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Abstract

Background & Aims: Nonalcoholic fatty liver disease is common in HIV, but there are no
approved therapies. The aim of this open-label proof-of-concept study was to determine the effect
of the mineralocorticoid receptor antagonist eplerenone on hepatic fat in HIVV-infected patients
with hepatic fat = 5% by magnetic resonance spectroscopy.

Methods: Five subjects received eplerenone (25 mg daily x 1 week followed by 50 mg daily x 23
weeks). Laboratory tests were done at each visit, and the primary endpoint, change in hepatic fat
content, was determined by MRI spectroscopy at baseline and week 24.

Results: The study was stopped early after observing unexpected significant increases in hepatic
fat at week 24 (mean increase 13.0+7.3%, p=0.02). The increases in steatosis were accompanied
by a tendency for transaminase values to decrease (ALT mean change -14 + 16 IU/L, p=0.14).
There were no consistent changes in other metabolic parameters or blood pressure. Repeat
assessment of hepatic steatosis 1-2 months after stopping study medication revealed
improvements in steatosis towards baseline values.

Conclusions: The unexpected observation of increased hepatic steatosis with administration of
eplerenone led to early termination of the investigation. While limited due to the small number of
participants and the open-label design, the present study provides data to suggest that
mineralocorticoid receptor antagonism with eplerenone may not be an effective approach to treat
hepatic steatosis in HIV or the general population. Additional research is needed to determine the
pathophysiologic mechanism behind these unanticipated observations.
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Introduction

Methods:

Metabolic disturbances including insulin resistance, diabetes, and dyslipidemia are increased
among persons living with HIV infection and confer an increased risk of cardiovascular
disease. In particular, visceral adipose tissue (VAT) is increased in HIV-infected patients
compared to non-infected controls! and is associated with cardiac risk factors such as
decreased insulin sensitivity?3 and increased systemic inflammatory markers.4=% Further,
excess VAT stores are closely associated with both cardiac and hepatic steatosis in HIV-
infected individuals, thus supporting a pathophysiologic role of central adiposity in the
metabolic disturbances observed in HIV infection.”:8

In non—HIV-infected individuals, data have shown that aldosterone, a known
mineralocorticoid receptor (MR) agonist, is increased in association with increased VAT and
decreased insulin sensitivity.%19 The role of aldosterone and MR activation linked to excess
VAT could offer a novel treatment strategy to target metabolic disturbances, including
hepatic steatosis, observed in individuals with visceral fat accumulation.

Promising animal models demonstrate marked reductions in fasting glucose, insulin, hepatic
steatosis, and inflammation with MR antagonist targeting the aldosterone axis. Using a
murine model of metabolic syndrome and non-alcoholic steatohepatitis, Wada and
colleagues showed that MR blockade with eplerenone resulted in improvements in hepatic
triglyceride content, liver transaminase levels, circulating triglycerides, and measures of
insulin resistance.1l Additional murine studies have shown decreased hepatic fat, reduced
inflammation, or improved insulin resistance after treatment using an MR antagonist to
block aldosterone binding.12-14

While rodent models suggest a physiologic role for MR blockade with eplerenone to
improve metabolic parameters and hepatic steatosis, the benefits of this approach in humans
remain to be determined. We therefore examined the effects of the MR antagonist
eplerenone on hepatic and cardiac steatosis in HIV-infected adults with hepatic steatosis and
abdominal fat accumulation.

The aim of this open-label, proof-of-concept study (ClinicalTrials.gov NCT02629094) was
to determine the effect of the MR antagonist eplerenone (50 mg/day) on hepatic and cardiac
steatosis in HIV-infected participants. Subjects were required to have hepatic steatosis at
baseline, defined as hepatic fat 5% by magnetic resonance spectroscopy (MRS). Further,
participants were required to have a waist circumference >102 cm for men or >88 cm for
women, and to be on a stable suppressive antiretroviral regimen for at least three months.
Subjects were excluded for uncontrolled hypertension or diabetes, current or recent steroid
use, and medications with possible drug interactions with eplerenone or known to cause
hyperkalemia, non-stable dose testosterone, estrogen, or progesterone, and growth hormone
or growth hormone-releasing hormone. Subjects with history of substance abuse, including
excessive alcohol consumption, were excluded. Finally, subjects were excluded for co-
infection with Hepatitis C virus, other serious infections, history of a serious cardiovascular
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event, or pregnancy. All subjects provided written informed consent and the protocol was
approved by the National Institute of Allergy and Infectious Diseases’ Institutional Review
Board.

Subjects were evaluated at outpatient visits at baseline and 1, 2, 4, 8, 12, 18, and 24 weeks.
The original primary endpoints, change in hepatic fat content and cardiac steatosis, were
determined by MRS’ at baseline and week 24. All MRS scans were performed in the same
scanner and interpreted by the same radiologist. Participants were instructed to fast for six
hours before each appointment, and the majority of scans were completed before noon.
Baseline and week 24 visits included anthropometric measurements, a whole body DEXA
scan, transient elastography with FibroScan (Echosens, Paris, France), and an optional liver
biopsy. VAT was calculated by DEXA scan at baseline and week 24.

Five subjects received eplerenone at 25 mg daily for one week, followed by an increase to 50
mg daily for 23 weeks. The study was terminated early, after enrollment of only five
subjects, due to unexpected observations in hepatic fat content. Participants were invited to
return 1-2 months following discontinuation of eplerenone for a follow-up MRS off
eplerenone therapy. Stored samples for every time point were used for determinations of
aldosterone, free fatty acids, renin, and inflammatory markers.

Paired t-tests were performed for comparisons, and all analyses were completed using JMP
software (Version 13.0, SAS Inc., Cary, NC) and Microsoft Excel (Version 15.39, Microsoft
Corporation, Redmond, WA).

The baseline characteristics of the five enrolled subjects are presented in Table 1.
Participants had a median age of 60 years (range 37 — 62) and two subjects were women.
The group was overweight with a median baseline BMI of 32.3 kg/m? (range 27.8 — 42.8)
and median waist circumference of 116.4 cm (range 104.5 — 131). The median CD4 T-cell
count was 860 cells/mL (range 422 — 1341). All subjects tolerated the initial 25 mg/day dose
of eplerenone and increased to 50 mg/day after one week.

We observed unexpected significant increases in hepatic fat at week 24 for all participants
(mean increase 13.0 £ 7.3%, p=0.02) (Figure 1). In the two participants with pre- and post-
eplerenone liver biopsies, steatosis grade increased, confirming the observations quantifying
hepatic fat made with MR spectroscopy. Both participants had grade 1 steatosis at baseline,
and increased to grade 2 and 3, respectively, at week 24. Surprisingly, the increases in
steatosis were accompanied by a tendency for transaminase values to decrease: ALT mean
change was -14 + 16 IU/L (p=0.14) and AST mean change was —12 + 14 IU/L (p=0.17).
One participant’s liver biopsy fibrosis score decreased from 1 to 0; the second subject had no
change in fibrosis (0 at both time points). All participants had transient elastography at
baseline and week 24: there was no significant change in liver stiffness (mean change 0.46 +
2.6 kPa, p=0.74). We observed an initial rise in aldosterone from baseline to week 4 for all
participants; however, serum aldosterone levels were not increased significantly at week 24
compared to baseline (mean increase 22.2 + 37.1 ng/dL, p=0.30). One subject had an
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extreme increase in aldosterone, from 9.9 to 106 ng/dL at the week 24 visit on eplerenone,
however, this subject did receive several doses of progesterone (10mg) from an outside
provider at week 14, which may have affected aldosterone levels. Renin values tended to
increase from baseline to week 24, but the change was not statistically significant (mean
increase 4.10 + 6.98 ng/mL/hr, p=0.45). Systolic blood pressure tended to decrease (mean
change -11.2 + 16.3 mmHg, p=0.24), with minimal change in diastolic blood pressure
(mean change 2.6 = 7.5 mmHg, p=0.53).

There was a non-significant increase in VAT as estimated by DEXA, with mean change of
101 + 153 mL (p=0.26). One participant had a decrease of —163 mL VAT at week 24 and
this participant had the smallest increase in hepatic fat; all other participants demonstrated
increases in visceral fat. Waist to hip ratio did not change significantly at week 24 (mean
change —-0.02 £ 0.02, p=0.15), although participants had significant decreases in waist
circumferences (mean change —3.14 + 1.51 cm, p=0.01). We observed a mean decrease in
sex hormone binding globulin (SHBG) at week 24, though the change was not statistically
significant (mean -14.2 = 12.0 nmol/L, p=0.08). There were no significant alterations in
potassium, creatinine, HbAlc, fasting glucose, total cholesterol, triglycerides, free fatty
acids, or CD4 count at week 24.

Hepatic fat content tended to return to baseline levels during the ‘washout’ period (mean
change from week 24 to follow-up —9.4 £ 7.9%, p=0.08). One participant had a liver biopsy
only at baseline and at the washout period, both of which showed grade 1 steatosis. There
was a non-significant decrease in aldosterone at the washout (mean -20.9 £ 38.4, p=0.4),
which may have been skewed by the participant who had an extremely high week 24
aldosterone returning to a normal aldosterone level.

Discussion:

It is well established that HIV-infected individuals are at higher risk for developing
metabolic, cardiovascular, and body composition abnormalities; however, there is currently
no standard of care to address many of these conditions. Mounting evidence from animal
models suggests that the use of MR antagonists, such as eplerenone, may represent a novel
treatment approach for hepatic steatosis and other related metabolic comorbidities.

The current study presents evidence to reconsider MR antagonists for attenuation of non-
alcoholic fatty liver disease (NAFLD) in HIV-infected patients or the general population.
The unexpected observation of increased hepatic steatosis with administration of eplerenone
led to early termination of the investigation. While our study was small with only five
participants in an open-label design, the results were surprising and clinically significant
after only 24 weeks of drug administration. The potential harmful effect of eplerenone on
hepatic steatosis occurred without associated increases in liver transaminases, suggesting
that patients currently taking eplerenone for clinical indications (i.e. hypertension and
congestive heart failure in patients with prior myocardial infarction) may be inducing
increases in hepatic fat content without corresponding changes in AST or ALT.
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We observed improvements in liver transaminase levels with eplerenone, similar to
observations by Wada and colleagues using a murine model of non-alcoholic steatohepatitis
(NASH) with eplerenone.11 This model also demonstrated decreased levels of triglycerides
and glucose, whereas our study showed no improvements in either parameter. Pizarro et al.
showed significantly lower steatosis and fibrosis scores in mice treated with eplerenone
compared to controls.13 In contrast, the two participants in our study who had liver biopsies
demonstrated worsening steatosis scores and no change in fibrosis after 24 weeks on
eplerenone. Of note, compared to other therapies that intervene more proximally in the
renin-angiotensin-aldosterone system, MR blockade with eplerenone may increase
circulating renin, angiotensin I, and aldosterone. Effects of these hormones that are
independent of the MR may be mechanisms by which eplerenone increased liver fat content.
A recent large cohort study showed an association between increased aldosterone and fatty
liver in black women, demonstrating that perturbations in the renin-angiotensin-aldosterone
system likely affect hepatic steatosis.1® Regardless of mechanism, this pilot study provides
preliminary data suggesting that the pathophysiologic benefits of MR antagonism seen in
animal models may not translate directly into humans.

Increased waist circumference and VAT have both been shown to correlate with a higher
prevalence of hepatic steatosis in HIV.8:16 Though not statistically significant, VAT increased
with eplerenone and may therefore explain in part the increases observed in hepatic
steatosis. Further, the only laboratory test changes which seemed to signal the increases in
hepatic steatosis were the decreases in SHBG levels in four of the five participants. Low
levels of SHBG are associated with fatty liver diseasel’ and may serve as a serologic marker
representative of changes in hepatic fat in this context.

In a recent clinical trial evaluating the effects of spironolactone on fatty liver, Polyzos et al.
found decreased NAFLD liver fat scores in participants who received spironolactone plus
vitamin E compared to vitamin E alone.18 This study did not measure change in hepatic fat
content by MRS or biopsy, but used NAFLD liver fat score developed by Kotronen and
colleagues!® which uses weighted values for presence of metabolic syndrome, type 2
diabetes, fasting insulin, fasting AST, and AST/ALT ratio to predict presence of NAFLD.
The combination of spironolactone and Vitamin E resulted in significant reductions in
weight, BMI, and blood pressure and therefore may have reduced NAFLD liver fat score
without impacting liver fat content. Further, in a recent study assessing the accuracy of non-
invasive indices to quantify longitudinal changes in hepatic fat content, Keating and
colleagues found that changes in NAFLD liver fat score were not associated with changes in
hepatic fat measured by MRS.20 In contrast, our study used MRS data to directly observe
changes in fatty liver for participants with NAFLD over time while taking eplerenone and
during a washout period following eplerenone exposure.

In summary, the unexpected observation of increased hepatic steatosis with administration of
eplerenone led to early termination of the investigation. While this study is limited due to the
small number of participants and the open-label design, we provide data to suggest that MR
antagonism with eplerenone may not be a reasonable approach to treat NAFLD in HIV or in
the general population. Additional research is needed to determine the pathophysiologic
mechanism behind these unanticipated observations.
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Abbreviations:

HIV human immunodeficiency virus
NAFLD non-alcoholic fatty liver disease
MR mineralocorticoid receptor

MRS magnetic resonance spectroscopy
VAT visceral adipose tissue

ALT alanine amino transferase

AST aspartate aminotransferase

BMI body mass index

NASH non-alcoholic steatohepatitis
SHBG sex hormone binding globulin
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Key Points

Rodent models suggest a role for mineralocorticoid receptor blockade to
improve metabolic parameters and hepatic steatosis; the benefits of this
approach in humans is undetermined.

We aimed to determine effects of 24 weeks of MR antagonist eplerenone on
hepatic fat in HIV patients measured by MRI spectroscopy.

The study was stopped early after unexpected significant increases in hepatic
fat at week-24 without associated laboratory value changes.

While data show spironolactone may be an effective MR antagonist, this
study provides compelling data suggesting MR antagonist eplerenone is not a
reasonable approach to treat fatty liver in HIV or the general population.
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Figure 1.
A.) Representative liver histopathology (H&E stain) for subject 2 at baseline (left, steatosis

grade 1) and week 24 on eplerenone (right, steatosis grade 3).
B.) Hepatic lipid content changes by MR spectroscopy in each participant at baseline, after
24 weeks on eplerenone (paired t-test between baseline and week 24, p=0.02) and washout
(1-2 months after termination of study drug - paired t-test between week 24 and washout,

p=0.08).
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