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Abstract

Lipid based therapeutics represent a clinically influential segment of the global pharmaceutical market and il-
lustrate how the Food as Medicine concept can be translated into rigorously validated drugs. Lovaza/Omacor is a
defining example: originally derived from a supplement grade omega-3 mixture, it progressed through large car-
diovascular outcome trials such as GISSI Prevenzione and ultimately achieved full medicinal status, becoming the
most commercially successful omega-3 drug worldwide. This trajectory is not unique. Retinoids and prostaglandin
analogues show that lipid derived or nutrient related molecules can evolve into major therapeutic classes once
they are purified, standardized, and clinically tested. Across fatty acids, prostaglandins, and retinoids, successful
agents share clear mechanisms of action, controllable pharmacokinetics, and robust outcome level evidence—ex-
emplified by icosapent ethyl and bempedoic acid in cardiovascular prevention, prostacyclins in pulmonary arterial
hypertension, and retinoids in dermatology. By contrast, many investigational lipid compounds fail due to mecha-
nistic ambiguity, safety liabilities, chemical instability, or poor regulatory fit. Cross-class analysis shows that lipid
drugs succeed when their inherent biological promiscuity is constrained through formulation, structural refine-
ment, and targeted delivery. Looking ahead, progress is expected from intravenous omega-3 emulsions, stable
specialized pro resolving mediator analogues, next generation retinoids, and precision lipid modulators designed
to harness endogenous signalling with greater specificity.
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1. Introduction living systems, yet they remain among the most chemically and bio-

logically diverse and least fully understood classes of biomolecules

Contemporary public thought and current directions in food sci- (Berg et al., 2023; Alberts, 2015). Although their roles in membrane

ence strongly align with the idea that “you are what you eat”
(WHO, 2026a; Lederer and Huber 2022; Drees and Barthel 2022;
Landry et al., 2023) and with the broader Food-as-Medicine con-
cept (Defraeye et al., 2025). Lipids constitute a major component
of the human diet and play essential roles in nutrition, metabo-
lism, and health. Yet public discourse often reduces this complex-
ity to simplified categories—most notably the familiar distinction
between “good” and “bad” fat—reflecting a tendency to classify
dietary lipids as inherently healthy or unhealthy rather than as di-
verse bioactive molecules with context-dependent effects.
Together with proteins, nucleic acids, and polysaccharides, lipids
constitute the fundamental structural and functional components of

architecture, energy storage, and cellular compartmentalization are
well established, elucidating the precise biological functions and inter-
action networks of individual lipid species remains a major scientific
challenge. Lipids participate virtually in all aspects of cellular physiol-
ogy, including membrane dynamics, metabolic regulation, and signal
transduction (Alberts, 2015; van Meer et al., 2008; Wenk, 2005).
Numerous classification schemes exist, reflecting the diversity
of lipid structures and biosynthetic origins, but no single univer-
sally accepted definition has been adopted (Lipid Maps, 2026). A
widely used structural description defines lipids as hydrophobic
or amphipathic small molecules derived wholly or in part from
carbanion-based condensations of thioesters and/or carbocation-
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based condensations of isoprene units (Fahy et al., 2009).

New evidence on the benefits and risks of dietary fats is constant-
ly evolving in both scientific literature and popular media, at times
leading to significant controversy. This article reviews the exploita-
tion of the intrinsic properties and health benefits of lipids, and their
transformation into medicines designed to manage specific condi-
tions (Zhang and Xu, 2025). As demonstrated in this review, while
some lipid-based medicines have originated from foods, vitamins or
dietary supplements, only a limited number of these transitions cur-
rently exist. Intrinsic hydrophobicity of lipids presents substantial
challenges for their pharmaceutical development. Achieving selec-
tive intracellular delivery is difficult because many lipid species are
rapidly metabolized by abundant endogenous enzymes such as li-
pases, phospholipases, and acyltransferases. Moreover, the chemical
similarity of fatty acyl chains across lipid classes makes it difficult to
design lipid-based therapeutics that interact with a single molecular
target without nonspecific incorporation into cellular membranes, a
phenomenon that can lead to off-target effects and toxicity (Flores et
al., 2020; Luan et al., 2025).

The systemic administration of endogenous structural lipids
such as omega-3 fatty acid esters, phospholipids, or cholesterol
does not selectively modulate discrete biochemical pathways;
instead, it broadly perturbs membrane composition, fluidity, and
function, which can be deleterious. Likewise, many lipid-derived
signalling mediators, including eicosanoids, sphingolipids, and
lysophospholipids, exert highly localized, transient, and context-
dependent effects (Hannun and Obeid, 2018). Delivering these
molecules systemically risks triggering widespread and unpredict-
able downstream responses. Because fatty acids also serve as met-
abolic substrates, exogenous administration tends to expand gen-
eral metabolic pools rather than produce targeted pharmacological
actions. Despite these challenges, lipids remain central to disease
biology and represent important therapeutic targets.

2. Therapeutics based on lipids and their derivatives
2.1. Lipid-based therapeutics excluded from this review

To maintain a focused scope and to prevent the discussion from
being dominated by well-established steroid-based therapeutics,
this article does not address drug products derived from steroids,
including corticosteroids, estrogens and progestogens, vitamin D
and its analogues, cardiac glycosides (steroidal but non-hormonal),
steroidal antagonists and enzyme modulators, or bile acids and
their derivatives. Likewise, isoprenoids, terpenes, and prenylated
lipids fall outside the boundaries of this review.

The exclusion of these categories is purely a matter of scope;
their medical and commercial importance is unequivocal. In fact,
steroid-based and related lipid therapeutics constitute a substantial
share of global pharmaceutical revenues.

Collectively, pharmaceutical products derived from steroids
and other lipid categories excluded from this article generate an es-
timated USD 170 billion in annual global sales, with North Amer-
ica contributing approximately 30-50% of total revenues. These
figures far exceed the commercial footprint of the lipid-based drug
classes that are the focus of this article, namely fatty acids and their
derivatives, prostaglandins, and retinoids (vitamin A derivatives).

2.2. Fatty acids and fatty acid derivatives

Fatty acid dietary supplements have become widely popular be-

cause they fill a nutritional gap that modern diets often leave open.
Omega-3s, omega-6s, medium-chain triglycerides (MCTs), and
other lipid ingredients play essential roles in cardiovascular health,
inflammation balance, cognitive function, and cellular integrity,
making them highly attractive to consumers focused on long-term
wellness. Their popularity is also driven by strong clinical evidence
for the benefits of eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), growing interest in cardiovascular health, brain
and metabolic health, and the rise of personalized nutrition. As a
result, fatty acid supplements have moved from niche products to
mainstream staples, supported by both healthcare practitioners and
a global consumer base seeking simple, evidence-based ways to
improve overall health. Some of them progressed towards medi-
cine development as discussed in the sections below.

2.2.1. Short-chain and medium-chain saturated fatty acids and
their derivatives

Drugs based on short-chain and medium-chain fatty acids (SCFAs/
MCFAs) and their derivatives exploit the intrinsic metabolic, epi-
genetic, and signalling functions of simple fatty acids to modu-
late energy metabolism, inflammation, and cellular homeostasis.
Pharmacologically, these agents act through diverse mechanisms,
including histone deacetylase (HDAC) inhibition (e.g., sodium
butyrate, valproate) (Davie, 2003; Chateauvieux et al., 2010), ana-
plerotic support of mitochondrial metabolism (e.g., triheptanoin)
(Roe and Mochel, 2006), and targeted enzyme inhibition in lipid
metabolism (e.g., bempedoic acid as an adenosine triphosphate
(ATP)-citrate lyase inhibitor or etomoxir as a carnitine palmitoyl-
transferase-1 (CPT-1) inhibitor) (Pinkosky et al., 2016; Lopaschuk
etal.,1994). Drug development has focused on improving bioavail-
ability, tissue targeting, and safety through prodrug strategies, salt
forms, and structural modification of native fatty acids. Clinically,
several SCFA/MCFA-derived drugs are well established in neu-
rology, rare metabolic diseases, and cardiometabolic indications.
Others remain important research tools or investigational agents,
underscoring this class as a small but mechanistically diverse and
clinically validated category of lipid-derived therapeutics.

2.2.1.1. Sodium butyrate

Sodium butyrate (Figure 1) is a common component of the human
diet, produced in large amounts from dietary fibre in the gut and
present in foods such as Parmesan cheese and butter (RSC, 2026).
Although not yet an approved therapeutic drug, sodium butyrate
is an active investigational compound currently being explored
across multiple clinical research programs and trials, including
studies in immunology, neurology, and metabolic health (NIH,
2026a). Conditions under investigation include rheumatoid arthri-
tis, graft-versus-host disease, hypertension, chronic mesenteric is-
chemia, and cognitive function in schizophrenia. The compound
is also being explored as a histone deacetylase inhibitor for neuro-
logical and psychiatric disorders such as Alzheimer’s, Parkinson’s,
and Huntington’s disease (Rahmani et al., 2025). Sodium butyrate
has an official orphan designation in the EU for the treatment of
radiation proctitis (Vernia et al., 2000).

2.2.1.2. Valproate

Valproate was first introduced as a medication in 1962; however, its
precise mechanism of action remains unclear. Proposed mechanisms
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Figure 1. The chemical structures of all therapeutics and main relevant compounds listed in the article.
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include modulation of gamma-aminobutyric acid (GABA) levels,
blocking of voltage-gated sodium channels, inhibition of histone dea-
cetylases, and enhancement of lymphoid enhancer factor 1 (LEF1)
(Drugs, 2026a; Ghodke-Puranik et al., 2013; Santos et al., 2021).

Valproic acid (Figure 1) and its sodium forms are medica-
tions primarily used to prevent migraine headaches, and to treat
epilepsy and bipolar disorder (Drugs, 2026a). Due to its histone-
deacetylase-inhibiting effects, the medication has also been tested
in the treatment of AIDS and cancer. Valproic acid is recognized
for its cardioprotective, kidney-protective, and anti-inflammatory
properties, and it also exhibits antimicrobial effects (Singh et al.,
2021). It is currently included on the World Health Organization’s
List of Essential Medicines. The medicine is approved in various
forms by the US FDA, Health Canada (under the brand names De-
pakene®, Epival®, and Epiject®), and the EMA (US FDA, 2026a;
EMA, 2026a).

2.2.1.3. Triheptanoin

Triheptanoin (Figure 1, Dojolvi®, Ultragenyx®) is a medication ap-
proved by the FDA for treating children and adults with confirmed
long-chain fatty acid oxidation disorders (LC-FAODs) (US FDA,
2026b). The odd-carbon fatty acids function by providing anaple-
rotic substrates for the tricarboxylic acid (TCA) cycle (Mochel et
al., 2005). Approved for medical use in the United States in June
2020 (Shirley, 2020), triheptanoin is used clinically to treat inher-
ited metabolic diseases, such as pyruvate carboxylase deficiency
and carnitine palmitoyltransferase II deficiency (Roe et al., 2008).
Additionally, it appears to enhance the efficacy of the ketogenic
diet in treating epilepsy (Avila et al., 2023).

2.2.1.4. Etomoxir

Originally developed as a metabolic therapy for conditions such
as type 2 diabetes and heart failure, etomoxir (Figure 1, Numiera
Therapeutics) is an investigational drug originating from Germany
(Amschler et al.,1983). It is a uniquely derivatized ethyl ester of
2,8-dihydroxy-octanoic acid. In the form of the dextrorotatory (R)-
(+)-enantiomer, this compound is an irreversible inhibitor of CPT-
1 located on the inner face of the outer mitochondrial membrane
(Kruszynska and Sherratt, 1987). Etomoxir prevents the formation
of acyl carnitines, a step that is necessary for the transport of fatty
acyl chains from the cytosol into the intermembrane space of the
mitochondria. This step is essential to the production of adenosine
triphosphate (ATP) from fatty acid oxidation. Etomoxir has also
been identified as a direct agonist of peroxisome proliferator-acti-
vated receptor alpha (PPARa) (Cheng et al., 2019).

In 2025, Numiera Therapeutics secured orphan drug designa-
tion for etomoxir for the treatment of malignant glioma, and the
company plans to conduct trials in neuro-oncology (Dominiak et
al., 2025). Despite its long scientific history, etomoxir remains in-
vestigational, lacking marketing authorization, due in part to con-
cerns about off-target effects that were uncovered during earlier
clinical development.

2.2.1.5. Bempedoic acid

Bempedoic acid (Figure 1, Nexletol®, Nilemdo®, Esperion Thera-
peutics) is a synthetic compound generated by bridging two mol-
ecules of ethyl 7-bromo-2,2'-dimethyl-heptanoate via the carbon
atom donated by toluenesulfonyl isocyanide (tosMIC) (Oniciu

and Dasseux, 2004). It is not a fatty acid molecule found in li-
pids, but rather a molecule based on a dicarboxylated linear C15
hydrocarbon chain core like thapsic acid (C16). It is a medication
for hypercholesterolemia, typically administered as an adjunct to
diet in combination with a statin in patients unable to reach low-
density lipoprotein cholesterol (LDL-C) goals or in patients who
are statin intolerant. It blocks ATP-citrate lyase, involved in the
biosynthesis of cholesterol in the liver, upstream of 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase, the target
of statins (Paton, 2017). Bempedoic acid was approved by the US
FDA in February 2020 as a first-in-class medication and by the
EMA in April 2020 (EMA, 2026b; US FDA, 2026c). The FDA
approved bempedoic acid based on results from two clinical trials
(Trial 1/NCT02666664 and Trial 2/NCT02991118) that involved
more than 3,000 subjects with high LDL cholesterol and known
atherosclerotic cardiovascular disease or heterozygous familial hy-
percholesterolemia. The trials were conducted in the United States,
Canada, and Europe (US FDA, 2026d). Health Canada approved
the drug in November 2025 (Cision Canada, 2026).

2.2.2. Long-chain mono-unsaturated and di-unsaturated fatty
acids and their derivatives

Drugs based on long-chain monounsaturated and di-unsaturated
fatty acids (LCMUFAs and LCDUFAs) aim to harness lipid sig-
nalling and membrane-modulating effects—such as altering mem-
brane structure and receptor function, shifting inflammatory lipid
mediator profiles, and engaging lipid-sensing transcription fac-
tors—to treat metabolic dysfunction, inflammatory, mitochondrial
and neurodegenerative diseases, cardiovascular disease and cancer
(Scott et al., 2022; Hashimoto and Hossain, 2018; Toncan et al.,
2025; Tsutsumi et al., 2021; Pedersen et al., 2025). Development
has emphasized chemically defined fatty-acid derivatives and sta-
bilized analogs (e.g., hydroxylated or otherwise functionalized
oleic/linoleic-type scaffolds) to improve potency, selectivity, and
pharmacokinetics compared with dietary lipids. Clinically, only a
small number of such molecules have progressed to human trials,
and none has become broadly established as a mainstream small-
molecule “fatty-acid drug” class; however, several candidates re-
main in development as first-in-class therapies that exploit unique
membrane and immunometabolic mechanisms distinct from con-
ventional anti-inflammatories.

2.2.2.1. Lorenzo’s oil

The 1992 film Lorenzo’s Oil brought significant public attention to
a triglyceride mixture used to treat adrenoleukodystrophy (ALD)
(Hudson Jones, 2000). Named after Lorenzo Odone, the main
character in the film who had ALD, the oil consists of glyceryl
trierucate and glyceryl trioleate in an approximate 1:4 ratio.

ALD and adrenomyeloneuropathy (AMN) are rare genetic dis-
orders characterized by a buildup of very long-chain fatty acids,
which can cause serious neurological and physical complications.
While Lorenzo’s oil is commonly used for these conditions, there
is currently a lack of strong scientific evidence to support many of
its applications. Consequently, in the United States, this oil is only
available to patients enrolled in clinical trials (NIH, 2026b, 2026¢).

2.2.2.2. LAM 561

LAM 561 (Figure 1, 2-hydroxy-oleic acid, Minerval®, Laminar
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Pharma) is an experimental oral anticancer agent that targets tu-
mour cell membrane lipid composition (membrane lipid therapy)
(Laminar Pharma; Adam et al.,1998; Escriba-Ruiz et al., 2013). It
is designed to disrupt signalling pathways essential for cancer cell
proliferation, particularly in glioblastoma (Torgersen et al., 2016).
It reached the Phase IIb/III CLINGLIO trial in adults with newly
diagnosed, IDH-wildtype glioblastoma. The results imply that add-
ing LAMS561 to standard combination of radiotherapy and temozo-
lomide may delay disease progression in patients whose tumours
exhibit O-6-methylguanine-DNA methyltransferase (MGMT) pro-
moter methylation (Rare Cancer News, 2026; NIH, 2026d). While
promising, these findings are preliminary, particularly outside the
methylated subgroup, and definitive efficacy and regulatory con-
clusions will rely on completion of the trial and final survival out-
comes (Rare Cancer News, 2026; PR Newswire, 2026a).

2.2.2.3. lbrilatazar

Ibrilatazar (ABTLO0812, 2-hydroxy-linoleic acid, Figure 1) is an
investigational drug developed by Ability Pharmaceuticals (Es-
criba-Ruiz et al., 2013). In 2015, the company received orphan
drug designation (ODD) for pediatric neuroblastoma from the
EMA and the US FDA , and in December 2016, the company
announced that ibrilatazar had received an ODD for the treatment
of pancreatic cancer (PR Newswire, 2026b). The compound is
under investigation in clinical trial NCT04431258 in combina-
tion with FOLFIRINOX (a chemotherapy regimen for treatment
of advanced pancreatic cancer) (DrugBank, 2026a). Ibrilatazar
combined with paclitaxel and carboplatin was also tested in the
treatment of several cancers, and demonstrated promising effi-
cacy and safety in advanced squamous non-small cell lung cancer
(sq-NSCLC) (Bosch-Barrera et al., 2025). Ibrilatazar activates
PPARo and PPARy, which subsequently increase tribbles pseu-
dokinase 3 (TRIB3) expression. However, recently, the proposed
mechanism of action of ibrilatazar has raised important questions
(Rosell, 2025).

2.2.2.4. OMT-28

OMT-28 (Figure 1) is a synthetic molecule, selected from a portfo-
lio of patented derivatives developed by Omeicos Therapeutics, a
spin-off from the Max Delbriick Center for Molecular Medicine in
Berlin. The compound is designed to modulate inflammation and
mitochondrial dysfunction in diseases with significant unmet need.
OMT-28 is a metabolically robust molecule designed to mimic the
structure and function of omega-3 epoxyeicosanoids (Adebesin et
al., 2019).

OMT-28 was engineered to capture the cardioprotective and
mitochondria-stabilizing activities of endogenous electrophilic li-
pid mediators. It has undergone clinical evaluation in atrial fibril-
lation (AF) and is now being advanced for primary mitochondrial
disease (PMD). In the completed PROMISE-AF Phase II trial,
OMT-28 was assessed as a once-daily therapy to maintain sinus
rhythm following electrical cardioversion in patients with persis-
tent AF (Berlin et al., 2020; In Clinical Trials, 2026). Later, Omei-
cos completed enrollment in the PMD OPTION Phase Ila study,
with interim analyses demonstrating a favourable safety profile,
good tolerability, and encouraging pharmacodynamic responses
in PMD patients presenting with myopathy or cardiomyopathy
(ICH GCP, 2024). Together, these results highlight OMT-28’s
promise as a novel therapeutic targeting mitochondrial dysfunc-
tion and inflammation.

2.2.2.5. CXA-10

CXA-10 (10-nitro-oleic acid, Figure 1, Complexa Inc.) is the most
clinically advanced member of the nitro-fatty acid class (Wood-
cock et al., 2013; Koutoulogenis and Kokotos, 2021). It is cur-
rently being evaluated in Phase I/II studies for inflammatory and
fibrotic disorders, including focal segmental glomerulosclerosis
and pulmonary arterial hypertension (NIH, 2026e). CXA-10 acts
through reversible alkylation of cysteine residues on key regula-
tory proteins, thereby activating cytoprotective pathways—most
notably nuclear factor erythroid 2-related factor 2 (Nrf2)—while
suppressing pro-inflammatory signalling such as nuclear factor
kappa B (NF-«xB) (Gao et al., 2022).

Other nitro-fatty acids, including nitro-linoleic acid and various
synthetic analogues, have demonstrated anti-inflammatory, anti-
oxidant, and cytoprotective properties in preclinical models, though
most remain in early development. Collectively, this class offers
a distinctive therapeutic strategy that leverages endogenous lipid-
signalling mechanisms to counter inflammation, oxidative stress,
and related pathologies. Nitro-fatty acids are emerging as promising
candidates for various conditions, primarily for chronic inflamma-
tory diseases and cancer (Schopfer et al., 2018; Roos et al., 2024).

2.2.3. Drugs developed from fish oil and omega-3 derivatives

Fish oil and omega-3-derived drugs translate the biological activities
of EPA and DHA—particularly triglyceride lowering, modulation of
membrane composition, and downstream effects on inflammatory
and thrombotic signalling—into standardized, pharmaceutical-grade
products with defined dosing and quality (Kawasaki et al., 2019;
Skulas-Ray et al., 2019). The development progressed from mixed
omega-3 ethyl ester concentrates to purified single-entity agents and
novel derivatives designed for greater potency, consistency, and im-
proved cardiometabolic risk modification (Fialkow, 2016; Hilleman
et al., 2020). Clinically, omega-3 drugs are firmly established for
severe hypertriglyceridemia with ongoing debate and research on
their cardiovascular outcomes depending on formulation, dose, and
patient population (Skulas-Ray et al., 2019; US Pharmacist, 2026;
Kapoor et al., 2021). Current pipelines also include more specialized
omega-3 derivatives (including prodrug approaches and mediator-
inspired analogs) aimed at extending benefits beyond lipids into
inflammation-driven diseases.

2.2.3.1. Omega-3 fatty acid products with free or substituted
carboxyl groups

This review does not seek to revisit the health benefits of omega—3
fatty acids, a topic already examined in extraordinary depth. An
excellent source of information related to omega-3s is The Global
Organization for EPA and DHA Omega-3s (GOED). As stated
on their website, “GOED 'S purpose is to be the omega-3 indus-
try advocate and knowledge hub” and indeed, it is an outstanding
resource and actionable guidance on omega-3s. Also, recent pub-
lications provide comprehensive reviews of this busy field (Patted
et al., 2024; Wang et al., 2024; Saidaiah et al., 2024), and a biblio-
metric analysis using the Web of Science identified 18,764 omega-
3-related research articles published between 2014 and 2023 alone
(Wang et al., 2024). Instead, the purpose of this section is to high-
light the major omega-3-based medicines approved by regulatory
agencies, along with key compounds that have undergone or are
currently undergoing clinical investigation.
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2.2.3.1.1. Icosapent ethyl

Icosapent ethyl (Figure 1, a 96% ethyl ester of EPA) was originally
developed in Japan by Mochida under the name Epadel® and ap-
proved for the Japanese market in 1990 (PMDA, 2020). This oc-
curred well before omega-3 dietary supplements gained popularity
in the United States and more than a decade before the first ome-
ga-3 pharmaceutical products—Omacor® in Europe and Lovaza®
in the US—were approved. Epadel® formulation was developed
for lowering elevated serum triglycerides and the treatment of ar-
teriosclerosis obliterans. Epadel® was supported by the large JE-
LIS trial, which enrolled 18,645 patients on low-dose statins and
demonstrated that adding 1,800 mg/day of EPA produced a 19%
relative reduction in major coronary events over 4.6 years, with an
even greater 21% reduction in secondary-prevention patients with
established coronary artery disease (Yokoyama et al., 2007).

While Epadel® was first developed and marketed in Japan,
Vascepa® was later developed by Amarin and approved in the
United States and other global markets. In contrast, Vascepa®’s
global development followed a stepwise program beginning with
the MARINE trial (Bays et al., 2011), which showed that 4 g/
day of icosapent ethyl reduced triglycerides by 33% in severe
hypertriglyceridemia without raising LDL cholesterol, leading
to its initial FDA approval in 2012 (PR Newswire, 2026¢). The
subsequent ANCHOR trial (Ballantyne et al., 2012) confirmed
triglyceride lowering in statin-treated patients with moderately
elevated triglycerides. However, it did not prompt an immediate
label expansion due to the absence of outcomes data. Definitive
evidence arrived with the REDUCE-IT trial (Bhatt et al., 2019;
Harris, 2019), an 8,179-patient cardiovascular outcomes study
showing a 25% reduction in major adverse cardiovascular events
in high-risk statin-treated patients, which secured Vascepa®’s
2019 approval for cardiovascular risk reduction and established
it as a major therapeutic advance in omega-3 pharmacotherapy
(PR Newswire, 2026¢).

Although Epadel® and Vascepa® share EPA as their core com-
ponent, differences in regulatory pathways and clinical evidence
requirements have resulted in divergent positioning and approved
uses across markets. Amarin remains the sole developer and mar-
keter of branded Vascepa® in the US and Vazkepa® in the EU and
other regions. In the US market, major generic manufacturers in-
clude Apotex, Hikma, Dr. Reddy’s, Teva, Amneal, Zydus, Strides,
and Puracap, alongside numerous additional producers globally,
particularly in China.

2.2.3.1.2. Omacor® (Lovaza®)

Omacor®, in the US under the name Lovaza®, is widely regarded
as a clear example of how evidence generated with a highly puri-
fied dietary supplement can be translated into a licensed cardio-
vascular medicine. Its development pathway is unusual in modern
drug history: the pivotal evidence base was established not through
a traditional investigational new drug program, but through large,
pragmatic cardiovascular outcome trials that used the same omega-3
ethyl ester formulation later commercialized as a prescription prod-
uct. Regulatory authorities in Europe explicitly acknowledged this
trajectory, noting that Omacor®’s original approval for secondary
prevention after myocardial infarction was based on the open-label
GISSI-Prevenzione study (GISSI, 1999), which used the identical
omega-3 acid ethyl ester preparation later marketed as the medici-
nal product. This made Omacor®/Lovaza® one of the rare cases in
which a supplement-grade formulation—once subjected to rigorous,

large-scale clinical evaluation—demonstrated sufficient efficacy
and safety to justify full medicinal authorization.

The GISSI-Prevenzione trial enrolled 11,324 recent myocardial
infarction (MI) survivors across Italy and randomized them to 1 g/
day of omega-3 ethyl esters, vitamin E, both, or neither. Omega-3
treatment produced a 10—15% reduction in the composite endpoint
of death, non-fatal MI, and stroke, with no benefit from vitamin
E alone. The most influential finding was a ~45% reduction in
sudden cardiac death and a ~20% reduction in total mortality, es-
tablishing the first large-scale “real-world” evidence that purified
omega-3 ethyl esters could improve survival in post-MI patients.
These results directly supported Omacor®’s regulatory approval
for secondary prevention. The latter GISSI-HF trial extended this
evidence by showing that the same 1 g/day dose reduced mortality
and hospitalizations in chronic heart failure (Tavazzi et al., 2004),
reinforcing the clinical relevance of the formulation across broader
cardiovascular populations.

Lovaza® is a concentrated mixture of fish-oil-derived ethyl es-
ters formulated in one-gram soft-gel capsules containing approxi-
mately 465 mg of EPA ethyl ester and 375 mg of DHA ethyl ester,
yielding more than 900 mg of total omega-3 ethyl esters (Figure 1)
per capsule (Lovaza, 2026; Drugs, 2026b). Originally developed
and introduced by Pronova as Omacor®, it received EMA approval
in 1999 and FDA approval in 2004.

A related product, Omtrygg® (Trygg Pharma), contained the
same amounts of EPA, DHA, and total omega-3s but was delivered
in a larger 1.2-g capsule; this formulation has since been discon-
tinued. Another formulation, Hepacor®, from Ideogen (originally
manufactured by BASF) provides a Lovaza-based composition in
a 750-mg capsule; however, it is marketed as a food supplement
for special medical purposes rather than as a prescription drug.
Do not confuse with the medication manufactured by Intas Phar-
maceuticals that shares the same name. While both products are
used to manage metabolic dysfunction-associated steatohepatitis
(MASH), the product manufactured by Intas is not based on ome-
ga-3s but on L-ornithine-L-aspartate.

Lovaza® has also distinguished itself as the most commercially
successful omega-3 prescription product to date, achieving mar-
ket penetration and revenue levels unmatched by later entrants.
Across multiple market analyses, Lovaza® is consistently listed
alongside Vascepa® as one of the two dominant products in the
global omega-3 prescription segment, with Lovaza® maintaining
a leading position for more than a decade after its launch. Reports
covering the period from the mid-2000s through the 2020s show
that Lovaza® remained a core revenue driver within the omega-3
drug class, contributing substantially to a global market valued at
approximately USD 1.40 billion in 2024 (Grand View Research,
2026), with Lovaza® occupying a major share of this space. This
sustained performance reflects not only early regulatory approval
and first-mover advantage but also broad clinical adoption for
hypertriglyceridemia management, supported by extensive post-
marketing experience and physician familiarity. Even as newer
formulations entered the market, Lovaza®’s established safety pro-
file, widespread insurance coverage, and strong brand recognition
allowed it to retain a dominant commercial footprint. Market re-
ports continue to classify Lovaza® as one of the principal contribu-
tors to global omega-3 prescription drug revenues, underscoring
its long-standing status as the most successful omega-3 ethyl ester
formulation in the pharmaceutical sector.

2.2.3.1.3. Epanova®

Epanova® was initially developed by Ocean Nutrition Canada
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Table 1. Orally administered omega-3 prescription medicines and food supplements for special medical purposes

Name Brand/Oth- Origin/ Current Regulatory Main In- Other In- Composition Notes
er Names Developer Manufacturer Approval dication dications P
Eicosapentae- Epadel® Mochida  Amarin FDA 2013; ex- HTG,AO HT,DM, EPA-EE97% OTCin Japan
noic acid ethyl ~ Vascepa® panded 2019; PC since 2013
ester (EPA-EE)  Vazkepa® Japan 1990 (EPADEL-T”,
Taisho)
Omega-3-acid Omacor’ Pronova GSK FDA 2004; HTG DL EPA 465 mg, DHA  Four FDA-ap-
ethyl esters Lovaza® EMA 1999 375 mg (900 mg proved generics
w-3/1 g capsule)  (as of 03/2016)
Omega-3-acid Omtryg® Pronova Trygg Pharma FDA 2004; na- Severe  — EPA 465 mg, DHA  Discontinued
ethyl esters tional authori- HTG 375 mg (900 mg
zations in EU w-3/1.2 g capsule)
Omega-3-acid Hepacor® BASF Ideogen Not FDA- NAFLD - Lovaza-equivalent Food sup-
ethyl esters (Pronova) approved; composition in plement for
not a drug 750 mg capsule special medical
purposes
Omega-3-car- Omefas Tillotts/ AstraZeneca  FDA 2014 Severe  — 5520 mg w-3 FFA  Discontinued
boxylic acids Epanova®  ONC HTG

(free fatty acids)

AO, arteriosclerosis obliterans; DL, dyslipidemia; DM, diabetes mellitus; HT, hypothyroidism; HTG, hypertriglyceridemia; NAFLD, non-alcoholic fatty liver disease; OTC, over the

counter; PC, pancreatitis.

(ONC) for Tillotts Pharma. It was subsequently acquired by Astra-
Zeneca through Omthera Pharmaceuticals. The product contains a
50/20 EPA/DHA mixture formulated as free fatty acids rather than
ethyl esters, distinguishing it from products such as Lovaza® and
Vascepa®. Development was discontinued after the STRENGTH
trial, a large Phase III cardiovascular outcomes study, failed to
demonstrate a reduction in major adverse cardiovascular events
when Epanova® was administered in combination with statins. The
trial enrolled more than 13,000 patients across 22 countries, but
outcomes did not differ significantly from placebo (Nichols et al.,
2020).

2.2.3.1.4. Alfa (EPAspire™)

Alfa (EPAspire™) is a product developed by KD Pharma and SLA
Pharma. It is a highly purified EPA in free fatty acid form mixed
with a sweet wormwood (Artemisia annua) extract in a gastro-
resistant capsule, and it is an investigational drug in clinical trials
in Europe. The primary indication is familial adenomatous poly-
posis (FAP)—a rare genetic condition linked to colorectal cancer
risk (West et al., 2010). Currently, it is in Phase III trials for FAP
across multiple countries (NIH, 2026f). The secondary indication
is a COVID-19-related inflammation, and trials were initiated to
explore its potential in reducing progression to severe outcomes
such as acute respiratory distress syndrome and intensive care unit
admission (NTH, 2026g). EPAspire™ is believed to suppress in-
flammatory cytokines, which may help mitigate disease progres-
sion in both FAP and COVID-19 contexts (Montemarano, 2020).
It is approved for clinical trials by the UK’s MHRA, and applica-
tions have been submitted to other European authorities and the
US FDA.

2.2.3.1.5. Lypdiso™ (MAT9001)

Lypdiso™ (MAT9001, Matinas BioPharma) is an investigational

omega-3 free fatty acid-based composition (a patented proprietary
combination of a sizable dose of EPA, low amounts of DHA and the
addition of DPA, docosapentaenoic acid n-3, Figure 1) developed
for cardiovascular and metabolic conditions with a focus on tri-
glyceride lowering. Early comparative studies (e.g., ENHANCE-
IT) vs Vascepa® demonstrated increased EPA levels and trends
toward improved serum lipid levels, although not all outcomes
reached statistical significance (NIH, 2026h; Maki et al., 2022).
Unfortunately, there are limited recent publicly available data on
further clinical advancement; the status appears unchanged, with
no new large-scale trials actively reported.

All US FDA/EMA-approved EPA/DHA-derived medicines
are summarized in the Table 1. These are all ethyl esters except
for Epanova® that failed to reach the market due to its failure in
the major clinical trial. The investigational drugs described below
and in the following two sections (2.2.3.2 and 2.2.3.3) are omega-
3-based but display greater structural versatility.

2.2.3.1.6. Edasalonexent

Edasalonexent (CAT-1004, Figure 1, Catabasis Pharmaceuticals/
Astria Therapeutics) is a salicyl hydrazide derivative of DHA and
an investigational oral inhibitor of NF-xB. Early clinical stud-
ies in Duchenne muscular dystrophy (DMD) showed promising
results, with Phase II data indicating slowed disease progression
and preservation of muscle function (Finanger et al., 2019). These
encouraging findings sparked the initiation of the global Phase III
PolarisDMD trial to evaluate efficacy and safety for potential regu-
latory approval. However, clinical registry summaries of the Phase
III study (NCT03703882) are with mixed interpretations (NIH
2026i; Finkel et al., 2021). The data were inconclusive, and the
trial did not reach statistical significance on its primary functional
endpoints, although subgroup analyses suggested potential benefit
in younger patients. Development was further supported by orphan
drug and rare pediatric disease designations (Muscular Dystrophy
News, 2026).
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2.2.3.2. Omega-3 derivatives with C-2 substitution
2.2.3.2.1. LAM 226

LAM 226 (2-hydroxy-docosahexaenoic acid, Figure 1) is an inves-
tigational DHA derivative under development by Laminar Phar-
maceuticals for neurodegenerative diseases, including Alzheimer’s
disease. The molecule is designed to leverage omega-3-specific
transport pathways in neuronal membranes. Preclinical in vitro and
in vivo studies indicate that LAM 226 reduces tau hyperphospho-
rylation, a core pathological hallmark of Alzheimer’s. Reported
benefits also include improved performance in rodent cognitive-
behaviour assays, reduced B-amyloid burden, and restoration of key
synaptic proteins in the hippocampus, such as synaptophysin and
synaptosome-associated protein SNAP-25 (Mohaibes et al., 2017).

Despite these promising findings, LAM 226 remains at the pre-
clinical stage, with no human trials reported to date. Nevertheless,
its strong efficacy signals in rodent models support continued ex-
ploration as a potential disease-modifying therapy for Alzheimer’s
disease and related tauopathies (Parets et al., 2020).

Other hydroxy-DHA  derivatives, including 4-HDoHE,
10-HDoHE, and DHA-derived fatty-acid esters of hydroxylated
fatty acids (FAHFAs), have likewise shown intriguing biological
activities in preclinical systems. However, apart from LAM 226,
none are currently recognized as formal investigational drug can-
didates in clinical development.

2.2.3.3. Other PUFA derivatives
2.2.3.3.1. Icosabutate

Icosabutate (Figure 1) is an ether formed from eicosapentaenol and
2-hydroxybutyrate, engineered to resist the metabolic breakdown of
EPA as an energy substrate, thereby enabling direct pharmacological
action on hepatic inflammation and fibrosis. Designed as a liver-tar-
geted agent, it activates free fatty acid receptors FFAR1 and FFAR4
and exhibits anti-inflammatory and anti-fibrotic effects that are in-
dependent of weight loss or reductions in liver fat. The compound
has completed the Phase IIb ICONA trial for MASH (Harrison et al.,
2025) and is now progressing toward registrational clinical develop-
ment, with plans underway to initiate pivotal trials.

2.2.3.3.2. AVX 001

AVX-001 (Figure 1, AKH-217, Coegin Pharma AB; formerly
Coegin/Coexxin AS) is a cytosolic phospholipase A, inhibitor that
was initially explored as a potential treatment for psoriasis, actin-
ic keratosis, and basal cell carcinoma (NIH, 2026j; Ortner et al.,
2022). Following early-stage clinical investigations, development
activity has largely stalled, with no recent clinical trials or regula-
tory submissions publicly reported.

Table 1 summarizes all orally administered omega-3 drugs
approved by the US FDA or the EMA. Only two omega-3 oral
drugs—Lovaza® and Vascepa®—have reached approval despite
a crowded pipeline, underscoring how difficult it is for new can-
didates to demonstrate clinically meaningful, regulator-acceptable
benefits. Many investigational products struggle with inconsistent
cardiovascular outcomes, formulation challenges, or safety and
purity concerns that limit advancement. This contrast highlights
a translational bottleneck: while omega-3 biology is promising,

turning it into reliable, scalable therapeutics remains far more
complex than early mechanistic data suggest.

2.2.3.4. Parenterally administered omega-3 therapeutics
2.2.3.4.1. Omegaven®

Omegaven® is a 10% fish-oil emulsion containing 13-26% EPA
and 14-27% DHA in the form of triacylglycerols within the oil
phase. It is manufactured by Fresenius Kabi, and it received regula-
tory approval in the EU in 1998 and from the US FDA in July 2018
(Fresenius, 2026). In Canada, access is limited to Health Canada’s
Special Access Program. The formulation supplies calories and es-
sential fatty acids for pediatric patients with parenteral-nutrition-
associated cholestasis (PNAC), including newborns with very low
birth weight, gastroschisis, or intestinal atresia (Christensen et al.,
2007). It is administered as part of total parenteral nutrition (TPN),
for example, in cases of short bowel syndrome (Gura et al., 2006).

Omegaven® was introduced as an alternative to Intralipid®, a
product based on soybean-oil emulsions (10%, 20%, or 30%), first
marketed in Sweden in 1962, and approved by the US FDA in
1972. Transitioning from Intralipid® to Omegaven® was associ-
ated with a reduced risk of liver injury (Mayser et al., 2002). Ad-
ditional clinical observations reported improvements in psoriasis
compared with Lipoven® (20% soybean oil) (Mayser et al., 2002),
and reductions in mortality and antibiotic use during hospitaliza-
tion. A comprehensive review of omega-3 in parenteral nutrition
was published by Klek (Klek, 2016).

Table 2 summarizes FDA- and EMA-approved omega-3—-based
or omega-3-containing emulsion products. All oils, including ome-
ga-3 oils, in the formulations are in their natural triacylglyceride
forms. These emulsions are stable, partially due to the limited con-
centrations of EPA and DHA.

2.2.3.4.2. THDG3

THDG3 (DeckTherapeutics, 2024) is an investigational intrave-
nous formulation consisting of a 10% oil-in water emulsion, in
which 90% of the oil phase is composed of omega-3 diacylglyc-
erides. The oil phase contains EPA/DHA levels exceeding 85%;
however, the diacylglyceride form makes the formulation more
stable. The product was initially developed for acute stroke man-
agement and is now being advanced for the treatment of hypoxic-
ischemic encephalopathy (HIE) (DeckTherapeutics, 2024).

Although intravenous omega-3-based pharmaceutical compo-
sitions for treating traumatic brain injury, spinal cord injury, and
stroke were previously described in a patent by M. Lewis, those
disclosures involve substantially different oil-phase compositions
(Lewis, 2017). The drug substance used in THDG3 was original-
ly developed at Ocean Nutrition Canada and DSM (Kralovec et
al., 2023), while the diglyceride emulsion format was created in
collaboration with Deckelbaum’s group at Columbia University
(Deckelbaum et al., 2024). THDG3 has demonstrated safety and
therapeutic activity in extensive preclinical studies, including ro-
dent models (Zirpoli et al., 2020; Zirpoli et al., 2024) and larger
animal models such as piglets and lambs. The program is now pre-
pared to progress into early-phase human clinical trials.

2.2.4. Drugs developed from specialized proresolvin mediators

Specialized pro-resolving mediators (SPMs) are a distinct class of
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Table 2. FDA- and EMA-approved omega-3-containing parenteral emulsions

Oil Com- Oil Phase
Name Manufacturer FDA Approval EMA Approval Bostion EPA/DHA Content (% w/w)
Omegaven® Fresenius Kabi 2018 (PNAC) 2023 (PNAC) Fish oil (FO)  EPA 13-26%, 10%
DHA 14-27%
SMOFlipid” Fresenius Kabi 2016 (PN adults); 2004 MCTs, SO, EPA 1.25-2.82%, 20%
2022 (PN pediatric) 00, FO DHA 0.44-1.04%

Lipidem®/Lipoplus® B. Braun Not FDA-approved 2003/2004 (national MCTs, EPA 3.7%, 20%

authorizations) SO, FO DHA 2.5%
Nutriflex Omega® B. Braun Not FDA-approved 2016 (national SO, FO EPA+DHA 20%
Omegaflex” Lipoflex™* authorizations) 4.4-8.6%

*Administered via peripheral or central venous catheter. FO, fish oil; MCTs, medium-chain triglycerides; OO, olive oil; PNAC, parenteral nutrition-associated cholestasis; SO, soy-

bean oil.

endogenous lipid autacoids biosynthesized from omega-3 and ome-
ga-6 polyunsaturated fatty acids, including EPA, DHA, and arachi-
donic acid (ARA), which actively orchestrate the resolution phase
of inflammation rather than simply suppressing pro-inflammatory
signalling (Chiang and Serhan, 2020; Fredman and Serhan, 2024).
Drug development in this area has focused on overcoming the in-
trinsic chemical and metabolic instability of native SPMs through
the design of metabolically stabilized analogues, receptor-selective
agonists, and small-molecule mimetics, as well as through opti-
mized delivery approaches (Fredman and Serhan, 2024; Sousa and
Barbosa, 2023). Preclinical studies have demonstrated robust effi-
cacy across a broad range of inflammatory and immune-mediated
conditions, including arthritis, inflammatory bowel disease, asthma,
cardiovascular disease, neuroinflammation, and pain (Fredman and
Serhan, 2024; Chen et al., 2025; Katz et al., 2025). Clinically, pro-
gress has been cautious but steady. A limited number of SPM ana-
logs and SPM-pathway modulators have entered early-phase clini-
cal trials (NIH, 2026j; Jannas-Vela et al., 2023; Keeley et al., 2022),
primarily for inflammatory, ocular, and pain indications, while no
pure SPM-based drug has yet achieved regulatory approval.

2.2.4.1. TP-317

TP-317 (Thetis Pharmaceuticals) is a first-in-class small-molecule
investigational drug orally delivering resolvin E1 (RvE1, Figure
1). The preparation is designed to harness the body’s own resolv-
ing pathways of inflammation. It engages the BLT1 receptor (leu-
kotriene B4 receptor 1) to stimulate tissue repair, promote reso-
lution of inflammation, and restore immune homeostasis without
broadly suppressing the immune system. This therapeutic strategy
markedly differs from conventional therapies typically employed
in chronic inflammatory diseases.

The compound is being advanced in inflammatory bowel dis-
ease (IBD), including Crohn’s disease and ulcerative colitis. A
Phase Ia first-in-human trial in healthy subjects has been com-
pleted, demonstrating a favourable safety, tolerability, and phar-
macokinetic profile, with evidence of BLT1 target engagement
and predictable systemic exposure (Thetis Pharmaceuticals, 2021,
2024). Phase Ib study in ulcerative colitis patients is planned. TP-
317 is being investigated as an adjunct in solid tumour oncology,
including colorectal and other cancers (Business Wire, 2026). Its
development is backed by wide-ranging patent coverage in major
regulatory territories (Thetis Pharmaceuticals, 2021, 2024).

MaR102 TL (Maresins Biopharma, 2026; SPM Therapeutics
by Solutex) is the leading maresin-derived therapeutic candidate,

originally developed in the C. Serhan laboratory at Harvard Uni-
versity. It is being advanced as a topical formulation for the treat-
ment of localized provoked vulvodynia (LPV). The compound is
intended to enhance local resolution of inflammation and pain,
reflecting the pro-resolving actions of maresin 1 (Femtech, 2026;
Maresins Biopharma, 2026).

Maresins Biopharma has completed preparations for a Phase I/
[Ia clinical trial evaluating topical MaR102 in women with LPV to
assess safety and preliminary efficacy. This early-stage study is ex-
pected to characterize the tolerability of the formulation and explore
initial signals related to pain reduction and inflammatory endpoints.

2.2.4.2. Navamepent

Navamepent (RX-10045, Figure 1) is a synthetic analog of the en-
dogenous resolvin RvE1 developed as a topical ophthalmic agent to
promote resolution of eye inflammation (Gjorstrup and Schwartz,
2010). It reached Phase II clinical evaluation for eye injury but was
not advanced further (Torricelli et al., 2014). Like the other investi-
gational drugs mentioned in this section, novamepent aims to mimic
pro-resolving actions (counteracting excessive inflammation) rather
than simply blocking pro-inflammatory pathways.

2.2.5. Phospholipids

No phospholipid-based drugs are currently approved in North
America or Europe. However, products, such as Essentiale® Forte
P, and a small number of similar formulations available in other
regions, are marketed internationally. Essentiale® Forte P (Opella
Healthcare) is an enriched soybean-derived phospholipid prepara-
tion offered as a non-prescription product. It is used as nutritional
support for liver injury associated with chronic liver disease, cir-
rhosis, fatty liver, and exposure to hepatotoxic substances. The for-
mulation is supplied in 300-mg capsules (Essentiale, 2026).

2.2.5.1. ETC-588

ETC-588, also known as ESP-24228, first developed by Esperion
Therapeutics and later by Pfizer, is an apolipoprotein A1 (APOAT)
stimulant (Doggrell, 2004; Drug Bank, 2026b). The therapy con-
sists of large unilamellar vesicles (Figure 1) composed of naturally
occurring lipids that circulate through the arterial system, func-
tioning similarly to high-density lipoprotein (HDL) by extracting
accumulated cholesterol and other lipids from vessel walls. These
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vesicles transport cholesterol from the vasculature to the liver for
elimination via the reverse lipid transport pathway, a mechanism
proposed to reverse atherosclerosis. Despite this appealing ration-
ale, ETC-588 did not achieve the desired outcomes and was dis-
continued during Phase II development (Synapse, 2026).

2.2.5.2. Summary

Only a handful of fatty-acid—based medicines have reached the mar-
ket, and the space is effectively dominated by the omega-3 products
Lovaza® and Vascepa®. This narrow success rate highlights how dif-
ficult it is to turn lipid biology into reliable therapeutics—issues like
formulation instability, variable bioavailability, and inconsistent clin-
ical outcomes have stalled many candidates. The result is a field with
broad scientific promise but limited translational payoff, where two
well-validated omega-3 drugs overshadow a pipeline that has strug-
gled to deliver comparable efficacy or regulatory-grade evidence.

2.3. Prostaglandins, prostacyclins and their derivatives

Dietary supplements and functional ingredients inspired by pros-
taglandins and prostacyclins are gaining significant attention for
their role in targeting fundamental physiological pathways such
as vascular tone, inflammation resolution, and cellular signalling.
There are currently no legal dietary supplements worldwide
that contain prostaglandins, prostacyclins, or thromboxanes them-
selves, due to both scientific constraints and regulatory require-
ments. However, prostaglandin analogues also demonstrate that
lipid-derived or nutrient-related molecules can become major ther-
apeutic classes once purified, standardized, and clinically tested.
Prostaglandins and prostacyclins are bioactive lipid mediators
derived from arachidonic acid (ARA) and EPA via the cyclooxyge-
nase (COX) pathway and represent one of the most clinically mature
classes of lipid-based therapeutics (Bharata, 2023). Acting through
distinct, well-characterized G protein-coupled receptors, these ei-
cosanoids regulate a wide range of physiological processes, includ-
ing vascular tone, platelet aggregation, inflammation, gastrointes-
tinal protection, renal function, and reproductive biology (Bharata,
2023). Drug development in this area began with the isolation and
structural elucidation of native prostaglandins in the mid-20th cen-
tury and rapidly advanced toward the synthesis of stable, receptor-
selective analogues designed to overcome the extreme chemical and
metabolic instability of endogenous compounds. This effort yielded
multiple approved drugs, including prostaglandin E, and E, ana-
logues, prostaglandin F,a analogues widely used in ophthalmology,
and prostacyclin (PGI,) analogues and IP receptor agonists that form
the therapeutic backbone of pulmonary arterial hypertension (Abu
Deiab and Croatt, 2022; Pluchart et al., 2017). Continuous innova-
tion has produced long-acting formulations, oral and inhaled delivery
systems, and non-prostanoid receptor agonists with improved phar-
macokinetics and safety profiles. Today, prostaglandin-based and
prostacyclin-based drugs are firmly established in clinical practice
across cardiovascular, pulmonary, ophthalmic, gastrointestinal, and
obstetric indications, with ongoing research focused on next-genera-
tion receptor-selective agents, biased agonism, and expanded applica-
tions in fibrosis, ischemia-reperfusion injury, and chronic inflamma-
tory diseases (Bharata, 2023; Pluchart et al., 2017; Rondina, 2023).

2.3.1. Prostaglandin E;

Prostaglandin E, (PGE, Figure 1) was isolated in crystalline form

in 1957 by Bergstrom and Sjovall (Bergstrom and Sjovall, 1957)
and approved for medical use in the United States in 1981 (Snead-
er, 2005). Together with its derivatives, they have been used to
treat various medical conditions. Prostaglandin E, is a vasodilator,
and its various effects in the body include opening blood vessels,
relaxing smooth muscle, inhibiting clotting, and causing uterine
contractions (Kirtland, 1988).

Alprostadil is a PGE, created by total synthesis. It was first pro-
duced by the Upjohn Company in the early 1970s (Drugs 2026c¢). In
infants with certain congenital heart defects, alprostadil is delivered
by slow injection into a vein to maintain a patent ductus arteriosus
until surgery can be carried out (Ainsworth, 2020). Alprostadil is also
used to treat erectile dysfunction (Hanchanale and Eardley, 2014).

2.3.2. Misoprostol

Misoprostol and lubiprostone (Figure 1) are synthetic derivatives of
PGE,. Misoprostol decreases gastric acid secretion and protects the
gastric mucosa from injury associated with aspirin and other non-
steroidal anti-inflammatory drugs (Drugs, 2026d). It also has several
established obstetric applications, including the induction of abor-
tion or labour and the prevention and treatment of postpartum hem-
orrhage (Ainsworth, 2020; Padayachee et al., 2020). In cases where
other therapies are ineffective, misoprostol may be used to treat duo-
denal ulcers and manage peptic ulcer disease (Dudzinski and Seer-
han, 2017; Ballinger,1994). The drug is included on the WHO Mod-
el List of Essential Medicines for its obstetric uses (WHO, 2026b).

2.3.3. Lubiprostone

Lubiprostone (Amitiza®; Mallinckrodt, Takeda) is a PGE, deriva-
tive indicated for the treatment of chronic constipation (Lacy, 2006).
Originally discovered by Sucampo Pharmaceuticals, it received US
FDA approval in 2006 (US FDA, 2026e). The FDA subsequently
expanded its indications in 2008 to include irritable bowel syndrome
with constipation (Lang, 2008) and in 2013 for opioid-induced con-
stipation in adults with chronic non-cancer pain (Webster et al.,
2018). Health Canada approved it in 2015 (Health Canada, 2015).

2.3.4. Bimatoprost

Bimatoprost (Figure 1, Lumigan®, Latisse®) is a prostaglandin F,a
analogue first described in a patent issued to Allergan Inc. (Wood-
ward et al., 1994). It is prescribed to lower elevated intraocular
pressure, including in glaucoma, and is particularly used for open-
angle glaucoma when other therapies are insufficient (Drugs,
2026¢; Patil et al., 2009). Its therapeutic action stems from en-
hancing the outflow of aqueous humour from the eye. Bimatoprost
was also later found to promote hair growth, leading to its use in
treating eyelash, eyebrow, and scalp alopecia and its approval for
increasing eyelash length (DailyMed, 2026; Barron-Hernandez
and Tosti, 2017). The drug received its first US FDA approval in
2001, and more than one million prescriptions are written annually
in the United States (ClinCalc, 2026).

2.3.5. Latanaprost

Latanoprost (Figure 1, Xalatan®; originally developed by Pharma-
cia, later Pharmacia & Upjohn) is a prostaglandin F,a analogue
structurally related to bimatoprost, differing by the substitution
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Table 3. FDA- and EMA-approved prostaglandin-based medicines

Composi-
Name Brand/Other Names Manufacturer FDA Approval EMA Approval tion/Class
Alprostadil Prostin VR® (CHD), Upjohn, Pfizer, Vivus 1981 (CHD); 2013 (ED) PGE,
(PGE,) Caverject® (ED), Muse”® 1995-1996 (ED)
(ED), Vitaros® (ED)
Misoprostol ~ Cytotec®, Hemoprostol® G.D. Searle/Pfizer 1988 (NSAID-ulcer 2014 (PPH; national PGE, derivative

Lubiprostone  Amitiza® Sucampo, Mall-

inckrodt, Takeda

Lumigan®, Latisse®, Allergan (AbbVie)

Durysta®, Zolymbus®

Bimatoprost

Latanoprost  Xalatan®, Lyuzeh"* Pharmacia/Phar-
macia-Upjohn

Epopros- Flolan®, Veletri®** GSK; J&J/Actelion

tenol (PGI,)

lloprost Ventavis"***, Bayer Scher-
Aurlumyn®**** ||o- ing; Essential
medin®#**** Pharma; Actelion

Treprostinil Remodulin®****** Qren- United Therapeutics

itram” (oral), Tyvaso®***,
Yutrepia®, Trepulmix®

prevention)

2006 (CIC); 2008
(IBS-C); 2013 (OIC)

2001 (EIOP); 2008
(H); 2020 (G)
1996 (EIOP)

1995 (PPHT); 2010

2004 (PAH);
2024 (FB)

2002 (PAH); 2023;
2009/2022 (PAH);

authorizations for MA, IL)

No centralized approval;
recommended for national
authorization since 2015

2002, 2010 (EIOP)

1996 (EIOP); 2022 (EIOP)

2013 (decentralized, PPHT)

2003 (PAH)

2020 (CTPH)

PGE, derivative

PGF,a analogue
PGF,a analogue
PGI

2

PGl, analogue

PGl, analogue

2021 (PH-ILD); 2025

*Preservative-free formulation. **More stable formulation. ***Inhalation. ****Injection. *****Intravenous. ******|nfusion. CHD, congenital heart defects; CIC, chronic idiopath-
ic constipation; CTPH, chronic thromboembolic pulmonary hypertension; ED, erectile dysfunction; EIOP, elevated intraocular pressure; FB, frostbite; G, glaucoma; H, hypotrichosis;
IBS-C, irritable bowel syndrome. constipation; IL, induced labour; MA, medical abortion; NSAID, non-steroidal anti-inflammatory drug; OIC, opioid-induced constipation; PAH,
pulmonary arterial hypertension; PPH, postpartum hemorrhage; PPHT, primary pulmonary hypertension; PH-ILD, pulmonary hypertension associated with interstitial lung disease.

of the carboxyl group with an isopropyl ester rather than an ethyl
amide (Resul et al.,1993). It is used to lower elevated intraocular
pressure in patients with open-angle glaucoma or ocular hyperten-
sion (Stjernschantz and Alm,1996). It was the first prostaglandin
analog approved for this purpose. Administered as an ophthalmic
solution (Drugs, 2026f), it increases aqueous humour outflow
through the uveoscleral pathway (Patel and Spencer, 1996).
Latanoprost functions as a selective agonist of the prostaglan-
din F receptor and undergoes hepatic metabolism via fatty-acid
B-oxidation to 1,2-dinor- and 1,2,3,4-tetranor-latanoprost acid. It
received regulatory approval from both the US FDA and the EMA
in 1996 (Drugs, 2026f; EMA, 2026¢) and is included in the World
Health Organization’s List of Essential Medicines (WHO, 2026¢).

2.3.6. Prostacyclin

Epoprostenol is the pharmaceutical form of prostacyclin (prosta-
glandin [, PGI,, Figure 1), a potent inhibitor of platelet activation
and a strong vasodilator. Prostacyclin was discovered in 1976, ini-
tially referred to as “prostaglandin X (Moncada et al., 1976) and
its chemical synthesis was reported the following year (Johnson
et al., 1977). Clinically, epoprostenol is used in the management
of pulmonary arterial hypertension (Ruopp and Cockrill, 2022;
Drugs, 2026g) and has also been applied in conditions such as pul-
monary fibrosis and atherosclerosis (Stitham et al., 2011).

2.3.7. lloprost

®

Tloprost (Figure 1, Ventavis®, Aurlumyn®) is a synthetic analogue

of prostacyclin. Originally developed by Schering AG, it is cur-
rently marketed by Bayer in the EU and by Actelion Pharmaceu-
ticals in the United States. The drug can be administered intrave-
nously, subcutaneously, or via inhalation (Bayer, 2026). Iloprost is
indicated for pulmonary arterial hypertension (PAH), scleroderma,
Raynaud’s phenomenon, frostbite, and other conditions charac-
terized by severe vasoconstriction and impaired tissue perfusion
(EMA, 2026d). The EMA approved iloprost (Ventavis®) in 2003,
followed by US FDA approval in 2004 (Drugs, 2026h). In 2024,
iloprost (Aurlumyn®) also received US approval specifically for
the treatment of frostbite (Harris, 2024).

2.3.8. Treprostinil

Treprostinil (Figure 1) is a tricyclic analogue of prostacyclin 3
marketed under several formulations: Remodulin® for infusion,
Orenitram® for oral administration, and Tyvaso® for inhalation. It
functions as a vasodilator to treat symptoms of pulmonary arte-
rial hypertension (PAH) (Torres and Rubin, 2013). Treprostinil is
indicated for patients with PAH who develop New York Heart As-
sociation (NYHA) Class II-IV symptoms, and emerging evidence
suggests potential benefit in Degos disease as well (Shapiro et al.,
2013). The drug received EU approval in 2020 (EMA, 2026¢)
while the US FDA has authorized multiple formulations across
seven approvals issued between 2002 and 2025 (PHA, 2026).

2.3.9. Summary

Table 3 offers a consolidated summary of the indications for all
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Table 4. FDA- and EMA-approved retinoid-based medicines

Name (Generic) Brand/Other Names Manufacturer FDA Approval EMA Approval Composition/Class
Tretinoin Retin-A°, Altreno®, UPenn; Ortho; 1971 (AV); 1995 (PA);  2016-2018 regu- (7E,9E,11E,13E)-
Twyneo®, Vesanoid"**  J&J; Bausch 1998* (PA); 2018 (AV); latory review retinoic acid
2021 (AV); 1995 (APL)
Isotretinoin Accutane®, Roaccutane® Hoffmann-La Roche; 1982 (SRA) Authorized 1983  (7E,9E,11E,137)-
Upsher-Smith; Amneal retinoic acid
Acitretin Soriatane®, Neotigason® Hoffmann-La Roche; 1996 (RP/PDC) 1984 (RP/PDC) Aromatic retinoid

Stiefel/GSK

*Tretinoin cream generic. **oral formulation. APL, acute promyelocytic leukemia; AV, acne vulgaris; PA, photoaging; RP/PDC, resistant psoriasis/pustular dermatological condi-

tions; SRA, severe recalcitrant acne.

FDA-approved and EMA-approved prostaglandin-based medicines
examined in this review. Prostaglandin-based drugs—ranging from
classic agents like alprostadil and misoprostol to modern prostacyc-
lin analogues and glaucoma therapies—showcase both the versatility
and the limitations of this pathway. Their success stems from potent,
well-defined physiologic actions, yet that same potency brings draw-
backs: short half-lives, delivery challenges, and frequent adverse ef-
fects that restrict broader use. While epoprostenol and its analogues
transformed pulmonary hypertension care, and prostaglandin ana-
logues revolutionized glaucoma treatment, the overall field remains
fragmented, with each agent thriving only in narrow therapeutic
niches rather than achieving broad pharmacologic dominance.

2.4. Retinoids (vitamin A derivatives)

Retinoid-based dietary supplements have grown in popularity
because vitamin A and its derivatives play indispensable roles in
vision, immune resilience, epithelial integrity, and healthy skin.
Modern diets often fall short in providing consistent amounts of
bioavailable retinoids, and consumers increasingly turn to supple-
ments to support eye health, immune function, and overall cellular
renewal. Their importance is reinforced by strong clinical evidence
linking vitamin A status to night vision, mucosal defence, and nor-
mal developmental processes. Popular examples include retinyl
palmitate, retinyl acetate, lutein, zeaxanthin and beta-carotene, as
well as mixed carotenoid blends from algae, carrots, and palm fruit.
These ingredients are widely used in multivitamins, skin-health
formulations, and targeted eye-health supplements, reflecting the
enduring demand for safe, well-studied retinoid nutrition.

Retinoids and vitamin A derivatives constitute a well-estab-
lished class of lipid-derived signalling molecules that regulate
cell differentiation, proliferation, apoptosis, and immune func-
tion primarily through activation of nuclear retinoic acid recep-
tors (RARs) and retinoid X receptors (RXRs), which act as li-
gand-activated transcription factors (Le Maire et al., 2012). Drug
development has focused on synthesizing structurally modified
retinoids with improved receptor selectivity, metabolic stabil-
ity, and reduced toxicity, leading to several clinically important
agents (Kawczak et al., 2024), and highly targeted retinoid thera-
pies exemplified by all-trans-retinoic acid in acute promyelocytic
leukemia, where it induces terminal differentiation of malignant
cells (Le Maire et al., 2012). Retinoid-based drugs are currently
approved and widely used in dermatology, oncology, and oph-
thalmology, while ongoing development explores selective RAR/
RXR modulators, topical and tissue-targeted formulations, and
combination regimens to expand efficacy while mitigating class-
limiting adverse effects such as teratogenicity and mucocutaneous
toxicity (Xu et al., 2024).

2.4.1. Tretinoin

Retinoic acid (all-trans-retinoic acid) is a biologically active me-
tabolite of retinol (vitamin A ) essential for embryonic develop-
ment, male fertility, bone growth regulation, and immune func-
tion. In its pharmaceutical form, it is known as tretinoin (Retin-A®,
Johnson & Johnson), with numerous manufacturers producing the
active ingredient. Tretinoin (Figure 1) is used clinically to treat
acne and acute promyelocytic leukemia (Yoham and Casadesus,
2023). For acne, it is administered topically as a cream, gel, or
ointment (Baldwin et al., 2021), and it remains the most exten-
sively studied retinoid for photoaging (Siddiqui et al., 2024).

Because tretinoin is available in multiple formulations, it holds
several FDA approvals, with the first granted in 1998 (Drugs,
20261). It is also included on the World Health Organization’s List
of Essential Medicines (WHO, 2026b).

2.4.2. Isotretinoin

Isotretinoin (Figure 1) is a geometric isomer of tretinoin and oc-
curs naturally in the body at low levels. Best known under the
brand name Accutane®, among many others, it is an oral therapy
primarily prescribed for severe, treatment-refractory acne (Burton
et al., 1984; Mohiuddin, 2019; Shingari et al., 2025). Isotretinoin
has also been used off label for basal cell and squamous cell carci-
nomas; however, it does not hold any formal approval for these in-
dications due to a lack of clinical evidence demonstrating efficacy
(Clouser et al., 2010).

2.4.3. Acitretin

Acitretin (Figure 1), marketed under the brand names Neotigason®
and Soriatane®, is a second-generation oral retinoid primarily used
in the management of psoriasis (Zito and Mazzoni, 2021; Guenther
et al., 2017). It received the US FDA approval in 1996 (Ghasri et
al., 2011).

Because of its potency and systemic activity, acitretin is gener-
ally reserved for severe, treatment-refractory psoriasis. Its mecha-
nism involves binding to nuclear retinoic acid receptors, thereby
modulating gene transcription, promoting keratinocyte differentia-
tion, and suppressing epidermal hyperplasia. These combined ac-
tions reduce the excessive cellular proliferation that characterizes
psoriatic plaques.

Third-generation retinoids such as bexarotene and ada-
palene—engineered with rigid, polyaromatic scaffolds that se-
lectively target specific retinoic acid receptor subtypes (primarily
RAR-B and RAR-y)—are not discussed here because they lack
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structural similarity to tretinoin, isotretinoin or acitretin, includ-
ing the characteristic tetraene (polyene) side chain. Table 4 lists
all FDA- and EMA-approved retinoid-based therapeutics listed
in this review.

2.4.4. Summary

Retinoids like tretinoin, isotretinoin, and acitretin remain some of
the most powerful dermatologic drugs, but their success is tem-
pered by well-known limitations. Their efficacy in acne, photo-
aging, and keratinization disorders is unmatched, yet they carry
a narrow therapeutic window marked by irritation, teratogenicity,
and systemic toxicity at higher exposures. Long-term adherence
is often poor because visible benefits arrive slowly while side ef-
fects appear quickly. And although they influence fundamental
pathways of skin biology, their utility remains confined to specific
indications rather than broad dermatologic transformation.

3. Synthesis, cross-class insights, and future directions for lipid-
based therapeutics

Lipids and lipid-derived pharmaceuticals occupy a distinctive but
unevenly developed position within the global drug landscape.
Although they represented only a modest share of the USD 1.8
trillion global pharmaceutical market in 2025, their clinical and
commercial impact is disproportionately large in several therapeu-
tic areas. North America —comprising the United States, Canada,
and Mexico—accounts for more than half of global pharmaceu-
tical sales (BioSpace, 2026), creating a favourable environment
for lipid-based drugs with strong regulatory and reimbursement
support.

The preceding sections outlined the major therapeutic classes—
fatty acids and their derivatives, prostaglandins, and retinoids—
successful drugs alongside numerous investigational agents that
failed to progress. This final section integrates these observations
to identify the mechanistic, clinical, and commercial determinants
that consistently shape success or failure across lipid-based drug
categories.

3.1. Convergent features of successful lipid-based drugs
3.1.1. Clear, dominant mechanisms of action

Despite their chemical diversity, successful lipid-based drugs
share a well-defined primary mechanism with predictable down-
stream effects. For instance:

 Icosapent ethyl (EPA) lowers triglycerides and shifts eicosanoid
production toward less inflammatory species (Borghi and Bra-
gagni, 2023).

* Bempedoic acid inhibits ATP-citrate lyase, producing a clean
metabolic effect without the pleiotropy of PPAR dual agonists
(Paton, 2017).

* Prostaglandin analogues (latanoprost, bimatoprost) engage spe-
cific GPCRs with highly localized actions (Zhou et al., 2022).

* Retinoids activate nuclear retinoic acid receptors with unusual-
ly clear structure—activity relationships (Kawczak et al., 2024).
This mechanistic clarity facilitates dose selection, biomarker

development, and regulatory acceptance - factors often missing

in slowly progressing or failed investigational compounds such as
ibrilatazar, OMT-28, CXA-10, and AVX-001.

3.1.2. Controllable pharmacokinetics and localized delivery

Lipid molecules are inherently prone to broad distribution and

metabolic promiscuity. Successful drugs constrain these tenden-

cies through short half-lives, targeted delivery, or stable formu-
lations.

* Ophthalmic prostaglandins achieve potent intraocular pressure
reduction with minimal systemic exposure (Sridharan, 2024).

» Parenteral prostacyclins (epoprostenol, treprostinil, iloprost)
use controlled infusion or inhalation to manage systemic vaso-
dilation (Gomberg-Maitland and Olschewski, 2008).

 Topical retinoids deliver high local concentrations while limit-
ing systemic toxicity (Shroot, 1986).

+ Ethyl-ester omega-3 formulations (Vascepa®, Lovaza®) im-
prove stability and dosing precision compared with free-fatty-
acid preparations. (US FDA, 2026f).

3.1.3. Strong, clinically meaningful endpoints

Outcome-level evidence has been central to the adoption of lipid-

based drugs:

* REDUCE-IT demonstrated cardiovascular event reduction for
icosapent ethyl (Harris, 2019).

* CLEAR Outcomes confirmed cardiovascular benefit for bem-
pedoic acid (Nichols et al., 2024).

* Prostacyclin therapies consistently improve survival and func-
tional capacity in (Barnes et al., 2019).

* Retinoids provide visible, quantifiable dermatologic improve-
ments (Weiss et al., 1988).

* These endpoints align with guideline-driven markets where
regulatory and reimbursement frameworks reward demonstra-
ble clinical benefit.

3.1.4. Manageable safety profiles

Even when toxicity exists, successful agents offer a favorable ben-

efit-risk balance within their therapeutic context.

* Retinoids carry teratogenic (Heckel et al., 1993) and mucocuta-
neous (Uzuncakmak and Karadag, 2019) risks but remain indis-
pensable in dermatology.

* Valproate’s risks are offset by its efficacy in epilepsy and bipo-
lar disorder.

* Local delivery of prostaglandins and prostacyclins mitigates
systemic adverse effects.

3.2. Market performance across lipid-based drug classes
3.2.1. Omega-3 fatty acids and PUFA-derived drugs

The global prescription omega-3 market was valued at USD 1.4
billion in 2024 and is projected to reach USD 3.0 billion by 2034
(MarketUS 2026). Growth is driven by:
Rates of cardiovascular disease and obesity.
« Strong physician confidence in omega-3 therapies.
* Broad reimbursement in North America (GrandView Research,
2026; Mordor Intelligence, 2026).
* Expanding access in China.
Despite this, only two major products—Vascepa® and
Lovaza®—remain on the market, as multiple follow-on candidates
(Epanova®, Lypdiso™, icosabutate, OMT-28) failed to demon-
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Table 5. Mechanism, indication, regulatory status, and translational outcome of all examined lipid-based therapeutics in this review

Drug/Compound

Mechanism

Indication

Regulatory Status

Translational Outcome

SECTION A—Fatty acids and fatty-acid derivatives

Sodium butyrate
Valproate
Triheptanoin
Etomoxir
Bempedoic acid
Lorenzo’s Oil

LAMS561

Ibrilatazar
OMT-28

CXA-10
Icosapent ethyl

Lovaza®/Omacor®
Epanova®
Alfa (EPAspire™)
Lypdiso™

Edasalonexent
LAM226

Icosabutate

AVX-001

Omegaven®

THDG3
TP-317
MaR102 TL

Navamepent
(RX-10045)

ETC-588

HDAC inhibition; SCFA signalling

HDAC inhibition; fatty-acid mimic

Anaplerotic odd-chain triglyceride

CPT-1 inhibition; PPARa agonist
ACLY inhibition
VLCFA synthesis inhibition

Membrane lipid therapy
Dual PPAR-a/y agonist

AMPK/Sirt1/PGC1-a net-
work activation

Nitro-fatty acid; Nrf2 activation

Reducing hepatic VLDL-TG syn-
thesis; increased B-oxidation

Decreased lipogenesis; in-
creased B-oxidation

Decreased lipogenesis; in-
creased B-oxidation

Rapid absorption; IMM;
membrane integration

Decreased lipogenesis; in-
creased B-oxidation

NF-kB inhibition

Reducing tau hyperphosphoryla-
tion; restoration of SNAP-25

FFAR1and FFAR4 activation;
anti-inflammatory; antifibrotic

CcPLA, inhibitor

Reducing inflammation;
boosting B-oxidation

Pleiotropic effects
w-3 derivative
Inflammation resolution

Inflammation resolution Pro-
resolving actions mimicking

Accumulated cholesterol extrac-
tion; atherosclerosis reversal

Inflammation, metabolic
disorders, and neurology
Epilepsy, bipolar disorder
LC-FAQOD, epilepsy

Heart failure, metabolic

modulation, neuro-oncology

Hypercholesterolemia

X-ALD

Cancer, glioblastoma

Cancer

Mitochondrial dysfunc-
tion, inflammation

PAH, kidney disease
HTG, CVD risk

HTG

Severe HTG

FAP, ARDS

HTG

DMD
Neurodegenerative dis-
eases, Alzheimer’s

MASH

Psoriasis
PNAC

HIE, stroke management
IBD, cancer

LPV

Dry eye

Cardiovascular inflammation

SECTION B—Prostaglandins, prostacyclins, and derivatives

Alprostadil (PGE,)

Vasodilator; binding to PGE;
receptors; increases cAMP

CHD, ED

ODD in the EU
FDA/EMA approved
FDA 2020

Not approved
FDA/EMA approved
Not approved
Investigational
Phase Ill, ODD
designation
Investigational
Phase Il

FDA 2013; ex-
panded 2019

FDA 2004; EMA 1999
FDA 2014
Investigational

FDA-approved generic

Phase Ill failed

Investigational
Phase Il

Phase Il
FDA 2018; EMA 2023

Preclinical
Investigational
Preclinical
Phase Il

Phase Il

FDA 1981-1996;
EMA 2013

Preclinical/
early clinical

Successful repur-
posed therapy

Approved meta-
bolic therapy

Discontinued (toxicity)

Marketed a car-
diovascular drug

Medical food:
limited efficacy

Discontinued

Discontinued

Early development

Ongoing development

Successful; widely
marketed

Marketed; mul-
tiple generics

Discontinued

Discontinued

Marketed

Discontinued

Early development

Ongoing development

Discontinued

Approved paren-
teral therapy

Preclinical
Early development
Early research

Development
uncertain

Development paused

Widely used
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Table 5. (continued)

Drug/Compound Mechanism Indication Regulatory Status Translational Outcome
Misoprostol Gastric acid secretion reduction; NSAID-ulcer preven- FDA 1988; EMA Global stand-
binding to specific PG receptors tion, PPH, MA, OA national ard therapy
Lubiprostone CIC-2 channel activation CIC, IBS-C, OIC FDA 2006-2013 Marketed
Bimatoprost Mimicking naturally oc- G,H FDA 2001-2020; Widely used
curring prostamides EMA 2002-2010
Latanoprost PGF receptor agonist G, OH FDA 1996; EMA First-line therapy
1996/2022
Epoprostenol Vasodilator, binds to PGl re- PAH, PF FDA 1995; EMA 2013 Lifesaving PAH therapy
(PGL,) ceptor, increases cAMP
lloprost Vasodilator, binds to prostanoid PAH, frostbite FDA 2004/2024; Approved inhaled/
receptors, increases cCAMP EMA 2003 IV therapy
Treprostinil Vasodilator; anti-platelet aggrega- PAH, PH-ILD, CTPH FDA 2002-2025; Major PAH drug
tion; prostanoid receptors affinity EMA 2020

SECTION C—Retinoids

Tretinoin RAR & RXR agonist; collagen Acne, APL, PA
production stimulation

Isotretinoin RAR agonist; induc- Severe ache
tion of FoxO proteins

Acitretin Retinoid (RAR/RXR modulation) Psoriasis, PDC

FDA 1971-2021,;
EMA review

Successful der-
matologic/onco-
logic therapy

FDA 1982; EMA 1983  Highly effective;

widely used

FDA 1996; EMA 1984  Standard sys-
temic retinoid

ACLY, ATP-citrate lyase; ARDS, acute respiratory distress syndrome; APL, acute promyelocytic leukemia; cAMP, cyclic adenosyl monophosphate; CHD, congenital heart defects;
CIC, chronic idiopathic constipation; CPT-1, carnitine palmitoyl transferase 1; CVD, cardiovascular disease; cPLA,, cytosolic phospholipase A,; DMD, Duchenne muscular
dystrophy; ED, erectile dysfunction; FAP, familial adenomatous polyposis; G, glaucoma; H, hypotrichosis; HDAC, histone deacetylase; HIE, hypoxic ischemic encephalopathy;
HTG, high triacyl glycerides; IBD, irritable bowel disease; IBS-C, irritable bowel syndrome constipation; IMM, inflammatory mediators modulation; LC-FAODs, long-chain fatty
oxidation disorder; LPV, localized provoked vulvodynia; MA, medical abortion; MASH, metabolic dysfunction-associated steatohepatitis; NF-kB, nuclear factor kB; Nrf2, nu-
clear factor erythroid 2-related factor 2; OA, obstetric applications; ODD, orphan drug designation; OIC, opioid-induced constipation; PA, photoaging; PAH, pulmonary arterial
hypertension; PDC, pustular dermatological conditions; PH, pulmonary fibrosis; PH-ILD, pulmonary hypertension associated with interstitial lung disease; PNAC, parenteral
nutrition-associated cholestasis; PPAR, peroxisome proliferator-activated receptors; PPH, postpartum hemorrhage; RAR, retinoic acid recepror; RXR, retinoid X receptor; SCFA,
short-chain fatty acid; SNAP-25, synaptosome associated protein of 25 KDa; VLCFA, very long-chain fatty acid; VLDL-TGs, very low density lipoprotein triacyl glycerides; X-ALD,

X-linked adrenoleukodystrophy.

strate outcome-level benefit or acceptable tolerability.

Akey emerging trend in the global omega-3 prescription market
is the European Commission’s approval of plant-based omega-3
products (Nichols, 2022).

SPM-based therapeutics remain scientifically promising but
commercially immature due to chemical instability and manufac-
turing challenges (Maliha et al., 2024).

3.2.2. Prostaglandins and prostacyclins

Prostaglandin-based therapeutics span two major markets:
* Ophthalmic prostaglandin analogues (latanoprost, bimatoprost):
— Market size: USD 3.54 billion in 2024;
— Projected: USD 6.38 billion by 2034 (Precedence Research,
2026a);
— North America accounts for 40-45% of global revenues (Prec-
edence Research, 2026a, Tripathy, Patel, and Geetha, 2024).
» Systemic prostaglandins (misoprostol, alprostadil):
— Market size: USD 0.5-0.6 billion in 2024-2025;
— Projected: >USD 1.16 billion by 2035 (GlobalGrowth, 2026).
Prostacyclin analogues and IP-receptor agonists (epoprostenol,
treprostinil, iloprost) are typically reported within PAH portfolios
rather than as a standalone lipid-mediator market.

3.2.3. Retinoids

Retinoids benefit from the high global prevalence of acne and

other dermatologic conditions.

» Market size: USD 0.84 billion in 2025 (Precedence Research,
2026b).

* Projected: USD 1.62 billion by 2035.

* When OTC and combination products are included, the retinoid
segment exceeded USD 3.3 billion in 2022 (GlobeNewswire,
2026a).

Their long clinical history and clear nuclear-receptor pharma-
cology have made retinoids one of the most commercially success-
ful lipid-derived drug classes.

3.3. Recurrent causes of failure in lipid-based drug development
3.3.1. Mechanistic ambiguity

Agents such as ibrilatazar, icosabutate, OMT-28, CXA-10, and
AVX-001 targeted broad inflammatory or metabolic pathways
without a dominant clinical effect, complicating dose selection and
endpoint justification.
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3.3.2. Safety liabilities

Examples include:

» Etomoxir: hepatotoxicity from irreversible CPT-1 inhibition
(Holubarsch et al., 2007).

* PPAR-o/y dual agonists: edema, weight gain, cardiovascular
concerns (Nissen et al., 2005).

» Edasalonexent: insufficient efficacy at tolerable doses (Finkel
etal., 2021).

3.3.3. Chemical instability and formulation barriers

» SPMs and nitro-fatty acids degrade rapidly.

* Free-fatty-acid omega-3 formulations (Epanova®, Lypdiso™)
produced poor outcomes and GI intolerance (Nichols et al.,
2020; NTH, 2026h; Maki et al., 2022).

3.3.4. Market and regulatory misalignment

Some candidates targeted small or poorly defined markets or com-
peted with entrenched generics, limiting commercial viability.

3.4. Cross-class comparison

* Fatty acids succeed when mechanisms are clean and metabolic
(EPA, bempedoic acid) and fail when pleiotropy or toxicity
dominates (etomoxir, PPAR dual agonists).

* Prostaglandins succeed due to potent, short-acting, locally de-
liverable pharmacology aligned with clear physiological roles;
failures arise when systemic exposure becomes unmanageable.

* Retinoids succeed through precise nuclear-receptor targeting
and topical delivery; systemic retinoid use is limited by toxicity.
Across all classes, the unifying principle is that lipids become

successful therapeutics only when their inherent biological prom-

iscuity is constrained by formulation, delivery, and a sharply de-
fined clinical purpose.

3.5. Future directions

Promising areas for future development include:
* Intravenous omega-3 emulsions as neuroprotectants in hypox-

ic-ischemic injury (Zirpoli et al., 2024).

» Stable SPM analogues capable of modulating inflammation-

resolution pathways (Byrne and Guiry, 2024).

* Next-generation retinoids with improved receptor selectivity

(Luczak et al., 2025).

* Novel metabolic lipid modulators for cardiovascular and meta-

bolic diseases (Brandts and Ray, 2023).

The field is moving toward precision lipid pharmacology, in
which endogenous lipid pathways are modulated with greater
specificity, stability, and clinical relevance (Touyz, 2024).

Table 5 presents a comparative overview of all drugs discussed
in this review, summarizing their mechanisms, indications, regula-
tory status, and translational outcomes.

3.6. Concluding perspective

Lipid-based therapeutics have progressed from biochemical curiosi-
ties to indispensable drugs, yet their trajectory reveals a striking im-

balance: a handful of successes—EPA ethyl esters, prostaglandin an-
alogues, prostacyclins, retinoids—dominate clinical practice while
most lipid-derived candidates fail to translate. This contrast is even
sharper when viewed through the food-as-medicine lens: although
many bioactive lipids originate in foods, only a few—such as EPA
and DHA from fish oil or butyrate derivatives from dairy fats—have
successfully made the leap from dietary components to regulated
pharmaceuticals or medical foods. Their success underscores a cen-
tral principle: lipids can become safe, effective, commercially viable
medicines when their mechanisms are precisely defined and their
delivery tightly controlled, but they falter when stability, specific-
ity, or clinical endpoints are misaligned. Across omega-3 agents,
parenteral emulsions, prostaglandins, and retinoids, the same les-
son recurs—potent biology alone is not enough. As lipid chemistry,
structural biology, and formulation science advance, future break-
throughs will likely emerge from highly targeted interventions that
harness endogenous lipid signaling while capturing the therapeutic
potential long hinted at in food-derived bioactives.
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