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Abstract
Background: Patients with severe hypertriglyceridaemia (sHTG) are often re-
fractory to lipid- lowering therapy. Apolipoprotein (Apo) CIII inhibition could 
be promising to treat subjects with sHTG. The antisense oligonucleotide against 
APOC3 mRNA volanesorsen was recently introduced to treat sHTG. We per-
formed a systematic review and meta- analysis of RCTs on the efficacy and safety 
of volanesorsen as compared to placebo treatment in patients with severe HTG.
Methods: Studies were systematically searched in the PubMed, Web of Science 
and Scopus databases according to PRISMA guidelines. The last search was per-
formed on 7 February 2022.
Results: Four studies showed significant reduction in TG after 3  months of 
treatment with volanesorsen as compared with placebo (MD: −73.9%; 95%CI: 
−93.5%, −54.2; p < .001 I2  = 89.05%; p < .001); VLDL- C level (MD: −71.0%; 
95%CI: −76.6%, −65.4%; p < .001 I2  = 94.1%; p < .001); Apo- B48 level (MD: 
−69.03%; 95%CI: −98.59.4%, −39.47%; p < .001, I2  = 93.51%; p < .001) and Apo- 
CIII level (MD: −80.0%; 95%CI: −97.5%, −62.5; p < .001 I2 = 94.1%; p < .001) with 
an increase in HDL- C level (MD: +45.92%, 95%CI: +37.24%, +54.60%; p < .001 
I2 = 94.34%; p < .001) and in LDL- C level (MD: +68.6%, 95%CI: +7.0%, +130.1%; 
p < .001 I2 = 96.18%; p < .001) without a significant elevation of Apo- B100 level 
(MD: +4.58%, 95%CI: −5.64%, +14.79%; p = .380 I2 = 95.09%; p < .001) in 139 vol-
anesorsen patients as compared to 100 placebo- treated controls. Most of adverse 
events were mild and related to local injection site reactions.
Conclusions: In patients with severe HTG, volanesorsen is associated with a 
significant reduction in TG, VLDL- C, Apo- B48 and non- HDL- C and increment 
of HDL- C as compared to placebo. Documented efficacy is accompanied by an 
acceptable safety profile.
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1  |  INTRODUCTION

Hypertriglyceridaemia (HTG) is a subset of dyslipidaemia 
characterized by elevated plasma triglyceride (TG) levels,1 
due to hereditary disorders (familial chylomicronaemia 
syndrome, familial combined hyperlipidaemia and famil-
ial HTG) and several pathologic settings (diabetes, meta-
bolic syndrome, insulin resistance, thyroid disorders).2,3

Plasma TG concentration is a biomarker of circulat-
ing TG- rich lipoproteins (TRL) [chylomicrons and very 
low- density lipoprotein (VLDL)] and their metabolic rem-
nants.4 TRL are known to have a pathogenic role in the 
development of acute pancreatitis (chylomicrons)5,6 and 
of cardiovascular (CV) disease (VLDL and remnants).7

Apolipoprotein (Apo) CIII is a glycoprotein (consisting 
of 79 amino acids) mainly synthesized in the liver and, to 
a lesser extent, in the bowel. In normolipidemic subjects, 
Apo- CIII is mainly bound to HDL,8 whereas in HTG sub-
jects, the most part of Apo- CIII is bound to TRLs. Probably, 
Apo- CIII may regulate TG exchange between HDL and 
TRLs, with a mechanism that is still unknown.9,10 In ad-
dition, Apo- CIII is an inhibitor of lipoprotein lipase (LPL) 
and is able to prevent TRL remnant uptake by hepatic li-
poprotein receptors.11 This demonstrates that Apo- CIII is 
involved in different steps of TG metabolisms.

Data from Mendelian randomization studies showed 
that loss- of- function mutations in the gene encoding Apo- 
CIII (APOC3) are associated with low triglyceride level 
and a decreased CV risk. On the contrary, overexpression 
of APOC3 is associated with HTG.12,13 Furthermore, data 
from epidemiological studies evidenced the association 
of Apo- CIII with CV risk, particularly in patients with 
diabetes.10,14,15,16,17

Although available lipid- lowing therapies (fibrates, 
statins and omega- 3 fatty acids) decrease triglyceride 
level,10,14 a not negligible part of HTG subjects does not 
achieve therapeutic goals, mostly in FCS subjects.18 Then, 
targeting Apo- CIII could be promising to treat refractory 
HTG and to prevent acute pancreatitis (AP) in FCS subjects.

The antisense oligonucleotide (ASO) against APOC3 
mRNA volanesorsen (previously called ISIS 304801, ISIS- 
ApoCIIIRx and IONIS- ApoCIIIRx) was recently intro-
duced to treat sHTG.19,20

The aim of the present study is to perform a systematic 
review and meta- analyses of randomized controlled stud-
ies to assess the safety and efficacy of volanesorsen 300 mg 
in sHTG patients.

2  |  METHODS

A protocol for this review was prospectively developed, 
detailing the specific objectives, the criteria for study 

selection, the approach to assess study quality, the out-
comes and the statistical methods.

2.1 | Search strategy

To identify all available studies, a detailed search pertain-
ing safety and efficacy of volanesorsen in patients with 
HTG was conducted according to PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta- 
Analyses) guidelines.21 A systematic search was performed 
in the electronic databases (PubMed, Web of Science, 
Scopus, EMBASE), using the following search terms in 
all possible combinations: volanesorsen, ISIS 304801, ISIS- 
ApoCIIIRx, IONIS- ApoCIIIRx, triglycerides, apolipoprotein 
CIII, very low- density lipoprotein, chylomicron, hypertri-
glyceridaemia, familial chylomicronaemia syndrome, an-
tisense oligonucleotide, ASO, anti- APOC3 mRNA. The last 
search was performed on 7 February 2022. The search 
strategy was developed without any language or publica-
tion year restriction.

In addition, the reference lists of all retrieved arti-
cles were manually reviewed. Two independent authors 
(IC and RL) analysed each article and performed the 
data extraction independently. In case of disagree-
ment, a third investigator was consulted (MNDDM). 
Discrepancies were solved by consensus. Selection re-
sults showed a high inter- reader agreement (κ = 1.000) 
and have been reported according to PRISMA flow 
chart (Figure S1).

2.1.1 | Data extraction and 
quality assessment

According to the pre- specified protocol, all Phase 2– 
Phase 3 randomized controlled trial studies evaluating 
the efficacy or safety of volanesorsen in patients with 
HTG were included. Only studies including data on vol-
anesorsen 300 mg were included, considering that other 
dosages included in some registrative trials will not be 
licensed for the use in clinical practice. Non- randomized 
controlled trials, case- reports, case- series, reviews and 
animal studies were excluded. We included in the analy-
sis, all studies providing values (means with standard 
deviation or standard error) of TG or Apo- CIII or low- 
density lipoprotein cholesterol (LDL- C) or high- density 
lipoprotein cholesterol (HDL- C) or very- low- density 
lipoprotein cholesterol (VLDL- C) or apolipoprotein B 
(Apo- B) or apolipoprotein B48 (Apo- B48) or non- HDL- C 
or rate of side effects (any adverse events, serious adverse 
events probably related to drug administration, injection 
site reaction, muscle- related adverse events, reduction 
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in platelet count) in patients receiving volanesorsen or 
placebo treatment. In each study, data regarding sample 
size, major clinical and demographic variables, values of 
changes in TG, Apo- CIII, TC, LDL- C, HDL- C, VLDL- C, 
non- HDL- C, TG, Apo- B100 and Apo- B48 and side effects 
were extracted.

As primary efficacy outcome, we evaluated percent 
mean change in TG at 3 months and the incidence of AP 
in subjects receiving volanesorsen and in the placebo- 
treated control group. As secondary efficacy outcomes, 
we evaluated changes in Apo- CIII, TC, LDL- C, HDL- 
C, VLDL- C, non- HDL- C, TG, Apo- B and Apo- B48 at 
3  months (12 weeks) in subjects receiving volanesorsen 
and in the control group.

As safety outcomes, we evaluated the incidence of any 
adverse event, severe adverse events potentially related 
to drug administration, injection site reaction, muscle- 
related side effects and reduction in platelet count, in sub-
jects receiving volanesorsen and in the control treatment 
group.

Given the characteristics of the included studies, the 
evaluation of methodological quality of each study was 
performed with the Cochrane risk of bias assessment 
tool21 and results are reported in Figure S2.

2.1.2 | Statistical analysis and risk of 
bias assessment

Statistical analysis was carried out using Comprehensive 
Meta- analysis (Version 3, Biostat, Englewood NJ). 
Changes in TG, Apo- CIII, TC, LDL- C, HDL- C, VLDL- C, 
non- HDL- C, TG, Apo- B and Apo- B48 have been ex-
pressed as % change from baseline values in patients with 
volanesorsen as compared to control treatment group and 
differences amongst cases and controls were expressed as 
mean difference (MD) with pertinent 95% confidence in-
tervals (95%CI). The impact of volanesorsen treatment on 
the incidence of AP was expressed as risk ratio (RR) with 
pertinent 95%CI.

The overall effect was tested using Z scores and signif-
icance was set at p < .05. Statistical heterogeneity between 
studies was assessed with chi- square Cochran's Q test and 
with I2 statistic, which measures the inconsistency across 
study results and describes the proportion of total varia-
tion in study estimates that is due to heterogeneity rather 
than sampling error. In detail, I2 values of 0% indicate no 
heterogeneity, 25% low, 25%– 50% moderate and 50% high 
heterogeneity.23

Publication bias was assessed by Egger's test and repre-
sented graphically by funnel plots of the standard differ-
ence in means versus the standard error. Visual inspection 
of funnel plot asymmetry was performed to address for 

possible small- study effect, as well as Egger's test to ad-
dress publication bias, over and above any subjective eval-
uation. p < .10 was considered statistically significant.24 To 
be as conservative as possible, the random- effect method 
was used to consider the heterogeneity amongst included 
studies.

2.1.3 | Meta- regression analyses

We hypothesized that differences amongst included stud-
ies may be affected by demographic variables (mean age, 
male gender) and clinical data (body mass index (BMI), % 
in Apo- CIII level reduction, % of LDL- C level changes, % 
of HDL- C level changes, statin use and % of mutation in 
LPL gene. To assess the possible effect of such variables 
in explaining different results observed across studies, we 
planned to perform meta- regression analyses after im-
plementing regression models with changes in TG as de-
pendent variable (y) and the above- mentioned covariates 
as independent variables (x).

3  |  RESULTS

After excluding duplicate results, the search retrieved 49 
articles. Of these studies, 41 were excluded because they 
were off the topic after scanning the title and/or the ab-
stract, because they were reviews/comments/case- reports, 
or they lacked data of interest. Four were excluded after 
full- length paper evaluation because of reporting on over-
lap population (n = 3), including healthy volunteers in the 
frame of a phase 1 RCT (n = 1) (Figure S1).

Overall, four studies3,25,26,27 enrolling 139 patients re-
ceiving volanesorsen and 100 placebo- treated controls 
were included in the final analysis. One study included 
patients with clinical diagnosis of FCS, based on phe-
notype and LPL activity level, with history of recurrent 
pancreatitis receiving stable doses of maximally tolerated 
lipid- lowering therapies (fibrates, polyunsaturated fatty 
acids, statins).25

A total of three studies included patients with 
HTG,3,26,27 with one of them specifically including sub-
jects with type 2 diabetes,26 and one also including seven 
FCS subjects.27

Three studies used volanesorsen on top of maximal 
standard therapy. One study included one arm with 
monotherapy (volanesorsen alone) and one arm with 
volanesorsen as on top therapy.

Fasting TG level required for inclusion was ≥750 mg/dl 
for Witztum 2019 et al, from 350 mg/dl to 2000 mg/dl for 
Gaudet 2015 et al, from 200 mg/dl to 500 mg/dl for Digenio 
2016 et al. and >500 mg/dl for Gouni- Berthold et al.
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All the four studies were randomized controlled trials 
and major characteristics of the study populations are 
shown in Table 1.

3.1 | Efficacy and safety outcomes

The four studies included in the analysis3,25,26 showed a 
more significant reduction in TG after 3 months of treat-
ment with volanesorsen as compared with placebo (MD: 
−73.9%; 95%CI: −93.5%, −54.2; p < .001 I2  = 89.05%; 
p < .001, Figure 1).

TG reduction was accompanied by a significant re-
duction in VLDL- C level (MD: −71.0%; 95%CI: −76.6%, 
−65.4; p < .001 I2  = 94.1%; p < .001,); in Apo- B48 level 
(MD: −69.03%; 95%CI: −98.59.4%, −39.47%; p < .001, 
I2  = 93.51%; p < .001, Figure  1) and Apo- CIII level (MD: 
−80.0%; 95%CI: −97.5%, −62.5; p < .001 I2  = 94.1%; 
p < .001).

In parallel, we observed an increase in HDL- C level 
(MD: +45.92%, 95%CI: +37.24%, +54.60%; p < .001 
I2  = 94.34%; p < .001) and in LDL- C level (MD: +68.6%, 
95%CI: +7.0%, +130.1%; p < .001 I2  = 96.18%; p < .001) 
without a significant elevation of Apo- B100 level (MD: 
+4.58%, 95%CI: −5.64%, +14.79%; p  =  .380 I2  = 95.09%; 
p = .380) and in volanesorsen patients as compared to pla-
cebo group.

Two studies reported data on the incidence of AP.25,27 
No difference was found in the history of AP events in 
the volanesorsen group (n  =  108) of treatment versus 
placebo (n = 71) (RR: 0.873; 95%CI: 0.680, 1.120; Z- value 
−1.068; p = .286). We found a significant reduction in AP 
incidence during study observation (RR: 0.102; 95%CI: 
0.013, 0.814; Z- value −2.154; p = .031) in the volanesorsen- 
treated group versus placebo.

Meta- regression models showed a direct association 
between % reduction in Apo- CIII level and TG % reduc-
tion (Z- value 2.93; p  =  .003) (Figure  2). Higher age was 
associated with a less significant reduction in TG (Z- value 
5.97; p < .001). A higher % TG reduction was associated 
with LDL % augmentation (Z- value 5.88; p < .001) No im-
pact of male gender, LPL mutation status, % change of 
HDL and statin use was observed on % reduction of TG 
(Figure 3, Table 2).

Visual inspection of funnel plots suggested the absence 
of publication bias and of small- study effect for all efficacy 
outcomes considered (Figure S3), confirmed by Egger's 
test (p always >.10).

In the four studies included,3,25,26,27 the most fre-
quent adverse events (AEs) were local injection site re-
actions, which were mostly mild. Overall, injection site 
reactions occurred in 14% (95%CI: 12.8, 15.9) of all drug 
administrations.T
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Moreover, treatment with volanesorsen was as-
sociated with a higher rate of nausea (OR: 6.04; 
95%CI:1.23– 29.7) and platelet count decreased (OR: 
12.7; 95%CI 1.56, 103.9) as compared to placebo treat-
ment. No difference was found in the incidence of the 
other AEs between volanesorsen- treated subjects and 
controls (Table S1).

4  |  DISCUSSION

In the present meta- analysis on Phase 2 and Phase 3 RCTs, 
we evaluated the efficacy and safety of volanesorsen in 

patients with HTG. The only previous meta- analysis avail-
able on this topic included two Phase 2 and one Phase 3 
studies on volanesorsen given at heterogeneous dosages, 
often other than 300 mg.28 Comparing different dose could 
lead to inconsistent results because in a study designed 
for dose finding, some of the included dosage could be 
ineffective. Moreover, the authors did not perform meta- 
regression analyses to assess the possible effect of such 
variables in explaining different results observed across 
studies. Overall, consistently with our results, they found 
a significant reduction in TG, ApoCIII, VLDL- C, ApoB48 
and an augmentation in HDL- C. They also found a trend 
in LDL- C augmentation (p = .057).

F I G U R E  1  Changes in triglycerides 
(TG) and apolipoprotein B48 (Apo- B48) 
after 3 months of treatment with 
volanesorsen as compared to the control 
treatment group. TG, triglycerides; Apo 
B48, apolipoprotein B48

F I G U R E  2  Meta- regression analyses. 
Correlation between Apo- CIII mean % 
reduction and TG mean % reduction. TG, 
triglycerides; Apo- CIII, apolipoprotein 
CIII
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Data from four RCTs included in our analysis showed 
a ≈ 74% mean reduction in TG in subjects receiving volane-
sorsen as compared to placebo- treated controls, accompa-
nied by a significant reduction of ≈ 71% in VLDL- C. In 
parallel, we observed a ≈ 46% increase in HDL- C level and 
a reduction of ≈ 69% in Apo- B48 level.

Interestingly, the results of our analysis showed 
a marked reduction in TG associated with a docu-
mented inhibition of Apo- CIII, in a sHTG popula-
tion, also including FCS subjects, typically refractory 
to classical lipid- lowering therapy. Indeed, we showed 

that reduction in TG was directly associated with Apo- 
CIII inhibition, thus leading to the promotion of LPL- 
dependent TG clearance pathway. Although Apo- CIII is 
known as a direct inhibitor of LPL, the proven efficacy of 
volanesorsen also in patients with deep LPL impairment 
suggests the involvement of other LPL- independent 
pathways.20

Further confirming the role of Apo- CIII inhibition 
with volanesorsen in improving metabolism of TRLs, we 
found a significant reduction in VLDL- C and Apo- B48 
levels. In particular, Apo- B48 indirectly reflects level of 

F I G U R E  3  Meta- regression analyses. Impact of age and body mass index on difference in triglycerides (TG) between patients receiving 
volanesorsen and placebo- treated controls. TG, triglycerides; LDL- C, low- density lipoprotein cholesterol; Apo- CIII, apolipoprotein CIII; LPL, 
lipoprotein lipase gene; BMI, body mass index

T A B L E  2  Meta- regression analyses

Age Male BMI
Statin 
use

LPL mutation 
status

Apo- CIII % 
changes

LDL- C % 
changes

HDL- C % 
changes

TG Z value 5.97 −0.30 5.92 1.01 −1.66 2.93 5.88 1.05

p value <.001 .768 <.001 .313 .098 .003 <.001 .295

Notes: Impact of age, male gender, body mass index (BMI), statin use, LPL gene mutation status, % changes in apolipoprotein CIII (Apo- CIII), % changes in 
low- density lipoprotein cholesterol (LDL- C) and % changes in high- density lipoprotein cholesterol (HDL- C) on the difference in % changes of TG between 
patients receiving volanesorsen acid and control treatment group.
Abbreviations: Apo- CIII, apolipoprotein CIII; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; LPL, lipoprotein lipase 
gene; TG, triglycerides.
Bold Values are to highlight the statistical significant p values.
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plasma chylomicrons. In FCS subject reduction of plasma 
chylomicrons level represents an important achievement 
that may lead to reduction in acute pancreatitis episodes. 
To support this hypothesis.

We evaluated the incidence of AP, and we found 
a ≈ 10- fold reduction in risk of AP incidence in patients 
treated with volanesorsen compared with placebo. 
Interestingly, there was no difference in history of AP 
between the volanesorsen- treated group and control 
group. In the two studies reporting this outcome, no 
episodes of AP were found in volanesorsen- treated pa-
tients. Decrease in pancreatitis incidence and related 
pancreatic pain leads to a reduction of disease burden 
in FCS subjects. This is documented by ReFOCUS study 
demonstrating that, in 22 FCS subjects, treatment with 
volanesorsen had a positive impact on patients' quality 
of life and improvement in patients' activities of daily 
living across all domains assessed.29 To the best of our 
knowledge, a paediatric investigation plane of volane-
sorsen is running out and some studies are planned for 
child and adolescent with FCS open- label trial to eval-
uate pharmacokinetics (PK), pharmacodynamics (PD) 
and safety of volanesorsen in children from 2 years to 
less than 18 years of age with FCS. Volanesorsen could 
represent a promising therapeutic option also for child 
with severe pancreatitis to prevent acute pancreatitis 
and chronic pain reducing the development of chronic 
consequences.

Furthermore, we observed that reduction in TG and 
related lipoproteins and apo, is accompanied to a con-
comitant increase in HDL level. This finding also supports 
the efficacy of Apo- CIII inhibition in TG metabolism im-
provement and it can be interpreted as an epiphenome-
non of a metabolic switch characterized by a reduction of 
TRLs level.30

A further important aspect to consider is the potential 
effect of Apo- CIII inhibition on CV risk reduction. Indeed, 
Apo- CIII is involved in multiple steps of atherogenic pro-
cess, regulating monocyte adhesion to endothelial cells 
(EC) and smooth muscle cell proliferation, enhancing 
oxidative stress, interacting with LDL and influencing 
the relative degrees of atherogenicity of these particles.31 
Supporting this hypothesis, a recent in vitro and in vivo 
study showed that statin therapy- induced Apo- CIII level 
reduction can decrease vascular adhesiveness by down-
regulation of VCAM- 1 in human saphenous vein ECs or 
human coronary artery ECs. This study is an important 
demonstration of potential therapeutic Apo- CIII- induced 
suppression of vascular inflammation.32

Moreover, reduction of TRLs remnants is another as-
pect to consider. TRLs remnants are known to be able to 
pass arterial wall and to be uptaken by macrophages, gen-
erating foam cells and, thus, triggering the atherogenic 

process.31,33,34,35 According to this, we found a significant 
reduction in Apo- B48 that also reflects the level of TRL 
remnants. This is an important finding, especially in pa-
tients with sHTG associated with diabetes and metabolic 
syndrome.

On the other hand, we have found a modest increment 
in LDL- C but not in Apo- B100. These results could be 
considered as an epiphenomenon of activation of LPL- 
independent pathway of TG metabolism in FCS subjects. 
From a pathophysiological point of view, in subjects with 
severe impairment of LPL function, removal of TRLs oc-
curs through an LPL- independent pathway mainly due to 
uptake of TRLs by the liver.20,35 Thus, Apo- CIII inhibition 
could enhance the liver's ability to clearance TRLs from 
the plasma improving attachment of Apo- B and Apo- E 
to hepatic receptors, thus reducing TG also in absence of 
LPL activity. This might lead to an increase in the circula-
tion of LDL particles.30

Another important aspect to consider is that LDL 
particle size was not evaluated in the included studies. 
Evaluating LDL size could be useful to potentially distin-
guish between large LDL of de novo synthesis and small 
dense LDL that have a greater atherogenic effect.37- 39

However, the complete underlying mechanism is still 
largely unclear and further studies are needed to defi-
nitely address this issue.

As to safety data, we found from the available data that 
injection site reactions were the most frequently reported 
adverse event. In two of the included studies,25,27 cases 
of decreased platelet count are reported. The underlying 
mechanisms of this side effect are still unknown and fur-
ther studies are needed to address this issue. However, 
available data suggest that volanesorsen is quite well tol-
erated and cases of thrombocytopenia were found to be 
dose related and reversible. Based on this, volanesorsen 
received approval by the food drug administration (FDA) 
for FCS subjects' treatment.40

Some potential limitations of our study need to be dis-
cussed. Studies included in our meta- analysis have differ-
ent inclusion and exclusion criteria and subjects enrolled 
in the studies included in our meta- analysis have different 
disease settings.

Small number of included studies and the respective 
exiguous sample could represent a limitation of the pres-
ent meta- analysis. However, FCS is a rare disease with a 
prevalence of ≈ 1:1,000,000 and sHTG refractory to stan-
dard therapy is not a common condition.2

However, since meta- analysis is performed on aggre-
gate data and some missing information is present in 
each study, the meta- regression approach allowed for the 
adjustment for some, but not all, potential confounders. 
Thus, ad hoc designed studies are needed to confirm in 
real- word settings safety and efficacy of volanesorsen.
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In conclusion, whilst waiting for results of the ongoing 
trial evaluating the impact of volanesorsen treatment on 
HTG clinical outcomes and complications, (APPROACH 
open- label extension (NCT02658175), Volanesorsen Early 
Access Program for Patients With FCS (NCT03544060) 
BROADEN study (NCT02527343) conducted in patient 
with familial partial lipodystrophy, results of the present 
meta- analysis of RCTs suggest that volanesorsen is an 
effective lipid- lowering agent for hypertriglyceridaemic 
subjects management and a good treatment alternative 
both for patients with FCS and for those with severe hy-
pertriglyceridaemia due to non- monogenic causes.
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