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Summary

Objective—Recombinant human leptin (metreleptin) improves glycemia and
hypertriglyceridemia in patients with generalized lipodystrophy; antibody development with /in
vitro neutralizing activity has been reported. We aimed to characterize anti-metreleptin antibody
development, including /n vitro neutralizing activity.

Design—Two randomized controlled studies in patients with obesity (twice-daily metreleptin £
pramlintide for 20-52 weeks; 2006-2009); two long-term, open-label studies in patients with
lipodystrophy (once-daily or twice-daily metreleptin for 2 months to 12.3 years; 2000-2014).

Patients—579 metreleptin-treated patients with obesity, 134 metreleptin-treated patients with
lipodystrophy (antibody/neutralizing activity data: 7=105).

Measurements—Anti-metreleptin antibodies, /n vitro neutralizing activity.

Results—Anti-metreleptin antibodies developed in most patients (obese: 96-100%;
lipodystrophy: 86-92%). Peak antibody titers (~1:125 to 1:3125) generally occurred within 4-6
months and decreased with continued therapy (lipodystrophy). Antibody development did not
adversely impact efficacy or safety (patients with obesity), except for inflammatory injection site
reactions, but was associated with elevated leptin concentrations. Three patients with obesity
developed /n vitro neutralizing activity coincident with weight gain. Weight later returned to
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baseline in one patient despite persistent neutralizing activity. Four patients with generalized
lipodystrophy developed /n vitro neutralizing activity concurrent with worsened metabolic control;
two with confounding comorbidities had sepsis. One patient with lipodystrophy had resolution of
neutralizing activity on metreleptin.

Conclusions—Development of /n vitro neutralizing activity could be associated with loss of
efficacy but has not been consistently associated with adverse clinical consequences. Whether
neutralization of endogenous leptin with clinical consequences occurs remains unclear.
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Introduction

Leptin, the adipocyte-secreted protein product of the obese (OB) gene,l plays a central role
in regulation of energy homeostasis and fat and glucose metabolism.” Metreleptin, a
recombinant analog of human leptin differing from leptin by an additional methionine, is
administered by subcutaneous injection once daily (QD) or twice daily (BID). It was
initially studied as an obesity treatment but did not achieve clinically meaningful weight
loss. The combination of metreleptin with pramlintide demonstrated greater weight loss for
obesity than either therapy alone,4v5 but this program was discontinued.

Lipodystrophy is an extremely rare disorder characterized by loss of subcutaneous adipose
tissue, leptin deficiency, ectopic lipid deposition, and metabolic abnormalities including
diabetes mellitus and/or hypertriglyceridemia that can be extremely severe and often
inadequately treated with conventional therapies.G‘8 Clinical studies of metreleptin in
patients with lipodystrophy have demonstrated substantially improved insulin resistance,
diabetes, and/or hypertriglyceridemia.g‘12

Metreleptin was recently approved as an adjunct to diet as replacement therapy to treat
complications of leptin deficiency in patients with generalized lipodystrophy. Anti-
metreleptin antibodies with /in vitro neutralizing activity (NAc) have occurred in metreleptin-
treated patients.13 Antibody development against therapeutic proteins is common™*15 and
often without clinical relevance. However, anti-drug antibodies can sometimes lead to loss of
efficacy by affecting pharmacokinetics, neutralizing drug activity, or adverse effects if
neutralizing antibodies cross-react with an endogenous counterpart with key physiological
functions. An example is pure red cell aplasia from anti-erythropoietin antibodies following
recombinant human erythropoietin administration.”

For metreleptin-treated patients with lipodystrophy, it is important to understand the
frequency of anti-metreleptin antibody development and characteristics including titer,
onset, time course, and potential impact on efficacy and safety. Data from metreleptin
studies in patients with obesity or lipodystrophy are presented herein.
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Materials and methods

Clinical studies

Two randomized, double-blinded controlled studies (DFA101 [NCT00392925] and DFA102
[NCT00673387]) and one extension study (DFA102E [NCT00819234]) investigated
metreleptin alone or in combination with pramlintide in patients with obesity (Table 1). A
safety follow-up study (DFA106 [ClinicalTrials.gov identifier unavailable]) was conducted
in patients who participated in DFA101 or DFA102/E to assess antibody status after
discontinuing study drug. Two open-label studies (National Institutes of Health [NIH;
NCT00025883] and FHA101 [NCT00677313]) investigated the safety and efficacy of
metreleptin in patients with acquired or inherited lipodystrophy (excluding human
immunodeficiency virus-associated lipodystrophy) (Table 1). Studies were conducted in
accordance with the Declaration of Helsinki with protocols approved by each institutional
review board. All patients provided written informed consent prior to study entry.

Bioanalytical methods

Plasma leptin concentration was determined using a commercially available (Millipore,
Bedford, MA, USA) and validated, solid-phase sandwich enzyme-linked immunosorbent
assay (ELISA) using a polyclonal capture antibody (obesity studies, FHA101) or
radioimmunoassay (RIA; NIH study). The signal is directly proportional to total leptin (ie,
metreleptin and endogenous human leptin) in the sample. ELISA results were quantified by
comparison to a standard curve of defined metreleptin concentrations. RIA results were
quantified using kit standards. The lower limit of quantification for both methods is 0.7
ng/mL. Both metreleptin and endogenous human leptin are detected with equivalent
efficiency. Agreement between methods is high (p>0.9). Anti-metreleptin antibodies present
in ELISA-tested samples did not interfere with quantification until titers >1:3125. The
ELISA used in this study was found to have good quantitative correlation with a previously
published method for leptin determination using liquid chromatography-tandem mass
spectrometry (LC-MS/MS).17

Anti-metreleptin antibody titer was determined from serum samples tested by bridging
ELISA. The solution phase method incorporates two modified metreleptin conjugates
combined with a sample to allow subsequent capture and detection of antibody-metreleptin
complexes (Supplemental Fig. 1). The method allows detection of all antibody isotypes and
does not distinguish between isotypes. A competition step is included to confirm specificity
of an antibody result. Treatment-emergent antibody-positive was defined as titer >1:5
following a negative or missing baseline titer or titer increasing =2 dilutions from a
detectable baseline titer.

In vitro NAc to metreleptin was determined by measuring the inhibition of a murine,
interleukin (IL)-3- dependent lymphoblastoid cell Iine18 modified to express a recombinant,
chimeric receptor comprising the extracellular domain of the leptin receptor and intracellular
domain of the erythropoietin receptor, when patient plasma was added to the culture
(Supplemental Fig. 2). If the sample inhibited IL-3-dependent metabolism, the result was
reported as non-specific. Evidence of in vitro NAc is based on potency and specificity of
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response. If the result was less than the assay cut point upon initial testing, retesting, or ten-
fold dilution, the sample was considered to have no evidence of NAc. If the result was
greater than the assay cut point after ten-fold dilution and inhibitory activity was specific for
metreleptin, the sample had evidence of high potency, reproducible in vitro NAc to
metreleptin. /n vitro NAc is reported relative to a reference sample (eg, patient’s pre-
metreleptin sample or a pool of human serum from metreleptin-naive donors).

Characterization of anti-drug antibodies

Obesity studies—In Study DFA101, all patients randomized to metreleptin
(xpramlintide) were antibody-positive at Week 8, and all except one patient receiving
pramlintide+metreleptin) were still antibody-positive at Week 20 (study termination). The
majority had a peak titer of 1:625 or 1:3125 (Fig. 1A), and ~80% reached peak titer by Week
16 (Fig. 1B). The mean (standard deviation) percent weight loss at Week 20 in patients
randomized to pramlintide+metreleptin was similar across peak antibody titer groups: —11.0
(0.4)% with titer 1:25 [n=2], —11.2 (9.1)% for 1:125 (n7=3), —10.9 (4.5)% for 1:625 (n=14),
-11.5 (6.2)% for 1:3125 (n7=15), and —18.7 (2.9)% for 1:15625 (r7=2).

In Study DFA102, antibody formation was minimal at Week 4 in metreleptin-treated patients
(xpramlintide), but =296% were antibody-positive by Week 28 (study termination). Peak
antibody titer occurred at Week 16 for the 2.5- and 5-mg dose groups, with average titers
around 1:125 to 1:625. For the 1.25-mg dose group, antibody titer peaked around Week 8
and plateaued. The 2.5- and 5-mg dose groups were generally associated with higher
antibody titer earlier in treatment. The mean percent weight loss at Week 28 in the
pramlintide-metreleptin group tended to be lower in the 1:3125 (vs1:125 and 1:625) peak
titer groups across different dose combinations, although there were fewer patients with peak
titer 1:3125.

The incidence of potentially immune-related adverse events (AEs) in DFA102 (mostly
inflammatory injection site AEs) increased with increasing antibody titer, whereas the
incidence of all other AEs was similar across titer groups. The incidence of inflammatory
injection site AEs was 42.7% (/7=96/225) in those with peak titer <1:125, 67.2%
(m=117/174) for 1:625, and 85.1% (/7=40/47) for =1:3125.

The majority of metreleptin-exposed patients with antibody data (80.9% [/7=262/324]) from
DFA106 were antibody-negative at safety follow-up, while 19.1% (7=62/324) were
antibody-positive an average of 3 years after the last dose of metreleptin in the prior study.
Of 62 antibody-positive patients at safety follow-up, the majority had low titer of 1:5 (11.3%
[=7]), 1:25 (50.0% [/7=31]), or 1:125 (33.9% [/=21]), while 3.2% (/=2) and 1.6% (/=1)
had titers of 1:625 and 1:78125, respectively. All patients who remained antibody-positive at
the safety follow-up had a lower titer compared with the last value from the previous
treatment study except for three patients (one shifted from 1:5 to 1:25, one from negative to
1:625, and one from 1:625 to 1:78125).
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The proportions of patients in various categories of weight change from the previous
treatment study baseline to the safety follow-up (weight loss, weight increase of >0% to
<10%, or weight increase of >10% to <50%) were similar between those receiving placebo,
pramlintide, or metreleptintpramlintide in the previous study, and were also similar in
metreleptin-treated patients who were antibody-positive vsantibody-negative at safety
follow-up (Supplemental Table 1). Two patients had notable increases in body weight (>50%
vs previous study baseline) at the safety follow-up: one who received placebo (weight gain
of 77.3% vs prior study baseline; 34.7% from prior study end), and one who received
pramlintide-metreleptin (see /n Vitro NAc).

Similarly, the proportion of patients reporting AEs of interest including diabetes or infection
leading to hospitalization occurring between the end of the previous study and the safety
follow-up was similar between those receiving placebo, pramlintide, or metreleptin
(diabetes: 4.8% [=2/42], 5.9% [r=3/51], and 5.5% [7=18/326], respectively; infection:
4.8% [=2/42], 2.0% [n=1/51], and 1.5% [/=5/326], respectively). All metreleptin-treated
patients who experienced infection leading to hospitalization were antibody-negative.

Lipodystrophy studies—Of 43 patients with lipodystrophy and anti-metreleptin
antibody data in the NIH study, 86% (/77=37) developed antibodies during metreleptin
treatment with titers ranging from 1.5 to 1:78125. The duration of treatment at the time of
antibody assessment ranged from 4-138 months.

Similarly, of 24 patients with lipodystrophy and antibody data in the FHA101 study, 92%
(m=22) developed antibodies during metreleptin treatment. The majority had a peak titer of
1:625 or 1:3125 (Fig. 1C), and time to peak titer ranged from 3 to >21 months (Fig. 1D).
Most patients remained antibody-positive on treatment, but titer generally decreased over
time, despite continued metreleptin exposure.

Impact of antibodies on leptin concentrations: obesity and lipodystrophy studies

In vitro NAc:

Antibody development in patients with obesity or lipodystrophy was associated with higher
leptin concentrations, and higher antibody titers were associated with higher leptin
concentrations (Figs. 2A-C). Very high antibody titer (=1:78125) was observed infrequently.
One DFA101 patient had a 1:78125 titer with leptin concentration of 616 ng/mL (4 weeks
prior), which decreased to 1:25 (with leptin concentration of 3.2 ng/mL) at the safety follow-
up 4.6 years after discontinuing metreleptin. Two DFA102 patients had a 1:78125 titer (see
In Vitro NAc). One DFA102E patient had a 1:78125 titer at Week 40 that decreased to
1:15625 at Week 52 (study termination) and decreased further to 1:125 (with leptin
concentration of 45.2 ng/mL) at the safety follow-up 2.6 years after discontinuing
metreleptin.

obesity and lipodystrophy studies

Seven patients (obese, 7=3; lipodystrophy, n/=4) were identified with /n vitro NAc from the
DFA and NIH clinical studies; no patients with lipodystrophy with /n vitro NAc have been
identified from FHA101. Table 2 provides relevant medical history, baseline characteristics,
labs, timing of NAc, and clinical course.
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Two patients with obesity had NAc after 20-24 weeks of metreleptin treatment in DFA102.
Figs. 3A-C show body weight, plasma leptin concentration, antibody titer, and NAc during
and after discontinuing metreleptin. Initial weight loss was followed by weight regain
occurring in parallel with decreasing leptin concentration and increasing antibody titers with
NAc identified at 20-24 weeks. One patient had weight gain 8 months later but no further
follow-up (Fig. 3A). The other patient entered a safety follow-up program and had
progressive weight loss over several years back to his pre-metreleptin baseline (slight
increase at last follow-up) despite persistent NAc (Fig. 3B). A third patient with obesity had
no NAc at DFA102 termination, but NAc was identified at the DFA106 safety follow-up ~3
years after DFA102. She had substantial weight gain but had decreased weight 3 years later
(Fig. 3C).

Four patients with generalized lipodystrophy in the NIH study had /n7 vitro NAc detected
after 2.5 years of metreleptin treatment. Relatively infrequent sampling limited the ability to
precisely determine when NAc developed. Figs. 4A-D show glycated hemoglobin,
triglycerides, antibody titer, and NAc during the study. One patient with lipodystrophy
received metreleptin for ~2.5 years in another investigator’s study (NCT00896298) and had
NAC at the NIH study baseline. Development of /n vitro NAc in all four patients was
concurrent with poor or worsened metabolic control. Two patients with lipodystrophy (both
with advanced liver disease and poor dentition) had episodes of sepsis: One had multiple
episodes with different organisms a few months prior to, and for several months after, NAc
detection, and the other had a single episode ~1.5 years before NAc identification (NAc
status at the time of sepsis unknown). Sources of infection for the first patient were unclear,
but risk factors included severe liver disease, poor dentition, and peripherally inserted central
catheters for broad-spectrum antibiotics. Notably, one patient with lipodystrophy (with NAc
upon transfer into the NIH study) had resolution of NAc 4 years later (while continuing
metreleptin) that was associated with substantially improved metabolic abnormalities (Fig.
4C).

One FHA101 patient with familial partial lipodystrophy and prior history of recurrent
urinary tract infections and lactic acidosis had multiple episodes of urinary tract and bladder
infections over the first 3 years of metreleptin treatment but showed no evidence of NAc.

Discussion

Biologic drugs, being immunologically foreign peptides or proteins, commonly induce anti-
drua i 14 15 o . . . .

rug immune responses,” 2 and metreleptin is no exception. Anti-metreleptin antibodies
have been detected in >85-90% of patients with obesity or lipodystrophy receiving
metreleptin in clinical studies. This high incidence of antibody development may relate to
physicochemical properties of metreleptin and non-physiologic administration
(subcutaneous injection vssecretion into circulation). However, the exact mechanism by
which metreleptin elicits this high rate of antibodies is not definitively established.

In most patients, anti-metreleptin antibodies occurred at a moderate titer detected within 4-8
weeks following treatment initiation, reached peak titer or plateau within 4—-6 months, and
tended to decrease over time with long-term treatment but generally did not disappear
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completely despite chronic antigen presentation during continued therapy. Antibodies were
still detectable in ~20% of patients with obesity approximately 3 years after discontinuing
metreleptin, although titers decreased to a low level in almost all patients.

Anti-metreleptin antibody development was not associated with an adverse impact on
efficacy or safety in patients with obesity, except for increased frequency of inflammatory
injection site AEs. In patients with obesity or lipodystrophy, anti-metreleptin antibodies
resulted in increased leptin concentrations to supraphysiologic ranges (the leptin assay
measures both metreleptin and endogenous leptin), likely due to delayed clearance of
antibody-bound metreleptin. As previously described in another method using LC-MS/
MS,17 the increase in leptin levels observed during metreleptin treatment results from
accumulation of metreleptin as endogenous leptin concentrations remain stable. Higher
antibody titers were associated with higher leptin concentrations although there was
considerable patient variability. This effect confounds accurate determination of leptin
concentrations during metreleptin treatment and precludes their use for correlating drug
levels with response to therapy.

In some patients, /n vitro NAc and very high antibody titer (=1:78125) were identified.
Although this very high titer was observed in all cases in which NAc was identified, very
high antibody titer was also observed in the absence of NAc and therefore is not specific for
NAc. In the three patients with obesity and NAc, leptin concentration was below the assay
limit according to the primary ELISA method used (leptin concentrations using ELISA were
unavailable for the NIH study). However, interference occurs with antibody titer >1:3125
using this ELISA. Thus, the finding of undetectable leptin in these patients should not be
construed as indicating loss of all endogenous leptin action since leptin measurement with
very high antibody titer is unreliable. Leptin measurement in these samples using an
immunoassay with a different detection antibody, or mass spectrometry,17 confirmed that
leptin could be detected in all samples subjected to these alternative methods (data not
shown). Development of a more sensitive assay that will help further characterize the
clinical impact of /n vitro NAc is underway.

Clinical consequences coincident with /n vitro NAc could include interference with activity
of metreleptin, resulting in loss of efficacy (although non-compliance with metreleptin
should be considered first). This may not be surprising in the context of “replacement
therapy” in leptin-deficient patients. NAc development could also potentially affect normal
physiological processes regulated by leptin (including immune function).19 This is difficult
to definitively establish through statistical comparisons given the small number of cases
identified to date, especially because the cases associated with severe infections were
confounded by complex coexisting medical conditions (eg, severe chronic liver disease, poor
dentition).

In individuals with obesity, the concern with NAc is the potential for associated development
of a phenotype resembling congenital leptin deficiency with severe hyperphagia, substantial
weight gain, and other obesity-related metabolic abnormalities (eg, diabetes,
dyslipidemia).zov 21 While the development of /n vitro NAc in the three patients with obesity
was concurrent with weight gain/regain, long-term follow-up in one patient demonstrated
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weight loss and improved diabetes despite persistent NAc, indicating that /n vitro NAc is not
always associated with adverse clinical consequences. Additionally, weight gain commonly
occurs in patients with obesity, and one DFA106 patient who received placebo in the prior
treatment study had a similar amount of weight gain as the DFA106 metreleptin-treated
patient with /n vitro NAc. None of the patients with obesity had any remarkable medical
history or clinical characteristics that might indicate why they developed this laboratory
finding.

Two of the patients with obesity developed /n vitro NAc during metreleptin treatment, but
NAc developed after metreleptin discontinuation in the third. Individuals with obesity have
high endogenous leptin concentrations,22 which may serve as a persistent immune stimulus.
This may be less relevant for patients with generalized lipodystrophy and very low
endogenous leptin concentrations,23 although the minute antigen levels needed for immune
stimulus may make this distinction irrelevant. Further studies evaluating metreleptin
immunogenicity in the post-marketing setting, including long-term follow-up during
treatment and after discontinuation, may provide more information on the frequency of /n
vitro NAc after discontinuing treatment and any associated clinical consequences.

In three of four patients with lipodystrophy and /n vitro NAc, there appeared to be an
association of /n vitro NAc with loss of efficacy (mainly loss of glycemic control and
increased triglycerides in one), though the number of patients was too small to draw
statistically significant conclusions. In the patient with lipodystrophy previously treated with
metreleptin who had NAc at the NIH study baseline, metabolic control was generally poor
during the first 3 years in the NIH study, although she was also was noncompliant with
medications. However, she had markedly improved metabolic parameters coincident with a
sample demonstrating resolution of NAc. Thus, /in vitro NAc can resolve during metreleptin
treatment, allowing these patients to potentially continue deriving benefit from treatment.

In patients with lipodystrophy who are leptin deficient at baseline (especially generalized
lipodystrophy), the consequences of neutralizing endogenous leptin are less clear. Sepsis
was reported in two patients with lipodystrophy with in vitro NAc, but both also had end-
stage liver disease and poor dentition that could have predisposed them to infection. Notably,
no sepsis events were reported in any other patient (obesity or lipodystrophy) with NAc who
did not have advanced liver disease. In addition, another metreleptin-treated patient with
lipodystrophy and multiple urinary and bladder infections had no evidence of NAc. While
the possibility that NAc could increase risk of infection in susceptible individuals cannot be
excluded, there is no evidence to date that /7 vitro NAc would cause severe infection in a
patient not otherwise susceptible.

While the concern for potential clinical consequences of NAc may theoretically be greater
for patients with partial lipodystrophy who often have higher endogenous leptin
concentrations, ™ all four lipodystrophy NAc cases to date occurred in patients with
generalized lipodystrophy. Two-thirds of NIH study patients had generalized lipodystrophy,
so the finding of NAc only in patients with generalized lipodystrophy could be due to the
greater number in this subgroup. Although leptin concentrations are usually very low in
patients with generalized lipodystrophy, they can still make leptin and thus are distinct from
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patients with congenital leptin deficiency due to OB gene mutations who cannot synthesize
leptin and for whom leptin (and metreleptin) is a foreign protein. Transient NAc in
association with loss of efficacy was reported in two patients with congenital leptin
deficiency treated with metreleptin20 but resolved with continuing treatment.

In eight metreleptin-treated children with congenital generalized lipodystrophy from a
separate French study, some patients who had beneficial metabolic effects with metreleptin
. . 24 . . .
in an earlier study”™ " developed metreleptin resistance in a follow-up study, although

25 . . .
adherence to therapy was not reported.” NAc measurement using an in-house primary cell
culture in two of three patients with a “negative” clinical response suggested an
immunological origin for their metreleptin resistance.”> /n vitro NAc was not assessed in the
other patients (one other “negative” responder, two “partial” responders, and three
“complete” responders). Samples from these eight patients were tested using the NAc assay
described herein, and /n vitro NAc was confirmed in one of the two patients reported with
immunological resistance, but not the rest (data on file). This patient demonstrated a lack of
response to metreleptin from treatment initiation rather than initial response followed by loss
of efficacy, and testing several years after discontinuing metreleptin showed resolution of /in
vitro NAc (data on file).

When deciding on metreleptin treatment for a patient with generalized lipodystrophy,
consideration should be given to potential benefits of improved metabolic control vs
potential risks of developing anti-metreleptin antibodies with NAc, along with other
potential benefits and risks. Management of metabolic abnormalities in patients with
lipodystrophy can be challenging with standard therapies because of the underlying
pathophysiology (ectopic lipid deposition) and severity of metabolic abnormalities. While
caution is warranted in using metreleptin, especially in patients who may be at high risk for
severe infections, metreleptin has also been shown to improve metabolic abnormalities
(diabetes and/or hypertriglyceridemia) in patients with generalized lipodystrophy, resulting
in substantial improvement in some cases. Based on currently available data, it is expected
that the benefit-risk profile of metreleptin treatment would be favorable for the majority of
patients with generalized lipodystrophy and complications of leptin deficiency.

Development of in vitro NAc in patients with lipodystrophy may be associated with loss of
efficacy, although the number of cases is too small to be definitive. In patients with obesity,
in vitro NAc has not been consistently associated with adverse clinical consequences.
Whether neutralization of endogenous leptin with clinical consequences occurs remains
unclear.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Peak binding antibody titer and time to peak titer in (A, B) patients with obesity (Study

DFA101) and (C, D) patients with lipodystrophy (Study FHA101). Study DFA101: black
bar, metreleptin 5 mg BID and pramlintide 360 mcg BID + metreleptin 5 mg BID combined
(NV=55). Study FHA101: black bar, metreleptin treatment (A=24). BID, twice daily.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Chan et al.

10000

4000
2000

-
o
o
o

400
200
100

Fasting Leptin (ng/mL)

-
o

Figure 2a
1000

400
200
100

Fasting Leptin (ng/mL)
>

Figure 2b

T T T T T

Neg 25 125 625 3125 15625 78125
Anti-metreleptin Antibody Titer
o
So
o] o]
L o © ©
o o 5 Q
o o (o)
o o
o 9 @%% %g ° ©
O o)
8o & o
% o 8 °
8) [e] o o
(%) %% o o (0]
% ®
8@% & g>o 0®
o 0(;%0 °
@%
Oo °
o
T T T T T T T T T T T
Neg 5 25 125 625 3125 15625 78125 390625 48828125

Anti-metreleptin Antibody Titer

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

Page 16



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Chan et al.

Fasting Leptin (ng/mL)

Figure 2c
Fig. 2.

4000
2000
1000

400
200
100

10

Page 17

o
[¢] o ©O
go °5% Oo% 0.0 o
o o % ek
o 8goo o OOO ®
T8 g 8% B o
o® Jo o &
o 8o %
@o° 8§ g00 o° & .
o0go © o & 08 o o
QS0 ao °% g & o o
cpoO“”o °
o ®
o
° o
° 5 &
o o
@ com o o o
T T T T T T
Neg 25 125 625 3125 15625

Anti-metreleptin Antibody Titer

Fasting leptin concentrations vsantibody titer at baseline and during metreleptin treatment
in (A) patients with obesity (DFA101 and DFA102/E studies) and patients with
lipodystrophy in the (B) NIH study and (C) FHA101 study. Red circles around individual
plots denote patients who developed /n vitro NAc. Black circles around individual plots
denote patients with very high antibody titer who did not develop in vitro NAc. NAc,

neutralizing activity; Neg, negative.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chan et al. Page 18

A.
- 30
1000000~ P
52 L 0000.
E = 100000 1)) - 20
U)% 1 '
[ =
:._8 10000-E L 10
o + -
— C
® < 1000 .
‘E .E ‘. ’/. -0
o / §-
O o 100 . -,
5 - " 10
S ‘u .
sg 10
a5 1 . - -20
4 < 15 I
01 T T T T T T T : : T T T T T '30
0 1 2 3 4 5 6 710 20 30 40 50 60 70
Time (months)
Baseline Weight = 129.2 kg
Figure 3a

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

Change in Weight from Baseline (kg)



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chanetal.

B.
1000000+
- = ;- 20
-
T 100000+
S o
23 N L 10
= § 100005 ; . o
-§ I ! .‘.-Q‘ "'
s < 10009 U S
- %. . .» o®
S & 1005 -o-R-®
c = : --10
o9 u
o b
£E 107
as L .20
8 & 14 "o oman-u
01 T T T T T T : : T T T T T T '30
01 2 3 4 5 6 710 20 30 40 50 60 7
Time (months)
Baseline Weight = 128.0 kg
Figure 3b
C.

Leptin Concentration (ng/mL)/
Anti-metreleptin Antibody Titer

Figure 3c
Fig. 3.

VIS ITIIITIITIIIINIT

] ¥ 1 ¥ 1 L) l
6 710 20 30 40 50 60 70 80

012 3 45
Time (months)

Baseline Weight = 85.9 kg

Page 19

Change in Weight from Baseline (kg)

Change in Weight from Baseline (kg)

Changes in body weight, fasting leptin concentration, and antibody titer over time in (A-C)
three patients with obesity with evidence of /n vitro NAc. (R), fasting leptin concentration;
(W), antibody titer; (@), body weight. Solid rectangle above the plot represents time on

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Chan et al.

Page 20

metreleptin treatment. Hashed rectangle represents time off metreleptin treatment. Circles
around individual plots denote the detection of /n vitro NAc. NAc, neutralizing activity.
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Changes in A1C, triglycerides, and antibody titer over time in (A-D) four patients with
lipodystrophy with evidence of in vitro NAc. (@), A1C; (M), triglycerides; (¥), antibody
titer. Solid rectangle above the plot represents time on metreleptin treatment. Circles around
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individual plots denote the detection of /n vitro NAc. A1C, glycated hemoglobin; NAc,
neutralizing activity.
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