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ATP-citrate lyase (ACLY) is a key metabolic enzyme that links mitochondrial citrate export to the generation of
cytosolic acetyl-CoA, thereby supporting de novo lipogenesis, cholesterol biosynthesis, protein acetylation,
chromatin remodelling, and transcriptional control. Interest in ACLY inhibition initially arose from its lipid-
lowering properties and led to the clinical development of bempedoic acid, whose ability to reduce low-
density lipoprotein cholesterol and improve cardiovascular outcomes now provides the strongest clinical proof
of concept for targeting this pathway. Beyond dyslipidaemia, preclinical evidence suggests that targeting the
ACLY pathway and related bempedoic acid-responsive metabolic programs may ameliorate metabolic
dysfunction-associated steatotic liver disease (MASLD). ACLY inhibition is expected to reduce de novo fatty-acid
and cholesterol synthesis by limiting cytosolic acetyl-CoA availability, whereas parent bempedoic acid can
directly activate PPARq, and thereby enhance fatty-acid oxidation. However, unlike the cardiovascular setting,
robust clinical data supporting ACLY inhibition in MASLD are still lacking. More recently, the identification of
nuclear ACLY functions has substantially expanded its biological significance, establishing ACLY as a metabol-
ic-epigenetic integrator that couples nutrient availability to chromatin remodelling, transcriptional programs
and immune responses. In cancer, dysregulated ACLY activity contributes to tumour growth, metabolic plasticity,
therapy resistance and immune evasion, and its inhibition has shown promising antitumour effects in preclinical
models. This review summarizes ACLY biology and pharmacology, emphasizing established cardiovascular ap-
plications, emerging MASLD opportunities and exploratory oncologic indications, while highlighting unresolved
translational questions.

1. Introduction activated protein kinase (AMPK) [3]. This finding proved clinically

relevant because ACSVL1 expression is largely restricted to the liver,

Interest in the pharmacological inhibition of ATP-citrate lyase
(ACLY), a key enzyme directing extra-mitochondrial carbon flux to-
wards lipid biosynthesis, emerged in the early 2000s [1,2]. During this
period, preclinical studies began to show favourable effects on lipid
profiles, glucose homeostasis and atherosclerosis progression. The
compound initially known as ETC1002 (also termed ESP55016;
8-hydroxy—2,2,14,14-tetramethylpentadecanedioic) is now recognized
as bempedoic acid.

A major mechanistic advance occurred in 2016, when Pinkosky et al.
established that bempedoic acid was a prodrug requiring activation by
very long-chain acyl-CoA synthetase—1 (ACSVL1). Once converted to its
CoA derivate, it directly modulates the activity of ACLY and AMP-

thereby confining drug activation predominantly to hepatic tissue. This
liver-selective mechanism opened new therapeutic opportunities for
individuals experiencing statin-associated muscle symptoms (SAMS),
the leading cause of statin discontinuation and an important contributor
to atherosclerotic cardiovascular diseases (ASCVD) [4].

These observations led to the CLEAR (Cholesterol Lowering via
BEmpedoic Acid, an ACL-inhibiting Regimen) clinical development
program, designed to evaluate the long-term safety and effectiveness of
bempedoic acid [5]. This effort culminated in the CLEAR Outcomes trial
(Evaluation of Major Cardiovascular Events in Participants With, or at
High Risk for, Cardiovascular Disease Who Are Statin Intolerant Treated
With Bempedoic Acid (ETC—1002) or Placebo), which assessed
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cardiovascular benefit in statin-intolerant patients [6]. Collectively,
these studies supported regulatory approval by both the EMA (European
Medicines Agency) and the FDA (Food and Drug Administration) for use
as a hypocholesterolaemic agent.

Beyond lipid lowering, the therapeutic potential of ACLY inhibition
has expanded into the field of the Metabolic dysfunction-associated
steatotic liver disease (MASLD) [7]. Pharmacological ACLY inhibition,
along with Mendelian randomization studies of ACLY-modulating
human variants, has demonstrated improvements in hepatic stellate
cell activation, liver inflammation, and fibrosis in preclinical models and
reductions in circulating biomarkers of metabolic
dysfunction-associated steatohepatitis (MASH) in humans [8]. These
observations have stimulated the development of ACLY-targeted mole-
cules, e.g. enedioic acid inhibitor 326E, which markedly reduces hepatic
lipid accumulation and ameliorates MASH in murine models [9].
Moreover, the small-molecule ACLY inhibitor EVT0185 has recently
been reported to modulate tumour metabolism, enhance anti-tumour
immune responses, and suppress tumour progression in MASH-driven
hepatocellular carcinoma (HCC) [10]. More recently, parent bempe-
doic acid has also been shown to directly bind and robustly induce
peroxisome proliferator-activated receptor (PPAR)u« signalling and fatty
acid oxidation [11].

It is also increasingly evident that ACLY functions beyond the cyto-
plasm, contributing to nuclear acetyl-CoA pools required for epigenetic
regulation, including de novo histone acetylation [12].

Given the growing interest in the design and synthesis of new
macrocyclic ACLY inhibitors [13], the aim of the present up-to-date
narrative review is to provide a critical evaluation of ACLY inhibition
across a broad spectrum of clinical contexts, including cholesterol
lowering, metabolic liver diseases, and cancer biology.
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2. Structure and function of ATP-citrate lyase

ACLY is a magnesium- and ATP-dependent enzyme that catalyses the
conversion of citrate and coenzyme A (CoA) into acetyl-CoA and
oxaloacetate (OAA) [14]. In humans, ACLY exists as a homotetrameric
cytosolic protein composed of four identical polypeptide chains. Each
subunit contains 1101 amino acids and has a molecular mass of
approximately 120 kDa. The enzyme is highly conserved across species,
exhibiting nearly 98% amino acid sequence identity with its rat coun-
terpart [15].

ACLY occupies a pivotal position at the interface of carbohydrate and
lipid metabolism by supplying cytosolic acetyl-CoA from mitochondrial
citrate. The enzyme catalyses the ATP-driven cleavage of citrate in the
presence of CoA and Mg, generating acetyl-CoA and oxaloacetate
while coupling this thermodynamically unfavourable reaction to ATP
hydrolysis [16,17]. During periods of nutrient abundance, particularly
when carbohydrate intake is high and lipid demand is low, glycolytic
activity increases substantially, producing large amounts of pyruvate in
the cytosol. While some pyruvate is converted to lactate, a significant
proportion is transported into mitochondria, where the pyruvate dehy-
drogenase complex converts it into acetyl-CoA.

Because acetyl-CoA cannot traverse the inner mitochondrial mem-
brane, cells employ an indirect transport mechanism to deliver acetyl
groups to the cytosol. Within the mitochondrial matrix, acetyl-CoA
condenses with oxaloacetate through the action of citrate synthase,
forming citrate (Fig. 1). As citrate accumulates, it is exported to the
cytoplasm via the tricarboxylate transporter SLC25A1, commonly
referred to as the citrate carrier (Fig. 1). Cytosolic citrate then becomes
the substrate for ACLY, which regenerates acetyl-CoA and oxaloacetate,
thereby effectively transferring mitochondrial acetyl units into the
cytosolic compartment (Fig. 1).

The metabolites produced by ACLY support numerous anabolic and
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Fig. 1. Cytoplasmic and nuclear ACLY generate acetyl-CoA pools for metabolic and epigenetic functions. In mitochondria, glucose-derived pyruvate is converted into
acetyl-CoA, which condenses with oxaloacetate (OAA) to form citrate within the tricarboxylic acid (TCA) cycle. Because acetyl-CoA cannot cross the inner mito-
chondrial membrane, citrate is exported to the cytoplasm through the mitochondrial citrate carrier SLC25A1. Cytoplasmic ACLY cleaves mitochondria-derived citrate
into acetyl-CoA and OAA, generating the cytoplasmic acetyl-CoA pool required for de novo fatty acid synthesis, the mevalonate pathway, and protein acetylation. In
addition to its cytoplasmic localization, ACLY can translocate to the nucleus, where it locally produces acetyl-CoA to support histone acetylation and transcriptional
regulation. ACLY, ATP-citrate lyase; CoA, coenzyme A; H3K27ac, histone H3 lysine 27 acetylation; HCC, hepatocellular carcinoma; IL1B, interleukin 1 beta; KG,
ketoglutarate; OAA, oxaloacetate; PTGS2, prostaglandin-endoperoxide synthase 2; SLC25A1, solute carrier family 25 member 1; SMAD2/3, Sma- and Mad-related
protein; TGF, transforming growth factor. Created in BioRender. Pedretti, S. (2026) https://BioRender.com/uvucd62.
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regulatory pathways. Oxaloacetate may contribute to hepatic glucose
production through gluconeogenesis or be reduced to malate and sub-
sequently transported back into mitochondria, where it participates in
tricarboxylic acid cycle metabolism. Acetyl-CoA, in contrast, serves as a
central metabolic intermediate and donor of acetyl groups for a wide
range of biosynthetic processes. One of its principal fates is conversion to
malonyl-CoA by acetyl-CoA carboxylase, representing the committed
and rate-limiting step of de novo fatty acid synthesis.

In addition to its role in lipogenesis, ACLY-derived acetyl-CoA pro-
vides the substrate required for the mevalonate pathway (Fig. 1). This
pathway begins with the condensation of two acetyl-CoA molecules to
form acetoacetyl-CoA and ultimately gives rise to cholesterol as well as
several non-sterol isoprenoid intermediates, including farnesyl pyro-
phosphate and geranylgeranyl pyrophosphate. These molecules are
essential for protein prenylation and the regulation of numerous intra-
cellular signalling pathways.

Furthermore, the acetyl-CoA pools generated by ACLY provide
essential substrates for protein acetylation reactions, thereby influ-
encing chromatin structure, gene expression, and intracellular signalling
pathways. A major advance in recent years has been the recognition that
ACLY is not restricted to the cytosol but can also localize to the nucleus,
where it contributes directly to the local production of acetyl-CoA
required for histone acetylation and transcriptional regulation [18].
Similar nuclear functions have been described for several other acyl--
CoA-producing enzymes, including pyruvate dehydrogenase (PDH),
oxoglutarate dehydrogenase (OGDH), and acyl-CoA synthetase
short-chain family member 1 and 2 (ACSS1 and ACSS2) [12, 19-26].
These findings have revealed a previously underappreciated link be-
tween cellular metabolism and epigenetic regulation, whereby the
spatial compartmentalization of acetyl-CoA synthesis enables precise
control of chromatin remodelling and gene transcription.

3. Pharmacological landscape of ACLY inhibitors

Although bempedoic acid currently represents the only clinically
approved pharmacological strategy targeting ACLY, it should not be
considered synonymous with ACLY inhibition as a biological concept.
This distinction is particularly important because bempedoic acid has
two separable activities: after ACSVL1-dependent conversion to
bempedoyl-CoA, it inhibits ACLY and thereby limits cytosolic acetyl-
CoA generation for fatty-acid and cholesterol synthesis; parent bempe-
doic acid can directly activate PPARa and induce fatty-acid oxidation
independently of ACLY inhibition. A broader set of ACLY inhibitors has
been developed and used as pharmacological tools or investigational
compounds (Fig. 2), providing complementary information on ACLY
biology, inhibitor binding modes, tissue selectivity, compensatory
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metabolic pathways, and therapeutic opportunities. Pearce et al. iden-
tified SB—201076 as a potent ACLY inhibitor, with a Ki of approximately
1 pM against both rat liver and recombinant human ACLY. However,
despite its enzymatic potency, SB—201076 failed to inhibit cholesterol
or fatty-acid synthesis in HepG2 cells, indicating poor intracellular ac-
cess. Its y-lactone derivative SB—204990 overcame this limitation by
acting as a cell-permeable prodrug: although SB—204990 does not
directly inhibit ACLY, it entered hepatocytes and was hydrolysed
intracellularly to SB—201076, leading to marked inhibition of choles-
terol and fatty-acid synthesis. In rats, intravenous SB—204990 also
inhibited hepatic cholesterol and fatty-acid synthesis, supporting its
value as an early in vivo tool to validate ACLY inhibition as a hypolipi-
demic strategy [27]. Subsequently, Li et al. described a 2-hydroxy-N-ar-
ylbenzenesulfonamides class of compounds as ACLY inhibitors that
structurally deviate from citrate and demonstrate higher cell perme-
ability and in vivo bioavailability. Chronic administration of
BMS—303141 in high-fat-fed mice reduced weight gain and lowered
plasma cholesterol, triglycerides, and glucose. All these data were
consistent with the hypothesis that ACLY might be an attractive target
for the treatment of metabolic disorders, including obesity and dyslipi-
daemia [28]. In C57BLKS/J db/db mice with severe obesity, type 2
diabetes mellitus, and prone to renal injuries, BMS—303141 reduced
renal ectopic lipid accumulation, lipogenic enzyme expression, inflam-
mation, and tubulointerstitial fibrosis, supporting the broader relevance
of ACLY-dependent lipid flux beyond classical hepatic lipid metabolism
[29]. A further advance was the identification of NDI-091143, a
low-nanomolar ACLY inhibitor derived from the 2-hydroxy-N-arylben-
zenesulfonamide series. NDI-091143 inhibits human ACLY with high
affinity, showing an ICso of approximately 2.1 nM, a Ki of 7.0 & 0.8 nM
compared to citrate, and a Kd of 2.2 + 1.4 nM by surface plasmon
resonance. Although kinetic analyses indicated apparent competition
with citrate, cryo-electron microscopy of full-length human ACLY in
complex with NDI-091143 and ADP revealed that the compound does
not occupy the canonical citrate-binding site. Instead, it binds a mostly
hydrophobic allosteric cavity within the citrate domain, adjacent to the
citrate-binding region. Binding of NDI-091143 stabilizes major
conformational rearrangements, including displacement of Arg379,
which normally participates in citrate recognition, and movement of
lle344 into the citrate-binding site. Through this mechanism,
NDI-091143 indirectly prevents citrate binding and thereby inhibits
ACLY catalysis. This discovery not only provided the first structural view
of full-length human ACLY in an inhibitor-bound state, but also revealed
a previously unrecognized druggable allosteric pocket, offering a
rational framework for the design of more potent and selective ACLY
inhibitors [30]. EVT0185 is a recently described orally active
ACLY-targeting compound with the chemical name

Bempedoic acid

BMS303141 NDI-091143

Fig. 2. Structure of ACLY inhibitors. Representative chemotypes of ACLY inhibitors. ACLY, ATP-citrate lyase. Reproduced with permission of Elsevier [35].
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6-[4-(5-carboxy—5-methylhexyl)-phenyl] —2,2-dimethylhexanoic acid
and molecular formula. Structurally, it belongs to a dicarboxylic
acid/decoy fatty-acid-like scaffold, conceptually related to
liver-activated ACLY inhibitors such as bempedoic acid but with distinct
pharmacology. EVT0185 is converted in the liver by SLC27A2 into its
active CoA-thioester metabolite, EVT0185-CoA, which directly interacts
with the CoA-binding site of ACLY [10]. 326E is an investigational orally
active ACLY inhibitor characterized by an enedioic acid scaffold and
selected as the active E-isomer. Similar to bempedoic acid, 326E requires
conversion to a CoA-thioester metabolite; 326E-CoA inhibited recom-
binant human ACLY with an ICso of 5.31 £+ 1.21 pmol/L and acted
competitively with respect to CoA [31]. Inspired by the structural fea-
tures of natural ACLY inhibitors, Zhang et al. successfully designed and
synthesized a series of novel chalcone derivatives as highly potent and
selective ACLY inhibitors [13]. In this context, it should be acknowl-
edged that nucleic acid-based strategies such as Aclysiran have been
proposed as potential tools to reduce ACLY activity and improve meta-
bolic phenotypes [32]. Finally, despite ongoing advances in rational
drug design, natural products with validated in vivo inhibitory effects on
ACLY remain scarce. Among the most promising candidates are
hydroxycitrate [33] and isoginkgetin [34] as well as compounds con-
taining a hydroxyphenylacryloyl moiety, such as herbacetin and caffeic
acid [35].

4. Bempedoic acid and LDL-C lowering through hepatic ACLY
inhibition

In line with the scope of this up-to-date review, we summarize the
most recent evidence regarding the role of bempedoic acid in cardio-
vascular prevention. For earlier data from phase 3 clinical trials, readers
are referred to previous comprehensive reviews on the topic [36-40].

4.1. Bempedoic acid in current guidelines for hypercholesterolaemia
management

Supported by the results of 4 phase 3 studies (CLEAR Harmony,
CLEAR Wisdom, CLEAR Tranquility, and CLEAR Serenity) and the car-
diovascular outcomes data from the landmark CLEAR OUTCOMES trial
[6, 41-43] (Table 1), the most recent European [44] and American [45]
guidelines for the management of dyslipidaemia have strengthened their
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recommendations for the use of bempedoic acid (e.g. Class I, Ila,
depending on the clinical setting) as an evidence-based option for pa-
tients requiring additional LDL-C reduction or for those who are unable
to tolerate statins (Table 2).

4.2. Sub-analyses of the CLEAR outcomes

In a prespecified sub-analysis of the CLEAR Outcomes trial, bempe-
doic acid treatment was associated with a lower overall incidence of
cardiovascular events, including a 20% reduction in MACE—4 (HR 0.80;
95%CI 0.72-0.89), a 17% reduction in MACE—3 (HR 0.83; 95%CI
0.73-0.93), a 31% reduction in myocardial infarction (HR 0.69; 95%CI
0.58-0.83), and a 22% reduction in coronary revascularization (HR
0.78; 95%CI 0.68-0.89). By contrast, no statistically significant effect
was observed for stroke [46]. The proportional benefit of bempedoic
acid was present in both primary prevention and secondary prevention
settings. In the primary prevention cohort, the normalized HR for major
vascular events was 0.55, whereas in the secondary prevention cohort it
was 0.79; both estimates were broadly consistent with the range of
benefit predicted from prior statin meta-analyses. Overall, this study
supports the view that bempedoic acid confers cardiovascular risk
reduction comparable to statins for an equivalent absolute lowering of
LDL-C, reinforcing the principle that the extent of LDL-C reduction is a
key determinant of clinical benefit [47].

To determine whether the cardiovascular benefit achieved with
bempedoic acid was proportional to LDL-C lowering in a manner com-
parable to that established for statins by the Cholesterol Treatment
Trialists’ Collaboration (CTTC), specific CTTC-defined endpoints were
chosen. Lincoff et al. found that a first major vascular event occurred in
10.1% of patients treated with bempedoic acid compared to 11.7% of
those receiving placebo, corresponding to a HR of 0.85. At 12 months,
bempedoic acid produced a placebo-corrected LDL-C reduction of
22.4 mg/dL. When the treatment effect was normalized to a 1 mmol/L
LDL-C reduction, the HR for major vascular events was 0.75, which was
very similar to the 0.78 rate ratio previously reported for statins in the
CTTC meta-analysis. Comparable normalized benefits were also
observed for major coronary events, nonfatal myocardial infarction, and
coronary revascularization, supporting the concept that the clinical
benefit of bempedoic acid is largely explained by the magnitude of LDL-
C lowering rather than by a drug-specific mechanism distinct from that

Table 1
Main results of phase 3 CLEAR trials.
Study Duration Population Results
CLEAR 52 weeks Patients with ASCVD and/or HeFH and LDL -C> 70 mg/dL At 12 weeks: Bempedoic acid added to maximally tolerated statin (with or
Wisdom while receiving maximally tolerated statin (with or without without other LLT) reduced LDL-C by 17.4% (95% CI, —21.0,—13.9) more
other LLT) than placebo (P < .001)
CLEAR 52 weeks At 12 weeks: Bempedoic acid added to different intensities of background
Harmony statin treatment (low, moderate, or high) with or without additional LLT
reduced LDL-C from baseline (difference vs placebo. — 18.1% (95%ClI,
—20.0%, - 16.1%): P < .001
CLEAR 12 weeks Patients with hypercholesterolemia and a history of statin At 12 weeks: Bempedoic acid added to stable LLT, including ezetimibe,
Tranquility intolerance who required additional LDL-C lowering reduces LDL-C up to 28.5% (95%CI, —34.4, —22.5) more than placebo
(P <.001)
CLEAR 24 weeks At 12 weeks: Treatment with bempedoic acid reduced LDL-C 21.4% (95%CI,
Serenity —25.1, —17.7) more than placebo (P < .001)
CLEAR median of - Randomised, double-blind, placebo-controlled trial of 13,970  The primary endpoint was MACE—4 (nonfatal MI, nonfatal stroke, coronary
Outcomes 40.6 months statin-intolerant adults with established ASCVD or at high risk revascularization, or CV death): 11.7% (for bempedoic acid) vs. 13.3%

for ASCVD
- Fasting blood LDL-C > 100 at screening

(placebo), HR 0.87, 95%CI 0.79-0.96 (p = 0.004).
Absolute risk reduction ~1.6%.
LDL-C lowering was ~21% vs near-zero in placebo at 6 months.

CLEAR Wisdom, Evaluation of Long-Term Efficacy of Bempedoic Acid (ETC—1002) in Patients With Hyperlipidemia at High Cardiovascular Risk; CLEAR Harmony,
Evaluation of Long-Term Safety and Tolerability of ETC—1002 in High-Risk Patients With Hyperlipidemia and High CV Risk; CLEAR Tranquility, Evaluation of the
Efficacy and Safety of Bempedoic Acid (ETC—1002) as Add-on to Ezetimibe Therapy in Patients With Elevated LDL-C; CLEAR Serenity, Evaluation of the Efficacy and
Safety of Bempedoic Acid (ETC—1002) in Patients With Hyperlipidemia and Statin Intolerant; CLEAR OUTCOME, Evaluation of Major Cardiovascular Events in
Participants With, or at High Risk for, Cardiovascular Disease Who Are Statin Intolerant Treated With Bempedoic Acid (ETC—1002) or Placebo.

ASCVD, atherosclerotic cardiovascular disease; HeFH, Heterozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; LLT, lipid lowering

therapy.
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Table 2
Recommendation use of bempedoic acid according to European and American
Guidelines.

2025 EAS/ESC update

Recommendation
Class I, Level A

Clinical Scenario
Primary or Secondary
Prevention

Key use

Non-statin therapies with
proven cardiovascular benefit
(including bempedoic acid),
taken alone or in
combination, are
recommended for patients
who are unable to take statin
therapy to lower LDL-C levels
and reduce the risk of CV
events. The choice should be
based on the magnitude of
additional LDL-C lowering
needed

Bempedoic acid is
recommended in patients
who cannot take statin
therapy to achieve the LDL-C
goal

As an add-on therapy to

Primary or Secondary
Prevention

Class I, Level B

Primary or Secondary Class Ila, Level C

Prevention maximally tolerated statin
therapy with or without
ezetimibe in patients at high
or very high CV risk who do
not achieve LDL-C goal

2026 AHA/ACC

Primary prevention Recommendation Key use

LDL-C Levels 70-189 mg/ Class 2, Level B-NR  In adults at high (>10%) 10-
dL year estimated risk for ASCVD

on maximally tolerated statin
with or without ezetimibe, if a
goal LDL-C < 70 mg/dL is not
achieved

In adults with severe
hypercholesterolemia with an
LDL-C > 190 mg/dL without
clinical ASCVD but with
clinical or genetic
confirmation of HeFH to
achieve a goal of LDL-C

< 100 mg/dL

Severe
Hypercholesterolemia
Without HeFH

Class 1, Level B-NR

Severe Class 1, Level B-R In adults with severe
Hypercholesterolemia hypercholesterolemia with an
With HeFH LDL-C > 190 mg/dL without

clinical ASCVD but with
clinical or genetic
confirmation of HeFH to
achieve a goal of LDL-C
< 70 mg/dL

Severe Class 1, Level B-R In adults with severe
Hypercholesterolemia hypercholesterolemia with an

With Clinical ASCVD LDL-C > 190 mg/dL and
clinical ASCVD who are on
maximally tolerated statin
therapy to achieve a goal of
LDL-C < 55 mg/dL

In adults with clinical or
genetic confirmation of HoFH
the addition is reasonable to
lower LDL-C

In adults with diabetes who
have statin-attributed side

HoFH Class 2a, Level B-R

Adults With Diabetes
Without Established

Class 1, Level B-R

ASCVD effects is recommended to
lower LDL-C.
Secondary prevention Recommendation  Key use

In adults with clinical
ASCVD who are not at
very high risk

Class 2a, Level B-R  Already on maximally
tolerated statin therapy to
achieve a goal of LDL-C

< 70 mg/dL

Already on maximally

tolerated statin therapy to

In adults with clinical
ASCVD who are at very
high risk

Class 2a, Level B-R

Pharmacological Research 231 (2026) 108348

Table 2 (continued)

2025 EAS/ESC update

achieve a goal of LDL-C

< 55 mg/dL
Adults With Subclinical Class 2a, Level B- To achieve a goal of LDL-C
Coronary Atherosclerosis NR < 55 mg/dL

(CAC score of >300)

ASCVD, Atherosclerotic Cardiovascular Disease; CAC, Coronary Artery Calcium;
CV, Cardiovascular; HeFH, Heterozygous Familial Hypercholesterolemia; HoFH,
Homozygous Familial Hypercholesterolemia; LDL-C, Low-density lipoprotein
cholesterol.

Class I, the treatment/procedure is recommended/indicated; Class Ila, it should
be considered; Class 1 (strong recommendation), The benefit clearly outweighs
the risk, so the intervention/procedure should be performed or given in most
patients under most circumstances; Class 2a (moderate recommendation), The
benefit is probably greater than the risk, so the intervention/procedure is
reasonable and should be considered; Level A, evidence from multiple ran-
domized clinical trials or meta-analyses; Level B, evidence from a single ran-
domized clinical trial or large non-randomized studies; Level C, evidence from
expert consensus, small studies, retrospective studies, or registries; Level B-R,
evidence comes from moderate-quality randomized data — typically one or
more randomized trials, or meta-analyses of moderate-quality randomized
studies; Level B-NR, evidence comes from moderate-quality nonrandomized
data — for example well-designed observational studies, registries, or other
nonrandomized analyses.

of statins [47].

Among individuals at high ASCVD risk, those with diabetes mellitus
remain at higher risk although diabetes mellitus-related excess mor-
tality is lower in the contemporary era than previously [48]. During a
median follow-up of 3.4 years, bempedoic acid was associated with
significant relative and absolute reductions in MACE—4 risk among
patients with diabetes compared with placebo (absolute risk reduction
2.4%), without evidence of differential treatment effect across glycae-
mic strata. The occurrence of new-onset diabetes did not differ signifi-
cantly between groups (HR 0.95; 95%CI, 0.83-1.09). Likewise, in
individuals with prediabetes or normoglycaemia, HbAlc concentrations
at month 12 and at the end of the study remained comparable between
randomized groups. Notably, LDL cholesterol and high-sensitivity
C-reactive protein levels at 6 months were significantly reduced with
bempedoic acid vs placebo across all glycaemic strata (diabetes, pre-
diabetes, and normoglycaemia) [49]. In this context, Federici et al.
provided an Italian diabetologist-led expert opinion on the role of
bempedoic acid in the management of dyslipidaemia in people with
diabetes, positioning it as an oral lipid-lowering option particularly
relevant for patients with residual hypercholesterolaemia despite stati-
n/ezetimibe therapy or with partial/complete statin intolerance. They
propose practical treatment algorithms, in which bempedoic acid can
help to reduce residual cardiovascular risk and bridge treatment gaps in
patients who may not be eligible for or have access to PCSK9 inhibitors,
thus representing a valuable addition to personalised lipid management
strategies aimed at lowering cardiovascular morbidity and mortality in
this high-risk population [50].

Another enhancing ASCVD comorbidity is obesity. Bempedoic acid
showed clinically meaningful efficacy in statin-intolerant patients with
obesity (BMI >30 kg/m?), reducing LDL-C by 22.5% and hs-CRP by
23.2% at 6 months, while also lowering the risk of MACE—4 by 23%
over a median follow-up of 40.7 months. Significant reductions were
also observed for myocardial infarction, coronary revascularization, and
stroke, whereas cardiovascular and all-cause mortality were not signif-
icantly affected. The drug was generally well tolerated and did not
worsen HbAlc or increase new-onset diabetes, although higher rates of
hyperuricemia/gout and some laboratory abnormalities were observed
[51]. Although these findings rely mostly on White and statin-intolerant
population, these data may be particularly relevant in obesity, a con-
dition characterized by both atherogenic dyslipidaemia and systemic
inflammation, suggesting that the dual reduction in LDL-C and hs-CRP
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may be mechanistically and clinically important [52]. It could be
speculated that such inflammatory effects should not automatically be
ascribed to ACLY inhibition alone, because PPAR« activation by parent
bempedoic acid may also contribute to lipid oxidation and inflammatory
modulation, although its quantitative contribution in clinical settings
remains undefined [11]. According to this finding, bempedoic acid
could act beyond hepatocytes and stimulate PPARa activity in all cell
types where PPAR« is present, such as macrophages, renal cells, and
cardiomyocytes.

Relative to the residual inflammatory risk, a CLEAR Outcomes study
showed that at 6 months, treatment with bempedoic acid led to a 21.6%
reduction in median hs-CRP and a 21.1% reduction in mean LDL-C
compared with placebo. Baseline hs-CRP was significantly associated
with future risk, with patients in the highest quartile showing a greater
likelihood of experiencing the primary composite cardiovascular
endpoint (HR 1.43; 95%CI 1.24-1.65), cardiovascular death (HR 2.00;
95%CI 1.53-2.61), and all-cause death (HR 2.21; 95%CI 1.79-2.73)
than those in the lowest quartile. By comparison, the predictive value of
baseline LDL-C was weaker for the primary composite endpoint (HR
1.19; 95%CI 1.04-1.37) and absent for cardiovascular mortality (HR
0.90; 95%CI 0.70-1.17) and all-cause mortality (HR 0.95; 95%CI
0.78-1.16). Elevated hs-CRP identified high-risk individuals irrespective
of baseline LDL-C, while the cardiovascular benefit of bempedoic acid
remained consistent across all levels of both biomarkers [43]. The
hs-CRP-lowering effect of bempedoic acid was further corroborated by a
meta-analysis of phase II-IV randomized, parallel-group trials in adults
(>18 years) comparing bempedoic acid, at any dose, with placebo or an
active comparator. Across studies, bempedoic acid consistently reduced
hs-CRP levels. The absence of significant modification by ezetimibe
co-administration suggests that this anti-inflammatory effect is mainly
attributable to bempedoic acid itself. Nevertheless, because the analyses
were performed at the study level and did not directly account for
achieved LDL-C reduction, a causal effect independent of LDL-C
lowering cannot be definitively established [53].

Considering that obesity and diabetes are closely linked to MASLD
[54], in the CLEAR Outcomes trial it was evaluated whether
non-invasive markers of MASLD identify statin-intolerant patients at
higher cardiovascular risk and whether they modify the effect of bem-
pedoic acid. Higher baseline scores for liver steatosis, assessed by the
Framingham Steatosis Index (FSI), the Fibrosis—4 index (FIB—4) and the
NAFLD fibrosis score (NFS), were associated with a greater risk of
MACE—4 in the placebo group, with HRs of 1.13 (95%CI 1.08-1.18),
1.21 (95%CI 1.09-1.34), and 1.16 (95%CI 1.10-1.23), respectively, for
each 1-unit increase in score, respectively, FSI, FIB—4 and NFS. These
findings confirm the close relationship between MASLD-related pheno-
types and cardiovascular risk. Bempedoic acid reduced MACE—4 over-
all, but the largest relative benefit was observed in patients with higher
steatosis scores: when FSI was analysed as a continuous variable, the HR
for MACE—4 per 1-unit increase in FSI was 1.04 (95%CI 0.99-1.09) in
the bempedoic acid group vs 1.14 (95%CI 1.09-1.18) in the placebo
group, and in the highest FSI quartile the HR for bempedoic acid vs
placebo was 0.70 (95%CI 0.59-0.84). Conversely, fibrosis burden (as
assessed by FIB—4 and NFS) did not influence treatment effect. These
findings suggest that simple liver-related non-invasive tests may help
enrich cardiovascular risk assessment in high-risk dysmetabolic patients
and may identify a subgroup with enhanced benefit from bempedoic
acid, although the post hoc design and absence of imaging or histolog-
ical confirmation warrant cautious interpretation [55].

In the context of obesity, the venous thromboembolism (VTE) cannot
be overlooked. During CLEAR Outcomes follow-up, 106 VTE events
were recorded, including 39 events in the bempedoic acid group and 67
in the placebo group, corresponding to a significant reduction in first
VTE occurrence with active treatment (HR 0.58, 95%CI 0.39-0.86). This
benefit was consistent across both components of the composite
endpoint, with lower rates of deep vein thrombosis (HR 0.56, 95%CI
0.31-0.996) and pulmonary embolism (HR 0.61, 95%CI 0.37-0.996) in
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patients receiving bempedoic acid. Sensitivity analyses censoring VTE
events occurring after a first major adverse cardiovascular event yielded
similar findings, supporting the robustness of the association. However,
given the post hoc design, the limited number of VTE events, and the fact
that outcomes were investigator-reported rather than centrally adjudi-
cated, these results should be interpreted as hypothesis-generating.
Furthermore, the biological basis linking lipid-lowering therapies to
lower thromboembolic risk remains incompletely understood. Possible
explanations are extrapolated from pathways shared with statins,
including attenuation of systemic inflammation, or upregulation of he-
patic LDLRs. The latter mechanism is of particular interest, because
increased LDLR expression has been associated in experimental models
with enhanced factor VIII clearance, which may contribute to a less
prothrombotic milieu. However, since these hypotheses should be
considered biologically plausible but still mechanistically unresolved
[56].

4.3. Long-term safety and efficacy

Relative to safety, in a post hoc analysis of the CLEAR Outcomes trial,
Ray et al. evaluated whether uric acid (UA)-lowering therapies influ-
enced gout frequency in statin-intolerant patients receiving bempedoic
acid and whether a prior history of gout modified cardiovascular benefit.
In the CLEAR Outcomes trial, bempedoic acid was associated with a
mean increase in serum UA of approximately 0.8 mg/dL and a higher
incidence of gout adverse events than placebo (3.1% vs 2.1%). This
analysis showed that gout was infrequent in patients without prior gout
and with normal baseline UA (<1% in both groups), whereas risk was
higher in those with elevated baseline UA and/or prior gout, especially
when both were present. The use of UA-lowering therapy, mostly allo-
purinol, was associated with a lower frequency of gout across higher-risk
subgroups, suggesting that clinically indicated monitoring and treat-
ment of hyperuricemia may mitigate this adverse effect. The cardio-
vascular benefit of bempedoic acid was similar in patients with and
without prior gout (HR 0.87; 95%CI 0.63-1.21) and 0.87 (95%CI
0.79-0.96), respectively), indicating that gout history does not appear to
diminish treatment efficacy [57]. This analysis provides practical reas-
surance that the gout risk associated with bempedoic acid is concen-
trated in predisposed patients and may be manageable in clinical
practice.

Bempedoic acid suggests a small but relevant increase in gallstone
incidence [58], raising concerns about its safety in individuals predis-
posed to biliary disease. The association is biologically plausible because
bempedoic acid may shift bile composition toward a more lithogenic
state by acting at multiple levels of cholesterol and bile acid homeostasis
rather than through a single isolated pathway. Specifically, experi-
mental evidence suggests that bempedoic acid may increase hepatic
cholesterol efflux into bile through upregulation of ABCG5/ABCGS,
while at the same time reducing bile acid synthesis via suppression of
CYP7AL, effects that together could favour cholesterol supersaturation
of bile. Additional proposed mechanisms include inhibition of
OATP1B1/0ATP1B3-mediated bile acid transport, possible interference
with MRP1/glutathione handling, enhanced FXR transcriptional activ-
ity, and suppression of PXR signalling, all of which may further disturb
bile acid recirculation, biliary flow, and gallbladder physiology [59].
The use of bempedoic acid may deserve greater caution in patients
already at risk for gallstones, including older adults, women, individuals
with obesity, diabetes, rapid weight loss, bariatric surgery, or concom-
itant exposure to other potentially lithogenic treatments such as fibrates
or possibly GLP—1 receptor agonists [59,60]. Overall, its potential
impact on bile composition and cholesterol crystallization warrants
closer study and may justify individualized risk assessment in suscepti-
ble patients.

In the context of safety, it should be also highlighted that it has been
shown that bempedoic acid does not impact on mitochondrial func-
tionality and structural organization within skeletal muscle fibres in
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apoE”" mice. In particular, transmission electron microscopy analysis of
muscle fibres of tibialis anterior showed that bempedoic acid did not
affect the morphology and distribution of mitochondria and mitochon-
drial functionality of skeletal muscles in mice receiving bempedoic acid
was not reduced compared to control group [61].

In the prospective, pragmatic, multicenter CLEAR Taiwan phase 4
study, 180 Taiwanese patients with inadequately controlled hypercho-
lesterolemia or mixed dyslipidemia received bempedoic acid (180 mg/
die) in addition to background lipid-lowering therapy, with 160 patients
(88.9%) completing 12 weeks of follow-up. The cohort was character-
ized by a mean age of 61.4 £ 10.4 years, 62.8% male sex, a high burden
of established disease (67.2% in secondary prevention), and a substan-
tial prevalence of statin intolerance (46.1%). Bempedoic acid induced a
significant median 19% reduction in LDL-C, from 117.5 to 92 mg/dL at
week 12, together with significant decreases in non-HDL-C (—13.3%),
total cholesterol (—10.8%), apolipoprotein B (—11.5%), and hs-CRP
(—34.0%), with minimal and not statistically significant changes in tri-
glycerides, HDL-C, and lipoprotein(a). The magnitude of LDL-C lowering
was comparable to that reported in phase 3 trials conducted predomi-
nantly in Western populations, thereby extending the generalizability of
bempedoic acid lipid-lowering efficacy across ethnic groups. LDL-C
target attainment improved meaningfully, with 1/3 of the overall pop-
ulation reaching Taiwanese guideline-recommended goals [62,63].
Specifically, among patients with pre-existing ASCVD, 24.3% achieved
LDL-C <70mg/dL and 11.2% achieved LDL-C < 55 mg/dL. The
marked reduction in hs-CRP compared with that observed in Western
studies, may reflect multiple factors, including differences in baseline
inflammatory status, genetic background, dietary patterns, car-
diometabolic risk profile, as well as the smaller sample size and conse-
quent variability of the estimate. Treatment was generally well
tolerated, with no serious adverse events reported; adverse events were
mostly mild, treatment discontinuation occurred in 3.3%, and myalgia
was uncommon (1.7%), supporting the favourable tolerability profile of
bempedoic acid in this real-world Asian setting [64].

This evidence was also confirmed in the Japanese CLEAR-J LONG
open-label phase 3 extension study, involving 130 patients with hy-
percholesterolemia receiving bempedoic acid 180 mg/day for 52 weeks
to confirm long-term efficacy and safety after the 12-week confirmatory
CLEAR-J trial. LDL-C was reduced by 21.6% overall and by 25.3% in
newly enrolled patients, with effects evident from week 4 and main-
tained through week 52; 65.6% of patients achieved guideline-based
LDL-C targets at one year [65]. Long-term reductions were also
observed for non-HDL-C (—19.4%), total cholesterol (—16.1%), apoB
(—17.0%), and hsCRP (—14.4%), while HbAlc remained essentially
unchanged. Bempedoic acid was generally well tolerated with discon-
tinuation due to AEs in 4.6%, and hyperuricemia in 6.2% as the main
treatment-related event. Overall, this study confirmed in Japanese pa-
tients the durable lipid-lowering efficacy and acceptable long-term
safety profile of bempedoic acid, with no new population-specific
safety signals [66].

4.4. Real-life data

In a retrospective real-world study from a Milan lipid clinic, 126
patients with high residual cardiovascular risk, with statin intolerance,
or familial hypercholesterolemia, and frequent background use of eze-
timibe, statins, and PCSK9-targeting therapies showed that bempedoic
acid significantly reduced LDL-C from 116.1 + 49.3 to 78.5 + 36.0 mg/
dL, corresponding to a median relative reduction of —26.1% and an
absolute decrease of —32.3 + 37.1 mg/dL; non-HDL-C and total
cholesterol also declined, respectively by —27% and 21%, whereas tri-
glycerides remained unchanged and HDL-C showed only a modest
transient decrease (—7.7%). Overall, 60.8% of patients achieved their
ESC/EAS LDL-C targets at the last follow-up. LDL-C lowering was
attenuated in FH patients (—18% vs —29.2% in non-FH), and FH inde-
pendently predicted failure to reach target (OR 0.045, 95%CI
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0.004-0.523). The magnitude of LDL-C reduction was broadly consis-
tent with prior randomized and real-world studies, while also under-
scoring the marked interindividual variability in response, potentially
related to phenotype, concomitant therapy, and genetic factors. Bem-
pedoic acid was generally well tolerated, with hyperuricemia in 4%,
myalgia in 4%, rare mild gastrointestinal events, and treatment
discontinuation in 9.5% [67].

In the real-world BEYOND-REAL study, a retrospective cohort of
adults (mostly White and not Hispanic or Latino) receiving moderate-
intensity statins, bempedoic acid was compared with ezetimibe after
1:1 propensity matching (3353 patients per group). Bempedoic acid was
associated with a significantly lower risk of the composite cardiovas-
cular outcome (16.7% vs 22.8%; RR 0.73, 95%CI 0.63-0.84), with
consistent benefit across stroke, myocardial infarction, ischemic heart
disease, new-onset heart failure, and peripheral artery disease. LDL-C
reduction, from baseline, was greater with ezetimibe (—30.9 mg/dL vs
—23.5 mg/dL), whereas cardiovascular outcomes still favoured bem-
pedoic acid. This apparent discordance may reflect pleiotropic effects of
bempedoic acid, including possible anti-inflammatory actions, although
hsCRP and apoB could not be reliably assessed in this database [68].

Evidence for the beneficial effect of bempedoic acid in this setting
comes from a Monte Carlo simulation based on the SANTORINI cohort,
which modelled stepwise oral lipid-lowering intensification in high- and
very-high-risk patients. In this analysis, adding bempedoic acid after
statin optimization and ezetimibe further reduced mean LDL-C to
59.8 mg/dL and increased LDL-C goal attainment from 39.1% to 61.8%
[69]. By using the same setting within the ITACARE-P (Italian Alliance
for Cardiovascular Rehabilitation and Prevention) registry of ASCVD
patients not at LDL-C goal, we found that adding bempedoic acid after
statin and/or ezetimibe therapy increased overall LDL-C goal attainment
from 50% to 63% [70]. Overall, this evidence suggests that bempedoic
acid may represent an effective oral intensification strategy, with po-
tential additional benefits in terms of adherence when incorporated into
a single-pill combination regimen.

4.5. New clinical trials

In the multicenter, pragmatic, randomized ES-BempedACS trial, 206
patients hospitalized for acute coronary syndrome (ACS) were ran-
domized within 72 h of admission to receive either triple lipid-lowering
therapy (high-intensity statin + ezetimibe + bempedoic acid) or dual
therapy (high-intensity statin + ezetimibe) for 8 weeks. The study
population was relatively young (59.5 + 10.9 years), predominantly
male, and had a mean baseline LDL-C of 133.6 + 28.8 mg/dL; impor-
tantly, 67.0% of patients were statin-naive at presentation. The primary
endpoint, namely the proportion of patients achieving LDL-C < 55 mg/
dL at 8 weeks, was not significantly different between groups: 59.4% in
the triple-therapy arm versus 53.1% in the dual-therapy arm. Likewise,
the percentage reduction in LDL-C was almost identical in the two
groups, amounting to 57.5 + 17.8% with triple therapy and 56.9
+ 18.5% with dual therapy, with mean LDL-C values at 8 weeks of
54.6 mg/dL and 55.3 mg/dL, respectively. Target attainment for sec-
ondary lipid goals was also high and similar in both groups, with 71.9%
vs 73.5% achieving non-HDL-C < 85 mg/dL and 84.4% vs 86.7%
achieving triglycerides < 150 mg/dL in the triple- and dual-therapy
groups, respectively. The neutral effect of adding bempedoic acid was
consistent across sex, age, diabetes status, prior statin exposure, baseline
LDL-C, ACS type, and participation in cardiac rehabilitation. Cardio-
vascular events were infrequent during the short follow-up and did not
differ significantly between groups, with events occurring in 4.2% of the
triple-therapy arm and 2% of the dual-therapy arm. From a safety
perspective, the addition of bempedoic acid was well tolerated, with no
significant excess of adverse events; only one patient discontinued
treatment because of gout, while hyperuricemia occurred in 7.3% of the
triple-therapy group and 5.1% of the dual-therapy group [71]. The lack
of incremental efficacy of bempedoic acid seems in line with
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dose-response models indicating that the LDL-C-lowering effect of
bempedoic acid is attenuated as statin intensity increases [72].
Accordingly, this trial suggests that in the early post-ACS setting, an
upfront oral strategy based on high-intensity statin plus ezetimibe may
already achieve substantial early lipid control in more than half of pa-
tients, whereas the routine addition of bempedoic acid does not appear
to confer further short-term lipid benefit, although it appears safe.
However, the small patient population, the short follow-up period, and
the lack of accurate monitoring of medication adherence limit the
strength of these findings, thereby warranting further investigation. A
Phase 2 trial for bempedoic acid has recently been completed in children
with heterozygous familial hypercholesterolemia (HeFH) aged 6-17
years (NCT05694260). According to an EAS 2026 abstract presentation,
Bempedoic acid, when given as a tablet in addition to patient’s existing
lipid lowering treatments, reduced LDL-C in pediatric patients (range
6-25%) and did not raise any new safety concerns.

Overall, a definitive answer is expected from the The triPle Oral
thERapy With Bempedoic Acid vs uSual Care in Early Lipid Management
of Patients With acUte coronAry syndrome (PERSUADE; NCT07440381)
trial, which will evaluate the effect of triple lipid-lowering
therapy—consisting of bempedoic acid, a high-intensity statin, and
ezetimibe—initiated during hospitalization for ACS in a larger popula-
tion of approximately 600 patients. The primary endpoint of the
PERSUADE trial is the difference in the mean percentage change in LDL-
C levels from baseline to week 8 between the triple-combination therapy
group and the usual-care group.

5. Impact of ACLY inhibition and PPAR« activation on liver fat

The idea that ACLY inhibition may reduce hepatic fat accumulation
by modulating de novo lipogenesis dates back to 2022, when Morrow
et al. developed a translational mouse model of metabolic dysfunction-
associated steatohepatitis (MASH) showing that hepatocyte-specific
ACLY inhibition enhanced fatty acid oxidation while decreasing gluco-
neogenesis, as well as serum and hepatic lipid levels [8]. The study
demonstrated that genetic suppression of ACLY in hepatocytes lowers
fatty acid and cholesterol synthesis, promotes fatty acid oxidation, and
improves glucose intolerance, hepatic steatosis, and hepatocellular
ballooning, without elevating circulating triglycerides. Notably, phar-
macological inhibition of ACLY with bempedoic acid reproduced the
effects observed with genetic inhibition and additionally reduced
fibrosis. Follow-up studies in primary mouse and human stellate cells
further showed that bempedoic acid enhances fatty acid oxidation and
inhibits lipid synthesis in these cells, an effect associated with dimin-
ished activation and proliferation. Importantly, Mendelian randomiza-
tion analyses of Acly genetic variants in the UK Biobank suggested that
reduced Acly activity is linked to lower circulating triglycerides and
decreased serum biomarkers associated with MASLD. Altogether, these
findings indicated that ACLY inhibition could represent a promising
strategy for mitigating MASH, while also exerting beneficial effects on
glycaemic control and dyslipidaemia [8].

However, whether targeting de novo lipogenesis (DNL) was a viable
strategy for MASLD was subject of much investigation, e.g. ACLY defi-
ciency led to seemingly paradoxical increase in liver DNL on high-fat
diet with increasing expression of nuclear sterol regulatory element-
binding protein 1c and of its target DNL enzymes [73].

Trying to answer this question, Liu et al. aimed to determine whether
the beneficial effects of bempedoic acid on liver fat were truly mediated
through ACLY inhibition and to clarify how ACLY interacts with
compensatory pathways of acetyl-CoA production, particularly acetyl-
CoA synthetase (ACSS2), under different nutritional conditions. The
conclusions were that the beneficial effects of bempedoic acid on hepatic
steatosis were mediated predominantly through ACLY-independent
mechanisms, likely involving stimulation of fatty acid oxidation and
PPARa-related pathways rather than simple suppression of lipogenic
acetyl-CoA generation. By using liver-specific genetic deletion models,
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hepatic ACLY deficiency unexpectedly exacerbated, rather than allevi-
ated, Western diet-induced steatosis. Compared with controls, mice
lacking hepatic ACLY displayed increased liver weight, greater histo-
logical steatosis, and higher hepatic levels of triglycerides, diac-
ylglycerols, and cholesterol esters. Mechanistically, the absence of ACLY
was associated with suppression of a PPARa-dependent fatty acid
oxidation program, including lower expression of canonical oxidative
genes, reduced abundance of endogenous PPAR« ligand species such as
phosphatidylcholine 16:0/18:1, lower short-chain acylcarnitines,
reduced ketone production, and impaired fatty acid oxidation. However,
the use of bempedoic acid retained a clear anti-steatotic effect despite
the absence of hepatic ACLY. In Western diet-fed mice, bempedoic acid
markedly reduced liver lipid accumulation in both wild-type and liver-
specific ACLY knockout animals, lowering hepatic triglycerides and
diacylglycerols, restoring phosphatidylcholine abundance, including PC
16:0/18:1, and increasing expression of PPAR« target genes. In parallel,
bempedoic acid promoted fatty acid oxidation, as reflected by increased
acetylcarnitine and p-hydroxybutyrate production, thus producing a
metabolic phenotype that was essentially opposite to that caused by
ACLY deficiency itself [74].

Following the same experimental paradigm, Di Pastena et al. pro-
vided evidence that the hepatic effects of targeting ACLY cannot be
understood by considering ACLY in isolation. The authors investigated
EVTO0185, a dual inhibitor of ACLY and ACSS2, in several complemen-
tary mouse models of MASH and fibrosis, including diet-induced, ther-
moneutral, FAT-MASH, and CCl4-based models. Across these systems,
EVTO0185 consistently improved insulin sensitivity, reduced hepatic
steatosis, lowered liver and circulating triglycerides and cholesterol, and
attenuated histological features of MASH, including ballooning,
inflammation, and fibrosis. Notably, antifibrotic effects were also
observed in a fibrosis model lacking steatosis, indicating that the com-
pound was acting not only through changes in hepatocyte lipid meta-
bolism but also through direct effects on hepatic stellate cells. The main
conceptual advance of this study lies in the demonstration that acetate
metabolism through ACSS2 is a major compensatory and profibrotic
pathway when ACLY-dependent acetyl-CoA production is limited.
EVTO0185 suppresses stellate cell activation and collagen production by
inhibiting acetate-driven cholesterol synthesis, with this effect requiring
SLC27A2-mediated drug activation. Mechanistically, the antifibrotic
response appeared to depend more on suppression of sterol biosynthesis
than on inhibition of fatty acid synthesis per se, because mevalono-
lactone supplementation reversed the inhibitory effect of EVT0185 on
stellate cell activation and proliferation. For the topic of the present
review focused on bempedoic acid, the relevance of this paper is
twofold. First, it reinforces the idea that single-pathway inhibition of
ACLY is unlikely to fully explain improvements in steatosis, because
acetate/ACSS2-dependent carbon flux can maintain acetyl-CoA avail-
ability and sustain lipogenic and fibrogenic programs. Second, the au-
thors explicitly place their work in the context of prior data showing that
bempedoic acid can suppress diet-induced hepatic steatosis indepen-
dently of hepatocyte ACLY activity, thereby supporting the broader
concept that bempedoic acid must exert additional metabolic actions
beyond canonical ACLY inhibition [75].

A pivotal conceptual advance for understanding how bempedoic acid
may influence hepatic steatosis beyond its canonical inhibition of ACLY
came from Papa et al. [11]. The rationale for the study arose from the
observation that the established model of bempedoic acid action does
not fully explain all its reported metabolic effects. Prior findings
showing that bempedoic acid reduced hepatic lipid accumulation even
in liver-specific Acly knockout mice suggested that additional mecha-
nisms may contribute to its anti-steatotic activity. Moreover, previous
experimental evidence had linked bempedoic acid to improvements in
hepatic steatosis, inflammation, and fibrosis, while indirect data had
suggested possible interactions with AMPK- and PPARa-related path-
ways, although direct proof was lacking. Against this background, the
authors investigated whether bempedoic acid could directly regulate
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hepatic lipid metabolism through PPARa. In primary mouse hepatocytes
and mouse liver, bempedoic acid robustly upregulated PPAR signalling
and fatty acid degradation pathways, together with canonical PPARx
target genes involved in lipid oxidation, including Acaalb, Acot2,
Cyp4al0, Cyp4al4, Ehhadh, and Hmgcs2. These molecular changes were
accompanied by increased fatty acid oxidation in hepatocytes, to an
extent comparable with that observed using the established PPAR«
agonist GW7647, while Ppara knockdown largely abolished this
response. The authors showed that bempedoic acid physically engages
the ligand-binding domain of PPARa and stabilizes its active confor-
mation. From the perspective of steatosis, the most relevant aspect of
this study is that activation of the PPARa transcriptional network
occurred independently of ACSVL1/SLC27A2, indicating that bempe-
doic acid does not require conversion to bempedoyl-CoA to stimulate
this oxidative pathway. This observation supports the view that the
hepatic lipid-lowering effect of bempedoic acid may rely not only on
reduced lipogenesis through ACLY inhibition, but also on a parallel in-
crease in fatty acid disposal mediated by direct PPAR« activation. This
mechanism may help explain the broader metabolic effects previously
attributed to bempedoic acid, including reductions in liver lipid accu-
mulation, inflammation, and fibrosis, and may potentially extend
beyond hepatocytes to other PPARa-expressing tissues. However, the
study remains primarily mechanistic, and the relative contribution of
PPAR« activation versus ACLY inhibition to the anti-steatotic effect of
bempedoic acid in vivo has not yet been defined [11]. Finally, in this
context, the role of lipid droplets in MASLD pathogenesis should not be
underestimated. In an acute choline-deficient, L-amino acid-defined,
high-fat diet mouse model, bempedoic acid attenuated the liver injury
induced by CGI-58 knockdown, a missense variant that predisposes
carriers to inherited MASLD and may promote progression to steatohe-
patitis. Treatment was associated with lower plasma ALT and AST levels,
reduced hepatic steatosis, and fewer macrophage crown-like structures.
In addition, bempedoic acid decreased lipid-droplet triglycerides, free
cholesterol, cholesteryl esters, and total cholesterol, supporting the
concept that inhibition of hepatic cholesterol synthesis may alleviate
steatohepatitis by limiting cholesterol accumulation within lipid drop-
lets. Overall, these findings suggest that the hepatoprotective effects of
bempedoic acid are related not only to reduced cholesterol synthesis,
but also to a favourable reduction in hepatic lipid-droplet lipid burden,
including liver fat [76].

An answer is expected from the B-LIFT trial (Effect of Bempedoic
Acid on Liver Fat in Individuals With Nonalcoholic Fatty Liver Disease
and Type 2 Diabetes; NCT06035874), which is evaluating the effect of
bempedoic acid (180 mg/day) on changes in liver fat content from
baseline to 24 weeks in individuals with MASLD. Hepatic steatosis will
be assessed by magnetic resonance imaging proton density fat fraction
(MRI-PDFF), while controlled attenuation parameter (CAP) and liver
stiffness measurement (LSM) will be evaluated using FibroScan.

6. Genetic evidence linking ACLY to metabolic disease

Genetic studies have provided important, although sometimes
context-dependent, support for ACLY as a causal regulator of lipid and
metabolic disease. The first evidence for an essential role of ACLY came
from global Acly knockout models, in which homozygous Acly defi-
ciency caused early embryonic lethality, consistent with the central role
of ACLY-derived acetyl-CoA in anabolic metabolism and development.
In contrast, heterozygous Acly-deficient mice were viable, fertile and
normolipidemic on both chow and high-fat diets, despite expressing
approximately half-normal amounts of Acly mRNA and protein, sug-
gesting that partial reduction of ACLY activity may be tolerated and that
compensatory mechanisms can preserve lipid homeostasis under basal
conditions [77].

In a hepatic knockdown model, ACLY abrogation reduced hepatic
acetyl-CoA and malonyl-CoA and lowered circulating triglycerides and
free fatty acids. It also reduced VLDL-triglyceride secretion and
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increased hepatic triglyceride accumulation, indicating that ACLY
deficiency may alter both lipid synthesis and lipid export in a diet-
dependent manner [78].

More recent studies, as reported in Section 5, have refined this view
by showing that the metabolic consequences of ACLY loss depend
strongly on nutritional context, disease stage and compensatory acetyl-
CoA-producing pathways [8].

Guo et al. identified a post-translational mechanism by which ACLY
is functionally upregulated during NAFLD progression. In mouse models
of hepatic steatosis and in liver samples from patients with NAFLD,
hepatic ACLY protein abundance and ACLY acetylation at Lys540,
Lys546 and Lys554 were increased, whereas the ACLY deacetylase
SIRT2 was reduced. Mechanistically, ACLY acetylation stabilized the
protein by limiting ubiquitin—proteasome-mediated degradation. In
hepatocytes, ACLY knockdown reduced lipid accumulation, whereas re-
expression of ACLY restored it; notably, an acetylation-mimetic
ACLY—3KQ mutant promoted lipid accumulation more efficiently than
wild-type ACLY. Similarly, in high-fat/high-sucrose diet-fed mice, he-
patic ACLY knockdown improved steatosis, reduced liver triglycerides,
inflammation and ALT levels, whereas re-expression of ACLY—3KQ
more strongly restored the steatotic phenotype than wild-type ACLY
[79].

Drug-target Mendelian Randomization analyses have further
explored the metabolic consequences of genetically proxied ACLY in-
hibition. One study assessed the impact of genetically predicted ACLY
inhibition on anthropometric traits using ACLY-region variants associ-
ated with lower ACLY expression and reduced LDL-C levels. In this
analysis, genetically predicted ACLY inhibition was associated with a
lower waist-to-hip ratio, with consistent results for BMI-adjusted waist-
to-hip ratio [80]. In relation to type 2 diabetes, a cis-Mendelian
randomization study based on individual-level data from the UK Bio-
bank and Lifelines, complemented by publicly available genome-wide
association data, found no evidence that ACLY targeting increases the
risk of new-onset type 2 diabetes [81].

Human genetic studies have further strengthened the therapeutic
rationale for ACLY inhibition, particularly in cardiovascular disease. In a
Mendelian randomization analysis including 654,783 participants
including 105,429 participants who had major cardiovascular events, a
genetic score designed to mimic ACLY inhibition was associated with
lower LDL-C and with a reduced risk of major cardiovascular events. Per
10 mg/dL genetically predicted reduction in LDL-C, the odds ratio for
cardiovascular events was 0.823 for the ACLY score, closely resembling
the effect estimated for an HMGCR genetic score, thereby supporting
ACLY as a genetically validated lipid-lowering target. Importantly, the
same analysis did not identify an increased cancer risk associated with
genetically proxied lifelong ACLY inhibition [82]. Finally, regarding
aortic stenosis, a drug-target Mendelian randomization analysis identi-
fied a single SNP, rs13412, located upstream of the ACLY gene, as a
proxy for bempedoic acid exposure. This genetic proxy was significantly
associated with a lower risk of aortic stenosis (OR 0.005, 95% CI
0.0002-0.12; P = 0.0009), although the finding should be interpreted
cautiously given that it was based on only one instrumental variant [83].

7. Nuclear ACLY: a key regulator of epigenetic control in cancer
7.1. ACLY nuclear localization

Although ACLY is primarily a cytosolic enzyme and is often associ-
ated with the endoplasmic reticulum in mammalian cells, accumulating
evidence has demonstrated its presence within the nucleus. This dual
subcellular distribution highlights the multifunctional nature of ACLY,
enabling the enzyme to participate in both metabolic and gene-
regulatory processes within distinct cellular compartments.

By generating acetyl-CoA from citrate at a nuclear level, ACLY in-
tegrates nutrient catabolism—including glucose, glutamine, and fatty
acid metabolism—with anabolic pathways and epigenetic regulation. In
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particular, ACLY-derived acetyl-CoA provides the acetyl groups required
for histone acetylation, a fundamental chromatin modification that fa-
cilitates DNA transcription, replication, and other nuclear processes. A
foundational study demonstrated that siRNA-mediated silencing of
ACLY significantly reduced global histone acetylation, establishing the
enzyme as the primary source of nuclear acetyl-CoA [18].

These findings were subsequently confirmed in genetic models, in
which Acly deletion resulted in a striking reduction in global histone
acetylation, further demonstrating that ACLY is the predominant sup-
plier of acetyl-CoA for maintaining histone acetylation under physio-
logical conditions [84]. Stable isotope tracing experiments further
revealed that ACLY is responsible for the majority of glucose-derived
acetyl-CoA incorporated into histones, highlighting its central role in
coupling glucose metabolism to chromatin regulation. Although cells
lacking ACLY retain the ability to sustain histone acetylation by utilizing
acetate as an alternative carbon source, this compensatory pathway
becomes significant only in the absence of ACLY, indicating that ACLY is
the dominant source of acetyl-CoA for histone acetylation under
nutrient-replete conditions [84].

Through this biochemical axis, ACLY directly couples cellular
metabolic status, such as glucose availability, to the precise regulation of
gene expression and chromatin dynamics.

More recently, ACLY was reported to undergo nuclear translocation
in fibroblasts upon fibrotic stimulation, thereby facilitating TGF-beta-
mediated myofibroblast activation by promoting histone H3 lysine 27
acetylation (H3K27ac) at fibrotic gene loci. Co-immunoprecipitation
assays revealed that ACLY physically interacts with the transcription
factors SMAD2/3, directing the enzyme to pro-fibrotic genomic regions
to drive localized acetyl-CoA production [85].

The relationship between acetyl-CoA metabolism and histone acet-
ylation is strongly influenced by intracellular compartmentalization,
which enables precise spatial and temporal control of chromatin-
modifying reactions. While acetyl-CoA produced in the cytoplasm can
diffuse through nuclear pores and contribute to the nuclear acetyl-CoA
pool, increasing evidence indicates that local acetyl-CoA generation
within the nucleus is critical for efficient epigenetic regulation.
Although acetyl-CoA can theoretically equilibrate between the cytosolic
and nuclear compartments through passive diffusion, the nuclear pro-
duction of acetyl-CoA appears to provide a strategically important
source for chromatin remodelling and transcriptional regulation. The
requirement for localized acetyl-CoA production is further supported by
the biochemical properties of the molecule itself. Acetyl-CoA contains a
high-energy thioester bond whose hydrolysis releases approximately
31.4 kJ/mol of free energy, rendering the molecule metabolically
reactive and relatively short-lived. Consequently, cells rely on the
compartment-specific synthesis of acetyl-CoA in close proximity to its
sites of utilization.

7.2. ACLY in tumorigenesis

ACLY is frequently overexpressed in a wide range of human malig-
nancies, where it supports tumour growth, metabolic adaptation, and
cancer stemness, making it an attractive therapeutic target [86]. By
catalysing the conversion of citrate into acetyl-CoA, ACLY fulfils a dual
function in cancer cells: it provides substrates for de novo lipid
biosynthesis while simultaneously supplying acetyl-CoA for protein and
histone acetylation, thereby linking cellular metabolism to epigenetic
regulation. Consequently, ACLY inhibitors, initially developed for
metabolic disorders, have attracted considerable interest as anticancer
agents. Although genetic and pharmacological inhibition of ACLY sup-
presses tumour growth in multiple preclinical models, therapeutic effi-
cacy may be attenuated by compensatory acetyl-CoA-producing
pathways, including ACSS2 and PDH, which collectively maintain
acetyl-CoA homeostasis under metabolic stress.

A growing body of evidence indicates that many oncogenic functions
of ACLY are mediated by its nuclear pool, which generates a localized
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source of acetyl-CoA to support histone acetylation and transcriptional
reprogramming. One notable example involves the tumour suppressor
SIRT6, which restricts ACLY nuclear accumulation. Loss of SIRT6 pro-
motes the enrichment of ACLY within the nucleus, increasing nuclear
acetyl-CoA availability and global histone acetylation, thereby acti-
vating transcriptional programs associated with cell adhesion, migra-
tion, and tumorigenesis. These findings identify nuclear ACLY as an
important mediator of metabolic-epigenetic coupling in cancer [87].

Recent studies have also implicated ACLY in the development of
therapy resistance. In colorectal cancer (CRC), ACLY acts as a central
metabolic regulator linking citrate-derived acetyl-CoA production to the
epigenetic control of the drug-efflux transporter MDR1/ABCB1. Genetic
and pharmacological modulation of ACLY demonstrates that its catalytic
activity sustains H3K9 and H4K16 acetylation and promotes MDR1-
associated transcriptional programs. Conversely, ACLY inhibition re-
duces histone acetylation and suppresses the expression of genes
involved in chemoresistance. Consistent with these observations, ACLY
and MDRI1 expression positively correlate in human CRC specimens,
particularly in advanced-stage disease, highlighting an ACLY-dependent
metabolic-epigenetic axis that may be exploited therapeutically to
overcome drug resistance [88].

In addition to its nuclear functions, ACLY contributes to tumour
adaptation through regulation of cytosolic acetyl-CoA signalling. Recent
work has demonstrated that depletion of the cytosolic acetyl-CoA pool,
induced by fasting, pharmacological inhibition of ACLY, or targeted
therapies that impair nutrient uptake, triggers NLRX1-dependent
mitophagy. In KRAS-mutant tumours, inhibition of oncogenic signal-
ling causes a profound reduction in cytosolic acetyl-CoA levels, acti-
vating NLRX1, a mitochondria-associated metabolic sensor recently
shown to directly bind acetyl-CoA. Activation of the acetyl-CoA-NLRX1
axis promotes mitochondrial quality control through mitophagy,
thereby limiting oxidative stress and enhancing cancer-cell survival
under therapeutic pressure. This adaptive response contributes to
resistance against KRAS-targeted therapies and reveals an unexpected
signalling role for acetyl-CoA beyond its metabolic functions [89].

Beyond solid tumours, ACLY has also emerged as a critical regulator
of inflammatory and metabolic reprogramming in hematologic malig-
nancies. In TET2-mutant myeloid cells, dysregulated O-GlcNAc trans-
ferase (OGT) activity enhances O-GlcNAcylation of ACLY, increasing its
enzymatic activity and promoting lipogenic and inflammatory pro-
grams. This hyperactivated OGT-ACLY axis links epigenetic deregula-
tion to inflammasome activation and lipid accumulation. Importantly,
genetic or pharmacological inhibition of ACLY attenuates inflammatory
signalling and suppresses pathological immune activation, identifying
ACLY as a potential therapeutic target in TET2-deficient clonal haema-
topoiesis and myeloid disorders [90].

ACLY has also been implicated in lymphoid malignancies through its
ability to regulate metabolite-dependent epigenetic remodelling. In
PD—1-deficient T-cell non-Hodgkin lymphomas, increased glycolytic
flux leads to citrate accumulation and enhanced ACLY-dependent acetyl-
CoA production. Elevated acetyl-CoA availability promotes histone
acetylation and chromatin remodelling at AP—1-responsive loci, driving
persistent AP—1 activation and tumour growth. Pharmacological inhi-
bition of ACLY suppresses AP—1 signalling and selectively impairs the
growth of PD—1-deficient lymphoma cells, identifying ACLY as a po-
tential therapeutic target in this setting [91].

7.3. ACLY in hepatocellular carcinoma

Recent studies have highlighted a particularly important role for
ACLY in hepatocellular carcinoma (HCC), where it contributes to both
therapeutic resistance and tumour progression. One mechanism in-
volves chemotherapy-induced stabilization of nuclear ACLY. NAT10, a
nuclear acetyltransferase, directly interacts with ACLY and acetylates it
at lysine 468 in response to chemotherapeutic stress. This modification
protects ACLY from SQSTM1-mediated proteasomal degradation and
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promotes its nuclear accumulation. Increased nuclear ACLY activity
enhances local acetyl-CoA production and stimulates H3K27 acetylation
at target loci, resulting in transcriptional activation of genes including
CYP2C9 and PIK3R1. Through this mechanism, the NAT10-ACLY axis
promotes adaptive transcriptional responses that contribute to chemo-
therapy resistance in HCC [92].

A second line of evidence has established ACLY as a therapeutic
vulnerability in MASH-associated HCC. Using genetically engineered
mouse models that recapitulate human disease, hepatocyte- and
tumour-specific deletion of ACLY reduced neoplastic lesion formation by
more than 70%, indicating a critical requirement for ACLY during
tumour development. To therapeutically exploit this dependency, in-
vestigators used EVT0185, a novel ACLY inhibitor that is metabolically
activated in the liver by SLC27A2 to generate a CoA-thioester metabolite
capable of directly binding the ACLY CoA-binding pocket. Oral admin-
istration of EVT0185 markedly reduced tumour burden across multiple
MASH-HCC models and enhanced the efficacy of standard treatments,
including tyrosine kinase inhibitors and immune checkpoint-based
therapies. Mechanistically, integrated transcriptomic and spatial ana-
lyses linked ACLY inhibition to increased expression of CXCL13,
enhanced B-cell infiltration, and the formation of tertiary lymphoid
structures (TLSs) within tumours. Although the precise molecular
mechanisms remain incompletely understood, these findings suggest
that ACLY inhibition reshapes the tumour microenvironment toward a
more immunogenic state, potentially through alterations in metabolite
availability and chromatin acetylation. Collectively, these data identify
ACLY as both a driver of tumour progression and a promising thera-
peutic target in MASH-associated HCC [10].

7.4. ACLY, tumour immunity, and immunotherapy

Beyond its direct effects on tumour-cell metabolism, ACLY has
emerged as an important regulator of antitumor immunity. In macro-
phages, ACLY participates in the transcriptional control of inflammatory
responses through both metabolic and epigenetic mechanisms. Santar-
siero and colleagues demonstrated that activated macrophages accu-
mulate ACLY in the nucleus, where locally generated acetyl-CoA
supports acetylation of the NF-xB subunit p65 and promotes the tran-
scription of pro-inflammatory genes, including IL1B and PTGS2. Phar-
macological inhibition of ACLY reduced NF-kB promoter occupancy and
attenuated inflammatory gene expression, highlighting the importance
of ACLY-dependent acetyl-CoA production in macrophage activation
[93].

Consistent with these findings, similar mechanisms have recently
been described in macrophages isolated from patients with MASH and in
hepatocytes exposed to the inflammatory cytokine TNF-a. Pharmaco-
logical inhibition of ACLY alleviated lipid accumulation, reduced
oxidative stress, and decreased the secretion of pro-inflammatory cyto-
kines. Mechanistically, ACLY inhibition reduced NF-kB nuclear trans-
location and global histone acetylation, thereby dampening
inflammatory gene expression. Conversely, inflammatory stimulation
induced ACLY overexpression through NF-xB binding to the ACLY pro-
moter, suggesting the existence of a positive feed-forward loop that
sustains inflammatory signalling [94].

Additional studies have revealed a critical role for ACLY in macro-
phage polarization within the tumour microenvironment. Lactate-
driven differentiation of macrophages toward an immunosuppressive
M2 phenotype requires mitochondrial pyruvate metabolism and ACLY
activity. Inhibition of either mitochondrial pyruvate transport or ACLY
impairs histone acetylation and M2 polarization, whereas exogenous
acetate restores both processes. Consistent with these findings, condi-
tional deletion of ACLY in macrophages suppresses M2-dependent
tumour progression, supporting the concept that metabolic control of
histone acetylation contributes to immune evasion within tumours [95].

The relationship between ACLY and antitumor immunity is complex
and context dependent. Recent work demonstrated that ACLY inhibition
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promotes lipid peroxidation of polyunsaturated fatty acids (PUFAs),
leading to activation of the cGAS-STING pathway and induction of PD-
L1 expression. In human tumours, low ACLY expression correlates with
cGAS-STING activation and increased infiltration of exhausted T cells.
Importantly, despite increasing PD-L1 levels, ACLY inhibition sensitizes
tumours to anti-PD-L1 therapy in a cGAS-dependent manner. Dietary
PUFA supplementation was sufficient to recapitulate this effect, sug-
gesting that modulation of ACLY-dependent lipid metabolism may
enhance the efficacy of immune checkpoint blockade in otherwise
resistant tumours [96].

Collectively, these studies expand the role of ACLY beyond its
traditional function as a metabolic enzyme and establish it as a critical
regulator of tumour-immune interactions. Depending on cellular
context, ACLY influences inflammatory signalling, macrophage polari-
zation, immune checkpoint responses, and adaptive antitumor immu-
nity. These observations suggest that targeting ACLY may not only
suppress tumour growth directly but also reshape the tumour microen-
vironment and improve responsiveness to immunotherapy.

8. Conclusions

ACLY inhibition has progressed from lipid-lowering strategy to a
broader therapeutic concept linking acetyl-CoA metabolism with car-
diovascular disease, MASLD and cancer biology. Its most established
role remains in LDL-C lowering and cardiovascular risk reduction, where
bempedoic acid provides clinical proof of concept and is supported by
outcome data. In MASLD/MASH, ACLY targeting is promising but still
emerging: preclinical evidence suggests benefits on steatosis, inflam-
mation and fibrosis, although these effects may reflect both reduced de
novo lipogenesis through ACLY inhibition and ACLY-independent acti-
vation of PPARa by parent bempedoic acid, with compensatory path-
ways such as ACSS2-dependent acetate metabolism potentially limiting
or reshaping responses. More broadly, the discovery of nuclear functions
of ACLY has fundamentally expanded our understanding of how meta-
bolic enzymes regulate gene expression. ACLY functions as a metabol-
ic-epigenetic integrator that coordinates nutrient availability with
chromatin remodelling, transcriptional programs and immune re-
sponses. Consequently, dysregulated ACLY activity contributes to mul-
tiple hallmarks of cancer, including tumour growth, therapy resistance,
metabolic plasticity, immune evasion, and tumour-promoting inflam-
mation. The increasing availability of selective ACLY inhibitors,
together with emerging evidence from preclinical cancer models, sup-
ports the notion that ACLY represents a promising therapeutic target.
Future studies should define the relative contribution of ACLY-
dependent and ACLY-independent mechanisms, identify compensatory
metabolic circuits, clarify tissue- and compartment-specific effects, and
establish whether the encouraging preclinical findings in MASLD and
cancer translate into durable clinical benefit.
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