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Abstract: Non-alcoholic fatty liver disease (NAFLD) is characterized by triglyceride accumulation in
the liver, not associated with excessive alcohol use. It is frequently observed in patients with common
obesity, but it also affects patients with lipodystrophy syndrome (LS), a rare, but serious set of conditions
presenting insulin resistance, hyperglycemia, dyslipidemia, and hepatic steatosis. The phenotype of patients
with lipodystrophy is attributed to the deficiency of the adipose tissue-derived hormone leptin, which is an
important regulator of energy metabolism. Human and animal studies of diseases characterized by low leptin
levels such as lipodystrophy, functional hypothalamic amenorrhea, and genetic deficiency due to mutations
in the leptin gene, have shown that leptin supplementation improves several metabolic parameters. Recently,
the United States Food and Drug Administration (FDA) approved the use of the recombinant form of leptin,
metreleptin, to treat generalized forms of lipodystrophy, which shares physiopathological features with other
leptin-deficient conditions. Several clinical studies have demonstrated that leptin improves glucose and lipid
profiles, as well as liver function, volume and fat content, in patients with lipodystrophy. This review will

provide insight into the molecular biology of leptin in treating lipodystrophy, and summarize the findings

from clinical studies where leptin was used to treat patients with lipodystrophy.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a chronic,
severe, and progressive condition of the liver, characterized by
the deposition of fat in the liver parenchyma, not associated
with excessive alcohol intake (1). It is frequently found in
conjunction with obesity and metabolic syndrome. Indeed,
90% of patients with NAFLD have at least one feature of
metabolic syndrome, and one third of them meet the full
criteria for the syndrome defined under the ATPIII criteria
(2,3). Recent epidemiological data suggests that NAFLD
affects approximately 15-30% of people from western
countries, and as the prevalence of obesity and other obesity-
related risk-factors is increasing worldwide, it is expected that
NAFLD will increase in other countries as well (4).

At the cellular level, the accumulation of triglycerides
(TG) in hepatocytes (steatosis) can progress to
inflammation with hepatocyte injury (ballooning), with
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or without fibrosis-defined as non-alcoholic steatohepatitis
(NASH). NAFLD is strongly linked to obesity and
metabolic syndrome, and is an important risk factor for
liver cancer (5). NAFLD is thought to increase the risk of
hepatocellular carcinoma (HCC) by a number of molecular
pathways previously reviewed by Michelotti and briefly
summarised in the following (6). The nuclear factor B
(NF-xB) family of transcription factors is an important
family of inflammatory mediators, and dysregulation of
NF-«B has a profound effect on the course of NAFLD and
NASH, including increased presence of natural killer T-cells
in the liver amongst a pro-inflammatory milieu contributing
to further liver damage. Inappropriate responses to insulin
through altered signalling in PI3K, AKT and PTEN
pathways can exacerbate lipid accumulation in the liver
and may be a mechanism for lipotoxicity and subsequent
liver damage. Also, microRNAs are emerging as important
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Figure 1 Depicts the case of a patient with generalized lipodystrophy. (A) and (B) truncal fat gain and limb fat loss; (C) DXA scan

illustrating abnormal fat distribution; (D) CT scan showing enlarged liver with diffuse fatty infiltration; (E) changes in fat distribution

after leptin replacement therapy. Reproduced with permission from (7).

cellular regulators, with important actions in DNA
stability. Some animal microRNA knockout models have
shown impairment of lipid metabolism and uncontrolled
cell proliferation. Overall these deficiencies represent a
confluence of obesity and liver injury leading to HCC.
Whereas obesity is the most common causal factor of
NAFLD, lipid accumulation within the liver can also occur
due to partial or complete leptin deficiency (Figure I) (8,9).
Leptin is one of the most expressed adipose-derived
cytokines (adipokines). Leptin exerts key roles in regulating
food intake, energy balance and body weight. Leptin also
plays important roles in lipid and glucose metabolism,
the gonadal, adrenal, somatotropic and thyroid axes,
sympathetic tone, immunity, inflammation, and brain
structure and function (10,11). Impaired leptin action, due
to either leptin resistance or leptin deficiency, results in
several metabolic abnormalities such as insulin resistance,
hyperinsulinemia, diabetes, hypertriglyceridemia, and
hepatic steatosis (12,13). Leptin is absent or in very low
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levels in cases of lipodystrophy, and also in patients with
functional hypothalamic amenorrhea/anorexia nervosa, and
genetic deficiency due to mutations in the leptin gene. Most
of the phenotypic abnormalities seen in lipodystrophy are
similar in those cases of leptin deficiency, including hepatic
steatosis (14). Leptin replacement therapy (LRT) has
been extensively evaluated in patients with genetic leptin
deficiency due to mutations in the leptin gene, showing
significant metabolic improvements (13). In one Austrian
patient, it has also been shown that exogenous leptin
administration reduces circulating levels of transaminases,
total cholesterol, LDL, insulin resistance, and liver fat
content (9). Likewise, it was shown that ob/ob mice that
received daily leptin injections, or underwent white adipose
tissue (WAT) grafting from wild-type donors showed
improved glucose and insulin homeostasis, decreased serum
TG, reduced lipogenesis, and increased lipolysis (15).
Lipodystrophy syndromes (LS) are a group of congenital
and acquired disorders characterized by the generalized or
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Table 1 Lipodystrophy sub-types classification

Rodriguez et al. Leptin for lipodystrophy-associated NAFLD

Lipodystrophy sub-type Inherited (genetic mutations)

Acquired (can be associated with autoimmune disease)

Generalized Congenital generalized lipodystrophy (CGL)  Acquired generalized lipodystrophy (AGL)
< Present a birth, lack of adipose tissue < Loss of adipose tissue which can occur for weeks
< Metabolic abnormalities, often appear or years
during childhood <+ Metabolic abnormalities, often appear during
childhood
Partial Familial partial lipodystrophy (FPL) Acquired partial lipodystrophy (APL)

+» Loss of adipose tissue, usually occurs at

onset of puberty

«» Metabolic abnormalities vary in severity

+ Loss of adipose tissue occurs over several months
and years, often in late childhood or adolescence
+» Metabolic abnormalities vary in severity

partial absence of adipose tissue (Zable I). The subcutaneous
adipose tissue is the most affected. In the absence of leptin,
fat deposition is favoured in non-adipose tissues. The
development of lipodystrophy is determined by molecular
defects in genes that regulate adipocyte differentiation,
lipid metabolism, and lipid droplet morphology. Acquired
forms of lipodystrophy may also develop from underlying
autoimmune conditions, HIV infection, or use of highly-
active retroviral therapy (HAART) (16). The adipose
tissue is an important endocrine organ that synthesizes
hormones with cytokine-like actions (17). The absence of
adipose tissue determines several metabolic defects, such
as insulin resistance, diabetes, and hypertriglyceridemia.
These abnormalities can lead to the development of
atherosclerosis, acute pancreatitis, and may evolve into
NAFLD. Similar to patients with NAFLD, 80% of patients
with lipodystrophy meet the criteria for the diagnosis of
metabolic syndrome (18). Thus, lipodystrophy represents
an extreme version of the common, obesity-associated,
“metabolic syndrome”. In contrast to the obesity-associated
metabolic syndrome, patients with lipodystrophy have low
levels of adipocyte-derived hormones, including leptin
(14,19). Therefore, leptin deficiency represents a specific
therapeutic target for metabolic abnormalities in patients
with lipodystrophy, including NAFLD.

LRT is the FDA-approved treatment of choice
for generalized forms of congenital and acquired
lipodystrophy. LRT has been shown to be very effective
in ameliorating hepatic and metabolic complications, as
well as decreasing ectopic fat deposition in the liver and
skeletal muscle (12,20). Specifically, leptin ameliorates
the glucose and lipid abnormalities of these patients,
and increases insulin sensitivity. Furthermore, LRT
restores gonadotropin secretion (21). Coincident with the
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normalization of these hormonal systems, leptin treatment
results in weight reduction by 1 to 2 kg (22). Overall,
LRT can potentially reverse the severe pathology present
in lipodystrophy, and limit against the risk of further
development into NAFLD (21).

In this review, we report some of the molecular
mechanisms by which leptin is thought to ameliorate
lipodystrophy diseases, and outline the current literature on
the use of exogenous leptin in improving liver and metabolic
health in patients with lipodystrophy-associated NAFLD.

Molecular action of leptin in lipodystrophy-
associated NAFLD

Leptin is a 16 kDa 167-amino acid protein synthesized
predominantly by the adipose tissue, encoded by the leptin
gene Ob (Lep), located on chromosome 7 in humans (23).
The main role of leptin is to regulate feeding behavior
by increasing satiety and reducing hunger. Leptin shares
structural homology to some pro-inflammatory cytokines,
and thus exhibits some important pro-inflammatory actions,
such as increasing the synthesis and release of IL-6 (24)
and TNF-a (25). In addition, leptin contributes to the
regulation of endocrine systems such as the thyrotropic,
gonadotropic and corticotropic axes, and affects
hematopoiesis, angiogenesis, osteogenesis, and wound
healing (10). Leptin’s actions are achieved by binding to
its cognate receptor, Ob-R, which is expressed in several
variants including one long isoform, four short isoforms
and one soluble isoform. Only the long isoform is capable
of producing signal transduction. These receptors are
located in many tissues including the arcuate nucleus of
the hypothalamus in the central nervous system (CNS).
This region of the brain is responsible for regulating food
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intake, and in this way leptin exerts its metabolic effects
via the CNS (23). The Ob-R receptor is also expressed in
peripheral tissues, and in murine models of lipodystrophy,
exogenous supplementation of leptin leads to increased fatty
acid oxidation in skeletal muscle by activating AMP-activated
protein kinase (AMPK), which in turn phosphorylates and
inhibits the activity of acetyl-CoA carboxylase, decreasing
the amount of malonyl-CoA and leading to the increase in
fatty acid oxidation. Other studies suggest that leptin may
activate fatty acid oxidation through AMPK activation within
the heart and the liver; leptin is suggested to increase fatty
acid oxidation by a mechanism dependent on peroxisome
proliferator-activated receptor o (PPARa) (26,27). In a
rodent model of lipodystrophy, leptin treatment leads to
the increase of insulin-stimulated insulin receptor signaling
and of insulin receptor substrate 2 (IRS-2) phosphorylation,
IRS-2-associated PL;K activity, and Akt activity in the liver,
suggesting that leptin can increase insulin sensitivity and
may further contribute to correcting diabetes (28).

Numerous animal models of LS and leptin deficiency
have shown that exogenous supplementation of leptin
is effective in reversing the clinical manifestations of
lipodystrophy (29). Our previous research has shown that in
leptin-deficient mice, reversal of NAFLD can be achieved
by transplantation of WAT from wild-type, leptin-sufficient
donors (15). Compared to sham-operated ob/ob controls,
leptin-deficient mice receiving WAT lost a significant
amount of weight and displayed reduced plasma levels of
fasting glucose and insulin. Additionally, they showed a
significant reduction in liver injury scores when compared
with sham-operated ob/ob mice (15). Overall, mice
receiving leptin treatment (through WAT transplantation)
were histologically and physiologically healthier.
Furthermore, liver microarray data indicated that WAT
transplantation induced the differential expression of several
pathways thought to be critical in NAFLD pathogenesis.
These included pathways involved in lipid and glucose
metabolism, insulin signaling, inflammatory response,
cytochrome P450 function, glutathione metabolism, and
peroxisome proliferator-activated receptor signaling (15).

In humans with lipodystrophy, LRT is performed using
the leptin analogue “recombinant methionyl human leptin”
(r-metHuLeptin, metreleptin, AstraZeneca) and this has
been evaluated by several clinical trials. This drug is under
patent, marketed under the trade name “MYALEPT” in
the United States. The first approval of metreleptin for
lipodystrophy was in Japan, in-licensed by Shionogi & Co,
Ltd. from Amylin Pharmaceuticals (30). Administered as a
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Table 2 Baseline characteristics of lipodystrophy patients
from NIH metreleptin clinical trials
NIH 991265 and NIH
20010769 Composite data

Parameter

Gender, n (%)

Male 12 (16.7)

Female 60 (83.3)
Ethnicity, n (%)

Caucasian 44 (61.1)

Black 9 (12.5)

Hispanic 10 (13.9)

Other 9 (12.5)

Age (mean + SD, range) 23.7+16.2 [1-68]

Lipodystrophy sub-type, n (%)

AGL 6 (22.2)
CGL 32 (44.4)
APL 4(5.6)
FPL 20 (27.8)

Adapted from (41). AGL, acquired generalized lipodystrophy;
CGL, congenital generalized lipodystrophy; APL, acquired
partial lipodystrophy; FPL, familial partial lipodystrophy.

subcutaneous injection once or twice a day, metreleptin has
been shown to reverse the metabolic abnormalities that are
seen in lipodystrophy, leading to significant improvements
in overall liver health (31-40).

FDA approves leptin to treat lipodystrophy

In late 2013, the US Food and Drug Administration (FDA)
released a briefing document prepared by Bristol-Myers
Squibb and AstraZeneca (22) for the “Metabolic Advisory
Committee on Metreleptin”, into the integrated findings
of one completed study (NIH Study 991265), and two
ongoing studies (NIH Study 20010769 and FHA101).
These studies were commissioned to assess the safety
and efficacy of metreleptin for the treatment of patients
with lipodystrophy, including the effects on metabolic
parameters such as hypertriglyceridemia and/or diabetes
mellitus inadequately controlled on a current therapy, and/
or evidence of hepatic steatosis. The primary outcomes
were the achievement of normal physiological levels of liver
volume and transaminases, glycated hemoglobin (HbAlc),
fasting plasma glucose (FPG) and TG. Data were captured
from a combined cohort of 72 participants (7zble 2). Leptin
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Table 3 Comparison of outcomes of the primary study

endpoints from the NTH metreleptin clinical trials

NIH 991265 and NIH 20010769

Parameter n composite data
Baseline -A from baseline

ALT (U/L)*

Combined 52 n/r n/r

Generalized LS 31 130.4 (26.5) 52.8 (25.5)

Partial LS 21 58.4 (13.8) 0.3 (6.3)
AST (U/L)*

Combined 51 n/r n/r

Generalized LS 30 94.1 (17) 35.7 (21.2)

Partial LS 21 421 (8.6) 6.6 (4.3)
HbA1c (%)*

Combined 50 8.2 (0.3) 1.4 (0.2)

Generalized LS 29 8.7 (0.4) 2.0 (0.3)

Partial LS 21 7.5 (0.5) 0.4 (0.2)
FPG (mg/dL)*

Combined 50 n/r n/r

Generalized LS 31 179.5 (15.9) 48.3 (16.9)

Partial LS 21 155.8 (19.3) 32.1 (14.8)
TG (mg/dL)A

Combined 51 359.0 121.0

Generalized LS 30 414.5 246.5

Partial LS 21 357.0 74.0

*, data reported as mean (SE); A, data reported as
median. Adapted from (41). ALT, alanine transaminase; LS,
lipodystrophy syndromes; AST, aspartate transaminase;
HbA1c, glycated hemoglobin; FPG, fasting plasma glucose;
TG, triglycerides.

was administered at a starting dose of 0.02 mg/kg for
patients weighing <40 kg and 1.25-2.5 mg/kg for patients
weighing >40 kg. Following a 12-month trial period, all
these outcome parameters were improved (1zble 3).
Therefore, existing data show that leptin replacement
in patients with lipodystrophy leads to an improvement
in glycemic control, a restoration toward a normal lipid
profile, and improved liver function. In a sub-analysis, the
cohort results were stratified according to the degree of
elevation (from the normal range) of baseline metabolic
parameters (Table 4). In this sub-analysis, it was noted
that metreleptin determined better results, that is, more

pronounced changes from baseline were seen in patients
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Table 4 Comparison of outcomes in generalized and partial
lipodystrophy patients with severe baseline metabolic
abnormalities, from the NIH metreleptin clinical trials
NIH 991265 and NIH
20010769 composite data

Parameter Subtype -
n Baseline -Afrom
baseline
ALT =41 U/L* Generalized LS 31 1716 72.0 (35.2)
Partial LS 8 114.3 (26.6) 2.3 (17.0)
AST >34 U/L* Generalized LS 20 127.8 (22.0) 51.8 (31.5)
Partial LS 7 81.3(18.6) 14.9 (12.6)
HbA1c >6%" Generalized LS 26 9.1 (0.3) 2.3(0.3)
Partial LS 14 8.6(0.5) 0.8(0.3)
HbA1c >7%* Generalized LS 24 9.3(0.3) 2.4 (0.3)
Partial LS 11 9.2(0.5) 1.0(0.4)
HbAlc >8%* Generalized LS 19 9.8(0.3) 2.7 (0.3)
Partial LS 7 101 (0.6) 1.4(0.4)
FPG >126 mg/dL* Generalized LS 21 218.6 (17.8) 82.1 (16.5)
Partial LS 11 220.9 (22.5) 68.6 (23.2)
TG =200 mg/dLA Generalized LS 21 600.0 432.0
Partial LS 16 430.0 9515
TG =500 mg/dLA Generalized LS 12 1526.5 1117.0
Partial LS 7 12870 499.0

*, data reported as mean (SE); A, data reported as median.
Adapted from (41). ALT, alanine transaminase; AST,
aspartate transaminase; HbAlc, glycated hemoglobin; FPG,
fasting plasma glucose; TG, triglycerides.

with a more severe metabolic phenotype. For example,
after following the 12-month trial period, patients with
generalized lipodystrophy that displayed a baseline HbAlc
=6% achieved a mean reduction of 2.3%, whereas patients
with a baseline HbAlc =8% displayed a significantly
greater reduction of 2.7%. Similarly, in patients with
partial lipodystrophy with a baseline HbAlc =6%, their
mean reduction was reported as 0.8%; reductions reached
a mean of 1.4% in patients with a baseline HbAlc 28%. A
similar pattern of results was observed in all the parameters
assessed, which lead the investigators to suggest that in
recovering a healthy phenotype, the effect of metreleptin
was more pronounced in those patients with more severe
underlying metabolic abnormalities.

Furthermore, results suggested that the clinical
efficacy of metreleptin was more related to the severity
of the underlying metabolic abnormalities rather than to
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Table 5 Comparison of outcomes in patients stratified by lipodystrophy etiology, from the NTH metreleptin trials

NIH 991265 and NIH 20010769 composite data

LS
HbA1c (%)* TG (mg/dL)A
sub-type
n Baseline —A from baseline n Baseline —-A from baseline

Combined 50 8.2 (0.3) 1.4 (0.2) 51 359.0 121.0

CGL 20 9.0 (0.5) 2.2 (0.4) 22 452.0 284.5

AGL 9 8.0 (0.6) 1.8 (0.4) 8 348.0 211.5

FPL 17 7.7 (0.5) 0.5 (0.3) 17 357.0 74.0

APL 4 6.7 (1.4) 0.1 (0.2) 4 334.5 50.5

*, data reported as mean (SE); A, data reported as median; CGL, congential generalized lipodystophy; AGL, acquired
generalized lipodystophy; FPL, familial partial lipodystrophy; APL, acquired partial lipodystrophy; HbA1c, glycated hemoglobin;

TG, triglycerides. Adapted from (41).

which form of lipodystrophy (generalized or partial) the
patient had. To assess this claim, a further sub-analysis
was performed whereby the data from the two main
outcomes (HbAlc and TG) were stratified according to
lipodystrophy sub-type (Zable 5). This sub-analysis showed
that more pronounced results were seen in patients with the
generalized form, and similar results were seen in patients
with congenital or acquired variants of each lipodystrophy
sub-type. This suggests that metreleptin was more
effective in ameliorating the condition of patients with the
generalized lipodystrophy form, even though other results
suggest the efficacy of metreleptin may be independent of
lipodystrophy etiology. The report notes that patients with
generalized lipodystrophy presented with more substantial
mortality and morbidity due to complications arising from
several severe metabolic abnormalities, and in this way, it is
easier to determine and predict the benefit of metreleptin
therapy in a patient with generalized lipodystrophy
as opposed to a patient with partial lipodystrophy.
Furthermore, patients with partial lipodystrophy presented
with a more heterogeneous disease profile, as there
was greater variability in the severity of the metabolic
abnormalities. Taken together, these data comprehensively
suggest that exogenous supplementation of leptin can return
key liver parameters and biochemical markers to normal
ranges in patients with lipodystrophy-associated NAFLD.

Clinical trials investigating the effects of leptin
in treating patients with lipodystrophy

The NIH-funded studies represent the industry standard
both in terms of procedural rigor and in data analysis and
presentation. However, outside of these well-recognized
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studies, there are several studies in this area. The first
reference of the use of metreleptin in treating patients with
lipodystrophy associated NAFLD was reported in 2002 by
Oral er al. (37), and the focus of this study was primarily on
the safety of the drug and the influence of metreleptin on
the endocrine system and metabolism.

Several other studies assessed the effect of leptin (in the
form of metreleptin) on liver health and other endpoints
in patients with non-HAART lipodystrophy associated
NAFLD (31-40). Study sample sizes range from n=4
to 55, and the mean number of participants was 18+16.
Importantly, as lipodystrophy-associated NAFLD is an
uncommon disease, most of these studies are very small in
terms of patient population, and as such, not significantly
powered. Therefore, it is necessary to consider results
and perspectives from these studies together in order to
overcome statistical error associated with small studies.
Altogether, these studies make a composite population
of 226 participants including 45 males and 181 females.
Nine patients from two studies had diabetes as a metabolic
co-morbidity (37,39). Follow-up times ranged from 3 to
100 months, where the mean time was 27+27 months. The
majority of these studies were prospective cohort analyses;
however there are a few case-control type studies (39). As
per current recommendations, all studies administered the
hormone via a subcutaneous injection, either daily or twice
daily according to their study protocol. Starting doses of
metreleptin ranged from 0.02 to 0.24 mg/kg/day for males
and 0.04 to 0.24 mg/kg/day for females. Some studies did
not stratify drug dosing according to gender, and in these
instances the dosages ranged from 0.03 to 0.24 mg/kg/day
(12,31,32,37,40). Overall, these studies assessed the effect
of exogenous leptin on the same hepatic and metabolic
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endpoints as did the NIH studies. These data are summarized
below, and a snapshot of the important information of these
studies is provided in Tible S1.

Effect of metreleptin on bepatic parameters

Significant reductions in mean liver volume following
leptin therapy were seen in three studies and one study
reported significant reductions in liver fat. Simha et 4l.,
stratified results according to the participants’ degree of
hypoleptinemia, either severely or mildly hypoleptinemic,
and both groups of patients exhibited significant decreases
in mean liver fat percentage (40) (7Table 5). In terms of
biochemical parameters, serum albumin concentrations did
not significantly alter from metreleptin treatment (21,37).
Alanine transaminase (ALT) and aspartate transaminase
(AST) were significantly decreased following LTR
(12,31,40). In the study by Simha ez 4/., neither cohort
of participants showed significant reductions in ALT, but
severely hypoleptinemic patients showed a significant
reduction in AST levels (40).

Effect of metreleptin on metabolic parameters

Fasting glucose was significantly reduced in seven studies
(33-35,37-40). The greatest reduction was seen in the
study by Petersen et al. (39), where at baseline patients
had a fasting glucose concentration of 234x14 mg/dL and
following the three-month intervention, this declined
to 122+21 mg/dL. Insulin responses varied, one study
observed an increase but did not report whether this was
significant (32). Four studies reported a significant reduction
in HbAlc (12,34,36,37). Oral er al. reported the greatest
reduction totalling 1.90% (41,42). Interestingly, HbAlc was
reported to have increased by 1.77% but the study did not
report whether this represented a significant increase from
baseline (32). Eight studies reported significant reductions
in serum TG (12,31,35-40). The largest reduction was in
the Petersen ez al. cohort where patients had an initial mean
TG concentration of 5,851+5,079 mg/dL. This decreased
to 1,134+523 mg/dL following three months of metreleptin
therapy (39). Significant reductions in TG concentrations
were observed in patients with mild and severe hypoleptinemic
status (40). TC concentration was both reported to have
declined (34,38), and increased (31) following metreleptin
therapy. Seven studies reported changes in HDL-
cholesterol following LRT (32-34,36,39,40), but none of
them reported significant changes.
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Perspectives on the studies assessing
metreleptin to treat lipodystrophy

Taken together, these studies represent a significant pool of
evidence supporting the view that LRT using metreleptin
is effective at correcting the metabolic abnormalities
seen in patients with lipodystrophy-associated NAFLD.
LRT improved several hepatic parameters including
transaminases, liver volume and liver fat content. Leptin
therapy also improved lipid profile, as serum TG and
cholesterol decreased. These effects translate into a
reduction in the risk of the development of NASH.
Glycemic measures such as glucose and HbAlc also
improved as a result of LRT.

Overall, LRT leads to a significant increase in health
in patients with lipodystrophy. Whereas this message is
positive, the studies themselves were limited in several
aspects and the overall quality of this body of research may
be improved by considering some of the following points.
Despite the fact that the dosage of metreleptin was largely
uniform across the studies, the study that utilized the largest
dose (33) also observed the greatest changes in biochemical
outcomes. As the statistical significance of these changes
was not reported, it limits a reviewer’s interpretation as
to whether increases in leptin dosage may elicit greater
changes. Significantly, there were large discrepancies in the
mean or median follow-up times reported. This may be a
reflection of the nature of the studies themselves as some
were prospective in design, but were in reality case series
of similar patients (39). Some studies (7able S1) involved
follow-up times shorter than 12 months, which may be
viewed as a limitation. However, longer trials such as the
one conducted by Chong er al. observed similar results to
shorter trials, suggesting that leptin has similar immediate
and long-term effects (34). Importantly, mean baseline
concentrations of leptin varied considerably amongst
the studies (range 0.7-3.8 ng/mL). This may impact in
comparing the effects of different metreleptin dosages in
reaching target levels of hepatic and metabolic parameters.

A similar pattern of results is seen across all the studies,
which would suggest metreleptin is safe and effective in
patients with differing states of leptin-deficiency status.
Therefore, it would be reasonable to suggest that leptin may
be applicable for use in other non-lipodystrophy leptin-
deficient conditions, especially considering the fact that
lipodystrophy shares similar pathology to other diseases
characterized by leptin insufficiency and inadequacy.
Indeed, leptin has previously been investigated in functional
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hypothalamic amenorrhea associated with low leptin levels,
with positive results (43).

In terms of liver morphology assessment, the method
of determining liver volume and liver fat varied between
using CT and MRI scans, and one study quantified these
parameters through liver biopsy (11). Recent literature
reports that MRI is the more sensitive method of assessment
for these metrics, and thus standardized guidelines should
be validated to limit discrepancies between studies (44,45).
Finally, age and sex specific effects cannot be discounted
as possible reasons for heterogeneity. Future clinical trials
would do well to investigate these aspects, particularly given
that some studies assessed here included only children and
others only women (46).

The reporting of qualitative aspects such as the use of
other medications by the patients was lacking in most of the
studies. The use of some drugs, in particular glucose and
lipid lowering drugs, may impact on metreleptin’s effects,
and therefore this would further impact on interpreting
the true effects of leptin in this setting. By far, the most
significant limitation in the studies reviewed is the small
population sizes, ranging from 4 to 55 participants.
Therefore, in order to improve the research in this area
and further develop metreleptin as a therapy for other
conditions of leptin deficiency sharing similar pathology to
lipodystrophy, large prospective trials are warranted.

Conclusions and future directions

Lipodystrophy is a leptin-deficient disease that presents
with significant metabolic abnormalities, and can severely
affect the liver and progress to NAFLD. NAFLD is
an important risk factor for further liver complications
including cancer. In animal models of the disease, as well
in humans, LRT reverses the pathology of lipodystrophy,
acting both peripherally (evidenced through fatty acid
oxidation), and centrally (evidenced in differing brain
activity following leptin stimulation). The effects of LRT
have been demonstrated in several studies, suggesting
that metreleptin improves several metabolic and hepatic
outcomes, including glucose and lipid homeostasis, liver
volume, liver fat content, and serum transaminases.
Metreleptin has been recently approved by the FDA
for the treatment of patients with generalized forms of
lipodystrophy, but not of patients with partial forms (due
to the lack of strong evidence supporting its benefits in this
population). Large prospective studies spanning several
years are needed to determine the true benefit of LRT,

© AME Publishing Company. All rights reserved.
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and to further develop the drug for other leptin-deficient
conditions. Indeed, the FDA requires seven post-marketing
studies for Myalept, including a long-term prospective
observational study (product exposure registry) of patients
treated with Myalept, a study to assess for immunogenicity,
and an assessment and analysis of spontaneous reports
of potential serious risks related to the use of Myalept.
Furthermore, an additional eight studies are being
requested as post-marketing commitments.

Should larger sets of data from patients under LRT
become available, metreleptin may become a therapeutic
option for patients with other conditions associated with
NAFLD, such as patients with common obesity or patients
submitted to liver transplantation (47).
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Supplementary

Study details LS etiology

Leptin dosin
Follow-up AGL CGL Partial Other P g Major findings

Author (ref) n Design months) () () 0 0 (mg/kg/day)

Increased insulin sensitivity,
7 Prospective 28 n/a 7 n/a n/a 0.06-0.12 improved liver function tests.
Suspected leptin resistance

Beltrand
etal. (32

Chong ) (1) 0.06; (11) 0.08-
48  Prospective 100 12 31 n/a 4 Reduced HbA1c and cholesterol
et al. (34). 0.12; (Ill) 0.24

Reduced serum glucose, HbA1lc,
15  Prospective 12 4 11 n/a n/a triglycerides, LDL, total cholesterol

Javor 0.06-0.08 (f);

et al. (36 0.04 (m
(36) (m) and liver volume

Oral

et al. (37) 9 Prospective 12 3 5 1 n/a 0.03 (y); 0.04 (f) Decreased HbAlc and triglycerides

Petersen

9  Case-control 3 1 2 n/a n/a Unclear Increased insulin sensitivity
et al. (39)

24 (SH) Prospective 6 n/a n/a 24 n/a 0.08 Significantly reduced triglycerides,
effects on other parameters were
more pronounced in SH patients

Simha
etal. (40) 24 (MH) Prospective 6 n/a n/a 24 n/a 0.08




