughs

In this study sitagliptin did not improve liver fibrosis in a small group of
NAFLD patients treated for 24 wk. There was a trend toward improvement in
adiponectin level, an important hormone in the regulation of glucose regulation
and fatty acid oxidation.

Applications

Sitagliptin was safe and well tolerated in this population with known liver
disease. It is possible that further studies, of larger size and longer duration,
may be needed to accurately assess whether a treatment effect may be
evident.

Terminology

NAFLD the presence of hepatic steatosis in the absence of other causes for
secondary fat accumulation; Non-alcoholic steatohepatitis - the presence of
hepatic steatosis in addition to inflammation and hepatocyte injury with or
without fibrosis.

Peer-review

As the authors pointed out sitagliptin did not significantly improve liver fibrosis
or any parameter of NAFLD activity score after 24 wk of therapy, and this result
is in agreement with previous literature. The major concern, however, from the
clinical applicability’s point of view is the size of the sample, which was too
small and could have limited the ability to assess for changes in the outcomes
measured and broaden the information in relation to identify appropriate
surrogates for histologic assessment of hepatic steatosis.
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