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Abstract

Introduction Bempedoic acid (ETC-1002) is a first-in-class lipid-lowering agent recently approved by the United States
(US) Food and Drug Administration (FDA) and the European Medicines Agency (EMA) for commercialization.

Objective The aim was to assess, through a systematic review of the literature and a meta-analysis of the available phase 2
and phase 3 clinical studies, the effect of treatment with bempedoic acid on serum uric acid (SUA) concentration. Secondary
outcomes were treatment-related variations in creatinine serum level and incidence of gout.

Methods A systematic literature search in SCOPUS, PubMed Medline, IST Web of Science and Google Scholar databases
was conducted up to November 13th, 2019, in order to identify clinical trials potentially eligible for the meta-analysis. Effect
sizes were expressed as absolute mean differences (MDs) and 95% confidence intervals (CIs).

Results Data were pooled from four clinical studies comprising ten arms, which included overall 3369 subjects, with 2213
in the active-treatment arm and 1156 in the control one. Meta-analysis of data suggested that treatment with bempedoic
acid is related to a significant increase in SUA (MD 0.73, 95% CI 0.54-0.91, P <0.001), serum creatinine (MD 0.04, 95%
CI 0.03-0.05, P<0.001) and the incidence of gout (odds ratio 3.56, 95% CI 1.24-10.19, P=0.018). The relatively small
number of subjects involved in the studies and the exclusion of patients with renal impairment from the clinical trials are
important limitations of the meta-analysis. However, our data indicate potential safety issues with bempedoic acid and sug-
gest that further studies are performed both to elucidate the pathogenetic mechanisms underlying these associations and to
verify the long-term safety of this treatment.

Conclusion Bempedoic acid seems to have unfavourable effects on SUA, creatinine level and the incidence of gout. The
ongoing Cardiovascular Outcomes Trial (CVOT) will explore the longer-term safety of treatment with bempedoic acid and
clarify its effect on cardiovascular events and mortality.

PROSPERO database registration CRD42019146126.

reach the ambitious low-density lipoprotein cholesterol
(LDL-C) target suggested by the most recent guidelines
for cardiovascular disease prevention [1]. In this context,
the research for new drugs with innovative mechanisms of
action that can be both effective and safe is still ongoing. The
United States (US) Food and Drug Administration (FDA)

1 Introduction

Despite the availability of effective and overall safe lipid-
lowering drugs, a large number of patients are not able to
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and the European Medicines Agency (EMA) have recently
approved for commercialization bempedoic acid [2, 3], a
first-in-class lipid-lowering agent and novel small molecule
regulator of lipid and carbohydrate metabolism [4]. It is
activated to the thioester with coenzyme A by the enzyme
acyl-CoA synthetase, which in humans is encoded by the
gene SLC27A2 and primarily expressed in liver and kid-
ney [5]. The activated substance inhibits adenosine triphos-
phate (ATP) citrate lyase, which is involved in the liver’s
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Bempedoic acid is a first-in-class lipid-lowering agent
recently approved by the United States Food and Drug
Administration (FDA) and the European Medicines
Agency (EMA) for commercialization.

This systematic review and meta-analysis showed that
bempedoic acid seems to have unfavourable effects on
serum uric acid, and increase creatinine serum levels and
the incidence of gout.

Further well-designed studies are needed to explore the
longer-term safety of treatment with bempedoic acid.

biosynthesis of cholesterol upstream of 3-hydroxy-3-methyl-
glutaryl-CoA (HMG-CoA) reductase, the enzyme that is
inhibited by statins [6]. Even if bempedoic acid acts on the
same pathway as statins, the lack of the activating enzyme
in skeletal muscle may prevent the muscular adverse effects
associated with the HMG-CoA reductase inhibitors [7].

Bempedoic acid has shown a good efficacy and safety
profile in the clinical studies carried out so far, with a
mean percentage reduction in total cholesterol and LDL-C
of —17.12% and — 26.58%, respectively, and similar treat-
ment-emergent signs and symptoms compared to placebo
[8, 9]. However, some clinical trials reported a slight but
significant increase in serum creatinine as well as a relevant
increase in serum uric acid (SUA) levels [6, 10—12]. The
molecular pathways underlying these effects are unknown,
though several causal mechanisms might be hypothesized.
At the same time, the clinical relevance and prognostic
impact of these laboratory changes are yet to be clarified
[13].

In order to clarify investigate the relationship between
bempedoic acid treatment and SUA levels in hyperlipidae-
mic patients, we carried out a systematic review and meta-
analysis of the available phase 2 and phase 3 clinical tri-
als, aiming to investigate this drug-related adverse event.
Secondary outcomes were treatment-related variations in
creatinine concentration and the incidence of gout.

2 Methods

The study was designed according to guidelines of the
2009 Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement [14] and regis-
tered in the PROSPERO database (registration number
CRD42019146126). Due to the study design (meta-analysis),
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neither institutional review board approval nor patient
informed consent was required.

2.1 Search Strategy

PubMed, SCOPUS, Google Scholar and ISI Web of Science
via Clarivate databases were searched, with no language
restriction, using the following search terms: (“bempedoic
acid” OR “ETC-1002") AND (“serum uric acid” OR “SUA”
OR “uric acid” OR “UA”). The authors of the studies were
not contacted for additional information. Published data
were only included in the meta-analysis. The wild-card term
“*#” was used to increase the sensitivity of the search strat-
egy, which was limited to studies in humans. The reference
lists of identified papers were manually checked for addi-
tional relevant articles. In particular, additional searches for
potential trials included the references of review articles on
that issue and the abstracts from selected congresses on the
subject of the meta-analysis. Literature was searched from
inception to November 13th, 2019 (corresponding to the last
search date).

All paper abstracts were screened by two reviewers (FF
and AFGC) in an initial process to remove ineligible arti-
cles and duplicates. The remaining articles were obtained
in full-text and assessed again by the same two researchers,
who evaluated each article independently and carried out
data extraction and quality assessment. Disagreements were
resolved by discussion with a third party (CB).

2.2 Study Selection Criteria

Original studies were included if they met the following cri-
teria: (1) a phase 2 or 3 clinical trial with either a multicentre
or single-centre design, (2) included adult patients and (3)
investigated the effect of ETC-1002 on SUA levels. Studies
not reporting any measure of dispersion around the central
tendency for the considered outcomes were deemed inad-
equate to describe data and were excluded from the analysis.
Studies that lacked a properly controlled design for ETC-
1002 treatment were excluded also.

2.3 Data Extraction

Data abstracted from the eligible studies were (1) first
author’s name; (2) year of publication; (3) study registra-
tion code; (4) study design; (5) treatment duration; (6) main
inclusion criteria and underlying disease; (7) study groups;
(8) number of participants in the active and control group;
(9) age; (10) sex of study participants; and (11) average per-
centage change in LDL-C. All data extraction and database
typing were reviewed by the principal investigator (AFGC)
before the final analysis, and doubts were resolved by mutual
agreement among the authors.
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2.4 Quality Assessment

A systematic assessment of risk of bias in the included studies
was performed using the Cochrane criteria [15]. The following
items were used: adequacy of sequence generation, allocation
concealment, blinding addressing of dropouts (incomplete out-
come data), selective outcome reporting, and other probable
sources of bias [16]. Risk-of-bias assessment was performed
independently by two reviewers (FF and AFGC); disagree-
ments were resolved by a consensus-based discussion.

2.5 Data Synthesis

Meta-analysis was entirely conducted using Comprehensive
Meta-Analysis (CMA) V3 software (Biostat, NJ) [17].

Net changes in the investigated parameters (change
scores) were calculated by subtracting the value at base-
line from the one after intervention in the active-treatment
group and in the control one. All values were collated as
absolute change from baseline. Standard deviations (SDs)
of the mean difference (MD) were obtained as reported by
Follmann and colleagues: SD =square root [(SD
)2 + (SDpost»tremment)2 - (2R X SDpre—trealmem X SDpost»treatment)
], assuming a correlation coefficient (R) =0.5 [18]. Where
the standard error of the mean (SEM) was only reported
as a dispersion measure, SD was estimated using the fol-
lowing formula: SD = SEM X square root (n), n being the
number of subjects. Study findings were combined using
a fixed-effect model or a random-effect model (using the
DerSimonian—Laird method) and the generic inverse vari-
ance method, based on the level of interstudy heterogeneity,
which was quantitatively assessed using the Higgins index
(1% [19]. Effect sizes were expressed as absolute MDs or
odds ratios (ORs) and 95% confidence intervals (CIs). In
order to evaluate the influence of each study on the over-
all effect size, sensitivity analysis was conducted using the
leave-one-out method (i.e. removing one study at a time and
repeating the analysis) [20]. Two-sided P values <0.05 were
considered as statistically significant for all tests.

pre-treatment

2.6 Meta-regression Analyses

Random- or fixed-effect meta-regression analyses using the
unrestricted maximum likelihood model and including age
at baseline and treatment duration as potential independent
moderator variables were planned to explore the heterogene-
ity. Two-sided P values <0.05 were considered as statisti-
cally significant for the tests.

2.7 Publication Biases

Potential publication biases were explored using visual
inspection of Begg’s funnel plot asymmetry, Begg’s rank

correlation test and Egger’s weighted regression test [21].
The Duval and Tweedie “trim and fill” method was used to
adjust the analysis for the effects of publication biases [22].
Two-sided P values <0.05 were considered statistically sig-
nificant, and in the case of a significant result, the Rosenthal
fail-safe N test was applied in order to calculate the num-
ber of additional negative studies that would be needed to
increase the P value for the meta-analysis to above 0.05 [23].

3 Results
3.1 Flow and Characteristics of the Included Studies

After database searches performed strictly according to
inclusion and exclusion criteria, 253 published articles were
identified and the abstracts reviewed. All the identified stud-
ies were written in English. Of these, 242 were excluded
because they were non-original articles. Another seven were
eliminated because they did not meet the inclusion criteria.
Finally, four articles were carefully assessed and reviewed.
On the basis of the established eligibility criteria, they were
all included in the meta-analysis [6, 10—12]. The study selec-
tion process is shown in Fig. 1. Data were pooled from four
clinical trials comprising ten treatment arms, which included
3369 subjects, with 2213 in the active-treatment arm and
1156 in the control one.

Eligible studies were published between 2014 and 2019.
Follow-up periods ranged between 4 and 52 weeks, and sev-
eral treatment schedules were tested. All selected trials were
designed with parallel groups and were multicentre [6, 10,
12] or single-centre [11] clinical studies. Enrolled subjects
were diabetics [11] or individuals at high risk for CVD [6,
10, 12]. Bempedoic acid was compared versus placebo [6,
10-12] or in association with ezetimibe versus ezetimibe
alone [10]. However, all clinical trials had a double-blind
design (i.e. trial participants and investigators were unaware
of the treatment allocation). The main characteristics of the
evaluated studies are summarized in Table 1.

3.2 Risk of Bias Assessment

All the included studies were characterized by sufficient
information regarding sequence generation, allocation con-
cealment, personal and outcome assessments. Details of the
quality of bias assessment are reported in Table S1 (see the
electronic supplementary material).

3.3 Effect of ETC-1002 on SUA
Meta-analysis of data showed that treatment with bempedoic

acid significantly increased SUA levels (MD 0.73, 95% CI
0.54-0.91, P<0.001; ?=74.9%) (Fig. 2). The effect size
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Fig. 1 Flow chart of the num-

ber of studies identified and
included into the meta-analysis

Published studies identified ]

through database search
(n=253)

i

Non-original articles
(n= 242)

Records screened
(n=11)

Not meeting the inclusion criteria
(n=7)

for eligibility

Full text articles assessed
(n=4)

Studies included in the
systematic review and
meta-analysis
(n=4)

[ Incluslon ][ Eligibllity ] [ Screening ][Identlﬂcatlon]

was robust in the leave-one-out sensitivity analysis (Figure
S1; see the electronic supplementary material) and was not
mainly driven by a single study.

Visual inspection of Begg’s funnel plots did not reveal
any asymmetry, suggesting no publication bias for the analy-
sis (Figure S2). The absence of publication bias was sup-
ported by the Egger’s linear regression and the Begg’s rank
correlation (P> 0.05 for all comparisons), and the Duval and
Tweedie “trim and fill” method did not identify any aberrant
study. The classic fail-safe N test suggested that 376 studies
with negative results would be needed to bring the estimated
effect size on SUA to a non-significant level (P> 0.05).

3.4 Secondary Outcomes

Treatment with bempedoic acid was significantly associated
with increased creatinine concentrations (MD 0.04, 95% CI
0.03-0.05, P<0.001; 12=O%) and with an increase risk of
developing gout (OR 3.56, 95% CI 1.24-10.19, P=0.018;
P=0%) (Figs. 3, 4). Results were confirmed by the leave-
one-out sensitivity analysis (Figure S3 and S4; see the elec-
tronic supplementary material).

3.5 Meta-regression Analysis

Meta-regression analyses did not suggest any significant
association between change in SUA and age at baseline
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(slope —0.03; 95% CI—0.07 to 0.01; two-tailed P=0.11) or
treatment duration (slope — 0.004; 95% CI—0.011 to 0.003;
two-tailed P=0.27) (Figure S5; see the electronic supple-
mentary material).

4 Discussion

By analysing data from four phase 2 and phase 3 randomized
controlled trials including a total of 3369 patients, our meta-
analysis showed that treatment with bempedoic acid entails
a significant increase in SUA concentration, also exerting a
negative effect on creatinine levels and, finally, increasing
the risk of developing gout. Based on current evidence, this
effect appears to be independent of the duration of treatment
and the age of treated patients.

Even if our study cannot address the pathogenetic mecha-
nisms underlying the observed effects, it can be speculated
that the observed increase in SUA may be consequent to
abnormalities in renal tubular handling of both SUA and
possibly creatinine, finally resulting in less urinary excretion
of both these substances [24]. As a matter of fact, in animal
models, renal proximal tubule urate secretion is inhibited by
cellular stress-induced adenosine monophosphate (AMP)-
activated protein kinase [25], suggesting that bempedoic
acid may be directly related to reduced urate excretion and
therefore increased serum urate concentration. Furthermore,
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SERUM URIC ACID

Study name Statistics for each study

Difference Standard Lower Upper
in means error Variance limit limit

Ballantyne (2019 - 1) [10] 0570 0,148 0,022 0280 0,860
Ballantyne (2019 - Il) [10] 0720 0,192 0,037 0344 1,09
Goldberg (2019) [12] 0,500 0,089 0,008 0326 0674
Gutierrez (2014) [11] 1,070 0,133 0,018 03810 1330
Ray (2019) [6] 0,790 0,047 0,002 0699 0,881
0727 0,095 0008 0541 0913

Fig.2 Forest plot displaying mean difference and 95% confidence
intervals for the impact of bempedoic acid on SUA. In the article
by Ballantyne et al., bempedoic acid was compared versus placebo

Difference in means and 95% CI

Z-Value p-Value

3,859 0,000
3,751 0,000
5618 0,000
8,052 0,000
16,962 0,000
7,669 0,000

-2,00 -1,00 0,00 2,00

Favours Bempedoic acid Favours Control

(Ballantyne II) or in a fixed-dose combination with ezetimibe versus
ezetimibe alone (Ballantyne I). SUA serum uric acid

CREATININE

Study name Statistics for each study

Difference Standard Lower Upper
in means error  Variance limit limit

Ballantyne (2019 - 1) [10] -0,020 0,036 0,001 -0,091 0,051
Ballantyne (2019 - II) [10] 0,070 0,035 0,001 0,002 0,138
Goldberg (2019) [12] 0,040 0,011 0,000 0,018 0,062
Gutierrez (2014) [11] 0,040 0,012 0,000 0,016 0,064
Ray (2019) [6] 0,040 0,006 0,000 0,029 0,051
0,040 0,005 0,000 0,031 0,049

Fig.3 Forest plot displaying mean difference and 95% confidence
intervals for the impact of bempedoic acid on creatinine serum lev-
els. In the article by Ballantyne et al., bempedoic acid was compared

Fig.4 Forest plot displaying
odds ratio and 95% confidence

Difference inmeans and 95% Cl

Z-Value p-Value

-0,549 0,583
2,020 0,043
3,546 0,000
3,320 0,001
7,021 0,000
8,592 0,000

1,00 2,00

Favours Bempedoic acid Favours Control

versus placebo (Ballantyne II) or in a fixed-dose combination with
ezetimibe versus ezetimibe alone (Ballantyne I)

GOUT

intervals for the impact of bem-
pedoic acid on the incidence of
gout. In the article by Ballan-

Study name

Odds
tyne et al., bempedoic acid was ratio
compared versus placebo (Bal- Goldberg (2019) [12] 2,745
lantyne II) or in a fixed-dose Ray (2019) [6] 4,534
combination with ezetimibe e

versus ezetimibe alone (Bal-
lantyne I)

mutations in ABCG?2 transporter have been linked to sta-
tin toxicity [26]. It could therefore be speculated that, at
least in statin-intolerant patients, genetic mutations in this

for each study Odds ratio and 95% CI

Lower Upper

limit limit 2Z-Value p-Value
0,604 12,475 1307 0,191
1,049 19,591 2,024 0,043
1,242 10,190 2,364 0,018

0,01 0,1 1 10 100

Favours Bempedoic acid Favours Control

transporter may influence SUA secretion at the renal tubule
level [27].

Alternatively, the observed increase in SUA might be due
to glomerular filtration rate reduction by bempedoic acid.
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Thus the observed increase in SUA could simply result from
reduced urinary excretion by the kidney [28].

Finally, an additional and intriguing, although specula-
tive explanation to account for the observed signs of renal
damage may involve the exposure of glomerular and tubu-
lar structures to high SUA levels. As a matter of fact, both
experimental [29, 30] and clinical studies [31] strongly sup-
port an unfavourable renal effect of hyperuricaemia.

Actually, among the traditional lipid-lowering drugs,
rosuvastatin and fenofibrate have just been known to increase
serum creatinine, but this effect is transient and fully reversi-
ble, even after long-term treatment [32, 33]. Moreover, these
drugs have been shown to exert a positive or at most indif-
ferent effect on SUA levels [34, 35], and have been proven
to effectively reduce total cardiovascular events [36, 37].
On the contrary, data on decreased cardiovascular events
and mortality are lacking for bempedoic acid so far. The
increase in serum creatinine observed with bempedoic acid
treatment could be prognostically negligible, but, assuming
a life-time exposition, we have as yet no long-term data to
know if this can have an impact on renal or cardiovascular
health. On the other hand, based on the available data [38,
39], the observed SUA increase, in the context of a simul-
taneous reduction in glomerular filtration rate, could have a
more rapid and negative impact on a number of cardiometa-
bolic and renal outcomes.

The main limitation of this meta-analysis is related to the
relatively small number of subjects involved in the studies,
which were often short or medium term, as well as the exclu-
sion of patients with renal impairment from the clinical tri-
als. Furthermore, it was not possible to carry out a subgroup
analysis to evaluate the synergistic effect of bempedoic acid
as an add-on to other lipid-lowering drugs, since in most
studies detailed information on the background treatment
of the patients was lacking. The degree of heterogeneity for
SUA change is another important limitation of the current
analysis.

Notwithstanding these limitations, our data indicate
potential safety issues with bempedoic acid and suggest that
further studies are performed both to elucidate the pathoge-
netic mechanisms underlying these associations and to verify
long-term safety of this treatment. In particular, it is neces-
sary that any changes in kidney function during treatment
with bempedoic acid are carefully evaluated, in particular
in patients with moderate to severe chronic kidney disease.

The ongoing Cardiovascular Outcomes Trial (CVOT) (the
CLEAR study), which in August 2019 completed the enrol-
ment of 14,032 patients at over 1400 sites in 32 countries
around the world, will answer the question (settle the issue)
raised by our study and clarify the effect of bempedoic acid
on cardiovascular events and mortality [9].
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5 Conclusions

In conclusion, based on the results of this meta-analysis of
double-blind, randomized clinical trials, bempedoic acid
seems to have unfavourable effects on SUA and creatinine,
with uncertain prognostic impact. The CVOT will explore
the longer-term safety of the treatment and clarify its effect
on cardiovascular events and mortality. However, further
clinical studies are expected to evaluate the long-term
effect of the treatment with bempedoic acid in patients with
chronic kidney disease.
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