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Abstract
Background: Familial partial lipodystrophy (FPLD) is a rare disease characterized by selective loss of
peripheral subcutaneous fat associated with dyslipidemia and diabetes mellitus. Reductions in
circulating levels of ANGPTL3 are associated with lower triglyceride and other atherogenic lipids, making
it an attractive target for treatment of FPLD patients. This proof-of-concept study was conducted to
assess the e�cacy and safety of targeting ANGPTL3 with vupanorsen in patients with FPLD.

Methods: This was an open-label study. Four patients with FPLD (two with pathogenic variants in LMNA
gene, and two with no causative genetic variant), diabetes (HbA1c≥7.0% and ≤12%),
hypertriglyceridemia (≥500 mg/dL), and hepatic steatosis (hepatic fat fraction, HFF≥6.4%) were
included. Patients received vupanorsen subcutaneously at a dose of 20 mg weekly for 26 weeks. The
primary endpoint was the percent change from baseline in fasting triglycerides at Week 27. Other
endpoints analyzed at the same time point included changes in ANGPTL3, fasting lipids and lipoproteins,
insulin secretion/sensitivity, postprandial lipid and glycemic changes in response to a mixed meal test,
HFF measured by MRI, and body composition measured by dual energy absorptiometry (DEXA). 

Results: Baseline mean ± SD fasting triglyceride level was 9.24 ± 4.9 mmol/L (817.8 ± 431.9 mg/dL).
Treatment resulted in reduction in fasting levels of triglyceride by 59.9%, ANGPTL3 by 54.7%, and in
several other lipoproteins/lipids including very low- density lipoprotein cholesterol by 53.5%, non-high-
density lipoprotein cholesterol by 20.9%, and free fatty acids (FFA) by 41.7%. The area under the curve for
postprandial triglycerides, FFA, and glucose were reduced by 60%, 32%, and 14%, respectively. Treatment
with vupanorsen also resulted in 55% reduction in adipose tissue insulin resistance index, while other
insulin sensitivity indices and HbA1c levels were not changed. Additional investigations in HFF and in
DEXA parameters suggested dynamic changes in fat partitioning during treatment. Adverse events
observed were related to common serious complications associated with diabetes and FPLD, vupanorsen
was well tolerated, and there was no effect on platelet count.

Conclusions: Although limited, these results suggest that targeting ANGPTL3 with vupanorsen could
address several metabolic abnormalities in patients with FPLD.

Clinical Trial: NCT03514420

Background
Familial partial lipodystrophy (FPLD) is a rare disease characterized by selective loss of peripheral
subcutaneous adipose tissue and redistribution, usually affecting the trunk and limbs, but preservation in
other areas such as the face and neck [1]. It is usually associated with metabolic complications, including
severe hypertriglyceridemia, hepatic steatosis, insulin resistance, diabetes mellitus and relatively low
leptin levels [2]. Currently, there are no approved speci�c therapies for this disease in the US [3, 4]. The
disease is heterogeneous both in presentation and etiology. There are numerous genes that cause the
phenotype as well as polygenic forms. One can view FPLD as an extreme form of metabolic syndrome
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and Type 2 diabetes (T2DM) associated with truncal obesity, but the residual fat is likely highly
dysfunctional and has more abnormalities due to the inherent genetic defects. In addition, patients
present with a wide array of multi-system abnormalities and carry a high disease burden [5]. Accumulated
evidence also suggests that this high disease burden may be associated with increased early mortality
predominantly due to cardiovascular causes [6].

Angiopoietin-like protein 3 (ANGPTL3) is a glycoprotein secreted by the liver that inhibits lipoprotein
lipase and endothelial lipase activity, two key enzymes involved in the metabolism of triglyceride-rich
lipoproteins (TRLs) and high-density lipoprotein (HDL), respectively [7]. Individuals with homozygous
loss-of-function mutations in the ANGPTL3 gene present with phenotype of familial combined
hypolipidemia Type 2 (FHBL2), characterized by decreased plasma levels of triglycerides, low-density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C). In addition, they have a
reduced risk of coronary artery disease (CAD) [8, 9]. Other bene�cial metabolic effects that have been
observed include increased insulin sensitivity and reductions in circulating free fatty acid (FFA) levels
[10]. A similar hypolipidemic pro�le has been achieved by treatment with antisense oligonucleotides
(ASO) targeting ANGPTL3 mRNA in the liver [11] or a monoclonal antibody against ANGPTL3 [9].
Therefore, we hypothesized that the reduction of ANGPTL3 levels had the potential to reduce
hypertriglyceridemia and associated metabolic abnormalities in FPLD patients.

Vupanorsen is a second-generation N-acetyl galactosamine (GalNAc3)-conjugated ASO targeting hepatic
ANGPTL3 mRNA and represents a newer ASO technology approach. By having a high a�nity for the
hepatocyte-speci�c asialoglycoprotein receptor, vupanorsen provides therapeutic e�cacy similar to that
of parent unconjugated compound but with 20- fold lower dosing, thus reducing systemic exposure [11].

Given the lack of therapeutic options for patients with FPLD, we sought to determine whether vupanorsen
had the potential to address multiple metabolic abnormalities in this disease. Therefore, this proof-of-
concept study in patients with FPLD who displayed hypertriglyceridemia, diabetes mellitus and hepatic
steatosis was designed to evaluate the effect of vupanorsen on lipid metabolism, glucose control, insulin
resistance, and body fat distribution, including hepatic fat content. The study also assessed safety and
tolerability of vupanorsen in FPLD patients.

Methods

Study design and patient population
This proof-of-concept, phase 2, open-label study enrolled 4 patients, aged 18 years or above who had
clinical diagnosis of FPLD, elevated fasting plasma triglycerides (≥ 500 mg/dL or ≥ 5.7 mmol/L),
diabetes mellitus associated with lipodystrophy [Hemoglobin (Hb) A1c ≥ 7% and ≤ 12%], and hepatic
steatosis with mean hepatic fat fraction (HFF) ≥ 6.4% by magnetic resonance imagining (MRI).
Diagnosis of lipodystrophy was based on a de�ciency of subcutaneous body fat in a partial fashion
assessed by physical examination and low skinfold thickness in the anterior thigh by caliper
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measurement: men (≤ 10 mm) and women (≤ 22 mm). Patients were also required to have at least one
of the following: genetic diagnosis of FPLD, family history of FPLD or family history of abnormal and
similar fat distribution plus one minor criterion or (in the absence of FPLD-associated genetic variant or
family history) two minor criteria and body mass index (BMI) < 35 kg/m2. Minor criteria were de�ned as
follows: 1) requirement for high doses of insulin (≥ 200 U/day, ≥ 2 U/kg/day), or using U-500 insulin; 2)
presence of acanthosis nigricans on physical examination; 3) evidence or history of polycystic ovary
syndrome (PCOS) or PCOS-like symptoms (hirsutism, oligomenorrhea, and/or polycystic ovaries); 4)
history of pancreatitis associated with hypertriglyceridemia; 5) evidence of non-alcoholic fatty liver
disease. Patients treated with anti-diabetic (except of GLP-1 agonists), lipid lowering, or atypical
antipsychotic medications had to be on stable dose at least 3 months prior to screening. Exclusion
criteria included: generalized lipodystrophy or acquired partial lipodystrophy, use of metreleptin or anti-
obesity drugs within 3 months prior to screening, GLP-1 agonists or systemic corticosteroids or anabolic
steroids within 4 weeks prior to screening. Also excluded were patients with estimated glomerular
�ltration rate (eGFR) 60 mL/min/1.73 m2, alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) > 2×upper limit of normal (ULN), total bilirubin > ULN, alkaline phosphatase > 
1.5×ULN, and platelet count lower limit of normal (LLN).

After a screening period of approximately 6 weeks, which included a 4-week diet stabilization phase,
patients were treated with 20 mg of vupanorsen administered subcutaneously every week for 26 weeks,
and then followed for 13 additional weeks (post-treatment follow-up period).

The study was conducted at the University of Michigan. Written informed consent was obtained from all
participants. The protocol was approved by the Institutional Review Board of Michigan Medicine and
complied with the Declaration of Helsinki. The study was registered at ClinicalTrials.gov (NCT03514420).

Study endpoints
All e�cacy endpoints evaluated the change from baseline at Week 27 (one week after the last dose
of the vupanorsen). In addition, an intermediate evaluation of all endpoints was performed at Week
13.

The primary endpoint was the percent change in fasting triglyceride levels at Week 27. Secondary
endpoints included percent change and/or absolute change in: 1) ANGPTL3, and fasting lipids and
lipoproteins including very-low density lipoprotein cholesterol (VLDL)-C, total cholesterol (TC), non-
HDL-C, LDL-C, apolipoprotein (apo) C-III, apo B, apo B48 and FFA; 2) area under the curve (AUC) in
lipid and glycemic parameters including triglycerides, FFA, plasma glucose, serum insulin, and C-
peptide in response to a mixed meal test (MMT); 3) HbA1c and insulin resistance assessments
including homeostasis model assessment of insulin resistance (HOMA-IR), adipose tissue insulin
resistance (ADIPO-IR), insulin sensitivity index (ISI); 4) levels of adiponectin and leptin; 5) hepatic fat
fraction (HFF) as assessed by magnetic resonance imaging (MRI); and 6) body fat distribution
evaluated by dual-energy X-ray absorptiometry (DEXA).

Measurements
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All laboratory samples (blood and urine) were measured with commercially available assays at MedPace
Reference Laboratories (Cincinnati, OH). For measurement of lipid parameters, fasted blood samples
were collected. LDL-C levels were measured either by ultracentrifugation, or precipitation, and VLDL-C
levels were calculated either as TC- (LDL-C + HDL-C), or as triglycerides dived by 5, respectively. Except for
patient 01 who had baseline LDL-C measured by ultracentrifugation and all remaining timepoints by
precipitation, all other patients had the same method used for all timepoints. Platelet count
measurements were also performed at a local laboratory (Michigan Medicine Clinical Pathology
Laboratory).

For the MMT, patients were advised to consume a standardized meal the evening before the test (750
kcal; 20% of energy from protein, 30% from fat, and 50% from carbohydrate) and refrain from consuming
alcohol for 72 h. A cannula was inserted into a forearm vein, and after overnight fasting (minimum 8
hours) venous blood sample was taken between 8:00 AM and 10:00 AM. Then, patients consumed a
liquid load of Optifast (Optifast; Novartis, Minneapolis, MN; 474 ml, 320 kcal, 50% carbohydrate, 35%
protein, 15% fat) within a 15-min period. Additional blood samples were taken at 10, 20, 30, 60, 90, 120,
150, 180, 240 and 300 min after meal consumption.

Surrogate insulin resistance estimates (HOMA-IR [12] and Adipo-IR [13]) were calculated based on fasting
insulin, glucose and FFA concentrations, and ISI [14] was calculated from the blood glucose and insulin
levels in the fasting (0 min) and post-meal (120 min) conditions. Insulin resistance indices were
measured by utilizing the following equations:

Central imaging analysis of MRI data was performed at MedPace Imaging Clinical Laboratory. HFF MRI
analysis was performed using scanners with 1.5T or a 3T �eld strength and proton density fat fraction
(PDFF) acquisition software [15]. Whole-body composition, including fat and lean body masses was
evaluated by DEXA (GE Lunar Prodigy, model PA + 41744) [16].

Safety monitoring
In addition to standard safety monitoring, monitoring and stopping rules for platelet count, liver and renal
function were prespeci�ed in the protocol. The platelet count was monitored every 2 weeks and analyzed
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simultaneously by both central and local laboratories, while liver and renal function tests were monitored
every 2 weeks during the �rst 3 months of the treatment period and monthly thereafter. Per protocol, the
investigator could interrupt or permanently discontinue study treatment for any safety reason, including
clinically meaningful changes in any clinical laboratory results.

Statistical Analysis
For this small, single-arm proof of concept study, descriptive statistics were used to summarize the
observed and change from baseline data. The AUC of lipid and glycemic parameters in response to MMT
was calculated from the curves obtained from the values plotted over time using the linear trapezoidal
method.

Results

Patient Population
A total of 8 patients with FPLD were screened, and 4 patients were enrolled and treated with vupanorsen
for 26 weeks. The reasons for screen failure were: diagnosis of diabetes mellitus made less than 6
months from screening (2 patients), an estimated glomerular �ltration rate lower than 60
mL/min/1.73m2, and liver function tests > 2times ULN. All enrolled patients completed the study.

Demographic and baseline characteristics for each patient are presented in Table 1. The mean age was
42.2 ± 3.7 years (range: 38–47 years), and 3 patients were females. Genetic con�rmation of FPLD was
obtained from 2 patients, showing different LMNA gene mutations. All 4 patients had family history of
abnormal and similar fat distribution. Baseline laboratory values are presented in Table 2 and Table 4.
Baseline mean ± SD triglyceride level was 9.24 ± 4.9 mmol/L (817.8 ± 431.9 mg/dL), and, except for HDL-
C, all other mean baseline lipid and lipoprotein parameters were elevated. By protocol design, patients
also had elevated HbA1c (9.5 ± 1.3%), and HFF (19.7 ± 9.6%). Baseline leptin and adiponectin levels
(shown in Table 1) were within range expected from the underlying diagnoses of FPLD.

Change from baseline in fasting triglycerides, ANGPTL3, and other lipids and lipoproteins with treatment.

Treatment with vupanorsen resulted in lowering of serum ANGPTL3 by a mean of 54.7% (Table 2). This
result was accompanied by a mean reduction in levels of fasting triglycerides (by 59.9%), VLDL-C (by
53.5%), non-HDL-C (by 20.9%), apoC-III (by 50.9%), apoB48 (by 69.2%), and FFA (by 41.7%). Reductions in
these parameters were already observed at Week 13 in all patients (Fig. 1). LDL-C levels showed a small
increase, and no effect of vupanorsen was observed on apoB, and HDL-C (Table 2).

Effect of vupanorsen treatment on fasting plasma glucose, HbA1c, and insulin resistance indices.

Fasting plasma glucose (FPG) showed a decrease from baseline by 3.2 ± 0.7 mmol/L at Week 27 and
there was no signi�cant effect on HbA1c levels (Table 3). Treatment with vupanorsen reduced the
adipose tissue insulin resistance as measured by ADIPO-IR by 55% while HOMA-IR and ISI showed no
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change (Table 3, Fig. 2A). However, at baseline, the HOMA-IR values were inversely associated with serum
FFA (Fig. 2B). One participant (subject no 08) had a very unstable and di�cult to control diabetes,
requiring treatment with very high doses of U500 insulin, and was excluded from analyses of FPG and
insulin-level parameters.

Change in postprandial lipid and glucose metabolism as measured during the mixed meal test with
vupanorsen

At baseline, triglyceride levels did not rise post-meal; and in fact, they were slightly reduced in 3 out of 4
patients (Additional �le 1). Following treatment with vupanorsen, the MMT performed at Week 27 showed
decreases in AUC for postprandial triglyceride and FFA levels compared to baseline by 60% and 32%,
respectively (Table 4). The individual values of AUC for triglyceride levels (Fig. 3A) show a consistent
effect of vupanorsen observed in all patients with a progressive reduction in the AUCs with treatment over
time. Similar pattern was observed for FFA in 3 out of 4 patients (Fig. 3B). Reduction in mean post meal
triglyceride levels before and after vupanorsen is shown in Fig. 3C. Small decreases in mean AUCs for
glucose and C-peptide were observed, while insulin AUCs showed a trend toward an increase (Table 4,
Additional �le 1).

Changes in HFF, body fat distribution and fat cell hormones
The mean HFF displayed a speci�c pattern during vupanorsen treatment with an increase from baseline
of 19.7 ± 9.6% (mean ± SD) to 25.1 ± 8.7% (absolute increase from baseline by 5.4 ± 4.4%) at Week 13,
followed by a subsequent decrease to 18.5 ± 9.5% (absolute decrease from baseline by -1.1 ± 1.2%) at
Week 27. This trend was observed in all 4 treated patients (Fig. 4A).

There was no change at Week 27 in the amount of fat in the trunk or total body, however there was a
trend towards an increase in the extremity fat (Fig. 4B and C). The ratio of fat mass in the arms to total
body fat increased by 15.6 ± 18.8% while the ratio of the fat mass in the legs to total body fat also
showed a numeric increase by 6.2 ± 6.4%. Other body composition parameters remained unchanged
throughout the treatment period including body weight and BMI. No effect was observed on leptin or
adiponectin levels with treatment (Additional �le 2).

Safety and tolerability
The 4 patients reported a total of 90 adverse events (AEs) during the study, among them 70 AEs (77.8%)
were considered mild in severity, and 18 (20%) were considered as related to the drug with the majority
related to hepatic steatosis and liver enzyme increases (discussed below). Three patients experienced a
total of 8 serious adverse events (SAEs), all assessed as not related to the study drug and recovered.
These were: ventricular tachycardia and angina pectoris that occurred during and following elective
dobutamine stress test in a patient with a history of chest pain, palpitations, and family history of
premature coronary artery disease (CAD); acute pancreatitis in a patient with a history of pancreatitis:
atrial �utter, atrial �brillation with either troponin increase or pulmonary edema, respectively, and acute
coronary syndrome in a patient with diffuse 3 vessel CAD not amendable to revascularization. No patient
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discontinued treatment due to AE, 3 patients had short interruptions of the study drug either due to SAEs
(2 patients), or, in case of the �rst patient enrolled, due to AE of hepatic steatosis with transient elevation
of HFF that was an unexpected �nding at the time it was observed. Treatment was resumed after an
assessment by a hepatologist, and despite treatment continuation, HFF returned to baseline values.
Overall, transient increases in transaminases to > 2 and < 3 times ULN (or < 2 times baseline value in a
patient with elevated baseline) were observed in 3 patients early during the study with peak values at
Week 4–13 and return to normal values thereafter despite continuation of treatment. These increases in
transaminases seemed to accompany increases in HFF and were not associated with changes in bilirubin
or INR levels.

One patient reported mild injection site reaction (dryness), and there were no reports of �u-like reactions.
There was no effect of vupanorsen on platelet count (no platelet value below LLN), and no clinically
signi�cant changes in renal function tests.

Discussion
In this proof-of-concept study in patients with genetic or clinical diagnosis of FPLD, treatment with the
novel therapeutic vupanorsen targeting ANGPTL3, resulted in a robust reduction in fasting triglycerides
associated with a reduction in ANGPTL3, VLDL-C, non-HDL-C, and apo C-III levels. These effects were
similar to those reported for vupanorsen in patients with diabetes, hepatic steatosis and
hypertriglyceridemia [17]. Reductions in apoB48, postprandial triglyceride, fasting glucose, fasting and
postprandial FFA levels, and ADIPO-IR index were also observed. In addition, changes in HFF and DEXA
parameters suggested dynamic changes in fat partitioning.

Although initial presentation of FPLD is very heterogeneous, the diagnosis of FPLD can be established
with a careful clinical assessment of fat distribution through visual and physical examination [18]. In
addition, whole body DEXA has been utilized to accurately visualize and document the fat tissue
distribution pattern [19]. Genetic testing, when available, can con�rm the diagnosis of FPLD [20]. In our
study, two patients were classi�ed as FPLD2 by a genetic con�rmation of mutation on the LMNA gene,
while the other two patients were classi�ed as FPLD1, because no causative single genetic variants could
be identi�ed in known lipodystrophy genes. As expected, patients in the two subgroups presented with
different amounts of adiposity. FPLD1 patients had more fat mass than FPLD2, but all patients had
upper-body predominant truncal distribution with patients with FPLD1 having more abdominal adiposity.
Regardless of the etiology and the differing amount of residual fat mass, all patients in this study
presented with the triad of insulin resistance with clinical diabetes, signi�cant dyslipidemia, and fatty liver
[21], and uniformly responded to vupanorsen with lowering of triglyceride, and TRL levels, as well as
ADIPO-IR index.

Hypertriglyceridemia is an important metabolic problem in patients with FPLD. The causative mechanism
for the elevation of serum triglycerides in FPLD is still unknown, but it may be related to an increase in
energy intake, and ectopic lipid deposition particularly in the liver, leading to enhanced VLDL secretion
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[22, 23]. In addition, this condition can be viewed as an exaggerated form of metabolic syndrome as the
increase in upper and central depots are relatively more exaggerated when the lower extremity fat is
absent. We have recently published that metabolic burden of the patients with FPLD are equivalent to
those individuals who have BMI at least 7 to 10 points higher [24]. In addition, a recent paper from Brown
and colleagues demonstrates a markedly increased hepatic de novo lipogenesis [25].
Hypertriglyceridemia may contribute to a high prevalence of cardiac disease among patients with FPLD
[26] and reports of early cardiac mortality in this patient population [27]. However limited, our study
showed that targeting ANGPTL3 with vupanorsen can reduce triglyceride (fasting and postprandial) and
TRL levels. For this reason, it may become a possible option for the management of FPLD. In addition,
FPLD patients are also at increased risk for acute pancreatitis, making effective treatment of
hypertriglyceridemia an urgent priority.

Interestingly, the ADIPO-IR was reduced by 55% from baseline after vupanorsen treatment, indicating a
reduction in insulin resistance of the total adipose tissue compartment. ADIPO-IR is calculated from a
single measurement of FFAs and insulin concentrations [28], thus our results likely re�ect the changes in
circulating FFAs after vupanorsen treatment. It has been debated why, or even if, the FFAs are elevated in
FPLD (and in other human lipodystrophy syndromes) because of the limited fat compartments and the
expectation that patients cannot have increased lipolysis in the fasting state [29]. It has also been
questioned whether the elevated FFAs are a measurement artefact due to in vitro breakdown of the
triglycerides via the white blood cells. In this study, samples were kept on ice and processed rapidly to
minimize potential deterioration. In addition, we have previously reported increased in vivo lipolysis even
in patients with generalized lipodystrophy [29]. This raises the possibility that lipolysis can occur in
alternative tissues via ectopic lipases to compensate for reduced lipolysis in the adipocyte compartment.
However, more direct data are required to determine the source of increased lipolysis and FFA levels in
individuals with FPLD. The ADIPO-IR has been reported to correlate with hepatic fat content, a marker of
ectopic fat deposition [30], and reduction in the index is usually coupled with improvements in non-
alcoholic steatohepatitis histopathology in more common settings [30]. Although there was a transient
increase in HFF at Week 13 in this study, these levels returned to baseline at Week 27, despite continued
treatment with vupanorsen. Consistent with the observation that ADIPO-IR is a measure independent of
the HOMA-IR index for glucose metabolism [31], there was no change in HOMA-IR after treatment with
vupanorsen, suggesting that the effect of the drug is not on a pathway that is downstream of Glut-4
translocation and glucose utilization for the whole body, but more related to changes in lipid storage and
mobilization.

Treatment with vupanorsen was also associated with reduced AUCs of triglyceride, FFA, and glucose
levels in response to MMT. The observation of lowering in post meal triglyceride levels in almost all
patients is consistent with the observation that carriers of homozygous ANGPTL3 loss-of-function
mutation show essentially no postprandial increase in TRL in response to a fat challenge [32]. It is also
interesting to note that patients with FPLD had more pronounced abnormalities in the fasting state
compared to the abnormalities observed in their post-absorptive state, highlighting and supporting the
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importance of hepatic de novo lipogenesis as an important contributor to the dyslipidemia associated
with lipodystrophy.

Overall adiposity was stable after treatment, but careful analyses of the DEXA parameters and liver fat
suggest that there may be dynamic changes in lipid partitioning between compartments. The
heterogeneous nature of adipose tissue and various roles for the cells that compose this tissue in its
various depots throughout the body have been reported [33, 34]. The early increase and further return to
baseline levels of HFF may suggest mobilization of lipid and a shift in partitioning; however, further
studies with animal models or in vitro models such as 3D cell culture [35] are needed to better understand
the changes in fat distribution observed in our study.

In this study, there was a change in fasting glucose levels at week 27 with only a small decrease in
HbA1c. We can speculate that the improvement in fasting glucose is an indirect effect secondary to
changes in lipid partitioning and reduction on hepatic de novo lipogenesis. Since these are indirect
effects and depend on certain changes in lipid dynamics to occur �rst, one can postulate that if the
patients were to be followed longer, the HbA1c could have been lowered to a greater extent. Longer
studies can shed further light and help to provide support for these initial hypotheses generated by our
data.

The only drug that has been approved for treatment of lipodystrophy is metreleptin, a recombinant
analogue of human leptin used as leptin replacement therapy to treat the metabolic complications of
lipodystrophy. Metreleptin is approved only for the treatment of generalized lipodystrophy and not for
FPLD in the US, even though there have been reports of bene�t in some FPLD patients with relatively low
leptin levels [36]. In the EU, metreleptin is approved for the treatment of FPLD in adults and children above
the age of 12 years, but only when standard treatments have failed [37]. Interestingly, metreleptin has
also been shown to reduce elevated ANGPTL3 levels observed in generalized lipodystrophy, however this
effect was relatively small (~ 20% reduction) and not correlated with changes in triglycerides or glycemia,
hence probably not responsible for the overall metabolic bene�ts of metreleptin [38]. It is important to
note that the FPLD patients in the present study had baseline circulating leptin and adiponectin levels
that were concurrent with previously published levels depending on the subtype of FPLD. No change in
leptin or adiponectin levels was observed upon treatment with vupanorsen, suggesting that the endocrine
function of the adipocytes was not impacted by the drug.

The number of AEs observed in this study is consistent with diverse pathologies and disease burden in
patients with FPLD, and this re�ects the common serious metabolic and organ speci�c manifestations of
the disease. The open-label nature of the study and the lack of a control group limits the conclusions that
can be reached on safety and a large placebo-controlled study of vupanorsen in patients with
dyslipidemia is ongoing (NCT 04516291). Treatment with vupanorsen was well tolerated and not
associated with any changes in platelet count consistent with the overall experience with GalNAc3 ASOs
[39].
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Limitations of this work include the open-label design, lack of a control group, and the small number of
patients treated. In addition, only one dose was studied, and it is possible that larger pharmacodynamic
effects may have been reached with a dose achieving a greater amount of ANGPTL3 knockdown.
However, these limitations are inherent to the nature of drug development at this early stage in a rare
disease population.

Conclusion
The results of this study suggest that targeting of ANGPTL3 with vupanorsen could address several
metabolic abnormalities in patients with FPLD. This study also raises key questions on the importance of
lipid partitioning for human metabolism.

Abbreviations
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ADIPO-IR  Adipose tissue insulin resistance

ANGPTL3  Angiopoietin-like protein 3

Apo  Apolipoprotein

AUC  Area under the curve

BMI  Body mass index

DEXA  Dual-energy X-ray absorptiometry

FFA  Free fatty acid

FPLD  Familial partial lipodystrophy

GalNAc3  N-acetyl galactosamine-3

Hb  Hemoglobin

HDL-C  High-density lipoprotein cholesterol

HOMA-IR  Homeostasis model assessment of insulin resistance

LDL-C 

LLN

Low-density lipoprotein cholesterol

Lower limit of normal

MRI  Magnetic resonance imagining

Non-HDL-C  non-high-density lipoprotein cholesterol  

T2DM  Type 2 diabetes mellitus

TC  Total cholesterol

TRL

ULN

Triglyceride rich lipoprotein

Upper limit of normal

VLDL-C Very-low-density lipoprotein cholesterol 
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Figure 1

Effect of vupanorsen on ANGPTL3 (A), Triglyceride (B), and VLDL-C (C) levels in individual participants
over the course of the study. Legend shows the subject numbers to link individual data from different
�gures.

Figure 2

Change in insulin resistance indices during the study. A) Adipo-IR (adipose tissue insulin resistance index)
and B) correlation between HOMA-IR (homeostatic model assessment- insulin resistance index) and free
fatty acids. Legend shows the subject numbers to link individual data from different �gures.
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Figure 3

Postprandial response in triglyceride (A) and free fatty acid (FFA) (B) area under the curve (AUC) in the
individual subjects, and mean triglyceride levels from all participants (C) during the mixed meal test at
key study time points. Legend shows the subject numbers to link individual data from different �gures.
Conversion factor for SI units for triglycerides=0.0113(mmol/L)
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Figure 4

Change in hepatic fat fraction (A) and body fat distribution (B and C) from baseline during the study in
individual subjects. Legend shows the subject numbers to link individual data from different �gures.
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