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Abstract

Background

Peroxisome proliferator-activated receptor (PPAR) agonists may have favorable outcomes
on non-alcoholic fatty liver disease. This study serves as proof of concept to evaluate
whether dual PPAR-a/y agonists improve non-invasive tests of liver steatosis and fibrosis.

Methods

This is a post-hoc analysis of a randomized, double-blind, placebo-controlled, multi-center
trial comprising 7226 patients with type 2 diabetes mellitus and recent coronary artery dis-
ease randomized to receive aleglitazar, a PPAR-a/y agonists, or placebo for two years.
Main outcomes were change in non-invasive tests for liver steatosis and fibrosis: Liver Fat
Score (LFS), Liver Accumulation Product (LAP), Fibrosis-4 (FIB-4), and NAFLD Fibrosis
Score (NFS).

Results

LFS, LAP and FIB-4 decreased upon treatment, whereas scores in the placebo group
remained the same or increased (P<0.001). NFS responded differently but remained
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consistently lower than placebo. In the treatment group more participants shifted to a lower
FIB-4 and NFS category, orimproved in respect to the LAP cut-off values compared to the
placebo group (P<0.001 for FIB-4 and LAP, P<0.004 for NFS). LFS had a low discriminative
power in this study.

Conclusion

This post-hoc analysis showed improvement of non-invasive tests of liver steatosis and
fibrosis after starting dual PPAR-a/y agonist treatment, adding to the evidence that this path-
way has potential in non-alcoholic fatty liver disease treatment.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease,
and its incidence is continuously rising [1]. NAFLD is a spectrum ranging from simple steato-
sis to non-alcoholic steatohepatitis (NASH), NASH-related fibrosis, and ultimately even cir-
rhosis and hepatocellular carcinoma (HCC). Progressive stages of NAFLD have been
associated with an increased risk of cardiovascular events, and liver fibrosis is related to liver-
related mortality and all-cause mortality [2-4]. The etiology of NAFLD is complex and multi-
factorial, including insulin resistance, hormone secretion from adipose tissue, oxidative stress,
gut microbiome dysbiosis and imbalance of inflammatory cytokines [5,6]. Current treatment
options are limited to lifestyle changes, with weight loss and physical exercise as the corner-
stones of treatment. While weight loss with bariatric surgery causes sustained decrease of stea-
tosis and inflammation scores, thereby being the most effective treatment at present, it is
invasive and expensive [7]. Currently, there are no approved pharmacological treatment
options for NAFLD/NASH. However, as the pathogenesis of NAFLD is further unravelled, tar-
geted treatment options are being investigated [5]. Among these, peroxisome proliferator-acti-
vated receptor (PPAR) agonists may be clinically relevant in this respect by reducing insulin
resistance and stimulating fat redistribution, including from visceral to peripheral adipose tis-
sue and from liver and muscle to adipose tissue [8]. Agonists of PPAR-y decrease hyperglycae-
mia through improved fatty acid uptake by adipose tissue and enhanced B-cell function and
insulin sensitivity [8]. Both PPAR-o and PPAR-y are expressed on vascular endothelial cells,
PPAR-o is primarily expressed in the liver and PPAR-y is mainly expressed in hepatic immune
cells and in endothelial and smooth muscle cells [9]. Both receptors can mediate anti-inflam-
matory effects [8,9]. Several studies have proposed that PPAR agonists may improve clinical
and histological features of NASH and NASH-fibrosis [10]. Most studies have involved the use
of pioglitazone, a PPAR-y agonist, showing beneficial effects on NASH in both diabetic and
non-diabetic patients [10-13]. Recent data suggest beneficial effects of a dual PPAR-a/y ago-
nist (Saroglitazar) on NAFLD/NASH in two phase II trials with respectively 106 and 16 sub-
jects, and a phase IIb trial with a PPAR pan agonist (Lanifibranor) in 247 subjects [14-16].
Another potent dual PPAR agonist with an affinity for both PPAR-o and PPAR-y subtypes is
aleglitazar [17]. This drug was previously investigated in the AleCardio trial (effect of aleglita-
zar on Cardiovascular outcomes after acute coronary syndrome in patients with type 2 diabetes
mellitus), which compared the effects of aleglitazar with placebo on cardiovascular morbidity
and mortality among patients with type 2 diabetes (T2DM) and acute coronary syndrome
(NCT01042769, www.clinicaltrials.gov) [18]. The trial was terminated prematurely due to lack
of efficacy to reduce cardiovascular risks and safety concerns [18]. Several other PPAR agonists
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are still being developed (Saroglitazar, Lanifibranor) for the treatment of NAFLD. Therefore,
we believe the data of the Alecardio trial to be of importance as it gives the opportunity to eval-
uate possible beneficial effects of PPAR-a/y agonists on NAFLD and associated fibrosis in a
large number of patients. For this purpose, non-invasive tests (NITs) as indirect indicators of
liver fibrosis and steatosis, were studied at several time points of the trial. This analysis serves
as a proof of concept of PPAR-0/y agonists pathway as target for NAFLD/NASH treatment.

Methods
Study design and study population

This is a post-hoc analysis of the AleCardio Trial, a large randomized, double-blind, placebo-
controlled, multi-centre trial [18]. The detailed design and primary outcomes have been pub-
lished previously [17]. In brief, eligible patients were randomized to receive aleglitazar (150 ug
daily), or matching placebo added to standard medical care. Patients were considered eligible
if they were hospitalized for acute coronary syndrome with either previously or newly diag-
nosed T2DM. Simultaneous use of systemic corticosteroids for longer than 2 weeks, thiazolidi-
nediones, or fibrates was not allowed. Patients returned for outpatient visits at 1,3,6,9,12, 18
and 24 months following randomization. Information on the randomization process and
exclusion criteria has been extensively described in the published design and outcome reports
[17,18]. After a median follow-up of 2 years, the trial was ended prematurely due to futility for
efficacy and in response to a higher incidence of safety concerns in the aleglitazar group,
including heart failure, gastro-intestinal hemorrhages and renal dysfunction.

Outcomes and definitions

The primary outcome of this post-hoc analysis was the change in biochemical indicators
(proxies) for liver steatosis and fibrosis over time as measured by algorithms based on biomet-
ric data and serum markers. Several serum markers have shown an adequate diagnostic accu-
racy for liver steatosis and fibrosis. Based on the guidelines of the European Association for the
Study of the Liver, two scores reflecting risk of having steatosis were chosen: the liver fat score
(LFS) and the liver accumulation product (LAP; S1 Table) [1,19,20]. The cut-off value for LES
is -0.640 and for InLAP >4 for males and >4.4 for women. To assess liver fibrosis, the NAFLD
fibrosis score (NFS), and the fibrosis 4 score (FIB-4) were used (S1 Table). The NFS is divided
into three categories; low (NFS <-1.455), indeterminate (NFS >-1.455 and NFS <0.675) and
high (NFS >0.675). The FIB-4 score is divided into 3 categories; low (FIB-4<1.30), middle
(FIB-4 >1.30 and < 2.67), and high (FIB-4 >2.67). These scores have been extensively vali-
dated in a broad spectrum of NAFLD patients [1]. Secondary outcomes included the ratio of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) and body mass index
(BMI) [21].

Statistical methods

All statistical analyses were performed using SAS statistical software version 9.4 (SAS Institute,
Cary, NC, USA). We tabulated baseline characteristics and markers of liver fibrosis risk strati-
fied by treatment arm.

The distributions of liver fibrosis risk, AST, ALT and BMI were checked. For normally dis-
tributed variables mean + SD is reported while for not normally distributed variables the
median with IQR is given. We examined absolute levels and changes in liver fibrosis risk mark-
ers compared to baseline until 24 months and compared these between the treatments arms
using ANOVA test or Kruskal-Wallis test for continuous variables. Furthermore, we calculated
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the proportion of participants in the pre-specified NES and FIB-4 categories and examined the
proportion that shifted from a higher category at baseline to a lower category during the study
and vice versa per treatment group. Differences in proportions between treatment groups
were compared using Chi-square for categorical variables. We calculated the distribution free
95% CI for variables that we reported the median with IQR for (i.e. LFS), as it may be inappro-
priate to calculate distribution-dependent confidence intervals when the assumed distribution
does not fit the data well.

Results
Patients

Patients were included between February 2010 and May 2012 from 720 sites in 26 countries. Of
the 7,226 patients who underwent randomization, 3,616 were assigned to receive aleglitazar and
3,610 were assigned to receive placebo. Baseline characteristics including NITs at baseline are
described in Table 1. The majority of patients had overweight (median BMI 28.6 kg/m” in the
treatment group and 28.7 kg/m? in placebo group). The mean HbAlc was 7.8% (62 mmol/mol)
for both groups. Oral glucose lowering drugs were used in 79% of aleglitazar and 78% in the pla-
cebo group, and insulin was used in 29% and 30%, respectively. In the treatment group 20%

of patients were classified at baseline as having a high risk of fibrosis based on the NFS and 19%
in the placebo group. The median follow up period was 104 weeks (interquartile range, IQR:
82-129 weeks). More patients in the treatment group discontinued the study drug prematurely
compared to the placebo group (29.3% for aleglitazar versus 25.3% for placebo).

Outcomes

The change in NITs for liver steatosis and fibrosis in the treatment and placebo groups are
shown in Fig 1. NITs for both steatosis (LFS, LAP) and fibrosis (FIB-4) in the treatment group
showed an initial steep decline between 3 and 6 months, followed by a slow gradual increase
up to the end of the study period (24 months), whereas scores in the placebo group remained
unchanged or increased. Change from baseline for LFS, LAP and FIB-4 remained significantly
lower in the treatment group compared to placebo (P<0.001 for all proxies at all time points
>3 months). The median LFS was decreased by -0.20 (95% CI -0.26, -0.16) in the treatment
group and increased by 0.17 (95% CI 0.12-0.22) in the placebo group after 24 months. Mean
LAP was decreased by -5.12 (95% CI -7.3, -3.0) after 24 months of treatment and was increased
by 14.4 (95% CI 11.5, 17.3) after 24 months of placebo use. After 24 months, the mean change
in FIB-4 was -0.26 (95% CI -0.22, -0.30) in the treatment group vs. 0.05 (95% CI 0.01, 0.09) for
placebo (Table 2). The mean change in NFS in the treatment group was 0.13 (95%CI 0.09,
0.17) vs. 0.33 (95% CI 0.27, 0.39) for placebo. NFS was decreased in the treatment group up
until 12 months compared to placebo (P<0.001), however at 24 months in both the treatment
and placebo group NFS was higher than baseline measurement (Table 2). The ALT/AST ratio,
also decreased more strongly in the treatment group (-0.31 [95% CI -0.33, -0.29]) compared to
the placebo group (-0.03 [95% CI -0.09, -0.05]) from baseline to month 3 (P<0.001). (Fig 2).
This decrease at 3 months continued throughout the subsequent visits. BMI increased in both
intervention groups from baseline to 24 months, but this increase was larger in the treatment
group than in the placebo group (1.73 [95% CI 1.63, 1.83] kg/m2 vs. 0.41 [95%CI 0.33, 0.49]
kg/m? respectively, P<0.001). Overall, there were no differences in response to therapy per
region (data not shown).

Fig 3 shows the change in FIB-4 and NFS categories from baseline to month 24. In the treat-
ment group more participants showed improvement by shifting to a lower FIB-4 and NFS cat-
egory compared to placebo (FIB-4: 25% vs. 14%, P<<0.001 and NFS: 11% vs. 9%, P<0.004, for
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Table 1. Baseline characteristics of the patients in the aleglitazar group compared with the placebo group.

N (%)
Aleglitazar group Placebo group

Characteristics (n=3616) (n =3610)
Age, years [mean + SD] 61+ 10 61+ 10
Men [n (%)] 2.641 (73) 2.619 (73)
Race/ethnicity

White [n (%)] 2.427 (67) 2.391 (66)

Asian [n (%)] 942 (26) 942 (26)
Smoking status

Never smoked [n (%)] 1.422 (39) 1.363 (38)

Past/Current [n (%)] 2.189 (61) 2.241 (62)

Clinical values

Body weight, kg [median (IQR)]

80.6 (70.0-93.6)

81.0 (70.0-94.1)

BMI, kg/m2 [median, (IQR)]

28.6 (25.6-32.1)

28.7 (25.7-32.5)

Waist circumference, cm [mean * SD] 102 + 14 102 + 14
Waist/hip ratio [mean + SD] 0.97 +£0.08 0.97 +0.08
HbA1c [mean + SD] 7.8+1.7 7.8+1.6
HOMA-IR [median (IQR)] 3.4 (2.0-6.0) 3.3 (2.0-6.2)
Fasting plasma glucose, mmol/L [median (IQR)] 7.5 (6.3-9.5) 7.4 (6.2-9.5)
Insulin, pU/L [median (IQR)] 9.8 (6.1-16.3) 9.6 (6.1-16.2)
Triglycerides, mmol/L [mean + SD] 1.72 £ 1.02 1.74 + 1.14
HDL cholesterol, mmol/L [mean + SD] 1.09 +0.27 1.08 £ 0.29
LDL cholesterol, mmol/L [mean + SD] 2.04 +0.80 2.06 + 0.80
Aspartate Transaminase (AST), U/L [mean + SD] 28 +19 29 +21
Alanine Transaminase (ALT), U/L [mean + SD] 23+13 23+ 14
ASAT/ALAT ratio [mean + SD] 1.22 £ 0.41 1.21+0.42
Platelets, x10°/L [mean + SD] 264 + 84 272 +93
Albumin, g/dL [mean + SD] 40+04 4.0+0.4
eGFR, mL/min/1.73m2 [mean + SD] 77 £20 78 £ 20
SBP, mmHg [mean + SD] 128 +17 128 + 18
DBP, mmHg [mean + SD] 76 + 10 76 + 10
Medical history
Duration of diabetes, years [median (IQR)] 6.5(2.8-11.9) 6.5(2.7-11.8)
CHD (M1, revascularization or angina) [n, %] 1,460 (40) 1,475 (41)
Stroke or TIA [n, %] 265 (7.3) 296 (8.2)
Retinopathy [n, %] 190 (5.3) 189 (5.2)
Medication use
Sulphonylurea [n, %] 1,250 (35) 1,222 (34)
Metformin [n, %] 2,414 (67) 2,379 (66)
Insulin [n, %] 1,035 (29) 1,066 (30)
Antiplatelet medication [n, %] 3,108 (86) 3,106 (86)
ACE inhibitors or ARB [n, %] 2,936 (81) 2,923 (81)
Statins [n, %] 3,332(92) 3,357 (93)
Medication affecting renal function [n, %] 3,100 (86) 3,085 (85)
Diuretics [n, %] 1,134 (31) 1,142 (32)
NAFLD Markers
FIB4 score

1.30-2.67 [n, %] 1,342 (41) 1,254 (38)

(Continued)
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Table 1. (Continued)

N (%)
Aleglitazar group Placebo group

Characteristics (n=3616) (n =3610)

= <1.30 [n, %] 1,695 (52) 1,797 (55)

> =2.67 [n, %] 213 (7) 210 (6)
NAFLD Fibrosis Score (NFS)

Low (< -1.455) [n, %] 588 (18) 680 (21)

Indeterminate (-1.455-0.675) [n, %] 1,998 (62) 1,930 (60)

High (> 0.675) [n, %) 648 (20) 630 (19)
Liver Fat Score (LFS) [median (IQR)] 0.63 (-0.05-1.78) 0.60 (-0.03-1.73)
Liver Accumulation Product (LAP) [mean + SD] 68 + 50 69 + 64

InLAP (natural logarithm) [mean + SD] 4.2+3.9 4.2+42

Note: Baseline characteristics, except for NITs, have been reported previously [17].

https://doi.org/10.1371/journal.pone.0277706.t001

aleglitazar vs. placebo) The opposite for worsening was also shown; less participants in the
treatment group showed worsening by shifting to a higher FIB-4 and NFS category than in the
placebo group (FIB-4: 8% vs. 18%, P<0.001 and NFS: 15% and 20%, P = 0.024, for aleglitazar
vs. placebo). Fig 4 shows the change in LAP and LFS with respect to their cut-off values from
baseline to month 24. For LAP more participants in the treatment group showed improvement
with respect to the cut-off value as compared to the placebo group (17% vs. 9%, P<0.001, for
aleglitazar vs. placebo). Again, for LAP also less worsening was seen in the treatment group in
respect to the cut-off value (9% vs. 15%, P<0.001, for aleglitazar vs. placebo). For LFS slightly
less worsening was shown (2.5% vs. 3.9%, P<0.031, for aleglitazar vs. placebo), however no

Median change in LFS

0 6 12 18 24

Months

—O— Aleglitazar
===~ Placebo

Mean change in FIB-4

0 6 12 18 24
Months

Mean change in LAP

Mean change in NFS
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50 /,~’/$ Gl
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Fig 1. Change in NITs of liver steatosis and fibrosis from baseline. Value at baseline for A: Median LFS of 0.60 for
placebo and 0.63 for aleglitazar, B: Mean LAP of 69.5 for placebo and 67.8 for aleglitazar, C: Mean FIB-4 of 1.40 for
placebo and 1.44 for aleglitazar, D: Mean NFS of -0.50 for placebo and -0.41 for aleglitazar. Error bars indicate 95%
CIs. Change from baseline is significantly different in the aleglitazar and the placebo group at all timepoints >3 mohs

for all proxies (all P<0.001).

https://doi.org/10.1371/journal.pone.0277706.9001
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Table 2. Changes in absolute values of non-invasive tests over time.

LFS™ LAP™ NFs™ FIB-4™
Visits (months) |  Aleglitazar Placebo Aleglitazar Placebo Aleglitazar Placebo Aleglitazar Placebo
0 N =3,057 N =3,015 N = 3,496 N=3,478 N=3234 N =3,240 N = 3,250 N =3,261
0.63 (0.57, 0.69) | 0.60 (0.56, 0.66) | 67.8 (66.2,69.5) | 69.5 (67.3,71.6) | -0.41 (-0.45, -0.37) | -0.50 (-0.56, -0.40) | 1.44 (1.42, 1.46) | 1.40 (1.38, 1.42)
3 N =12,877 N =2,855 Not available Not available N = 3,057 N = 3,020 N = 3,080 N = 3,047
0.17 (0.13, 0.20) | 0.63 (0.57, 0.70) -0.59 (-0.63, -0.55) | -0.29 (-0.33,-0.25) | 1.11(1.09, 1.13) | 1.41 (1.39, 1.43)
6 N=2,743 N =2,761 N = 3,066 N = 3,096 N =2,909 N=2,943 N=2931 N =2,964
0.19 (0.16,0.23) | 0.66 (0.59, 0.72) | 51.0 (49.2, 52.8) | 78.3 (75.5, 81.0) | -0.54 (-0.58, -0.50) | -0.31 (-0.35, -0.27) | 1.10 (1.08, 1.12) | 1.39 (1.37, 1.41)
12 N =2,620 N=2,674 N =2,932 N =2,994 N =2,765 N=2,818 N=2,786 N =2,840
0.20 (0.15, 0.23) | 0.68 (0.62, 0.74) | 55.4 (53.8,57.0) | 80.4 (77.8, 83.0) | -0.50 (-0.54, -0.46) | -0.25 (-0.29, -0.21) | 1.10 (1.08, 1.12) | 1.44 (1.42, 1.46)
24 N=1,634 N =1,707 N=1,725 N=1,783 N=1,720 N=1,799 N=1,731 N=1817
0.22 (0.17,0.28) | 0.67 (0.61, 0.75) | 60.7 (58.3, 63.1) | 83.8 (80.3, 87.4) | -0.37 (-0.43, -0.31) | -0.20 (-0.26, -0.14) | 1.16 (1.14, 1.18) | 1.47 (1.43, 1.51)

TLEFS = liver fat score; LAP = liver accumulation product; NFS = Non-alcoholic fatty liver disease fibrosis score; FIB-4 = fibrosis 4 calculator.
t Values of LFS are presented as median (distribution free 95% CI) and values of LAP, NFS and FIB-4 as mean (95% CI).

https://doi.org/10.1371/journal.pone.0277706.t002
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Fig 3. Change in FIB-4 and NFS category from baseline until 24 months follow-up. Proportion of randomized
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change in category. Proportion of change is significantly different between treatment and placebo for FIB-4 (A) and
NFS (B). FIB-4: Both improvement and worsening P<0.001, NFS: Improvement P<0.004, worsening P = 0.024.
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Fig 4. Change in LFS and LAP compared to cut-off values at baseline until 24 months follow-up. Proportion of
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<-0.640), worsened (InLAP above cut-off >4 for males and >4.4 for females, LFS above cut-off >-0.064), or did not
change in respect to respective cut-off value. Proportion of change is significantly different between treatment and
placebo for LAP (A), both improvement and worsening P<0.001. For LFS (B) only worsening is significantly less in
the treatment group, improvement P = 0.974, worsening P = 0.031.

https://doi.org/10.1371/journal.pone.0277706.g004

change was observed on improvement in respect to the cut-off (1.5% vs. 1.5%, P = 0.0974, alge-
litazar vs. placebo).

Discussion

The results of this post-hoc analysis provide evidence that a dual PPAR agonist with an affinity
for the PPAR-o. and PPAR-y may have a beneficial effects on NAFLD and subsequent risk of
fibrosis in patients with T2DM. Our results show an early improvement of NITs for liver fibro-
sis and steatosis upon initiation of aleglitazar compared to placebo, and persistence of this
improvement. This effect lasted throughout the treatment period (except for NES). In both,
the treatment group as well as the placebo group there was a gradual increase of NITs during
follow-up. This trend may be due to the progression of insulin resistance in these patients.
Noticeably, BMI increased in those randomized to aleglitazar, which is likely due to redistribu-
tion of body fluids and subcutaneous fat [22,23]. We hypothesize that the persistence of
improvement at 24 months of treatment which was not seen in the NFS score is due to
increased BMI, since this variable is included in the NFS algorithm. Our analysis in a large
number of subjects, expands the recently published results with a similar compound, saroglita-
zar, in 106 and 16 subjects with NAFLD/NASH [15].

A recent meta-analysis reported that next to bariatric surgery, treatment with a single
PPAR-y agonist (pioglitazone) was most effective in patients with NASH for steatosis and
reduction of lobular inflammation [24]. Previous literature has mainly focused on these
PPAR-v agonists, with rosiglitazone in addition to pioglitazone as most frequently reported.
These studies showed favourable effects on NASH and even on liver fibrosis [11,12,24]. One of
the largest randomized trials involving 247 patients with NASH, the PIVENS trial, compared
the use of pioglitazone, vitamin E and placebo with histological improvement of NASH as
their outcome [13]. This study reported a higher rate of improvement of liver histology com-
pared to placebo (34% vs. 19%), although this difference did not reach statistical significance;
effects of vitamin E did reach significance with an improvement rate of 43%. Remarkably, after
discontinuation of both drugs, liver enzymes increased again. While this is an interesting and
relevant finding, data after discontinuation of aleglitazar are not available in our cohort. An
important difference with PIVENS compared to AleCardio is that none of the patients in
PIVENS had T2DM, a highly relevant comorbid condition of NAFLD. Another randomized,
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placebo-controlled trial included patients with T2DM, in addition to subjects with prediabetes
and showed that 51% of participants using pioglitazone had resolution of NASH compared to
19% in the placebo group [12]. It should be noted that all patients were additionally prescribed
a hypocaloric diet. The combination of therapies, such as vitamin E or a hypocaloric diet
might be of added benefit in the treatment of NASH, as its complex pathogenesis could render
monotherapy insufficiently effective [6,11]. In line with previously published studies on
PPAR-vy agonists and the recent papers with saroglitazar and lanifibranor, we found an
increase in BMI in the treatment group. This increase in BMI may have been partly caused by
fluid retention, as is frequently seen with these compounds, with the exception of saroglitazar
as reported by Gawrieh et al. [14].

While overall NITs decreased in our cohort, the average absolute decrease was small in this
population. This could be due to the relatively low percentage of patients with advanced stages
of NAFLD at baseline reflected by FIB-4 > 2.67. Results of a study on the safety and efficacy of
elafibranor, a dual PPAR-0/8 agonist, are in line with our findings showing a lower efficacy in
mild NAFLD [25]. It has been proposed that PPAR-o agonists have a higher efficacy in more
severe NAFLD, as hepatic PPAR-o expression is lower in advanced NASH and liver fibrosis
[26]. Treatment with lanifibranor, a pan PPAR agonist in patients with severe active NASH led
to lowering of a histologically assessed score of NASH activity, also in a subset of diabetic
patients [16].

In an interim analysis of the original trial, aleglitazar did not improve the primary cardio-
vascular efficacy endpoint, while occurrence of safety endpoints, especially renal dysfunction,
was higher in the treatment group. Two trials on elafibranor, a PPAR-0/3 agonist, have been
terminated prematurely due to lack of efficacy for primary endpoints as well, although safety
issues did not seem to play a role in the decision there [27,28]. Two other compounds (Sarogli-
tazar and Lanifibranor) are still being developed for the treatment of NAFLD/NASH and no
safety concerns have been reported so far. Saroglitzar has been approved in India since 2013
for treatment of diabetic dyslipidemia and in post-marketing real-world evidence studies in
this population saroglitazar has shown to improve liver parameters as well [29,30].

With data on a total of 7,226 patients, this is the largest cohort reporting on the effect of a
dual PPAR agonist on NAFLD in a randomized comparison. Since patients were included
from several centers in different countries, it represents a broad spectrum of patients at risk of
NAFLD. However, some limitations need to be acknowledged. This is a post-hoc analysis, in
which NITs of liver steatosis and fibrosis were not planned outcomes of this study. Moreover,
no histological liver samples were obtained. However, NFS and FIB-4 have been extensively
validated and both have an acceptable diagnostic accuracy as measured by an area under the
curve of 0.84 and 0.81 respectively. Both, FIB-4 and NFS were shown to increase in a stepwise
manner corresponding to each fibrosis stage in a large cohort of Caucasian biopsy-proven
NAFLD patients [31]. There is also an increasing body of evidence demonstrating the effect of
these NITs in clinical trials. For example in the TONIC study, each unit decrease in ALT was
associated with a 30% increased odds of histological improvement [32]. In the FLINT trial,
patients with histologic fibrosis improvement at week 24 demonstrated reductions in APRI,
FIB4, and NEFS [33]. The European Association for the Study of Liver diseases (EASL) recom-
mends using NIT's to screen patients at risk and for risk stratification [1,34], however, the use
of NIT's to monitor fibrosis progression/regression in clinical trials (in combination with other
non-invasive methods like imaging) still requires validation. Following the EASL guideline,
more than half of the participants were eligible for further evaluation based on a FIB-4 cut-off
value of 1.30. As previously noted, the levels of the NITs for liver fibrosis were relatively low in
our cohort. In contrast, the NITs for liver steatosis were relatively higher in this cohort. At
baseline the cohort showed values at around the LAP cut-off of <4 for males and <4.4 for

PLOS ONE | https://doi.org/10.1371/journal.pone.0277706  November 15, 2022 9/12


https://doi.org/10.1371/journal.pone.0277706

PLOS ONE

PPAR-a/y modulation and NITs for NAFLD in T2DM: Post-hoc analysis of the AleCardio trial

females (average INLAP of 4.2 in cohort) where scores above cut-off indicate moderate or
severe steatosis and below cut-off no indication of steatosis [19]. LFS seems to have low dis-
criminative power in our study, almost the complete cohort (96%) was above cut-off value of
<-0.0640 at baseline, which indicates increased liver fat and thus NAFLD [20]. As all patients
were obese and had T2DM, we consider this cohort to be a representative spectrum of patients
at high risk of NAFLD. Our study indicates that a different cut-off value for LFS may be more
informative in a high-risk population. Lastly, alcohol intake was not quantitated in detail, how-
ever excessive alcohol use is not considered to be an issue in our analysis since alcohol depen-
dency was an exclusion criterion of the trial.

In conclusion, this large randomized comparison shows a potential favourable effect of a
dual PPAR-0/y agonist on NITs for liver steatosis and fibrosis in a high-risk population for
NAFLD of overweight patients with T2DM. Future studies investigating PPAR agonists should
focus on patients with severe disease as well as the possibility of combination of therapies.
These results warrant further investigation of the efficacy of dual PPAR agonists as treatment
for patients with NAFLD.
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