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Abstract

Background: The 2018 American College of Cardiology/American Heart Association (ACC/AHA) guidelines and 2021
ACC Expert Consensus Decision Pathway recommend nonpharmacological interventions and initiation of statin therapy for
patients with moderate hypertriglyceridemia and addition of fibrates or omega-3 fatty acids in severe hypertriglyceridemia.
Although the association between triglyceride (TG) lowering and atherosclerotic cardiovascular disease (ASCVD) risk
reduction remains controversial, patients with hypertriglyceridemia may represent a subgroup that require additional
therapy to further reduce residual ASCVD risk. Moreover, medications that target novel pathways could provide alternative
options for patients who are intolerant of existing therapies or doses needed to provide adequate triglyceride lowering.
Objective: Assess recent evidence for TG-lowering agents including omega-3 fatty acid-based therapies, PPARα modu-
lators, apoC-III mRNA antisense inhibitors, angiopoietin-like 3 (ANGPTL3) antibodies, and herbal supplements.Methods: A
literature search was performed using PubMed with hypertriglyceridemia specified as a MeSH term or included in the title or
abstract of the article along with each individual agent. For inclusion, trials needed to have a primary or secondary outcome of
TG levels or TG lowering. Conclusion: Currently, the only US Food and Drug Administration approved medication for CV
risk reduction in patients with hypertriglyceridemia is icosapent ethyl. Results from phase 3 trials for CaPre, pemafibrate, and
volanesorsen as well as additional evidence for pipeline pharmacotherapies with novel mechanisms of action (e.g., ApoC-III
mRNA antisense inhibitors and ANGPTL3 antibodies) will help to guide future pharmacotherapy considerations for patients
with hypertriglyceridemia.
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Introduction

Elevated cholesterol is a known risk factor for the develop-
ment of atherosclerotic cardiovascular disease (ASCVD).
Therapeutic modalities focus on lifestyle changes and
incorporation of lipid-lowering medications.1-4 Low-
density lipoprotein cholesterol (LDL-C) is the dominant
form of atherogenic cholesterol. Statins, also known as
hydroxymethylglutaryl-CoA reductase inhibitors, are the
current cornerstone of therapy for reducing LDL-C, with clear
evidence for reducing risk of ASCVD events.1,3 However,
elevated triglyceride (TG) levels are also associated with the
development of cardiovascular disease (CVD).1,3-9

Hypertriglyceridemia is a common abnormality seen in
clinical practice. Between 2013 and 2016, approximately
22.2% of US adults had high TG levels.2 The 2021 ACC
Expert Consensus Decision Pathway on the Management of
ASCVD Risk Reduction in Patients with Persistent Hyper-
triglyceridemia defines mild to moderate hypertriglyceridemia
as fasting TG ≥150 mg/dL or nonfasting TG ≥ 175 mg/dL and

severe hypertriglyceridemia as fasting TG ≥ 500 mg/dL and
especially ≥ 1000 mg/dL.10 In moderate hypertriglyceridemia,
excess TG are carried in the circulation by increased very-low-
density lipoprotein cholesterol (VLDL-C), which is also be-
lieved to be atherogenic. In severe hypertriglyceridemia,
levels of VLDL-C and chylomicrons increase, which raises
the risk of acute pancreatitis.1,4 Severe hypertriglyceridemia
may account for up to 10% of pancreatitis episodes with
higher incidence seen at higher TG levels.11 Although the
exact pathophysiology remains unclear, the most commonly
accepted mechanism suggests the breakdown of TG via
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pancreatic lipases into free fatty acids (FFA) in high con-
centrations is harmful due to FFA aggregation which leads to
injury of the pancreatic acinar cells and capillaries.4,12-14 The 2
main goals of treatment of hypertriglyceridemia are to prevent
CVD and pancreatitis.

Hypertriglyceridemia may be categorized as acquired or
genetic. Acquired hypertriglyceridemia may be secondary to
poorly controlled diabetes mellitus, insulin resistance, obesity,
alcohol abuse, chronic kidney disease, hypothyroidism, or
pregnancy (particularly in the third trimester).3,4,10,14 Addi-
tionally, medications such as atypical antipsychotics (cloza-
pine, olanzapine, risperidone), oral estrogens (contraception,
postmenopausal replacement), tamoxifen, raloxifene, anti-
retroviral protease inhibitors, systemic corticosteroids, im-
munosuppressive drugs (cyclosporine, sirolimus, tacrolimus),
α-interferon, and bile acid sequestrants may increase
TG.1,4,10,14 Genetic disorders that result in elevated TG levels,
such as familial chylomicronemia syndrome (FCS) and fa-
milial apolipoprotein C-II (apoC-II) deficiency, may arise
from altered function of lipoprotein lipase (LPL), apoC-II,
apolipoprotein AV, glycosylphosphatidylinositol-anchored
high-density lipoprotein-binding protein 1 (GPIHBP1), or
mutations in other enzymes that result in decreased clearance
or increased production of TG-rich lipoproteins.3,4,14

As previously mentioned, residual ASCVD risk may be due
to elevations in TG despite adequate LDL-C lowering.5-9 In the
Treating to New Targets (TNT) study, patients with a history of
ASCVD and LDL-C < 130 mg/dL on atorvastatin 80 mg daily
had a 22% relative risk reduction of major adverse cardio-
vascular events (MACE). Although LDL-C decreased to a
mean of 77 mg/dL, a residual 8.7% risk remained.15 Subse-
quently, a pooled analysis of the TNTand Incremental Decrease
in Endpoints Through Aggressive Lipid-lowering trials showed
increasing risk of cardiovascular events with increasing TG
levels in statin-treated patients at recommended LDL-C goals.
The authors also noted a 33% higher risk for a cardiovascular
event in patients with TG > 150 mg/dL compared to those with
TG < 150 mg/dL.16 Additionally, a study using Mendelian
randomization analysis included over 650 000 participants and
compared genes associated with TG and LDL-C lowering with
risk of coronary heart disease (CHD) (coronary death, myo-
cardial infarction (MI), or coronary revascularization). Despite
differences in individual lipid levels, carriers of gene variants
associated with lower TG and carriers of gene variants asso-
ciated with lower LDL-C had similar risk of CHD that were
independent and proportional to the absolute change in
apolipoprotein B (apoB).17 ApoB is a protein that provides
structural integrity for atherogenic lipoproteins including
LDL-C, VLDL-C, and chylomicrons.18 A 5-fold reduction in
TG (approximately 200 mg/dL) would be required to achieve
the same cardiovascular risk reduction as lowering LDL-C by
40 mg/dL based on attainment of an equivalent apoB re-
duction.17 Although the association between TG lowering and
ASCVD risk reduction remains controversial due to the

confounding role of additional cholesterol markers such as
high-density lipoprotein cholesterol (HDL-C), VLDL-C, and
apoB, patients with hypertriglyceridemia may represent a
subgroup that require additional therapy to further reduce
residual ASCVD risk.16 Moreover, medications that target
novel pathways could provide alternative options for patients
who are intolerant of existing therapies or doses needed to
provide adequate triglyceride lowering.

The 2018 ACC/AHA guidelines and the 2021 ACC
Expert Consensus Decision Pathway recommend non-
pharmacological interventions including weight loss, phys-
ical activity, and avoidance of dietary fats and alcohol as well
as addressing secondary factors such as optimization of di-
abetes control for adults ≥ 20 years of age with moderate
hypertriglyceridemia. After lifestyle and secondary factors are
addressed, initiation or intensification of statin therapy may be
considered for patients 40-75 years of age with moderate or
severe hypertriglyceridemia and a 10-year ASCVD risk ≥ 7.5%
with the goal of reducing ASCVD risk. For patients with severe
hypertriglyceridemia, addition of fibrates or omega-3 fatty acids
(O3FA) is reasonable to prevent acute pancreatitis.1,10 See Table
1 for current US Food and Drug Administration (FDA) ap-
proved therapies for the treatment of hypertriglyceridemia. In
this review, we aim to assess evidence for effective TG-
lowering agents recently approved or still in the pipeline in-
cluding O3FA-based therapies, PPARα modulators, apoC-III
mRNA antisense inhibitors, angiopoietin-like 3 (ANGPTL3)
antibodies, and herbal supplements.

Methods

An initial search for pharmacotherapies using Cochrane Library
(hypertriglyceridemia treatment included in the title or abstract
or as a keyword) and PubMed (hypertriglyceridemia [specified
as a MeSH term or included in the title or abstract of the article]
and therapeutics or treatments) identified the following agents:
Vascepa, eicosapentaenoic acid (EPA), or icosapent ethyl;
omega-3-carboxylic acids or Epanova; CaPre or AMR101;
epeleuton or DS102; pemafibrate or K-877; volanesorsen, ISIS-
APOCIIIRx or ISIS 304801; AKCEA-APOCIII-LRx; evina-
cumab or REGN1500; vupanorsen, IONIS-ANGPTL3-LRx,
AKCEA-ANGPTL3-LRx, or ISIS 703802; ARO-ANG3; and
xuezhitong or XZT. Subsequently, a literature search was
performed from August 2020 to May 2021 using PubMed with
hypertriglyceridemia specified as a MeSH term or included in
the title or abstract along with each individual agent.

The literature search was not restricted by geography or
publication date, but only full-text articles published in En-
glish were included. Titles and abstracts were screened to
determine inclusion or exclusion. To be included, trials needed
to have a primary or secondary outcome of TG levels or TG
lowering. Trials were excluded for the following reasons: the
medication was no longer available on the market, no trials
were conducted in patients with hypertriglyceridemia, more
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than 5 years had elapsed since the last trial results were
published, or further development for use in patients with
hypertriglyceridemia had been abandoned.

The literature review was supplemented by review of
expert recommendation reports or opinions, examination of
references from included studies, an individual search on
ClinicalTrials.gov for each identified medication, and inclu-
sion of information from package inserts, new drug appli-
cations (NDA), or manufacturer press releases.

Pharmacotherapy

Omega-3 Fatty Acid-Based Therapies. O3FA include eicosa-
pentaenoic acid and docosahexaenoic acid (DHA). The most
common dietary source of EPA and DHA is fatty fish such as
tuna, salmon, mackerel, and herring.10,19 The mechanism of
O3FA has not been fully elucidated but is likely multifactorial
including reduced hepatic secretion of TG-rich lipoproteins
and inhibition of diacylglycerol acyltransferase, the major
enzyme that catalyzes the formation of TGs in the liver.20,21

Prescription omega-3 ethyl esters (e.g., Lovaza, Omarcor,
Omtryg) contain a mixture of EPA and DHA. At the FDA
approved dose of 4 g/day, it is generally well-tolerated and
efficacious with ≥ 30% TG lowering in patents with TG ≥
500 mg/dL.14 Use of O3FA (0.5 g/day to 5 g/day) for primary
and secondary prevention was evaluated in a 2020 Cochrane
systematic review that combined 86 randomized control trials
with 162 796 participants. The authors concluded EPA and
DHA had little or no effect on all-cause mortality, cardio-
vascular mortality, or cardiovascular events.22

Icosapent ethyl (Vascepa), an ethyl ester formulation of
EPA, produced positive results in its cardiovascular outcomes
trial. Reduction of Cardiovascular Events with Icosapent
Ethyl—Intervention Trial (REDUCE-IT) included 8179 high-
risk patients on stable statin therapy. Patients were ≥ 45 years
of age with CVD (history of coronary artery disease, cere-
brovascular or carotid disease, or peripheral arterial disease)
(e.g., secondary prevention) or ≥ 50 years of age with diabetes

and at least 1 risk factor (e.g., primary prevention). For the
primary composite endpoint of MACE (cardiovascular death,
MI, stroke, coronary revascularization, and unstable angina
requiring hospitalization), icosapent ethyl 2 g twice daily
resulted in a statistically significant 25% relative risk reduction
compared to mineral oil placebo (17.2% vs 22%). Further-
more, each of the individual components of MACE was
statistically significant for decreased events with icosapent
ethyl including ≥ 20% reduction in cardiovascular death. The
authors postulated that EPA-based O3FA do not raise LDL-C
while DHA-based formulations do. Median percent increase
in LDL-C was 3.1% with icosapent ethyl compared to 10.2%
with placebo (P < .001). However, 71% of patients were
included as part of the secondary prevention cohort but only
30% were on high intensity statin therapy.23 As the primary
prevention cohort subgroup analysis was not statistically sig-
nificant, it is uncertain if the cardiovascular benefit applies to this
patient population. Additionally, it is unclear if statin therapy
was optimized for all patients in the trial. Icosapent ethyl was the
first FDA approved medication for cardiovascular risk reduction
as an add-on to maximally tolerated statin therapy for patients
with TG ≥ 150 mg/dL and either established CVD or type
2 diabetes mellitus (T2DM) with 2 or more risk factors.14,24

Another O3FA-based therapy, omega-3-carboxylic acid
(Epanova), is formulated as a FFA to increase bioavailability
without the need to administer with food. Initial FDA approval
was granted for severe hypertriglyceridemia based on results
from EpanoVa fOr Lowering Very high triglyceridEs
(EVOLVE), where 399 patients with TG ≥ 500 mg/dL were
randomized to omega-3-carboxylic acid 2 g/day, 3 g/day, or
4 g/day or placebo olive oil.25,26 Omega-3-carboxylic acid
produced a statistically significant 25-31% TG reduction
compared to 4.3% with placebo.25 Subsequently, to evaluate
cardiovascular outcomes, STatin Residual risk reduction with
EpaNova in hiGh CVrisk patienTs withHypertriglyceridemia
(STRENGTH) randomized 13 078 statin-treated adults with or
at high risk for CVD to omega-3-carboxylic acid 4 g/day or
placebo corn oil. Similar to REDUCE-IT, both primary and

Table 1. FDA Approved Non-Statin Therapies for Hypertriglyceridemia.1,14,40-43,93

Pharmacologic
Category Medication Dose Range Monitoring Parameters or Possible SE

Fibrates Fenofibrate 40 to 160 mg/daya •Rhabdomyolysis, higher risk with gemfibrozil, and statin combination
•Monitor liver function tests and periodic blood counts during first year
of therapy

Gemfibrozil 600 mg twice daily

Omega-3 fatty acids Omega-3 ethyl
esters

4 g/day •Fishy aftertaste
•GI upset

Icosapent ethyl 2 g twice daily with
meals

•Bleeding, risk may be increased with concomitant anticoagulant/
antiplatelet use

•Constipation
•Musculoskeletal pain
•Atrial fibrillation

Abbreviations: GI, gastrointestinal; SE, side effects.
aDose varies based on the formulation.
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secondary prevention were evaluated with a primary com-
posite outcome of MACE (cardiovascular death, MI, stroke,
coronary revascularization, or unstable angina requiring
hospitalization).27 However, the trial was discontinued in
January 2020 due to low likelihood of demonstrating car-
diovascular benefit as MACE occurred in 12% of the omega-
3-carboxylic acid group vs 12.2% in the placebo group (P =
.84) despite 19% TG reduction from baseline. The authors
noted the lack of benefit may be due to administration of DHA
rather than solely EPA and a higher percentage of patients
without established CVD at baseline.28 See Table 2 for a
summary of pipeline pharmacotherapies.

Similar to omega-3-carboxylic acid, a krill oil-based for-
mulation containing DHA and EPA (CaPre) is formulated to
increase absorption regardless of food intake. Initial phase 2
trials TRIal For Efficacy of Capre on hypertriglyceridemiA
(TRIFECTA) and Multicenter CaPre Open Label Random-
ized Dose-Ranging Phase II Trial to Assess Efficacy/Safety in
Patients with Mild-to-High Hypertriglyceridemia (COLT)
included 387 and 288 participants, respectively. Approxi-
mately 90% had mild to moderate hypertriglyceridemia (200-
499 mg/dL), 10% had severe hypertriglyceridemia, and 30%
were on statin therapy.29-31 Results noted a statistically sig-
nificant absolute TG reduction of 9.1% with 1 g/day, 9.7%
with 2 g/day, and 14.4%with 4 g/day.31 Subsequently, 2 parallel
phase 3 trials, A Phase 3 STudy of CaPRe In LOwering Very
hiGh TriglYcerides (TRILOGY 1 and TRILOGY 2) compared
CaPre 4 g/day to placebo for effectiveness in TG reduction in
severe hypertriglyceridemia.32,33 In January 2020, topline re-
sults for TRILOGY 1 were released noting a 30.5% TG re-
duction compared to 27.5% in the placebo group.34 This did not
reach statistical significance due to an unusually large placebo

effect that was later attributed to 5 out of 54 sites that dis-
proportionately contributed to the placebo response as well as
potential protocol violations.35 TRILOGY 2 topline results
were released in August 2020 and showed a similar TG re-
duction (30.4%) in the CaPre group with a smaller placebo
response (17.9%) compared to TRILOGY 1, but results did not
reach statistical significance (P = .19). As such, the manu-
facturer did not file for an NDA but they will complete the full
data analyses including secondary and exploratory endpoints as
well as combine data from TRIOLOGY 1 and 2.36

A novel second generation synthetic O3FA currently in phase
3 trials is epeleuton, a 15-hydroxy EPA ethyl ester derived from
a downstream metabolite of EPA.37 The first phase 2 trial was
conducted in nonalcoholic fatty liver disease (NAFLD) with
randomization to epeleuton 500 mg twice daily, 1000 mg twice
daily, or placebo light liquid paraffin twice daily.38 Post-hoc
analysis noted epeleuton 1000 mg twice daily reduced TG by
13.9% while TG increased in the placebo group by 24.1%
(P = .0001).37 As subgroup analysis in patients with HbA1c >
6.5% noted anA1c reduction of 1.1% (P = .047), a second phase
2 trial was initiated in adults with hypertriglyceridemia
(TG 200-750 mg/dL) and T2DM (HbA1c 7.5-9.5%). TRI-
gyceride And Glucose Control with Epeleuton in Metabolic
Syndrome Patients (TRIAGE) will assess efficacy in lowering
TG and HbA1c from baseline with estimated completion in
December 2021.37,39 Results from TRIAGE will determine
whether or not the manufacturer pursues a phase 3 trial.

To summarize, icosapent ethyl is currently the only O3FA-
based therapy with results indicative of cardiovascular benefit
and FDA approval for cardiovascular risk reduction. How-
ever, generalizability of these results is limited by patient
characteristics within REDUCE-IT. Omega-3-ethyl esters and

Table 2. Summary of Pipeline Triglyceride Lowering Pharmacotherapies.

Pharmacologic category Medication Phase Current trial status

Omega-3 fatty acids Omega-3-carboxylic
acids28

3 STRENGTH: discontinued in Jan 2020 due to low likelihood of
demonstrating cardiovascular benefit

CaPre34-36 3 Awaiting publication of full analysis from TRILOGY 1 and 2; topline data
did not reach statistical significance due to unusually large placebo
effect

Epeleuton37,39 2b TRIAGE: estimated completion in Dec 2021
Selective PPARα Modulators Pemafibrate53,54 3 PROMINENT: estimated completion in May 2022
Apolipoprotein C-III (ApoC-III)
mRNA antisense inhibitors

Volanesorsen64,65 3 COMPASS: adverse effect profile may preclude use
AKCEA-APOCIII-

LRx66,69-71
2 Completed in patients with hypertriglyceridemia
3 BALANCE initiated in patients with FCS; estimated completion in Jun

2023
ARO-APOC375 2b Estimated completion in Jul 2022

Angiopoietin-like 3 (ANGPTL3)
antibodies

Evinacumab81 2 Study completed in Jul 2020 but results not yet published
Vupanorsen85 2b TRANSLATE-TIMI 70: estimated completion in Jan 2022
ARO-ANG388 2b IND filed to initiate study in patients with mixed dyslipidemia

Abbreviations: FCS, familial chylomicronemia syndrome; IND, investigational new drug application; PPARα, peroxisome proliferator-activated receptor alpha;
PROMINENT, Pemafibrate to Reduce Cardiovascular OutcoMes by Reducing Triglycerides IN patiENts With diabeTes; STRENGTH, STatin Residual risk
reduction with EpaNova in hiGh CV risk patienTs with Hypertriglyceridemia; TRANSLATE-TIMI 70, TaRgeting ANGPTL3 with an aNtiSense oLigonucleotide in
AdulTs with dyslipidemia; TRIAGE, TRIgyceride And Glucose ControlWith Epeleuton in Metabolic Syndrome Patients; TRILOGY, A Phase 3 STudy of CaPRe In
LOwering Very hiGh TriglYcerides.
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omega-3-carboxylic acids do not have data supporting their
use for cardiovascular risk reduction. For pipeline therapies,
full data analyses from TRILOGY 1 and 2 for CaPre and
TRIAGE for epeleuton are not yet available.

Selective PPARα Modulators (PPARMα). In addition to O3FA,
peroxisome proliferator-activated receptor alpha (PPARα)
agonists, also known as fibrates, are guideline recommended
for severe hypertriglyceridemia.1,10 PPAR is part of a family
of nuclear receptors and includes isotypes PPARα, PPARβ/δ,
and PPARγ. Activation of PPARα results in upregulation of
the synthesis of apolipoprotein A-I, fatty acid transport pro-
tein, and LPL, resulting in increased VLDL-C clearance and
elimination of TG-rich particles. However, limitations of fi-
brates include increased risk of myopathy and rhabdomyolysis
due to drug-drug interactions between gemfibrozil and statins,
transient elevations in serum creatinine with fenofibrate, and
liver enzyme elevations.40-43 These limitations prompted a
search for selective PPARMα modulators with improved
potency and reduced side effects.44 Structurally, the ben-
zoxazole and phenoxyalkyl side-chains of pemafibrate create
a Y-configuration with improved fit within the binding
pocket, resulting in increased PPARα potency and selectivity
compared to fenofibrate.44,45 Additionally, transcriptome

analysis shows pemafibrate upregulates genes that encode
mannose-binding lectin 2 (MBL2, involved in innate immune
system regulation and inflammation), glutamyl aminopep-
tidase (ENPEP, involved in blood pressure regulation), and
fibroblast growth factor 21 (FGF21, involved in glucose
homeostasis).44,46

Numerous trials have validated the efficacy of pemafibrate
for lowering TG, both as monotherapy compared to fenofi-
brate and as add-on to baseline statin therapy (Table 3). Initial
phase 2 and 3 trials in adult Japanese patients with dyslipi-
demia (TG ≥ 150 or 200 mg/dL and HDL-C < 50 mg/dL if
male or < 55 mg/dL if female) excluded patients on statin
therapy. The authors noted a statistically significantly greater
decrease in TG from baseline in the pemafibrate group,
ranging from 30.9% to 46.2%, compared to fenofibrate
100 mg daily or 106.6 mg daily (bioequivalent to 124 mg
micronized fenofibrate) or placebo.47,48 One trial demon-
strated non-inferiority of pemfibrate 0.1 mg twice daily and
0.2 mg twice daily compared to fenofibrate 200 mg daily as
well as superiority of pemafibrate at all doses (0.05 mg,
0.1 mg, and 0.2 mg twice daily) to fenofibrate 100 mg daily for
reducing TG.49

Two phase 3 trials evaluated pemafibrate as an add-on
therapy for residual hypertriglyceridemia in patients on statin

Table 3: Pemafibrate Trials.

Reference Phase N Study population
Statin
therapy, %

Duration
(weeks) Intervention ΔTG

Ishibashi
et al. 47

2 224 • 20-74 y/o
• TG ≥ 200 mg/dL
• HDL < 50 mg/dL (M) or
55 mg/dL (F)

0 12 • Pemafibrate 0.025, 0.05, 0.1, 0.2 mg BID �30.9% to
�42.7%

• Fenofibrate 100 mg/day �29.7%
• Placebo +28.5%

Ishibashi
et al. 48

3 225 • > 20 y/o
• TG ≥ 150-500 mg/dL
• HDL < 50 mg/dL (M) or
55 mg/dL (F)

0 24 • Pemafibrate 0.1 or 0.2 mg BID �45.9% to
�46.2%

• Fenofibrate 106.6 mg/day �39.7%

Arai et al. 49 3 526 • 20-74 y/o
• TG 200-1000 mg/dL
• HDL < 50 mg/dL (M) or
55 mg/dL (F)

0 12 • Pemafibrate 0.05, 0.1, 0.2 mg BID �46.3% to
�51.8%

• Fenofibrate 100, 200 mg/day �38.3% to
�51.5%

• Placebo �2.7%
Arai et al. 50 3 188 • > 20 y/o

• TG ≥ 200 mg/dL
• Non-HDL ≥ 150 mg/dL
• Pitavastatin

100 12 • Pemafibrate 0.1, 0.2, or 0.4 mg/day �46.1% to
�53.4%

• Placebo (e.g., statin monotherapy) �6.9%

3 423 • > 20 y/o
• TG ≥ 200 mg/dL
• Any statin

24 • Pemafibrate 0.2 mg/day (fixed dose) OR
0.2 mg -> 0.4 mg (up-titration)

�46.8% to
�50.8%

• Placebo (e.g., statin monotherapy) �0.8%
Araki et al. 51 3 166 • > 20 y/o

• DM (A1c 6.2-8.0%)
• TG 150-100 mg/dL

39.2 24 • Pemafibrate 0.1, 0.2 mg BID �44.3% to
�45.1%

• Placebo �10.8%
Araki et al. 52 52 • Pemafibrate 0.1, 0.2 mg BID �42.3% to

�46.4%
• Placebo switched to pemafibrate 0.1 mg
BID

�48.2%
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therapy. One trial included patients on pitavastatin while the
other allowed any statin. While no information was provided
regarding statin intensity, pemafibrate continued to show
approximately 50% TG reduction from baseline.50 Further-
more, in patients with T2DM and elevated TG, pemafibrate
reduced TG by 44-46% from baseline after 24 weeks, and this
effect was sustained after 52 weeks (P < .001). 39.2% of pa-
tients were on statin therapy (atorvastatin 23.1%, pitavastatin
27.7%, rosuvastatin 35.4%, other statins 13.8%).51,52

Ongoing, the Pemafibrate to Reduce Cardiovascular
OutcoMes by Reducing Triglycerides IN patiENts with di-
abeTes (PROMINENT) trial will compare cardiovascular
outcomes of pemafibrate 0.2 mg twice daily to placebo in over
10 000 adults with T2DM, high cardiovascular risk, TG 200-
499 mg/dL, and on moderate to high intensity statin therapy at
baseline. Similar to REDUCE-IT and STRENGTH, patients
will be divided into 2 cohorts: (1) established systemic ath-
erosclerosis and (2) primary prevention (high risk defined as
age ≥ 50 years if male or ≥ 55 years if female). The primary
endpoint is the time to first occurrence of a composite of MI,
ischemic stroke, hospitalization for unstable angina requiring
unplanned coronary revascularization, and CV death.53,54

In Japan, pemafibrate was approved for the treatment of
hyperlipidemia under the brand name, Parmodia, in June 2017
at a starting dose of 0.1 mg twice daily to a maximum of
0.2 mg twice daily.3,55,56 Data submitted by the manufacturers
noted pemafibrate is a substrate of several cytochromes in-
cluding CYP2C8, CYP2C9, CYP3A4, and CYP3A7, and co-
administration with cyclosporine or rifampicin is contra-
indicated. Caution should be used when administered with
CYP3A4 inhibitors (e.g., clarithromycin and ritonavir),
CYP3A4 inducers (e.g., anticonvulsants, St John’s Wort),
cholestyramine, and clopidogrel.56

Overall, pemafibrate may be a promising agent for the
management of hypertriglyceridemia and cardiovascular risk
reduction after achievement of LDL-C goals. Results of the
PROMINENT trial will guide considerations for future place
in therapy.

Apolipoprotein C-III (ApoC-III) mRNAAntisense Inhibitors. Apolipoprotein
C-III is a 79 amino acid glycoprotein synthesized primarily in
the liver and secondarily in the intestines. Through inhibition
of LPL activation, apoC-III inhibits lipolysis of TG-rich li-
poproteins.57 Additionally, apoC-III may have intrinsic ath-
erogenic effects including augmenting inflammatory mediator
production and enhancement of LDL-C accumulation in the
arterial wall.58 In a cross-sectional study of over 1400 patients
with T2DM without CVD, increased apoC-III levels were
associated with coronary artery calcification, a measure of
subclinical atherosclerosis.59 As such, novel antisense oli-
gonucleotides are being developed to inhibit production of
apoC-III with the goal of reducing cardiovascular risk.

Volanesorsen (formerly known as ISIS-APOCIIIRx and
ISIS-304801) is an antisense oligonucleotide inhibitor of apoC-
III mRNA. In the phase 3 APPROACH trial, volanesorsen was

studied in 66 patients with FCS. Volanesorsen 300 mg sub-
cutaneously weekly resulted in a 77% TG reduction compared
to an 18% increase in the placebo group at month 3 (P <
.001).60 However, in August 2018, the FDA rejected approval
for use in FCS due to concerns for serious bleeding and
thrombocytopenia.61 APPROACH noted 5 discontinuations
due to decline in platelet count. Seventy-six percent (25/33) of
patients who received volanesorsen had a confirmed nadir
platelet count below the normal level of 140 000/μL compared
to 24% (8/33) in the placebo group.60 In 2019, the European
Medicines Agency granted conditional marketing authoriza-
tion for use in FCS under the brand name Waylivra.62 Within
the European product information, volanesorsen is contra-
indicated in patients with chronic or unexplained thrombo-
cytopenia and includes warnings for risk factors for
developing thrombocytopenia (e.g., body weight < 70 kg or
use of antiplatelets, non-steroidal anti-inflammatory drugs, or
anticoagulants).63

Safety and efficacy of volanesorsen was subsequently
evaluated in the COMPASS trial.64 In 113 patients with severe
hypertriglyceridemia, similar TG reductions were seen with
71% reduction from baseline in the volanesorsen group
compared to 0.9% reduction in the placebo group at month 3
(P < .0001). Trial results also noted decreased incidence of
acute pancreatitis as no events occurred in the volanesorsen
group while 5 events occurred in 3 patients in the placebo
group. The most common adverse events were related to
injection-site reactions (91% in the volanesorsen group and
13% in the placebo group) leading to 9 discontinuations in the
volanesorsen group.65

Due to the platelet reductions in APPROACH, a protocol
amendment was implemented for COMPASS in May 2016
where volanesorsen was adjusted from 300 mg weekly to
300 mg every 2 weeks after 13 weeks of treatment in all
patients except those who had completed at least 5 months of
treatment. During the trial, 5% (2/38) of the placebo group and
13% (10/75) of the volanesorsen group had thrombocytope-
nia. One patient in the volanesorsen group had a platelet count
of < 50,000/μL65 Mechanisms underlying the decline in
platelets remain unclear.60 The authors concluded that while
volanesorsen effectively reduced TG levels, its adverse effect
profile may preclude its use.65

Another agent targeting apoC-III, AKCEA-APOCIII-LRx,
is undergoing phase 2 trials.66 Addition of an N-acetyl ga-
lactosamine moiety is anticipated to have similar efficacy as
traditional antisense oligonucleotides but with decreased
adverse effects due to reduced systemic exposure with 20 to
30-fold lower doses.67 Safety, tolerability, pharmacokinetics,
and pharmacodynamics were evaluated for single and multiple
doses of AKCEA-APOCIII-LRx in a phase 1/2a study in
healthy volunteers.67,68 In the single dose cohorts (10, 30, 60,
90, or 120 mg), TG reductions ranged from 7.3 to 77.1%
14 days after dosing with the highest reduction with the
highest dose. In the multiple dose cohorts (15 or 30 mg weekly
for 6 weeks or 60 mg every 4 weeks for 3 months), TG
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reduction ranged from 59 to 73% 1 week after the last dose
with the highest reduction in the group receiving 30 mg
weekly. No deaths, serious adverse events, or treatment-
emergent adverse events leading to discontinuation of the
treatment were noted.67

Subsequently, a phase 2 trial in 114 patients with hyper-
triglyceridemia (TG 200-500 mg/dL) and established CVD or
high risk for CVD was completed in February 2020. The trial
evaluated the safety and efficacy of AKCEA-APOCIII-LRx at
various doses (10 mg weekly, 10 mg every 4 weeks, 15 mg
every 2 weeks, or 50 mg every 4 weeks).66 Preliminary results
noted a favorable safety profile with a statistically significant,
dose-dependent TG reduction compared to placebo at all
doses. The highest dose (50 mg every 4 weeks) resulted in a
62% TG reduction. Ninety-one percent of patients achieved
TG < 150 mg/dL.69 In December 2020, initiation of the phase
3 BALANCE trial was announced, which will randomize up
to 60 patients with FCS to receive AKCEA-APOCIII-LRx
subcutaneously every 4 weeks for a total of 53 weeks.70

BALANCE is estimated to be completed in June 2023.71

A third agent in development targeting apoC-III is ARO-
APOC3. A phase I trial evaluating safety, tolerability, phar-
macokinetics, and pharmacodynamics of single and multiple
doses of ARO-APOC3 in healthy adult volunteers, severe
hypertriglyceridemia, and FCS was completed in February
2021.72 Results presented at the 2020 AHA Scientific Sessions
noted a mean TG reduction from 74% to 92% and reductions
were maintained for more than 12 weeks after the second
dose.73 In March 2021, an investigational new drug appli-
cation (IND) was filed to initiate a phase 2b dose-finding study
in patients with severe hypertriglyceridemia with the primary
outcome of percent change from baseline TG at week 24.74,75

ANGPTL3 Antibodies. Angiopoietin-like protein 3 is a 460
amino acid polypeptide that regulates lipid levels by inhibiting
LPL and endothelial lipase (EL)-mediated hydrolysis of TG
and HDL-C. The N-terminal coiled-coil region affects TG
levels by inhibiting LPL, the C-terminal fibrinogen-like do-
main affects angiogenesis, and the linker region between the
N- and C-terminals functions as a cleavage site and has ac-
tivity for inhibition of LPL and EL.76 Evaluation of over
20 000 individuals from 9 case-control studies of the MI
Genetics Consortium noted that compared to non-carriers,
individuals who were heterozygous carriers of loss of function
mutations for ANGPTL3, demonstrated a 17% TG reduction
and 12% LDL-C reduction. This was associated with a 34%
reduction in the odds of coronary artery disease.77 The
prominent risk reduction and hypolipidemic profile imparts
potential for ANGPTL3 inactivation as a pharmacologic
target. Novel agents developed to inhibit ANGPTL3 include
evinacumab, vupanorsen, and ARO-ANG3.

Evinacumab is a fully human monoclonal antibody in-
hibitor of ANGPTL3 initially studied in homozygous familial
hypercholesterolemia (HoFH) in the EvinaCumab LIPid
StudiEs (ECLIPSE) trial.78 HoFH is an inherited autosomal

dominant disorder of a defect of either the LDL-C receptor or
proteins that regulate LDL-C receptor metabolism resulting in
an accumulation of LDL-C and increased cardiovascular
risk.79 ECLIPSE was a double-blind, phase 3 trial that ran-
domized 65 HoFH patients on stable lipid-lowering therapy to
either intravenous evinacumab 15 mg/kg every 4 weeks or
placebo for 24 weeks. Ninety-four percent of patients were
receiving statin therapy at baseline with 77% on a high-
intensity statin. The primary outcome of percent change in
LDL-C from baseline at week 24 was �47.1% in the evi-
nacumab group compared to +1.9% in the placebo group (P <
.001). Adverse events were similar between groups; naso-
pharyngitis, influenza-like illness, dizziness, rhinorrhea, and
nausea were more prevalent in the evinacumab group.78 In
February 2021, the FDA approved evinacumab (Evkeeza) as
an adjunct to other LDL-C lowering therapies to treat HoFH in
patients at least 12 years of age.80 Other outcomes from
ECLIPSE included a 55% TG reduction from baseline with
evinacumab compared to a 4.6% reduction with placebo.78

This large TG reduction may indicate potential use for patients
with hypertriglyceridemia. In July 2020, evinacumab com-
pleted a phase 2 trial in 52 patients with severe hyper-
triglyceridemia. The primary endpoint was the percent change
in TG from baseline to week 12.81 Results from this phase 2
trial have not been released but will likely determine if a phase
3 trial will be conducted.

Another agent that targets ANGPTL3, vupanorsen (for-
merly known as IONIS-ANGPTL3-LRx), is an N-acetyl
galactosamine-conjugated antisense oligonucleotide. A
phase 1 trial in 44 healthy adults noted a 33.2-63.1% TG
reduction after 6 weeks of subcutaneous vupanorsen (10, 20,
40, or 60 mg per week) with no serious adverse events.82 A
dose-ranging phase 2a trial evaluated the effect of vupanorsen
on glucose, lipid metabolism, and liver fat in 105 participants
with hypertriglyceridemia (TG > 150 mg/dL), T2DM (HbA1c
6.5-10%), and NAFLD.83 The primary outcome of percent
change from baseline TG at month 6 was statistically sig-
nificant with 36%, 53%, and 47% reduction in vupanorsen
40 mg every 4 weeks, 80 mg every 4 weeks, and 20mgweekly
(P = .03, < .0001, .009), respectively, compared to 16% re-
duction in the placebo group. The most common side effects
were mild injection site reactions.84 Limitations to this trial
include its small size and that only half of the population was
receiving statin therapy at baseline.

Results from the phase 2a trial spurred the phase 2b TaR-
getingANGPTL3 with an aNtiSense oLigonucleotide inAdulTs
with dyslipidEmia (TRANSLATE-TIMI 70) trial, estimated to
enroll 260 participants with completion in January 2022.
TRANSLATE-TIMI 70 will evaluate vupanorsen at 80, 120,
160 mg every 4 weeks and 60, 80, 120, 160 mg every 2 weeks in
patients with a fasting non-HDL cholesterol ≥ 100 mg/dL, TG
150-500 mg/dL, and on a stable dose of a statin. The primary
outcome is the percent change from baseline in non-HDL
cholesterol at week 24, and secondary outcomes include per-
centage change from baseline in LDL-C and TG.85
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A third agent targeting ANGPTL3 is ARO-ANG3, an
investigational double-stranded, hepatocyte-targeted RNA
interference trigger designed to inhibit ANGPTL3 mRNA
expression.86 ARO-ANG3 completed a phase 1 trial in July
2020, which evaluated safety, tolerability, pharmacokinetics,
and pharmacodynamics of single and multiple doses of
subcutaneous ARO-ANG3 in 52 healthy adults and dyslipi-
demic patients, including those with familial hypercholes-
terolemia and severe hypertriglyceridemia.87 Results
presented at the 2020 AHA Scientific Sessions noted that in
patients with TG > 300 mg/dL at screening, ARO-ANG3
produced a 75% mean TG reduction that was sustained for at
least 12 weeks after the second dose.86 In January 2021, the
manufacturer announced submission of an IND to the FDA to
initiate a phase 2b dose-finding study in patients with mixed
dyslipidemia.88

Herbals. Xuezhitong (XZT) is a traditional Chinese medicine
that includes Allium macrostemon Bunge, also known as Xie
Bai, a plant widely used to treat CVD in China.89,90 Its an-
tilipidemic mechanism of action is unknown but may be re-
lated to reverse cholesterol transport. Through this
mechanism, the body eliminates excess cholesterol from non-
hepatic peripheral tissues by transporting it to the liver for
redistribution or removal through excretion into bile by the
gallbladder.89,91 HDL-C is the main lipoprotein involved in
reverse cholesterol transport. In a study evaluating XZT ef-
fects in mice models fed high fat diets to mimic patients with
atherosclerotic disease, XZT was noted to activate reverse
cholesterol transport, increase HDL-C, and decrease LDL-C,
TG, and total cholesterol.89

Subsequently, a double-blind, randomized trial conducted
at 17 sites in China evaluated the effect of XZT in 358 adults
with hypertriglyceridemia (TG 2.3-4.9 mmol/L, approxi-
mately 203-433 mg/dL). Patients received XZT 2700 mg/day,
xuezhikang (XZK) 1200 mg/day, or placebo.90 XZK is a lipid-
lowering drug extracted from fermented yeast rice, contains
lovastatin, and may lower LDL-C similarly to low-intensity
statins (around 24-27%).90,92 The primary endpoint of percent
TG reduction over 12 weeks was statistically significant with a
30.7% reduction in the XZT group compared to 24% and
11.6% in the XZK and placebo groups, respectively. The
authors noted similar tolerability profiles between the 3 groups
with gastrointestinal side effects (dyspepsia, diarrhea, and
abdominal discomfort) most commonly seen.90 Although the
results are promising, a longer study duration is needed to
determine safety and results may be biased by the exclusion of
patients with severe hypertriglyceridemia. Additionally, the
trial did not evaluate cardiovascular risk reduction nor efficacy
of XZT as an add-on to baseline statin therapy.

Conclusion

Currently, icosapent ethyl is the only FDA approved
medication for cardiovascular risk reduction in patients with

hypertriglyceridemia. However, generalizability of the re-
sults from REDUCE-IT are limited by the patient charac-
teristics of the population studied. Results from phase 3
trials for CaPre (TRILOGY 1 and 2), pemafibrate
(PROMINENT), and volanesorsen (COMPASS) as well as
additional evidence from pipeline pharmacotherapies with
novel mechanisms of actions (ApoC-III mRNA antisense
inhibitors and ANGPTL3 antibodies) will help to guide
future pharmacotherapy considerations for patients with
hypertriglyceridemia.
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