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1. EXECUTIVE SUMMARY 

This is an original NDA submitted by Rhythm Pharmaceuticals on 27 Mar 2020, seeking marketing 
(b) (4)approval for IMCIVREE (Setmelanotide) injection for the treatment of obesity 

associated with pro-opiomelanocortin (POMC), including PCSK1, deficiency obesity or leptin receptor 

(LEPR) deficiency obesity in adults and children 6 years of age and older. In this document, the names 

RM-493, Setmelanotide and IMCIVREE are used interchangeably. 

IMCIVREE (setmelanotide) is a formulation of setmelanotide available as a 10 mg/mL multi-dose vial. 

Setmelanotide is a synthetic, cyclic octapeptide (8-amino acid-containing peptide) that functions as a 

selective agonist to the human melanocortin-4 receptor (MC4R). Setmelanotide binds with high affinity 

(inhibitory constant [Ki] = 2.1 nM) to MC4R and is efficient in activating this receptor (50% effective 

concentration [EC50] = 0.27 nM). Chemically, it is Acetyl-L-arginyl-L-cysteinyl-D-alanyl-L-histidinyl-D

phenylalanyl-L-arginyl-L-tryptophanyl-L-cysteinamide cyclic (2→8)-disulfide and has the empirical 

formula C49H68N18O9S2 (anhydrous, free base) and a molecular weight of 1117.3 Daltons (anhydrous, free 

base). Setmelanotide has the following primary structure: 

IMCIVREE drug product is formulated as (b) (4) solution (pH 5 - 6) with excipients mPEG-2000

DSPE (N-(Carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl glycero-3-phosphoethanolamine 

sodium salt), carboxymethylcellulose sodium (CMC), mannitol, phenol, benzyl alcohol and sodium edetate. 

The proposed commercial formulation is a sterile solution intended for subcutaneous (SC) injection. 

Setmelanotide retains the specificity and functionality of the naturally occurring pro-opiomelanocortin 

(POMC)-derived neuropeptide, α-melanocyte-stimulating hormone (α-MSH), the endogenous ligand for 

the MC4R. Compared to the short-lived natural α-MSH ligand, setmelanotide is more potent and has a 

much longer half-life of ~10-12 hours in humans. 

Adrenocorticotropic hormone (ACTH), α-MSH, β-MSH, and γ-MSH are a family of peptide hormones that 

are all derived from the common precursor, POMC that form the melanocortins (MC). The MCs regulate 

energy homeostasis and body weight. 

The Melanocortin-4 receptor (MC4R) has been identified as the dominant MC receptor involved in body 

weight, hunger, and energy homeostasis regulation. Due to its mechanism of action, setmelanotide has the 

potential to restore lost activity in the MC4R pathway by bypassing the defects upstream of the MC4R and 

directly activating MC4R neurons in the hypothalamus below such defects, thereby re-establishing weight 

and appetite control in patients with POMC and LEPR obesity. 

Reference ID: 4669798 
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1.1 Recommendations 

The Office of Clinical Phrumacology has reviewed the clinical phrumacology data submitted to NDA 
213793 and found it acceptable to support approval of IMCIVREE for the treatment ofobesity (bll' 

associated with pro-opiomelanocortin (POMC) deficiency obesity, including PCSKI, 
or leptin receptor (LEPR) deficiency obesity in adults and children 6 yeru·s of age and older. Key review 
issues with specific recommendations and comments ru·e summru·ized below: 

Review Issues 

Supportive evid en ce of 
effectiveness 

Gener al d osing 
instruct ions 

Dosing in pa tie nt subgr oups 

Bridge between the "to-be
marketed" and clinical trial 
formulations 

Recommendations and Comments 

The primary evidence of effectiveness for the proposed dosing regimen 
were obtained from data from 2 efficacy trials in patients with POMC or 
LEPR deficiency obesity, which showed that IMCIVREE was effective in 
the treatment of obesity and1 (blT"! associated with POMC 
deficiency obesity, including PCSKl , or LEPR deficiency obesity in 
adults and children 6 years ofage and older. 
8 out of 10 POMC patients and 5 out of 11 LEPR patients achieved a:::: 
10% weight loss after 1 year ofsetmelanotide treatment. This weight loss 
was also accompanied by clinically meaningful reductions in hunger over 
1-vear treatment in these patients. 
IMCIVREE should be injected once daily, at the beginning ofthe da~ 

, without regard to thJ4 
timing ofmeals. IMCIVREE should be injected subcutaneously in the 
abdomen, thigh, or rum, rotating to a different site each day. Ifa dose is 
missed, the once daily regimen should be resumed as prescribed with the 
next scheduled dose. IMCIVREE must not be administered intravenously 
or intramusculru·ly. The reconunended sta1ting and titration doses of 
IMVICREE are listed in the Table below: 

Week Daily Dose 
Potie11ts otzed>12 veors 

Weeks 1-2 2mgq.d. 
Week 3 and bevond 3 mga.d. 

Potie11ts otzed 6 -12 veors 
Weeks 1-2 I mgq.d. 
Week 3 and bevond 2m<>o.d. 
Ifclinical response is insufficient, and 3mgq.d. 
IMCIVREE is well tolerated 

The proposed doses in pediatric populations are suppo1ted by population 
PK and exposure-response analysis. 

• Dose adjustment of setmelanotide is not required for mild renal 
impairment. 

• Setmelanotide is not recommended in patients with moderate and 
severe renal impairment. 

The to-be-marketed fonnulation is the same as the clinical trial 
fonnulation that was used in several clinical phannacology studies. The 
to-be-marketed fonnulation was also used in all the Phase 3 clinical 
studies. 

1.2 Post-Marketing Requirements and Commitments 

None. 


Reference ID 4669798 
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 


2.1 Pharmacology and Clinical Pharmacokinetics 

Setmelanotide is a MC4R agonist, which retains the specificity and functionality of the naturally 
occuning POMC-de1ived neuropeptide, a-Melanocyte-stimulating ho1mone (a-MSH), which is the 
endogenous ligand for the MC4R. Setmelanotide is more potent and has a much longer half-life (~10-12 
hours in humans) than the sho1t -lived a-MSH ligand. 

The melanoco1tins (MC) are a fainily of peptide ho1mones (including ACTH, a-MSH, P-MSH, and y
MSH) that are all derived from the common precursor, POMC. The MCs regulate energy homeostasis and 
bodyweight.. 

The MC4R has been identified as the dominant MC receptor involved in body weight, hunger, and energy 
homeostasis regulation. Setmelanotide has the potential to restore lost activity in the MC4R pathway by 
bypassing the defects upstream of the MC4R and directly activating MC4R neurons in the hypothalamus 
below such defects. Thus, setmelanotide bypasses the upstream genetic defects in this cdtical MC4R 
signaling pathway to re-establish weight and appetite control in patients with POMC and LEPR obesity. 

A summaiy of the PK and PD charactedstics ofIMCIVREE is presented below. 

Absorption: 

Distribution: 

Metabolism: 

Excretion: 

• Following SC injection of setmelanotide, plasma concentrations of setmelanotide reached 
maximum concentrations at a median T max of8.0 h after dosing. 

• Steady-state plasma concentrations of setmelanotide is achieved within 2 days with daily 
dosing of 1-3 mg setmelanotide 

• The accumulation of setmelanotide in systemic circulation during once-daily dosing over 
12 weeks was approximately 30%. 

• Setmelanotide generally exhibits dose proportional PK following multiple-dose SC 
administration in the proposed dose range 0 -3 mg). 

• The mean apparent volume of distribution after SC administration is about 49 L, and the 
plasma protein binding of setmelanotide is 79.1%. 

• Setmelanotide does not appear to be metabolized by human hepatic microsomes and 
hepatocytes. Trace amounts of two urine metabolites, Ml9 (2%) and M7 ( < l %) were 
observed in a small number of subiects. 

• The total apparent steady-state clearance of setmelanotide is about 4.86 L/h. 
• At steady state, approximately 39% ofthe administered setmelanotide dose was renally 

eliminated as unchanged chug within 24 homs post-dose 

Reference ID 4669798 
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2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 

The proposed starting dose of IMCIVREE is as follows: 
(b) (4)

2.2.2 Therapeutic individualization 

Based on findings from individual studies and population PK analyses, other than body weight, no other 

intrinsic factors affected the PK of setmelanotide after IMCIVREE administration. Dose adjustment of 

setmelanotide is not required for mild renal impairment. Setmelanotide is not recommended in patients 

with moderate and severe renal impairment.  Setmelanotide was not evaluated in hepatic impairment. 

2.3 Outstanding Issues 

None. 

Reference ID: 4669798 
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2.4 Summary of Labeling Recommendations 

The Office of Clinical Pha1macology recommends the following prelimina1y labeling concepts be 
included in the final package inse1t: 

Label Section Acceptable to OCP? Recommendation 

A AWE u 

2 DOSAGE AND ADMINISTRATION 
2.1 Recommended Dosage 

D 0 D :.,_Recommended DQsa1?V:ll 
(b~ 
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(b) (4)

(b) (4)

(b) (4)

8 USE IN SPECIFIC POPULATIONS 
8.6 Renal Impairment 

 ☐ ☐ 
• 
• No dose adjustments are required in patients with mild 

renal impairment. Setmelanotide is not recommended in 
patients with moderate and severe renal impairment 

12 CLINICAL PHARMACOLOGY 
12.2 Pharmacodynamics 

☐  ☐ • Energy Expenditure 
Short-term administration of IMCIVREE in 12 healthy 
obese subjects increased resting energy expenditure and 
shifted substrate oxidation to fat, 

12.3 Pharmacokinetics ☐   • The accumulation of setmelanotide in systemic circulation 
during once-daily dosing over 12 weeks was approximately 
30%. 

A = Acceptable; AWE=Acceptable with minor edits; U=Unacceptable/substantive disagreement (must provide comment); 

13
 

Reference ID: 4669798 



3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 


3.1 Overview of the Product and Regulatory Background 
The clinical development program for IMCIVREE comprised of 13 studies: 6 Phase l / l b/2a studies, 
4 Phase 2 studies, 2 Phase 3 studies, and 1 long-te1m extension study. A total of424 subjects participated 
in these clinical studies, including healthy obese volunteers (n = 313), patients with POMC, PCSKl or 
LEPR (n = 64), patients with Prader-Willi syndrome (n = 39) and Bru·det-Biedl syndrome and Alstrom 
syndrome patients (n=7) . 

The regulato1y histo1y regarding these communications is summarized below: 

Dates Communication/Meeting Type Key Communication Points 

18 Dec2015 Grant Request for Breakthrough 
Designation 

• Agency granted breakthrough designation request after 
determining that setmelanotide for the treatment of 
proopiomelanocortin (POMC) deficiency obesity meets the 
criteria for Breakthrough Theraov designation. 

01 May2017 Grant Request for Expanded 
Breakthrough Designation 

• Agency's revised breakthrough indication for setmelanotide 
for "the treatment of obesity associated with genetic defects 
upstream of the MC4 receptor in the leptin-melanocortin 
pathway." During a May 1, 2017 teleconference, the Sponsor 
had agreed to request the withdrawal of Breakthrough 
Designation for POMC deficiency obesity, since this 
condition is a subset ofthe indication granted with the 
current request. 

27 Aug 2018 Type B Meeting • Agreement of clinical pharmacology data package. 

27 Nov2018 Type B Meeting • Bridging strategy for a proposedr (6Jl4! 

compared to the dailv formulation 
07 Aug2019 • Request for Rolling Submission granted 

27 Sep 2019 Type B Meeting (Pre-NOA) • Agreement on the Immw1ogenicity package and Clinical 
Pharmacolo!!V package for NOA 

Reference ID 4669798 
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3.2 General Pharmacological and Pharmacokinetic Characteristics 

Phannacolo 
Mechanism of The MC4 pathway serves a critical role in the control of food intake and energy balance. Its 
Action activity decreases appetite and caloric intake, and increases energy expenditure, with 

melanocortin 4 receptors (MC4R) acting as the final step in the signaling pathway. 

Under normal conditions, POMC neurons are activated by brain satiety signals, including those 
resulting from the honnone leptin acting through LEPR. POMC neurons produce a protein, 
which is specifically processed by the PCSKl, enzyme, into melanocyte stimulating honnone, or 
MSH, the natural ligand, or activator, for MC4R. When genetic mutations disrupt this pathway, 
the result is hyperphagia and severe obesity. 

Setmelanotide has the potential to restore lost function in this pathway by activating the intact 
MC4 pathway below the genetic defect. 

~ Upelream , OO'hfl etream -.. 

Active Moieties Setmelanotide 
Pharmacodynamics Shott -term administration of setmelanotide increases resting energy expenditure (REE) and shifts 

substrate oxidation to fat in obese individuals. 

Figure 1 

>:.. 
Q ..... 
'?. 
" 

Restin 
Study RM-493-006: Multiple Dose, 2-Period Crossover Study To Evaluate The Effect Of 

Setmelanotide On Energy Expenditure In Obese Subjects 
2500 ---- ----- ----- -----
2250 .. =-:..: =....:....: ~:...:..: =...:..: =...:...: =...:...: =..:...: =....:....: =-:..: =..:..... =..:...:  .. - . . - . . - .. - .. - . 

2000 

-
. . - .....~·.::-...: ·~~ -:-~·- · ·-· · -· · -·· -·· -··-··- · ·-· · -··-··-·· -··- K 

-- -- ---------------------------------------~ 
" "' "'a: 

1750 --
-- -

1500 

1250 

RM-493 1 mg/kg Infusion Place bo 

Treatment 

(Source: Reviewer generated graph) 

Setmelanotide increased resting energy expenditure (REE) vs. placebo by 6.4% on average by 
111 kcaV24h. Total daily energy expenditure (EE) trended higher while the thennic effect ofa 
test meal and exercise EE did not differ significantly. The 23-hour non-exercise respiratory 
quotient was lower during setmelanotide treatment (0.833 ± 0.021 vs. 0.848 ± 0.022, p=0.02). 
No adverse effect on hea1t rate or blood ressure was observed. 

General Information 
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Bioanalysis Setmelanotide concentrations in plasma were determined using validated LC-MS/MS assay. The 
validation range was 50 - 2000 pmol/L, with the lower limit of quantification (LLOQ) being 0.5 
ng/mL. 

Effect of Intrinsic Except body weight, PopPK analysis did not identify age, patient status (healthy obese vs. Rare 
Factors on Genetic Disorders ofObesity (RGDO)), and gender to have any clinically relevant impact on the 
Pharmacokinetics PK or PD of setmelanotide. Setmelanotide apparent clearance after SC dosing (CL/F) varied with 

weight according to a fixed allometric relationship. 
Dose 
Proportionality 

Based on power regression analysis, setmelanotide Cmax and AUCo..oo were proportional over the 
range of0.5  3.0 mg. There was a 5.71-fold increase in mean Cmax and a 5.78-fold increase in 
mean AUC<o-1as1) for the overall 6-fold increase in dose betv.•een 0.5 mg and 3 mg. 

Intra-Subject PK: 
Varia bility Estimates of intra-individual variability (IIV) (CV%) from the PopPK model were 28.7% for 

CL/F, 26.5% for apparent volume of distribution after SC dosing (V/F), and 52.3% for dmation 
of zero-order absorption into central comoartment ffi2). 

Renal or Hepa tic Eleven (11) subjects with mild renal impairment were included in the phase 3 trial. The popPK 
Impairment model suggests a trend towards 15% lower CL/F in patients with mild renal impairment, 

indicating a small effect of mild renal impainnent on setmelanotide PK. Setmelanotide has not 
been studied in patients with moderate or severe renal impainnent. 

In vitro evidence demonstrated that setmelanotide is not metabolized to any measurable degree 
by human liver microsomes (nor by human kidney microsomes or hepatocytes). No dedicated 
study was conducted with setmelanotide in hepatic impaired patients. Setmelanotide is not 
recommended for use in patients with severe hepatic impairment. 

Pedia tric Pediatric simulations were carried out with the assumption that patients had normal renal 
function and the weight/age/sex distribution was randomly sampled from historical grov.rth data 
over the desired age range. Based on the simulation, exposures in the 6 to < 12 year-old group in 
general tended to be higher than those in the 12 to 17-year-old group at each setmelanotide QD 
dose. This was a direct result ofthe relationship between CL/F increasing with increasing body 
weight and the fixed dosing regimen. 

Drug-Drug 
Interaction 

In vitro results with human biomaterials indicated that the potential for setmelanotide to cause 
chug interactions is low. The Sponsor did not conduct any chug-chug interaction studies with 
setmelanotide. 

Absorption 
Stead y-State PK The mean steady state Cmax,ss and AUCco-<) following a 3 mg QD dose is 37.9 ng/mL and 


495 h*ng/mL, respectively . Mean setmelanotide trough concentration for 3 mg QD is 6.77 

ng/mL. 

Steady-state plasma concentrations of setmelanotide were achieved within 2 days ofQD dosing. 


Table 1 	 Steady-State Setmelanotide PK Parameters in Patients with Rare 
Genetic Disorders ofObesity (Stud 014) 

Dose N AU CO-last AUCtau• Cmax Ctrougb• 
( m u) (n2-h/mL) (n2·h/mL) (n!!fmL) (n2/mL) 
0.5 me. 13 35.8 6.65 0.857 (18) 
1.0 me. 25 59.3 149 1 l 10.4 1.52 22 
1.5 me. 22 106 308 11 17.5 3.12 26 
2.0 me. 29 146 319 12 25.1 4.37 45 
2.5 me. 19 188 330 (1 32.8 14.6 56) 
3.0 me. 10 207 38.0 13.4 5n 

"Numbers in parenthesis indicates number of observations available 
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Figure 2 Mean Setmelanotide Concentration (±SD) Versus Time following 0.5 
3.0 mg subcutaneous doses of IMCIVREE in Adult (Top Panel) and 
Adolescent Patients Bottom Panel 


Adults 


Study RM-493-014: Phase 2 Treatment Trial In Patients Wit h Rare Genetic Disorder s Of Obesity 

Grou p= Adults 
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Adolescents 

Study RM-493-014: Phase 2 Treatment Trial In Patients Wit h Rare Genetic Disorder s Of Obesity 
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'Source: Reviewer enerated a h 
Following SC injection of setmelanotide, plasma concentrations of setmelanotide reach 
maximum concentrations at a roximatel 8.0 h after dosin .· 

ADME 
Distribution 

Tmax 

The mean apparent volume of distribution after SC administration of setmelanotide estimated 
from the Po ulation PK model was 48.7 L. Plasma rotein bindin of setmelanotide is 79 .1 %. 
The Sponsor did not conduct human metabolism studies with IMCIVREE. Setmelanotide does 
not a ear to be metabolized b human he atic microsomes, he atoc es, or kidne microsomes. 

Metabolism 

Excretion At steady state, approximately 39% ofthe administered setmelanotide dose was renally 
eliminated as unchanged dmg dming the 24-hour dosing interval following SC administration of 
3.0 mg QD. The total apparent steady state clearance of setmelanotide following administration 
of3.0 mg SC QD is estimated from population PK model to be 4 .86 Uh. The effective half-life 
of setmelanotide is a roximatel 11 homs. 
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Immunoe:enicitv 
Incidence Anti-chug antibodies (ADA) to setmelanotide have not been detected in any clinical studies. A 

small munber of samples tested positive for antibodies to a-MSH (2.5%), which were present 
both ore-treatment and post-treatment with setmelanotide. 

Impact on PK No relationship was found between any ADA parameters assessed (ADA to setmelanotide, 
neutralizing ADA to setmelanotide and antibodies to a -MSH) and PK or PD ofsetmelanotide. 

Impact on Efficacy 
and Safety 

Clinically meaningful association between immunogenicity and chug exposure, efficacy, or risk 
of adverse events (AEs) were not observed for setmelanotide. 
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3.3 Clinical Pharmacology Review Questions 

3.3.1 To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness? 

The clinical pharmacology data presented in this NDA provides supportive evidence of effectiveness for 

IMCIVREE to for the treatment of obesity (b) (4)  associated with POMC, including 

PCSK1, deficiency obesity or LEPR deficiency obesity in adults and children 6 years of age and older. 

The data from two phase 3 safety/efficacy studies (Studies RM-493-012 and RM-493-015) provided 

evidence of effectiveness of setmelanotide in producing clinically and statistically significant 

improvements in weight loss (b) (4) compared to baseline (see Clinical 

review by Dr. Galescu in DARRTS). 

3.3.2 Is the proposed general dosing regimen appropriate for the general patient population 
for which the indication is being sought? 

Yes, the proposed general dosing regimen is appropriate for the POMC and LEPR deficiency obesity 

patients. No dedicated dose-finding study was conducted in these patients. The starting dose of 2 mg in 

adults was selected based on clinical experience gained during the pivotal Phase 3 studies. 

Due to limited available clinical data for doses of 2 mg and higher, and a theoretical concern that patients 

with MC4R pathway deficiencies might be especially sensitive to MC4R agonists, a cautious approach to 

the dosing regimen was followed at the time of study initiation. Adult dosing in Phase 3 pivotal studies 

were started at 1 mg, with dose increments of 0.5 mg every 2 weeks, until a therapeutic dose that resulted 

in weight loss or maximum dose of 3 mg was achieved. The starting setmelanotide dose was 0.5 mg in the 

pediatric patients (6 to 17 years of age) with dose increments of 0.5 mg and increasing up to a maximum 

dose of 3 mg. Frequent medical evaluation was needed with these small increments as it took 10 to 12 

weeks to achieve a therapeutic dose resulting in weight loss. As subsequent clinical data from patients 

receiving doses up to 3 mg/day did not show any additional safety concerns, sponsor proposed an adult 

starting dose of 2 mg/day to allow for a quicker response to treatment. 

Study 012 and Study 015 were conducted in POMC and LEPR deficiency obesity patients, respectively. 

The primary endpoint in both studies was defined as the proportion of patients in the pivotal cohort in the 

full analysis set (FAS) population who met the ≥10% weight loss threshold (responders) after 

approximately 1 year of treatment. Eight (8) of the 10 patients with POMC/PCSK1 deficiency obesity 

and Five (5) of the 11 patients with LEPR deficiency obesity in the FAS Population achieved at least 10% 

weight loss after approximately 52 weeks of treatment with setmelanotide. This clinically meaningful 

body weight loss was accompanied with improvements in hunger score in POMC and LEPR obesity 

patients which was evaluated as secondary endpoint in both the studies. 

The mean profiles of patients who met the ≥10% weight loss threshold is shown in Figure 3 and Figure 
4. Longitudinal measurement of hunger score is also shown in the figures. 

The drug’s effectiveness is supported by exposure-response analyses which determined that at the 

proposed starting and maintenance doses, setmelanotide concentrations were at the plateau of the 

exposure-response curve. The EC50 (concentration needed to achieve half of the maximum efficacy = 

7.8×10-20 ng/mL) was very small compared to the observed average concentration at the recommended 

starting and maintenance doses (Cav = 20.62 ng/mL). 
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The proposed doses are also suppo1ted by the obse1ved safety findings. Setmelanotide is generally well 
tolerated, with most adverse experiences being mild in nature. Nausea and vomiting were the 
predominantly reported adverse events followed by injection site reactions, and hype1pigmentation. It 
appears that if the initial nausea is tolerated, patients should be able to adhere to the proposed simplified 
dosing regimen. 

Figure 3 	 Mean Absolute Weight Change from Baseline (Left Panel) and Weekly Average 
Hunger Score (Right Panel)in Study 012 

.. 

40 
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Vertical dash lines indicate dose change, and colored band indicates placebo withdrawal period. 
(Source: Reviewer generated graph) 

Figure 4 	 Mean Absolute Weight Change from Baseline (Left Panel) and Weekly Average 
Hunger Score (Right Panel)in Study 015 
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Vertical dash lines indicate dose change, and colored band indicates placebo withdrawal period. 
(Source: Reviewer generated graph) 

3.3.3 	 Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsicfactors? 

Based on the population PK (PopPK) model, using allometric scaling, baseline body weight but not renal 
function was found to be significant intrinsic covaiiates associated with setmelanotide exposure. Subjects 
with mild renal impairment had 19% (-6.5% to 47%) higher setmelanotide steady state AUC compared to 
those with normal renal function. Similai·ly, compai·ed to subjects weighing 90 kg, subjects weighting 50 
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kg had 55% (38% - 73%) higher steady state AUC and subjects weighing 200 kg had 45% (39% - 52%) 

lower AUC. Due to the strong correlation between age and body weight (younger patients having lower 

body weight), the applicant’s simulations indicated that pediatric subjects tend to be over-exposed 

compared to adults at the same setmelanotide dose. For this reason, the applicant proposes lower starting 

and maintenance doses for pediatric subjects. The applicant did not perform exposure-response analyses 

for efficacy nor for safety. 

The following key review question was addressed from a dosing regimen and /or management 

perspective: 

3.3.3.1 Does population PK and exposure-response modeling and simulation support the proposed 

labelling for specific populations? 

3.3.3.1.1 Pediatric subjects 

Studies RM-493-012 (in POMC deficiency obesity) and RM-493-015 (in LEPR deficiency obesity) 

evaluated the PK of setmelanotide in pediatrics (n=4, Age: 6 to <12 years, body weight: 56 – 101 kg) and 

adolescents (n = 9, Age: 12 to 17 years). The body weights of patients between ages 12-17 years was 106

139 Kg in Study 012, while it was between 89-118 Kg in the Study 015. In pediatric patients, 6 to < 12 

years, setmelanotide was initiated at 0.5 mg and maintenance dose ranged between 1.5 mg and 2 mg. 

Similarly, in adolescents (12-17 years), initial dose was 0.5 mg, but maintenance dose ranged between 1.5 

mg and 2.5 mg. Exploration of individual weight profiles indicate that all pediatric patients lost weight 

immediately after start of treatment. The data also indicate that titrations were mainly based on 

tolerability rather than on a pre-specified target for weight loss. A maximum dose of 3 mg was 

prespecified in the protocol for those patients who could tolerate higher doses of setmelanotide. 

On the other hand, findings from a PopPK model developed using PK data from these 2 studies 

concluded that patients aged 6 to <12 years of age would require a dose of 1.5 mg to match median adult 

exposures at the 2 mg dose and patients 12-17 years of age would require a dose of 2 mg. To approximate 

adult exposures at the 3 mg dose, patients aged 6 to <12 years of age would require a dose of 2 mg and 

patients aged 12-17 years of age would require a dose of 2.5 mg (Figure 5). These findings from model 

simulations suggest a higher starting dose would be warranted for pediatric subjects if an exposure 

matching principle was used. Though the safety profile of setmelanotide appears to be favorable in this 

patient population, the information is still limited, as only 4 subjects in the lower age group have been 

studied so far. The sponsor proposed 

Because the Agency did not perform an exposure-vs-safety analyses and the relationship 

(b) (4)

between exposure and adverse events is unknown, there is the possibility of a positive relationship 

between exposure and adverse events. Thus, a conservative approach to lower starting and maintenance 

doses in the lower age group of pediatric patients is appropriate, given the paucity of safety data in the 6 

to <12 years of age subgroup (See Section 4.4 Pharmacometric Assessment for additional details). 

However, adolescents (12-17 years of age) may benefit from the same starting dose as adult subjects, as 

their baseline weight is comparable to adults and are predicted to have similar exposures as adults at the 

same starting dose. No significant safety events of interest were detected in adolescents in clinical trials. 
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Figure 5 Simulated Setmelanotide AUCss for Pediatric Patients 

(Source: Module 2.7.2. Summary of Clinical Pharmacology Studies, Figure 7, page 58) 

3.3.3.1.2 Renal impairment 

The effect of renal function on setmelanotide CL/F was evaluated across a range of creatinine clearance 

of 60 to 90 mL/min utilizing the developed population PK model by using PK data from 11 patients with 

mild renal impairment. Subjects with creatinine clearance values above 90 mL/min were assumed to have 

normal renal function. The expected effect was a ~20% decrease in CL/F for a patient with a creatinine 

clearance of 75 mL/min (Figure 6). Evaluation of renal function as a categorical covariate on CL/F (mild 

impairment vs. normal renal function) showed that subjects with mild renal impairment had a ~15% lower 

CL/F as compared to those with normal renal function. This magnitude of change in clearance is not 

expected to be clinically significant and thus, no dose adjustment is recommended for patients with mild 

renal impairment. 
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Setmelanotide has not been studied in patients with moderate or severe renal impairment and thus, no 

dosing recommendations are proposed for these patients. 

Figure 6 Effect of Mild Renal Function on Setmelanotide Clearance 

(Source: Module 2.7.2. Summary of Clinical Pharmacology Studies, Figure 6, page 54) 

Acceptability of proposed labelling for Renal Impairment: 

The proposed labelling for mild renal impairment is acceptable. No dose adjustments are required in 

patients with mild renal impairment. The starting and maintenance doses in mild renal impaired subjects 

will result in exposures at the plateau of the dose response curve. Although mild renal impairment does 

not seem to be a significant PK covariate, approximately 40% of drug was eliminated unchanged in the 

urine. Thus, patients with moderate or severe renal impairment may have significantly higher exposure 

compared to patients with to normal renal function. Based on the lack of information, dosing in moderate 

and severe renal impairment is not recommended. 

3.3.3.1.3 Hepatic Impairment 

A study in hepatically impaired patients was not conducted, and setmelanotide is not indicated in patients 

with hepatic impairment. 

3.3.3.1.4 Race, Sex, Body weight and Age 

A fixed allometric relationships with exponents of 0.75 (CL/F) and 1.0 (V/F) was included for baseline 

body weight in the PopPK model. Based on the model and given the distribution of weight in the 

population PK database, the expected fold-changes in CL/F, relative to a 90 kg patient was a ~35% 

decrease for a 50 kg patient to an 83% increase for a 200 kg patient. Additionally, the model indicated 

that age was not a significant factor influencing clearance of setmelanotide (Figure 7), however a strong 

relationship between age and weight impacts recommendations for pediatric dosing. 
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Figure 7 Effect of Covariates on Setmelanotide Clearance 

(Source: Module 2.7.2. Summary of Clinical Pharmacology Studies, Figure 5, page 54) 

3.3.3.1.5 Genomics 

On May 05, 2020, the Office of Clinical Pharmacology/Division of Translational and Precision Medicine 

(OCP/DTPM) asked the applicant in an Information Request (IR) to provide the sequence variants 

interpretation for all subjects included in studies RM-493-012 and RM-493-015. 

The FDA received response to the IR on May 20, 2020. DTPM has reviewed the pathogenicity 

assignment of the genetic variants in the POMC, PCSK1, and LEPR genes. We generally concur with the 

applicant’s assessment of the pathogenicity of the genetic variants. For additional information please see 

the DTPM review in the Appendix 4.5. 

3.3.4 Are there clinically relevant drug-drug interactions, and what is the appropriate 
management strategy? 

No new drug-drug interaction study was carried out with setmelanotide. In vitro studies demonstrated 

that setmelanotide has low potential for pharmacokinetic drug-drug interactions related to cytochrome 

P450 (CYP), transporters and plasma protein binding. 

Setmelanotide showed no inhibition potential for CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 

CYP2C19, CYP2D6, and CYP2E1. The 50% inhibition concentration (IC50) was >1 mM for CYP1A2, 

2C9, 2C19 and 2D6, and >50μM for CYP3A4. The potential for time-dependent inhibition (TDI) of 

cytochrome P450 by setmelanotide showed that setmelanotide is not a time-dependent inhibitor of major 
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hepatic CYPs. Evaluation of the potential for cytotoxicity and induction of cytochrome P450 mRNA 

expression and enzyme activity (CYP1A2, CYP2B6 and CYP3A4) in human hepatocytes by 

setmelanotide showed that setmelanotide is not an inducer of these CYPs, nor is it cytotoxic up to 1 μM. 

Assessment of the substrate and inhibitor potential of setmelanotide for transporters showed that 

setmelanotide is not a significant inhibitor of P-glycoprotein (P-gp), breast cancer resistance protein 

(BCRP), OATP1B1, OATP1B3, OAT1, OAT3, or OCT2 and is not a substrate of P-gp, BCRP, 

OATP1B1, OATP1B3, OAT1, OAT3, or OCT2. Setmelanotide is a not a substrate of MATE1 or 

MATE2K; setmelanotide is not an inhibitor of MATE1 or MATE2K. These results do not warrant a 

clinical drug interaction study. 
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4.	 APPENDICES 

4.1	 Summary of Bioanalytical Method Validation and Performance 

4.1.1	 How is IMCIVREE identified and what are the analytical methods used to measure them 
in plasma? 

Setmelanotide concentrations in plasma were determined using a validated LC-MS/MS assay. The 

validation range was 0.500 – 200 ng/mL, with the lower limit of quantification (LLOQ) being 0.500 

ng/mL. A summary of validation parameters for the quantitation of setmelanotide in plasma is shown in 

Table 2. 

4.1.1	 How is IMCIVREE identified and what are the analytical methods used to measure them 
in urine? 

Setmelanotide concentrations in urine were determined using a validated LC-MS/MS assay. The 

validation range was 2.00 - 800 ng/mL, with the lower limit of quantification (LLOQ) being 2 ng/mL. A 

summary of validation parameters for the quantitation of setmelanotide in urine is shown in Table 3. 
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Table 2 Summary Table of ELISA Method Validation for Quantitation ofSetmelanotide 
(IMCIVREE) in Human Plasma 

Validn.tiou R eports l\Jethod Pea·fonnauce 

Setmelanotide in Human Plasma (original method) Lower Limit ofQuantification 0.500 ng/mL 

Tille: Delenninatioo of RM-493 in Human Hal t- Validated Range 0.500 to 200 ng/wL, using 0.5 mL plasma 
Stabilized K2-EDTA Plasma by LC-MS -MS 

(6Jl.ill Calibration Cmve Concentrations (ng/mL) 0.500, l .00, 2.50, 10.0, 25.0, 100, 180, and 200 
ng/mL 

QC Controls (valicfatio~) 0.500 (LLOQ), 1.50 (Low), 20.0, (Mid), 160 
Docmncnt Y: 03221NK (High), and 1000 0/ery High QC) ng/mL 

Precision and Acwracy (Based on 6 replicates for Precision Accuracy 
each QC concentration for 3 nu1s:) 

Intra-run 0.5 to 6.0% -5.6 to 12.0% 

(LLOQ 17.9%) (LLOQ 17.4%) 

Inter-run 1.8 to 4.6% --3.8 to 9.3% 

(LLOQ 13.6%) 

Dilution (!Ox) QC (1000 ng/mL) Precision : 2.4% 

Accuracy: + 1.0% 

Benchtop stability extracted samples at I°C 24 hours 

Processed thawedlextrac.ted stability at 22°C 66 hours 

Recovery ofsctmclanotidc and Internal Standard Sctmclanotidc: 29"/o to 46% 
(0.500 - 200 ng/rnL ) hlternal Standatd: 29"/o to 4 5% 

Shoit- lenn stabili ty: stock and workiag solmions 

Stock Solution (288 - 305 n•/mL} 
4° c 217 days 

R.oorn Temperanlfe 23 hours 

Stock Solutiou (10 n g!mL) 

4° c 140 days 

R.oorn Temp eranlfe 16 hours 

Long-term stability of plasma samp les See val idation ain end1nents 

Freeze-tluw cycles At least 5 freeze-thaw cycles 

R.e-injec.tion reproducibility Pass 

Matrix factor; comparison ofextracted spiked Acceptable 
samples in nunrix to mairix-free sam ples 

Cany-over from control sample after ULOQ sam ple N one 

Interference from 20 commonly used medications None 
(acetaminophen, acetylsalicylic acid, 
brornpheniramine, caffeine, cetirizine, 
chlorpheniramine. cin1etidine. dextrom ethorphan, 
diphenhydramine. famotidine. ibuprofen. ketoprofeiL 
loratadine. naproxeiL omeprazole. phenyle.phrine. 
p seudoephedrine. ranitidine. salicylic acid. and 
triprolidine,) 

Amendment #I Long-term stability to 124 days at -70°C High Control (160 ng/nL) Bias : 

(inco1pora.ting long-tem1 stab ility to 124 days at - -75% to -0.3% 
?OOC) Low Conlrol ( I.SO ng/mL) Bias: 
Doclllllen1~ 032211\'K_am l -10.7% to -4.0% 

Amendment 112 Long- tcnn stabili ty to 203 days at -70°C High Control (160 ng/mL) Bias: 

(inco'1Jorating long-term stability to 203 days at  -2.5% to 2.5% 
70°C) Low Control ( I.SO ng/rnL) Bias: 
Document ~ 03221NK_ >.m 2 0.7% to 12.0% 
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(Source: Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods, Table 4, pp 12-15
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Table 3 Summary Table of ELISA Method Validation for Quantitation ofSetmelanotide 
(IMCIVREE) in Human Urine 

\" alidatfoo ~port~ l'IJtthod Ptrformanct 

Setmela:nolide in Human Urine Lower Limit of Quantification 2.00 ngfmL 
(Original melhod) 

Validated Range 2.00-800 ngfwL. using 0.2 wL 
Tide: Determination ofRM-493 urine 
in Human CHAPS-Fortified 
Urine bv LC-MS-MS 3122n012 Calibration Curve 2.00, 4.00, 10.0. 40.0, 100, 400, 

(b)l.il Concentratiom (n.efml.) 720, and800 

QC Controls (validation) 2.00 (llOQ), 6.00 (Low), 60.0 
(Mid), 640 (High), and 4000 
0/ery High) ngfmL 

Precision and Accuracy (Based Precision Accuracy 
DocumentNo. 1004312 on 6 replicates for each QC 

concentration for 3 runs) 

Intra-nm 0.66 to 7.7% -5.6 to 8.5% 
(LLOQ 9.1%) 

Inter-nm 2.3 to 5.4% -3.8 to 4.5% 
(LLOQ ? .6%) 

Dilution (lOx) QC (4000 Precision: 2.7% 
ngfwL) 

Accuracy. -0.8% 

Benchtop stability 24 hours at room temperature 

Short-term stability of 69 hours at room temperature 
thawed/e:macted samples 

Recovery of Seb:nelanotide and Setmelanotide: 81.81 to88.11% 
Internal Standard Internal Standard: 78.52 to 

88.47% 

Short-term stability: stock and 48 da)'S at 4°C; 23 how-sat 
working solutions room temperature 

Long-term stability of urine 11 da)'S at-20"C 
samples 

Freeze~thaw cycles 5 

Re-injection reproducibility Pass 

Matri'.t Factor, comparison of Acceptable 
e"tracted spiked samples in 
matrix to matri'l:-free samples 

Carry-ove.r from control sample Not significant 
afte.r ULOQ sample 
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4.2 Biopharmaceutics 

The final commercial IMCIVREE Injection product is a prese1ved, multi-dose setmelanotide <6Jl.il 

solution with N-(carbonyl-methoxypolyethylene glycol 2000)- 1,2 -distearoyl-glycero-3
phospoethanolamine sodium salt (mPEG-2000-DSPE), and carboxymethyl cellulose sodium (CMC). The 
fo1mulation contains 10 mg/mL setmelanotide and 100 mg/mL mPEG-2000-DSPE lllll" 

The fo1mulation also contains mannitol and a 
prese1vative bJl.ill benzyl alcohol and sodium edetate. The unit f01mula for 
IMCIVREE Injection U-100 is provided in Table 4. 

Table 4 	 Composition of the Commercial Formulation: Preserved Setmelanotide mPEG
DSPE/CMC Injection 

Component Composition, mg/mL 

Setmelanotide9 I (Ii) l"j lOmg 

mPEG-2000-DSPEb 100 mg 

Mannitol 11 .0 mg 

Carboxymethylcellulose sodium 8.0mg 

Phenol Smg 

Benzyl Alcohol 10 mg 

Sodium Edetate l mg 

Water for Injection q.s. to 1.0 mL 

ij N-(Carbonyl-methoxypolyethylene glycol 2000)-1 ,2-distearoyl-sn-glycero-3-phosphoethanolamine sodimn salt 
(Source: Module 2. 7.1 Summary of Biop harmaceutic Studies and Associated Analytical Methods, Table 1, Page 7) 
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4.3 Clinical PK and PD Assessments 

Study RM-493-001: Single Ascending Dose Study to Evaluate the Safety, Tolerability, 
Pharmacokinetics and Pharmacodynamics of Setmelanotide Administered to Healthy Obese Non-
Diabetic Volunteers 

This first-in-human (FIH) trial was conducted to evaluate the safety and tolerability of single doses of 

setmelanotide administered by SC continuous infusion and injection to healthy obese subjects. The other 

goals for this study were to evaluate the PK and PD profiles for single doses of setmelanotide. A total of 

36 healthy obese non-diabetic volunteers, 13 White and 23 Black, 16 males and 20 females, aged between 

20 and 53 years (mean = 35.6 years), participated in this study. The mean body weight of the population 

was 96.8 kg for the placebo group (n=22), 114.0 kg for the 0.0025 mg/kg group (n=3, males), 112.0 kg 

for the 0.01 mg/kg group (n=7), 104.3 kg for the 0.02 mg/kg group (n=4), and 95.3 kg for the 0.025 

mg/kg group (n=3, females).  The mean BMI was 33.0 kg/m2 for the placebo group (n=22), 36.9 kg/m2 

for the 0.0025 mg/kg group (n=3, males), 34.8 kg/m2 for the 0.01 mg/kg group (n=7), 32.3 kg/m2 for the 

0.02 mg/kg group (n=4), and 34.3 kg/m2 kg for the 0.025 mg/kg group (n=3, females). 

Serial blood samples were taken for the PK measurement of setmelanotide. 

The mean setmelanotide exposure following administration of 0.0025, 0.01, 0.02, .025 and .05 mg/kg 

infusion doses of IMCIVREE and 0.01 mg/kg injection dose of IMCIVREE is presented in Figure 8. 

Figure 8	 Mean (± SD) Setmelanotide Concentration Versus Time Following SC Infusion 
Doses of 0.0025, 0.01, 0.02, 0.025 and 0.05 mg/kg and 0.01 mg/kg SC Injection 
Dose of IMCIVREE 

(Source: Reviewer generated graph) 
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Since this study used an early formulation of setmelanotide that was not carried forward to pivotal trials 

and the dosing was based on per kg body weight instead of nominal daily dosing, the PK and PD findings 

from this study will not be discussed in detail. 

Pharmacokinetics: 

Setmelanotide appeared to exhibit two compartment pharmacokinetics following subcutaneous bolus 

injection or infusion over 24-hours. 

A lag time was observed after continuous SC infusions of RM-493. The mean ±SD lag times varied from 

0.74 ± 0.22 hr (for 0.05 mg/kg dose group) to 6.00 ± 2.83 hr (for the 0.01 mg/kg dose group). There was 

no lag time after administration of the SC bolus dose. 

The mean Tmax was approximately 24 hours (i.e., at the end of infusion) across all SC infusion dosing 

groups. Mean Cmax ranged from 0.187 ng/mL (n = 1, 0.0025 mg/kg) to 64.75 ng/mL (n = 4, 0.1 mg/kg). 

After SC injections (0.01 mg/kg), the mean values for Tmax and Cmax were 25.4 ± 4.605 hr and 

25.4 ± 4.605 ng/mL, respectively (Figure 8). 

The mean (± SD) setmelanotide t½ was 8.98 ± 2.12 h across all dose groups (SC infusion and SC 

injection) and ranged from 5.59 to 12.9 hours across individual subjects. 

Setmelanotide was excreted as unchanged parent drug into urine. Across all SC infusion dose groups 

(excluding the 0.0025 mg/kg male group which had mostly undetectable RM-493 plasma concentrations), 

the mean fraction of dose excreted unchanged was 27.35 ± 11.46% and ranged from 23 ± 5% (0.01 mg/kg 

in males) to 38 ± 4% (0.05 mg/kg administered to females). The mean renal clearance of setmelanotide 

was 43.98 ± 15.27 mL/min. 

Pharmacodynamics: 

Though signals of numerical effects of setmelanotide on parameters of hunger/satiety were observed, 

especially at the higher doses studied, few reached statistical significance The Sponsor hypothesized that 

this could be due to confounding issues associated with this data as some of the higher doses were also 

associated with a higher incidence of nausea. 
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Study RM-493-002: Multiple Ascending Dose Study to Evaluate the Safety, Tolerability, 
Pharmacokinetics and Pharmacodynamics of Setmelanotide Administered to Healthy 
Obese Non-Diabetic Volunteers 

This trial was conducted to evaluate the safety and tolerability of multiple doses of setmelanotide when 

given by continuous subcutaneous (SC) infusion for 14 or 28 days or by SC injections every 12 hours 

(Q12 hours) for 14 days. The other goals for this study were to evaluate the PK and PD profiles for 

multiple doses of setmelanotide.  A total of 57 subjects (age range: 19 – 57 years; 43 male and 14 

females; weight range: 77.6 – 163.7 kg) were enrolled and randomly assigned study treatments within a 

specific cohort. Thirty-nine subjects received setmelanotide and 18 subjects received placebo. 

The RM-493 doses administered during this trial were, in chronological order: 

• Cohort 1: 0.01 mg/kg/day for 14 days via SC infusion 

• Cohort 2: 0.0025 mg/kg/day for 14 days via SC infusion 

• Cohort 3: 0.01 mg/kg/day for 28 days via SC infusion 

• Cohort 4: 0.015 mg/kg/day for 28 days via SC infusion 

• Cohort 5: 0.015 mg/kg/day for 14 days via SC injection (0.0075 mg/kg every 12 hours) 

• Cohort 6 (MC4R heterozygous subjects): 0.01 mg/kg/day for 28 days via SC infusion 

Serial blood samples were taken for the PK measurement of setmelanotide. 

The mean setmelanotide exposure following administration of 0.0025, 0.01, 0.015 mg/kg/day infusion 

doses of IMCIVREE and 0.015 mg/kg injection dose of IMCIVREE is presented in Figure 9. 

Figure 9	 Mean (± SD) Setmelanotide Concentration Versus Time Following Doses of 
0.0025, 0.01, 0.015 mg/kg/day Infusion Doses and 0.015 mg/kg Injection Dose 
of IMCIVREE 

(Source: Reviewer generated graph)Pharmacokinetics: 

In subjects receiving SC infusions, plasma setmelanotide concentrations reached a plateau by 24 to 48 

hours after starting the infusion, suggesting that steady state is achieved by 24 to 48 hours. Following SC 

injection administered every 12 hours, setmelanotide steady-state concentrations were reached by 24 to 48 

hours. Trough setmelanotide concentrations were reasonably consistent from Day 3 to the last day of 
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dosing (Day 14 or 28).  Setmelanotide AUC and Cmax increased with increasing dose in a roughly dose-

proportional manner following single- and multiple-dose SC infusions. 

However, the formulation used in this study was not carried forward to the pivotal program and 

additionally dosing in subsequent studies was based on fixed dosing as opposed to body weight-based 

dosing carried out in the current study.  Further discussion about findings from this study will not be 

carried out as the findings do not contribute towards the labeling for the product. 
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Study RM-493-006 - Multiple Dose, Energy Expenditure in Healthy Obese Subjects 

Study RM-493-006 was a double-blind, placebo-controlled, multiple-dose, 2-period, crossover study in 

healthy obese subjects to evaluate the effect of setmelanotide on resting energy expenditure (REE) 

measured in a room calorimeter during continuous SC infusion of setmelanotide. Subjects stayed for 24 

hours in a metabolic chamber for the 3-day duration of each period, where they received active treatment 

during one period and placebo in another according to a randomization scheme. PK samples were drawn 

daily just before dosing. Urine over 24 hours was collected on the last day of treatment of both periods. 

A total of 12 obese normotensive, nondiabetic, subjects with normal thyroid function at baseline 

participated in the study. The subjects were between the age of 18 and 50 years with a body mass index 

(BMI) between 30 and 40 kg/m2. A schematic of the study design is shown below: 

The primary outcome, resting energy expenditure measured by respiratory chamber (REEC) was defined 

as the average resting energy expenditure in the metabolic chamber from 09:30 (49.5-hour after starting 

treatment) to 10:00 and 10:30 to 11:00 while the subject was fasting, completely still, and awake in a 

seated position under the observation of the study personnel. The effect of setmelanotide vs placebo on 

REE is presented in Figure 10. 

Setmelanotide increased resting energy expenditure vs. placebo by 6.4% (95% CI: 0.68 to 13.02 %), on 

average by 111 kcal/24h (95% CI: 15 to 207 kcal, p=0.03). Total daily energy expenditure trended higher 

while the thermic effect of a test meal and exercise energy expenditure did not differ significantly. The 

23-hour non-exercise respiratory quotient was lower during setmelanotide treatment (0.833 ± 0.021 vs. 

0.848 ± 0.022, p=0.02). 

Figure 10 Effect of Setmelanotide Compared to Placebo on Resting Energy Expenditure 

(Source: Reviewer generated graph) 
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Study RM-493-009: Phase 1B/Phase 2A Safety and Efficacy of Setmelanotide in Obese Subjects 

Study RM-493-009 was a staged, randomized, double-blind, placebo-controlled study that evaluated the 

efficacy and safety of setmelanotide when administered by SC injection. This study was conducted in three 

stages, with each new stage initiated after review of the safety, tolerability and weight loss from the initial 

~4 weeks of the previous stage. 

Stage A: A total of 25 obese subjects (14 male, 11 female) with a mean age of 40.3 years (range: 24 – 59 

years), mean weight of 99.98 kg (range: 78.6 – 130.2 kg), and mean BMI of 33.92 kg/m2 (range: 30.2 – 

38.4 kg/m2) participated in Stage A. Of the 25 subjects in this stage, 15 were Black or African American, 

1 person was Native Hawaiian or Other Pacific Islander, 8 subjects were White, and 1 subject was classified 

as other. 

Stage B: A total of 17 obese subjects (8 male, 9 female) with a mean age of 41.23 years (range: 23 – 62 

years), mean weight of 97.27 kg (range: 79.3 – 116.8 kg), and mean BMI of 33.71 kg/m2 (range: 30.3 – 

38.6 kg/m2) participated in Stage B. Of the 17 subjects in this stage, 9 were Black or African American, 

and 8 subjects were White. 

Stage C: A total of 57 obese subjects (18 male, 39 female) with a mean age of 40.4 years (range: 21 – 60 

years), mean weight of 98.63 kg (range: 77.7 – 124.1 kg), and mean BMI of 34.69 kg/m2 (range: 30.4 – 

39.6 kg/m2) participated in Stage C. Of the 57 subjects in this stage, 20 were Black or African American, 

1 person was Native Hawaiian or Other Pacific Islander, 30 subjects were White, 1 person was American 

Indian or Alaska Native, and 5 subjects were classified as other. 

Compared to the mean setmelanotide concentration values of 5.74 ng/mL at 24 hours for the 0.75 mg BID 

treatment, (Stage A), the mean setmelanotide concentration values for QD treatments of 3.58 ng/mL at 

1.5 mg QD (Stage B) and 4.74 ng/mL at 2.0 mg QD (Stage C) were lower. 

The Sponsor reported that trough concentrations were collected during outpatient dosing in Stage B, with 

a significant number of patients and time-points demonstrating little evidence of drug exposure, and 

others with extremely variable setmelanotide concentrations. They report that despite intensive 

investigation with sites, no clear explanation was apparent, and hypothesized that there were challenges 

with drug administration and compliance during outpatient administration. 

A summary of setmelanotide steady state PK parameters on Day 8 is presented in Table 5. 

Table 5	 Summary of Setmelanotide Steady State Pharmacokinetic Parameters from 
Study RM-493-009 

Values are presented as arithmetic mean (%CV) for all parameters except Tmax which is presented as median (min, max); a Day 8 

(Source: CSR for Study RM-493-009, Table 6 Page 34) 
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Study RM-493-026: Phase 1b Repeat-Dose Setmelanotide in Healthy Obese Subjects 

Study RM-493-026 was a randomized, double-blind, placebo-controlled study using a weekly 

setmelanotide formulation (QW) or matching placebo and a QD setmelanotide formulation or matching 

placebo in healthy, obese subjects. However, only data from the QD formulation were included in this 

submission. Subjects receiving the QD formulation were administered 2 mg for 1 week followed by 3 mg 

QD for 11 weeks. All subjects in this cohort were randomized in a 2:1 ratio to receive either setmelanotide 

or placebo and were stratified by gender and baseline BMI. Blood samples for 24-hour PK profiles were 

collected on Week 1 (Day 1) and Week 12. Trough samples were collected daily during Week 1. Trough 

samples were collected pre-dose each week for Weeks 2 through 12. Urine was collected on Week 1 (Day 

1) and Week 12 over 24 hours. Blood samples were also collected for determination of ADA to 

setmelanotide. 

A total of 13 obese subjects, 3 male and 10 females, between the ages of 34 and 54 years (mean=43.6 years), 

participated in this study. The mean body weight was 120.1 kg and the mean BMI was 43.8 kg/m2. 

Plasma concentration data were received for 11 subjects (9 setmelanotide- and 2 placebo-treated subjects). 

The 9 setmelanotide-treated subjects were included in the PK analysis. 

As expected, mean setmelanotide concentrations at Week 12 were higher than those on Week 1 

throughout the 24-h sampling period, due to the difference in dose between Week 1 (2 mg) and Weeks 2

12 (3 mg), as well as possible accumulation during QD dosing. The mean setmelanotide exposure 

following administration of 2 and 3 mg QD is presented in Figure 11. 

Figure 11	 Mean (±SD) Setmelanotide Concentration Versus Time on Day 1 Following 
Daily Administration of Setmelanotide 2 mg (Week 1) and 3 mg (Weeks 2-12) 

(Source: Reviewer generated graph) 
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Pharmacokinetics: 

Following the first injection of 2 mg setmelanotide on Day 1 of Week 1, the mean setmelanotide Cmax was 

19.7 ng/mL occurring at a median Tmax of 8.5 h. The mean setmelanotide Cmax was 37.9 ng/mL at a 

median Tmax of 8.0 h on Day 1 of Week 12 after subjects were dosed with 3 mg setmelanotide. After 

normalizing to a 3 mg dose, the mean Week 12 Cmax was higher than that on Week 1 suggesting some 

accumulation occurred during QD dosing over 12 weeks. The average setmelanotide concentrations 

during the 24-h dosing interval after multiple dosing through Week 12 (Cavg) was 20.6 ng/mL and the 

mean fluctuation in concentration during the dosing interval was 153%. 

Accumulation was evident as seen by an increase in AUC during multiple dosing. The mean AUCtau was 

253 h*ng/mL on Day 1 of Week 1 ( 379 h*ng/mL when adjusted to a 3 mg dose) and 495 h*ng/mL on 

Week 12. Mean accumulation ratios were 1.29 for Cmax and 1.31 for AUCtau. These accumulation ratio 

values closely align with the theoretical accumulation factor of 1.23 to 1.33 for once-daily administration 

(tau = 24 h) after assuming linear PK with an apparent terminal t1/2 of 10 to 12 h. 

Based on data collected for 24 h during the Week 12 QD regimen, the steady-state apparent t1/2 in this 

study ranged from 5.94 to 8.13 h. The effective half-life of setmelanotide was 11 h. At steady-state, the 

mean CLss/F was 6.21 L/h and the mean Vz/F was 62.7 L. (Table 6). 

Table 6	 Plasma Pharmacokinetic Parameters of Setmelanotide after Once-Daily 
Administration (2 mg Week 1; 3 mg Weeks 2-12) 

(Source: CSR for Study RM-493-026, Table 7 Page 53) 

In vitro experiments showed that of the 4 potential metabolites of setmelanotide, M19, the free 

carboxylate, had 10-fold less activity than that of setmelanotide on MC1R, MC3R, MC4R, and MC5R. 
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The other metabolites were > 1000-fold less active. Assessment ofwine at steady-state showed that only 
two (M19 and M7) of the 4 metabolites were present. Metabolite M19 is formed after hydrolysis at the C
terminal amide that converts it to a carboxylic acid, and M7 is formed from cleavage of the arginine
tryptophan bond and further loss of the tryptophan. The urine data from this study were variable possibly 
due to the small sample size (n=6 subjects), Ml9 was estimated to represent ~2% of a 3.0 mg dose, M7 
<1 %, and parent setmelanotide was >30%. 

The mean amount of setmelanotide excreted in wine over 24 h (Ae) was 0.685 mg on Day 1 ofWeek 1 
and 1.17 mg on Day 1 ofWeek 12. The mean fraction of dose excreted in urine (Fe%, expressed as a 
percent) on Day 1, Week 1 was 34.3% compru·ed to 39.1 % on Day 1, Week 12. Mean renal cleru·ance of 
setmelanotide (CLR) calculated on Dayl, Week 12 was 2.37 Uh, approximately 38% of total systemic 
cleru·ance (Table 7). 

Table 7 	 Urine Pharmacokinetic Parameters ofSetmelanotide after Once-Daily 
Administration (2 mg Week 1; 3 mg Weeks 2-12) 

Week 1/Day 1 
2 mg QD 

Week 12/Day 1 
3 mg QD 

Parameter n Mea n SD CV% n Mean SD CV% 

Total~ (mg) 

Total F. (%) 

5* 

5* 

0.685 

34.3 

0.0766 

3.83 

11.2 

11.2 

6 

6 

1.1 7 

39.l 

0.239 

7.98 

20.4 

20.4 

CLR (Lib) - NC N C NC 6 2.37 0.328 13.9 

*Subject (bf(S had incomplete mine collection during the 12-24 h collection interv al on Week I/Days 1-2: Total Ae and Fe could not 

be estimated for this subject. 

NC= Not calculated. CLR was not estimated after the first close on Week I since the 24-h urine sampling schedule d id not allow 

single-dose renal elimination to be accurately derenllinecl. 

(Source: CSR/or Study RM-493-026, Table 8 Page 54) 

All samples were negative for ADA to setmelanotide. 
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Study RM-493-011:	 Phase 2 Study of Setmelanotide In Patients with Rare Genetic Disorders of 
Obesity 

Pharmacokinetics 

Study RM-493-011 was a Phase 2, open-label, uncontrolled, non-randomized, study with an additional 

long-term safety extension. The study planned to enroll up to 30 male and female patients identified with 

rare genetic obesity caused by a genetic mutation that impacts the leptin-melanocortin pathway (i.e., 

POMC, LEPR, MC4R, PCSK1 mutations, including heterozygous and epigenetic genetic defects in POMC, 

heterozygous MC4R mutations and patients with Bardet-Biedl and Alstrom’s syndrome). Patients greater 

than or equal to 12 years of age with a POMC mutation or LEPR mutation were eligible for study 

participation after efficacy was established in adult patients. 

A total of 7 patients were screened and enrolled and treated with at least 1 dose of setmelanotide in this 

ongoing study. Of the 7 patients who were enrolled, all had completed the dose titration period and 6 are 

ongoing in the extension period. One (1) patient discontinued due to a protocol violation. There are 2 

female POMC patients with an average age of 23.0 years (20, 26 years), an average body weight of 153.9 

kg (152.8, 155.0 kg) and an average BMI of 51.8 kg/m2 (49.5, 54.1 kg/m2). There are 3 LEPR patients (2 

male and 1 female) with a mean age of 21.0 years (range: 15-22 years), mean body weight of 124.43 kg 

(range: 120.6 – 130.6 kg) and a mean BMI of 41.6 kg/m2 (range: 39.9 – 44.2 kg/m2). There were 2 patients 

with Epigenetic disease (1 male, 1 female) with an average age of 19.0 years (18, 20 years), an average 

body weight of 159.9 kg (137.6, 182.2 kg) and an average BMI of 46.7 kg/m2 (38.1, 55.3 kg/m2).  

PK data were collected for 2 setmelanotide dose levels: 1.5 mg and 2.0 mg. PK data were collected on 2 

study days for 2 of the 7 subjects. Otherwise, a single PK profile was included in the analysis. 

Mean setmelanotide concentration-time profiles by dose are presented in Figure 12. 

Figure 12 Mean (±SD) Setmelanotide Concentration Versus Time after Administration of 
1.5 mg and 2 mg Doses of Setmelanotide to Patients With Rare Genetic 
Disorders of Obesity 

(Source: CSR for Study RM-493-011, Figure 3, Page 56) 

Mean Cmax occurring at a median Tmax of 3.50 hr obtained from 6 patients after the setmelanotide 1.5 mg 

dose was 24.8 ng/mL. Following a 2 mg dose in 3 patients, setmelanotide mean Cmax was 28.1 ng/mL and 
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occurred at a median Tmax of 4.05 hr. Mean AUClast values were 111 h*ng/mL (n=6) and 153 h*ng/mL 

(n=3) after the 1.5 mg and 2.0 mg doses of setmelanotide, respectively. Mean pre-dose (Ctrough) 

setmelanotide concentrations were 4.38 ng/mL after both 1.5 mg (n=6) and 2.0 mg (n=3) doses (Table 8). 

Table 8	 Plasma Pharmacokinetic Parameters of Setmelanotide after Doses of 1.5 mg 
and 2.0 mg 

(Source: CSR for Study RM-493-011, Table 12, Page 57) 
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Study RM-493-014:	 Phase 2 Study of Setmelanotide In Patients with Rare Genetic Disorders of 
Obesity 

Pharmacokinetics 

Study RM-493-014 was a Phase 2, pilot study to assess initial (~3 month) safety and efficacy of 

setmelanotide in a group of populations of very rare genetic disorders of obesity, with the potential for 

responding patients to enter into a long-term extension phase. Study of the various populations was 

included in this protocol for administrative convenience since some of these genetic obesity disorders are 

so rare, with each population to be evaluated separately. The Sponsor anticipated that approximately 5 

patients would be evaluated in each genetic disorder, and if substantial weight loss with good tolerability 

(“Proof of Concept”) was demonstrated: 

(i) Patients would be eligible to participate in the long-term phase (one-year extension); and 

(ii) After consultation with regulatory agencies, additional evaluation of the effect of setmelanotide in each 

specific genetic disorder would continue in a pivotal study under a separate protocol. 

The study began with an initial period of dose titration where the individual patient’s therapeutic dose was 

established by upwards dose titration in 2-week intervals. Patients continued on active treatment at their 

individually titrated therapeutic dose for an additional 10 weeks, for a total combined dosing duration of 

~12 weeks at the individual patient’s therapeutic dose. A second upwards dose titration may have been 

conducted if anticipated efficacy was not realized during the initial 10-week open label treatment phase. 

Patients demonstrating at least 5 kg weight loss (or 5% if baseline body weight <100 kg) at the end of the 

Open-Label Treatment Period were eligible to continue into the long-term extension phase. 

A total of 40 patients were screened in this study, of whom 30 were enrolled and treated with at least 1 dose 

of setmelanotide. Twenty (20) of 30 patients completed the initial 12-week treatment phase. Five (5) 

patients withdrew from the initial 12-week treatment phase, all at the patient’s/patient guardian’s request, 

and 5 other patients were ongoing in the initial 12-week treatment phase as of 09 April 2019 (date of data 

cutoff) There are 22 female and 8 male patients with an average age of 29.1 years (range: 12 - 65 years), 

an average body weight of 125.1 kg (71, 204 kg) and an average BMI of 45.4 kg/m2 (28, 80 kg/m2). There 

were 4 patients with the Alström gene subtype, 10 patients with Bardet-Biedl syndrome (BBS) gene 

subtype, 1 patient with LEPR deficient obesity, 7 patients with PCSK1 subtype deficiency, 6 patients with 

POMC deficient obesity and 2 patients with Smith - Magenis Syndrome (SMS) gene subtype. Of the 

population, 25 were White, 4 Black or African American and 1 Asian. 

PK data were collected for 6 setmelanotide dose levels: 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg. 

Mean setmelanotide concentration-time profiles by dose are presented in Figure 13 for adults and Figure 
14 for adolescents. 
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Figure 13	 Mean (±SD) Setmelanotide Concentration Versus Time (inset - for the first 8
hours) after Administration of 0.5 – 3.0 mg Doses of Setmelanotide to Adult 
Patients with Rare Genetic Disorders of Obesity 

(Source: Reviewer generated plot) 

Figure 14	 Mean (±SD) Setmelanotide Concentration Versus Time (inset - for the first 8
hours) after Administration of 0.5 – 3.0 mg Doses of Setmelanotide to 
Adolescent Patients with Rare Genetic Disorders of Obesity 

(Source: Reviewer generated plot)) 
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Mean Cmax for combined visits ranged from 6.65 ng/mL (n=13) at a median (range) Tmax of 7.00 h (3.90

8.12 h) after 0.5 mg to 38.0 ng/mL (n=10) at a Tmax of 6.26 h (4.00-8.03 h) after 3 mg. The mean AUClast 

ranged from 35.8 h*ng/mL (n=13) after 0.5 mg to 207 h*ng/mL (n=10) after 3 mg (Table 9). The median 

Ctrough values were 0.727 ng/mL after 0.5 mg, 1.33 ng/mL after 1 mg, 2.50 ng/mL after 1.5 mg, 4.14 ng/mL 

after 2 mg, 7.3 ng/mL after 2.5 mg, and 6.68 ng/mL after 3 mg. 

Table 9	 Plasma Pharmacokinetic Parameters of Setmelanotide after Doses of 1.5 mg 
and 2.0 mg 

(Source: CSR for Study RM-493-014, Table 9, Page 82) 

Dose proportionality assessments showed that there was approximately proportional increase in mean Cmax 

and AUClast to the increase in dose for incremental increases in dose between 0.5 mg and 3 mg., There was 

a linear relationship between Cmax and AUClast versus dose, as shown in the 5.71-fold increase in mean Cmax 

and a 5.78-fold increase in mean AUClast for the overall 6-fold increase in dose between 0.5 mg and 3 mg 

(Table 10 and Figure 15). 
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Table 10 Dose Proportionality of Setmelanotide Cmax and AUClast between Doses of 0.5 – 
3.0 mg 

(Source: CSR for Study RM-493-014, Table 10, Page 84) 
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Figure 15 Dose Proportionality ofSetmelanotide Cmax and AUC1ast between Doses of 0.5 
3.0mg 
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Study RM-493-012: Pivotal Phase 3 Study of Setmelanotide in POMC Deficient Obesity 

Pharmacokinetics: 

Study RM-493-012 was a pivotal study to assess long-term (52 weeks) efficacy of setmelanotide in POMC 

deficiency obesity. For this global study, the maximum allowable dose differed across countries. The US, 

Canada and UK authorities approved a maximum daily dose of 3.0 mg, while Germany and France 

authorities initially approved a maximum daily dose of 2.5 mg. The study began with an initial period (dose 

titration) lasting 2 to 12 weeks (dependent upon number of dose escalations required to determine an 

individual’s therapeutic dose). During the dose titration, increments of 0.5 mg dose increases were done at 

weekly intervals to determine an individual’s therapeutic dose, up to the approved maximum dose in the 

specific country of the participating site. Thereafter, patients continued active treatment at their specific 

optimal therapeutic dose for an additional 10 weeks, for a total combined dosing duration of 12 weeks at 

the individual patient’s therapeutic dose. For patients who achieved at least a 5 kg weight loss (or at least 

5% weight loss if baseline body weight was <100 kg) at the end of the Open Label Treatment Period, they 

continued into the double-blind, variably-timed, placebo-controlled, withdrawal period lasting 8 weeks, 

inclusive of a 4-week of placebo treatment period. The onset of the placebo period was variable for each 

patient in order to mask the actual timing of the withdrawal period; patients, investigators, and investigative 

sites remained blinded as to when placebo treatment was administered. Following the withdrawal period, 

patients went on to complete approximately 1 year of treatment at the therapeutic dose (the primary endpoint 

defined as 52-weeks after achieving their relative therapeutic dose). It was anticipated that the patient’s 

therapeutic dose, established during the period of dose titration, would be administered throughout the 

study. 

The pivotal cohort included 9 patients with POMC genetic mutations and 1 patient with PCSK1 genetic 

mutation. Of these 10 pivotal patients comprising the pivotal cohort, 9 completed the study and 1 withdrew 

from the study due to lack of efficacy. Of the 10 pivotal patients, 5 were male and 5 were female. The 

mean age of the group was 18.4 years (range: 11 – 30 years), and the mean body weight was 118.7 kg 

(range: 55.9 – 186.7 kg) and the mean BMI was 40.41 kg/m2 (range: 26.6 – 53.3 kg/m2). Of the 10 patients, 

7 were White, 1 was Arab, 1 was Moroccan, 3 patients were categorized as other and 1 patient’s category 

was not available. 

In addition to this cohort, there were 4 supplemental patients, 1 male and 3 females. The mean age of this 

supplemental group was 17.0 years (range: 10 – 29 years), and the mean body weight was 106.5 kg (range: 

83.7 – 138 kg) and the mean BMI was 39.0 kg/m2 (range: 34.4 – 42.7 kg/m2). Of the 4 supplemental cohort 

patients, 1 was White and 3 patients were categorized as other. 
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A schematic of the study design is shown below: 

Serial blood samples were taken for the PK measurement of setmelanotide. PK sample collections were 

limited in pediatric age participants (age 6 through age 11 years) to avoid excess blood volume 

reductions. 

The mean setmelanotide exposure summarized by dose level are presented in Figure 16. 
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Figure 16	 Mean (±SD) Setmelanotide Concentration Versus Time (inset - for the first 8
hours) by treatment following Doses of 0.5, 1.0, 1.5, 2.0 and 2.5 mg 
Setmelanotide in POMC Patients 

(Source: Reviewer generated graph) 

The mean Cmax ranged from 6.47 ng/mL after 0.5 mg (n=4, 45.7% CV) to 24.5 ng/mL after 2.0 mg (n=6, 

46.2% CV). The mean Cmax after 2.5 mg, 24.4 ng/mL (n=3, 50.4% CV), was similar to that after 2.0 mg. 

The median Tmax occurred between 4.01 h (range 1.00-8.02 h) after 1.5 mg and 7.03 h (range 5.80-8.00 h) 

after 2.5 mg. It should be noted that, given the limited PK sampling in most subjects, the Cmax and Tmax 

values may be underestimated. The mean AUC0-8 ranged from 38.3 h*ng/mL after 0.5 mg (n=4, 47.3% 

CV) to 143 h*ng/mL after 2.0 mg (n=6, 49.4% CV). As noted for Cmax, the mean AUC0-8 after 2.5 mg, 

138 ng/mL (n=3, 52.3% CV), was similar to that after 2.0 mg. Twenty-four (24) hour PK sampling 

occurred in only 2 subjects (4 profiles in each subject with 6 of 8 profiles occurring during dose titration). 

Estimates of AUC0-24 during the once-daily dosing interval ranged from 86.1 h*ng/mL after 1.0 mg (n=2, 

8.85% CV) to 228 h*ng/mL after 2.5 mg (n=1). (Table 11). 
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Table 11 Plasma Pharmacokinetic Parameters ofSetmelanotide by Dose 

Dose (mg) 

0.500 1.00 1.50 

P arameter n 

Mean SD CV% n Mean SD C V 
% 

n Mean s 
D 

CV% 

Tm:a (h) 4 6.07 (5.98-7.92) 10 5.99 (3.95-8.00) 20 4.01 (1.00-8.02) 

Cm.u (ng/mL) 4 6.47 2.96 45.7 10 11.5 4.66 40.4 20 22.4 4.94 22.0 

C,,.,,'llb(ng/mL) 6 0.715 0.825 115 15 1.83 1.54 84.3 61 3.10 2 .37 76.5 

AUCo-s (h*ng/mL) 4 38.3 18.l 47.3 10 66.7 27.7 41.6 20 130 32.3 24.9 

AUCo-2• 
(h*ng/mL) 

0 NC NC NC 2 86.1 7.63 8.S5 4 185 34.3 18.5 

AUCbst (h*ng/mL) 4 38.3 18.1 47.3 10 74.2 26.8 36. 1 20 147 34.2 23.3 

Dose (mg) 

2.00 2.50 

P a rameter n Mean SD CV% 11 Mean S D CV 
% 

Tm:a(h) 6 5.38 (1.00-7.00) 3 7 .03 (5.80-8.00) 

Cm.. (ng/mL) 6 24.5 11.3 46.2 3 24.4 12.3 50.4 

C,,.,,ll!b (ng/m L) 6 5.40 7.47 138 7 7.26 5.44 75.0 

AUCo.s (h*ng/mL) 6 143 70.7 49.4 3 138 72.3 52.3 

AUCo z• 
(h* ng/mL) 

1 167 NC NC I 228 NC NC 

AUCl.ist (h*ng/mL) 6 159 61.7 38.9 3 180 77. 7 43.2 

Note: T ~oor d as median (range); Mean (SD) values for 2.5 mg dose exclude aberrant values for 

Subject (b)(S mean values for AUCi.51 derived from mostly AUCo.a values with a small number o f AUC11-24 


values. NC = Not calculated: For Cuougft Dose represents prior dose. 

(Source: CSR/or Study RM-493-012, Table 21, Page 77) 

Pharmacodynamics: 
The plimaiy objective of this study was to demonstrate a clinically meaningful effect on percentage of 
body weight change in patients with POMC deficiency obesity after 1 year of treatment with 
setmelanotide and show a statistical significance. 

Several key analysis populations were defined in this study: 
• 	 The Full Analysis Set (FAS) population was defined as all patients who received any study dmg 

and had at least one baseline assessment (including those who did and did not demonstrate 2:5 kg 
weight loss or 5% ofbody weight [if weight was <100 kg at baseline] over 12-week open label 
treatment pe1iod and proceeded into the double blind, placebo-controlled withdrawal period). 

• 	 The Designated Use Set (DUS) population was defined as all patients who received any study 
dmg, demonstrated 2:5 kg weight loss or 5% of body weight (ifbaseline weight was <l 00 kg) 
over 12-week open-label treatment period, and proceeded into the double-blind, placebo
controlled withdrawal period. 
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The primary endpoint in this study was defined as the proportion of patients in the pivotal cohort in the 

FAS population who met the ≥10% weight loss threshold (responders) after approximately 1 year of 

treatment. 

After approximately 52 weeks of treatment with setmelanotide, 8 of the 10 pivotal patients with 

POMC/PCSK1 deficiency obesity in the FAS Population achieved at least 10% weight loss, 

demonstrating statistically significant (p< 0.0001) and clinically meaningful body weight loss after 1 year 

of treatment (Table 12, Figure 17). 

Figure 17	 Percent Change of Weight from Baseline by Visit Following Administration of 
Setmelanotide in POMC Patients 

(Source: Reviewer generated graph) 
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Table 12 Proportion of POMC Patients Achieving at Least 10% Weight Loss from 
Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide 

(Source: CSR for Study RM-493-012, Table 12, Page 62) 

One of the secondary efficacy endpoints evaluated was hunger score.  During the study 3 distinct daily 

hunger scores were collected: morning hunger, worst (most) hunger in 24 hours, and average hunger in 24 

hours. Weekly average hunger score for analysis were determined from average of daily hunger scores. 

The hunger score used to assess study endpoints was the weekly average hunger score of the daily worst 

(most) hunger score in 24 hours (Figure 18). The second key secondary endpoint of this study was to 

evaluate the mean percent change in hunger scores for patients ≥12 years of age with POMC/PCSK1 

deficiency obesity in the DUS population following 1 year of treatment with setmelanotide. The mean 

baseline score of the 7 patients ≥12 years of age in the DUS population was 8.1, the mean score at Week 

52 following treatment with setmelanotide was 5.8, and the mean score percent change from baseline to 

Week 52 was -27.1% (p=0.0005) as shown in (Table 13). 
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Figure 18 Percent Change of Average Hunger Score from Baseline by Visit Following 
Administration of Setmelanotide in POMC Patients 

(Source: Reviewer generated graph) 
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Table 13 Percent Change in Daily Hunger Scores from Baseline at 52 Weeks from 
Therapeutic �ose (≥12 Years of !ge) – Pivotal Cohort (DUS Population) 

(Source: CSR for Study RM-493-012, Table 14, Page 65) 

The proportion of patients ≥12 years of age achieving at least 25% improvement in hunger scores following 

1 year of treatment with setmelanotide in FAS population was the third key secondary endpoint. Four (4) 

of the 8 patients (50%) in the FAS Population achieved at least 25% hunger score (worst ‘most’ hunger in 

24 hours) improvement from baseline at Week 52 after treatment with setmelanotide (p= 0.0004, Table 
14). 
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Table 14	 Proportion of Subjects (≥12 years of age) Achieving at Least 25% 
Improvement in Daily Hunger Scores from Baseline at 52 Weeks from 
Therapeutic Dose of Setmelanotide – Pivotal Cohort (FAS Population) 

(Source: CSR for Study RM-493-012, Table 15, Page 66) 
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Study RM-493-015: Pivotal Phase 3 Study of Setmelanotide in LEPR Deficient Obesity 

Study RM-493-015 was a pivotal study to assess long-term (52 weeks) efficacy of setmelanotide in LEPR 

deficiency obesity. For this global study, the maximum allowable dose differed across countries. The United 

Kingdom (UK) and the Netherlands authorities approved a maximum daily dose of 3.0 mg, while Germany 

and France authorities approved a maximum daily dose of 2.5 mg. There was an initial dose titration period 

lasting 2 to 12 weeks (dependent upon number of dose escalations required to determine an individual’s 

therapeutic dose). During the dose titration, increments of 0.5 mg dose increases were done at weekly 

intervals to determine an individual’s therapeutic dose, up to the approved maximum dose in the specific 

country of the participating site. Thereafter, patients continued active treatment at their specific optimal 

therapeutic dose for an additional 10 weeks, for a total combined dosing duration of 12 weeks at the 

individual patient’s therapeutic dose. Patients who achieved at least a 5 kg weight loss (or at least 5% weight 

loss if baseline body weight was <100 kg) at the end of the Open Label Treatment Period continued into 

the double-blind, variably-timed, placebo-controlled, withdrawal period lasting 8 weeks, inclusive of a 4

week of placebo treatment period. The onset of the placebo period was variable for each patient in order to 

mask the actual timing of the withdrawal period; patients, investigators, and sites remained blinded as to 

when placebo treatment was administered. Following the withdrawal period, patients went on to complete 

approximately 1 year of treatment at the therapeutic dose (the primary endpoint defined as 52-weeks after 

achieving their relative therapeutic dose). 

The pivotal cohort included 11 patients with LEPR deficient obesity. Of these 11 pivotal patients 

comprising the pivotal cohort, 9 completed the study. One patient died in an automobile accident (unrelated 

to study drug) and the other patient was withdrawn from the study due to Grade 1 eosinophilia, which was 

considered by the Investigator to be probably related to study drug. Of the 11 pivotal patients, 3 were male 

and 8 were female. The mean age of the group was 23.7 years (range: 13 – 37 years), and the mean body 

weight was 133.3 kg (range: 89.4 – 170.4 kg) and the mean BMI was 48.2 kg/m2 (range: 35.8 – 64.6 kg/m2). 

Of the 11 patients, 10 were White and 1 patient was a South Asian. 

In addition to this cohort, there were 2 supplemental male patients. The average age of this supplemental 

group was 18.0 years (13 and 23 years), and the average body weight was 158.6 kg (108.6 and 208.7 kg) 

and the mean BMI was 56.1 kg/m2 (42.4 and 69.7 kg/m2). The race of these 2 supplemental cohort was 

classified as unknown. 
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A schematic of the study design is shown below: 

Serial blood samples were taken for the PK measurement of setmelanotide. Most PK profiles were 

collected over 8 hours, while 24-h PK samples (generally 2 to 4 subjects per dose level) were available in 

a smaller number of subjects. The mean setmelanotide concentrations after 3.0 mg were slightly lower 

than those observed after 2.5 mg at 9 h and later time points, likely due relatively small sample size and 

lower number of subjects with 9 to 24 h PK sampling (Figure 19). 
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Figure 19	 Mean (±SD) Setmelanotide Concentration Versus Time (inset - for the first 8
hours) by treatment following Doses of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg 
Setmelanotide in LEPR Patients 

(Source: Reviewer generated graph) 

Mean Cmax ranged from 7.21 ng/mL after 0.5 mg (n=4) to 38.9 ng/mL after 3.0 mg (n=3). The median Tmax 

occurred between 4.00 h (range 4.00-6.00 h) after 3.0 mg and 6.92 h (range 5.83-9.00 h) after 1 mg. The 

mean AUC0-8 ranged from 41.2 h*ng/mL after 0.5 mg (n=4) to 231 h*ng/mL after 3.0 mg (n=3). Estimates 

of AUC0-24 during the QD dosing interval ranged from 88.5 h*ng/mL after 0.5 mg (n=1) to 421 h*ng/mL 

after 3.0 mg (n=2) (Table 15). 
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Table 15 Plasma Pharmacokinetic Parameters ofSetmelanotide in LEPR Obesity 
Patients by Dose 

Dost 
(mg) 

0.5 1.0 1.5 

Par a mftf'r ll I i\Ieau I SD I CV% u I M ean I SD I CVo/o D I Mean I SD I CV,,O 

T..,. (h) 4 6.00 (4.00-7.00) 13 6.92 (5.83-9.00) 12 6.48 (2.00-8.00) 

Cnm(ng/wL) 4 7.21 0.342 4.74 13 10.4 3.22 30.8 12 17.0 6.52 38.4 

CnoQl)l(ng/wL) 4 0.544 0.374 68.7 11 1.35 0.599 44.3 16 2.49 0.891 35.8 

AUOl.s (h*nglmL) 4 41.2 1.50 3.65 13 53.0 19.0 35.8 12 91.8 34.9 38.0 

AUC~l• (h*ngiwL) 1 88.5 NC NC' 4 148 47.6 32.1 4 2 18 35.0 16.0 

AUC:w. (h"ng/mL) 4 56.2 22.1 39.2 13 79.1 55.5 70.1 12 130 71.7 55.0 

Dost 
(mg) 

2.0 2.5 3.0 

Parawt tE"r ll I i\Ieau I SD I CY% u I M ean I SD I C\'o/o u I Mean I SD I CYo/o 

T...,(h) 15 6.00 (3.90-8.02) 10 6.03 (3.97-9.05) 3 4.00 (4.00-6.00} 

Cnm(ng/wL) 15 23.9 8.38 35.1 10 31.1 12.9 4 1.3 3 38.9 2.62 6.72 

c~.g. (ng/wLJ 32 4 .80 2.56 53.4 32 4 .87 2 .71 55.6 11 5.85 1.44 24.7 

AUCM (h*nglmL) JS 133 4 7.7 35.9 JO 166 56.0 33.7 3 231 11.9 5.1 6 

AUC~u (h*ngimL) 4 316 70.9 22.5 4 41 8 48.3 11.6 2 421 62.6 14.9 

AUC~, (h•nglmL) 15 178 IO I 56.6 10 260 147 56.3 3 383 80.4 2 1.0 

Note : Tn:ax reported as median (ran~e): MeanJSD) values for 2.0 mg dose exclude aberrant value for Subject (6) (6 Mean (SD) values for 2.5 and 3.0 mg doses exclude aberrant 
vain"" for Subj<etsl (6) (6fand b 6 NC= Not cak ulatcd. For C~ Dose r<pr<s<llts prior dose . 

(Source: CSR/or Study RM-493-015, Table 18, Page 77) 

Pharmacodynamics: 
The plimaiy objective of this study was to demonstrate statistically significant and clinically meaningful 
effects ofsetmelanotide on percent body weight change in patients with LEPR deficiency obesity due to 
rare biallelic or loss-of-function mutations at the end of 1 year of treatment. 

Several key analysis populations were defined in this study: 
• 	 The FAS population was defined as all patients who received any study drng and had at least one 

baseline assessment (including those who did and did not demonstrate 2::5 kg weight loss or 5% of 
body weight [if weight was <100 kg at baseline] over 12-week open label treatment period and 
proceeded into the double blind, placebo-controlled withdrawal pe1iod). 

• 	 The DUS population was defined as all patients who received any study diug, demonstrated 2::5 
kg weight loss or 5% of body weight (if baseline weight was <100 kg) over 12-week open-label 
treatment pe1iod, and proceeded into the double-blind, placebo-controlled withdI·awal pe1iod. 

The plimaiy endpoint in this study was defined as the propo1tion ofpatients in the pivotal coho1t in the 
FAS population who met the 2::10% weight loss threshold (responders) after approximately 1 yeai· of 
treatment. 

After approximately 52 weeks of treatment with setmelanotide, 5of11 patients achieved a 2::10% 
decrease from baseline in body weight at Week 52 (i.e., after 52 weeks of treatment with setmelanotide at 
the therapeutic dose) (Table 16, Figure 20). 
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Figure 20 Percent Change of Weight from Baseline by Visit Following Administration of 
Setmelanotide in LEPR Obesity Patients 

(Source: Reviewer generated graph) 
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Table 16 Proportion of LEPR Obesity Patients Achieving at Least 10% Weight Loss from 

Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide
 

(Source: CSR for Study RM-493-015, Table 11, Page 65) 

One of the secondary efficacy endpoints evaluated was hunger score.  During the study 3 distinct daily 

hunger scores were collected: morning hunger, worst (most) hunger in 24 hours, and average hunger in 24 

hours. Weekly average hunger score for analysis were determined from average of daily hunger scores. 

The hunger score used to assess study endpoints was the weekly average hunger score of the daily worst 

(most) hunger score in 24 hours (Figure 21). In the pivotal cohort in the DUS population, an LS mean 

percent change from baseline in hunger score of -41.9% was seen at Week 52 (i.e., after 52 weeks of 

treatment at the therapeutic dose) as shown in Table 17. 
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Figure 21 Percent Change of Average Hunger Score from Baseline by Visit Following 
Administration of Setmelanotide in POMC Patients 

(Source: Reviewer generated graph) 
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Table 17 Percent Change in Daily Hunger Scores from Baseline at 52 Weeks from 
Therapeutic �ose (≥12 Years of !ge) – Pivotal Cohort (DUS Population) 

(Source: CSR for Study RM-493-015, Table 13, Page 69) 

The proportion of patients ≥12 years of age achieving at least 25% improvement in hunger scores following 

1 year of treatment with setmelanotide in FAS population was the third key secondary endpoint. Eight (8) 

of the 11 patients (73%) in the FAS Population achieved at least 25% hunger score (worst ‘most’ hunger in 

24 hours) improvement from baseline at Week 52 after treatment with setmelanotide (p<0.0001, Table 18). 

Reference ID: 4669798 

64 



 
 

   
 

   

 
     

 

  

Table 18	 Proportion of Subjects (≥12 years of age) Achieving at Least 25% 
Improvement in Daily Hunger Scores from Baseline at 52 Weeks from 
Therapeutic Dose of Setmelanotide – Pivotal Cohort (FAS Population) 

(Source: CSR for Study RM-493-015, Table 14, Page 70) 
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4.3 Immunogenicity 

Immunogenicity to setmelanotide was evaluated in a majority of the clinical trials in the development 

program.  Anti-drug antibodies (ADA) to setmelanotide, neutralizing antibodies (NAb) to setmelanotide 

and antibodies to α-melanocortin stimulating hormone (α-MSH) were evaluated through validated assays.  

The incidence of screen positives was 79 of 1,148 samples in the screening assay (6.9%). Of the 79 

screening positive samples that were assessed in the confirmatory assay, no samples (0/79) were 

confirmed positive for antibodies to setmelanotide. As a result, no samples were tested in the neutralizing 

antibody assay (NAb). Antibodies specific for setmelanotide were not found in any of the samples from 

any of the clinical trials where ADA was assessed.  There have been no observations of a rapid decline in 

measured setmelanotide concentrations, which would indicate a possible emergence of ADA to 

setmelanotide.  This leads to the expectation that there would no impact of ADA on setmelanotide PK. In 

addition, there have been no observed clinical effects on PD or efficacy parameters, such as increased 

hunger or weight gain which is consistent with the observation of no ADA to setmelanotide as noted in 

the assays. There is no evidence of systemic allergic reactions or progression of skin reactions over time 

that would indicate the presence of ADA to the setmelanotide or its formulation components. There was a 

report of one case of mild eosinophilia in Subjec (b) (6)  (Study 015) that led to discontinuation. This 

patient had pretreatment optical density (OD) values at or below the cut-point at screening and post-

treatment with setmelanotide in the ADA assay, the setmelanotide PK concentrations appeared to be in 

alignment with other subjects, and there were no samples positive for anti-α-MSH antibodies. These data 

indicate there is no relationship between the eosinophilia and immunogenic response. 

The acceptability of the immunogenicity data and associated analytical method is further deferred to the 

OBP review. 
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4.4 Pharmacometrics Assessment 

APPEARS THIS WAY ON 
ORIGINAL
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4.4.1 SUMMARY OF FINDINGS 

The applicant identified body weight but not renal function to be a significant intrinsic covariate 

associated with setmelanotide exposure. Subjects with mild renal function had 19% (95% CI: -6.5% 

47%) higher setmelanotide steady state AUC compared to those with normal renal function. There were 

no subjects with moderate renal impairment in the development program. Subjects weighting 50 Kg had 

55% (95% CI: 38% - 73%) higher steady state AUC compared to subjects with 90 Kg and subjects 

weighting 200Kg had 45% (95% CI: 39% - 52%) lower AUC. Due to the strong correlation between age 

and body weight (younger patients having lower weight), the applicant’s simulations indicate that 

pediatric subjects tend to be over-exposed compared to adults at the same setmelanotide dose. For this 

reason, the applicant proposes . Similarly, 

despite lack of data, the applicant proposes 

The purpose of this review is to assess if population PK 

(b) (4)

(b) (4)

and exposure-response analyses support the proposed labelling for specific populations. 

4.4.1.1 Key review questions 

4.4.1.1.1 Does population PK modeling and simulation data support the proposed labelling for 

specific populations? 

4.4.1.1.1.1 Pediatric subjects 
Yes, the proposed labeling for pediatric subjects is acceptable for treatment of RGDO. However, the 

recommendation for starting dose for adolescents is not acceptable. The reviewer’s exposure-response 

analyses for efficacy determined a very small EC50 (concentration need to achieve half of the maximum 

efficacy = 7.8 × 10−20 𝑛𝑔/𝑚𝐿) compared to the range of observed concentration at the recommended 

starting and maintenance doses. This implies that at the proposed starting and maintenance doses, the 

concentrations (Cav = 20.62 ng/mL, see section 2.1) are at the plateau of the exposure-response curve and 

therefore maximum efficacy is expected. The reviewer did not perform exposure-vs-safety analyses but 

given a possibility for positive relationship between exposure and adverse events, a conservative approach 

The proposed doses are also (b) (4)

supported by pediatric to adult exposure-matching PK simulations which indicate that acceptable 

proportions of pediatric subjects will attain exposures higher than the lower 10th percentiles of the adult 

exposures. However, adolescents may benefit from the same starting dose as adult subjects with no 

concerns for adverse events. This is because, the adolescents, with comparable baseline weight as adults 

are predicted to have the same exposure as adults at the same starting dose. Given the favorable safety 

profile observed in adults with the same exposure as adolescents at 2 mg dose, it is justified that 

adolescents should be initiated at the same dose as adults of 2 mg. 

4.4.1.1.1.2 Moderate renal impairment 
No, the proposed labelling 

Therefore, given the 

(b) (4)

concerns for safety, it is better to be conservative and avoid setmelanotide for subjects with moderate 

renal impairment. 

4.4.1.2 Recommendations 

The applicant’s proposed dose labelling is acceptable for treatment of RGDO, with a caution not to dose 

setmelanotide in patients with moderate renal impairment. 
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4.4.2 RESULTS OF SPONSOR'S ANALYSIS 

4.4.2.1 Population PK Analysis 

4.4.2.1.1 Review Summaiy 
The applicant's population PK analysis is acceptable for prediction ofexposures in specific populations 
andfor exposure-response analyses. In brief, Setmelanotide plasma pharmacokinetics were adequately 
described by a one compartment model with zero-order absorption kinetics after subcutaneous injection. 
Both goodness-of-fit plots andprediction corrected visual predictive checks indicate that the final 
population PK model is adequate in characterizing the PKprofile ofSetmelanotide in adult andpediatric 
subjects 6 years and older. The inter-individual variability (!IV) for CL (28. 7%), and V (26.5%) were 
small. !IVfor D2 (duration ofzero order absorption) was relatively high (52.3%). Eta Shrinkages for CL 
(27. 7%), V (57.8%) and D2 (40.9%) are reasonable and support evaluation of covariates ofCL. Although 
renal e.."<'.cretion accountfor about 40% elimination ofunchanged Setmelanotide within 24 hours, 
creatinine clearance (CLCR) was not a significant covariate f or clearance. Body weight was a covariate 
f or CL and V with fixed allometric exponents ofO. 75 and 1 respectively. Other covariates were; 
setmelanotideformulation on D2 and bioavailability (F), and sex, age, and healthy status on CL. The 
applicant's analyses were verified by the reviewer, with no significant discordance identified. 

Tile developed model was used to support labelling ofSetmelanotide in tlte current submission as 
outlined i11 Table 19. 

T bl e 19 R , s 'fic commentson A.ppricant's F'maIP0 llU a ion PK ea ev1ewer s 1pec1 If mod I 

Utility of the final model Reviewer's Comments 

Support applicant's Intrinsic factor 

Initial and maintenance doses are 
dependent on age group. Initial and. 

-M1(
4
&intenance doses for subjec~s~ 

re 1 mg and 2 mg respectively: 
in adults, the doses are 2 mg and 3 

mg respectively 

Through monte-carlo simulations 
the applicant's model shows that 

setmelanotide exposure, after 1 mg 
tlu·ough 2.5 mg doses, exposures in 

pediatric subjects are within the 
95% prediction interval for 

exposure in adults receiving 3 mg. 

proposed labeling Monte-carlo simulations for 
statements about inti·insic exposure matching are acceptable 

and extrinsic factors since the model predictive 
perfo1mance was reasonable as 

indicated by prediction corrected 
visual predictive checks (PcVPC) 

Fonnulation was the only extrinsic 
Extrinsic factor factor with effect on setmelanotide 

bioavailability 

Predicted exposures The applicant did not perfo1m 
Derive exposure metrics from the PK model exposure-vs-response analyses. The 

fo1· exposure-response were used for reviewer has perfonned these 
analyses exposure vs analyses as described in section 2 

response analyses (Population PD analyses) 

The model was 
Predict exposures at used to assess 

alternative dosing regimen predicted exposures 
at doses >= 2mg 
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4.4.2.1.2 Introduction 

The key objectives of the applicant’s population PK analyses were to: 

•		 To develop a population PK model from phase 1 to 3 studies. 

•		 To estimate the effects of prespecified covariates which may be important predictors of 

setmelanotide PK. 

•		 To use the resulting population PK model to determine an appropriate starting dose of setmelanotide 

in children (6 - 11yrs) and adolescents (12 - 17 yrs). 

4.4.2.1.3 Model development 

4.4.2.1.3.1 Data 

The analyses were based on PK data from 8 phase 1-3 studies. The study design, study population, and 

timing of blood samples varied among the 8 clinical studies. Brief descriptions of the studies included are 

presented in addendum Table 26. 

The final NONMEM data file for analysis contained 2711 PK observations from 120 subjects. Table 20 
provides summary statistics of the baseline demographic covariates in the analysis dataset. 

Table 20 Summary of Baseline Demographic Covariates for Analysis 
STUDIES 

Characteristics level RM493008 RM493010 RM493011 RM493012 RM493014 RM493015 RM493026 

N 22 40 7 12 30 13 9 

White 2 (9.1) 36 (90.0) 6 (85.7) 7 (58.3) 25 (83.3) 10 (76.9) 5 (55.6) 

Black or African 20 (90.9) 1 (2.5) 1 (14.3) 0 (0.0) 4 (13.3) 0 (0.0) 4 (44.4) 
RACE (n (%)) 

Asian 0 (0.0) 3 (7.5) 0 (0.0) 0 (0.0) 1 (3.3) 0 (0.0) 0 (0.0) 

Other 0 (0.0) 0 (0.0) 0 (0.0) 5 (41.7) 0 (0.0) 3 (23.1) 0 (0.0) 

Male 14 (63.6) 19 (47.5) 3 (42.9) 7 (58.3) 8 (26.7) 5 (38.5) 2 (22.2) 
SEX (n (%)) 

Female 8 (36.4) 21 (52.5) 4 (57.1) 5 (41.7) 22 (73.3) 8 (61.5) 7 (77.8) 

Preserved 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (100.0) 9 (100.0) 

Formulation n (%) Unpreserved 22(100.0) 40 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

No information 0 (0.0) 0 (0.0) 7 (100.0) 12 (100.0) 30 (100.0) 0 (0.0) 0 (0.0) 

Baseline BMI (kg. /m^2), 33.68 39.67 45.97 39.73 45.39 49.37 44.44 

(Mean (Sd)) (3.24) (11.86) (7.02) (8.35) (10.10) (11.43) (7.06) 

Baseline weight (Kg), (Mean 99.68 97.72 142.99 114.27 125.08 137.17 120.62 

(Sd)) (13.70) (25.56) (21.98) (35.66) (33.52) (32.75) (23.45) 

Baseline ideal Weight (Kg), 65.58 52.82 69.29 62.13 58.47 60.18 57.39 

(Mean (Sd)) (8.59) (13.37) (9.28) (12.44) (12.94) (7.68) (7.42) 

Baseline adjusted Weight (Kg), 79.22 70.78 98.77 82.99 85.11 90.97 82.68 

(Mean (Sd)) (9.84) (13.61) (10.83) (20.58) (19.06) (14.64) (11.81) 

Baseline height (Cm), (Mean 171.42 158.12 176.54 167.87 165.39 166.69 164.41 

(Sd)) (7.88) (13.19) (8.59) (13.48) (12.50) (7.27) (6.70) 

Baseline age (yrs.), (Mean (Sd)) 
39.23 

(8.49) 

26.35 

(9.48) 

20.29 

(3.40) 

17.08 

(6.37) 

29.13 

(16.81) 

22.85 

(8.21) 

43.78 

(6.80) 

Source: Reviewer’s independent analyses 

4.4.2.1.3.2 Base Model 

The base model was a population PK model developed using setmelanotide PK data from 29 adult 

subjects who were healthy and obese and another 91 subjects with rare genetic disorders of obesity 

(RGDO) (See table of studies). The base PK model was a one-compartment structural model with zero
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order absorption from subcutaneous administration site and linear elimination kinetics. The model was 

parameterized in apparent clearance (CL/F), apparent central compartment volume (V/F), duration of zero 

order absorption (D2). Relative bioavailability (F) from administration site was fixed to 1 and between 

subject variability for F was estimated. Clearance and volume parameters were allometrically scaled using 

body weight. coefficients for WT were fixed to literature values of 0.75 for CL and 1 for V. Allometric 

scaling was supported by a significant difference in objective function value between a model with and 

without allometric scaling (𝛥 𝑂𝐹𝑉 = −50). Estimated model parameters are given in Table 21 below. 

APPEARS THIS WAY ON 
ORIGINAL
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Table 21 Estimated model parameters and covariate effects for the base model 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 30 of 

215) 

Inter-individual variability (IIV) was modeled assuming a log-normal distribution for patient level 

random effects. The base model included variance covariances among the IIVs. Residual variability was 

modeled as a combined additive plus proportional residual error on setmelanotide concentration. Model 

evaluations and selection of the base model were based on standard statistical criteria of goodness-of-fit 

such as a decrease in the minimum objective function value (OFV), accuracy of parameter estimation 

(i.e., 95% confidence interval excluding 0), successful model convergence, and diagnostic plots. 

4.4.2.1.3.3 Covariate Analysis 

Covariate model building proceeded through investigation of plots of covariates versus inter-individual 

random effects. No obvious trends were observed. Despite the lack of obvious relationships, the applicant 

employed the Full Covariate Model (FCM) building technique to develop a full covariate model. With 

FCM, physiologically plausible relationships are included into the model with emphasis on parameter 

estimation rather than stepwise hypothesis testing. Figure 22 shows the covariates included in the full 

model. Additional covariates (other than body weight) in the full model included age, renal function, sex, 

and health status on CL/F. The model also included effect of formulation on D2. 
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Figure 22 Parameterization of the full covariate model 

4.4.2.1.3.4 Final Model 

4.4.2.1.3.4.1 Final model parameters and diagnostics 

The FCM was the final model and the parameter estimates for the final covariate model are listed in Table 
22. The goodness-of-fit plots for the final covariate model for all data are shown in Figure 23. The Visual 

Predictive Check (VPC) plot for the final covariate model with adult and pediatric data are given in 

Figure 24 and Figure 25. 
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Table 22 Parameter �stimates of !pplicant’s inal Model 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 33of 215) 

Reference ID: 4669798
 

74 



 
 

   

 

         

 

  

Figure 23 Goodness of fit plot for the final Setmelanotide population PK model 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 113 - 116 

of 215) 
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Figure 24 Prediction corrected visual predictive check of the final model 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 126 of 

215) 
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Figure 25 Prediction corrected visual predictive check of the final model stratified by 
Studies 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 127 of 

215) 

4.4.2.1.3.5 Magnitudes of covariate effects 
Magnitudes of covariate effects on setmelanotide AUC relative to reference covariate values are shown in 

Figure 26. Significant covariate effects are observed for body weight, renal function, and unpreserved 

formulation. Compared to reference weight of 90Kg, subjects with 50 kg and greater than 150 Kg have 

higher and lower AUC respectively. Similarly, compared to subjects with normal renal function, subjects 

with mild renal function have higher AUC. Furthermore, subjects who took unpreserved formulation have 

significantly lower AUC compare to preserved formulation. 

On the other hand, Female have marginally lower AUC compared to males and compared to reference 

age of 25 years, subjects with 10 years and 60 years have marginally higher and lower AUC respectively. 
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Figure 26 Full PK model covariate effects on steady state AUC 

Relative AUCss values were calculated using a setmelanotide 2.0 mg QD dose and simulated estimates of AUCss at 

various perturbations of sex, weight, formulation, patient status, and renal function, normalized to the AUCss of a 

typical 25-year-old, 90 kg, male patient, with normal renal function and receiving the preserved formulation of 

setmelanotide. Symbols represent the median relative AUCss and lines represent 95% confidence interval. Grey 

shaded area represents a 0.8 - 1.25 reference range 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 151 of 

215) 

4.4.2.1.3.6 Matching of pediatric to adult setmelanotide exposures 
The applicant performed Monte-Carlo simulations of exposures in pediatric subjects using the final 

population PK model and a virtual subject population, created by randomly sampling weight/sex per age 

from a dataset of historical growth in patients with RGDO. The simulated pediatric exposures after 1, 1.5, 

2, and 2.5 mg doses were compared to post-hoc estimates of the population PK dataset for subjects 17-60 

years. Pediatric subjects were all assumed to have normal renal function. At each dose, the applicant 

compared the proportion of pediatric subjects who exceeded the lower 10th percentile of adult exposure. 

Table 23 shows the probability of exceeding the lower 10th percentile of adult exposure at different doses. 

Table 23 shows that initiating setmelanotide at 1 mg in pediatric subjects will result in only about 90% of 

6-12 years old and 65% of 12-17-year olds exceeding the lower 10th percentile of 2 mg adult exposures. 

Table 23 also shows that titrating dose to 2 mg will result in 98% of 6-12 years old and 90% of 12-17 

years old exceeding lower 10th percentile of 3mg adult exposures. 
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Table 23 Probability of simulated pediatric exposure exceeding lower 10th percentile 
of adult exposure 

Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 78 of 215) 

4.4.2.1.4 Reviewer’s comments 

The reviewer finds the applicant’s model development steps and identification of covariate effects to be 

acceptable for prediction of exposures in specific populations and for exposure-response analyses. 

Therefore, the reviewer did not perform independent exploration of covariate effects. The reviewer 

repeated the applicant’s analyses and found similar results as those reported by the sponsor. 

4.4.3 R�VI�W�R’S !N!LYS�S 

4.4.3.1 Exposure-response analyses for efficacy 

Exposure-response analyses for efficacy were conducted in order to determine if differences in 

setmelanotide exposures due to PK covariates (e.g. renal impairment and body weight) translates to 

meaningful differences in treatment outcomes. The specific objectives of exposure-response analyses are 

given below. 

4.4.3.1.1 Objectives 

Objective of the reviewer’s exposure-response analyses were: 
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1. To develop a model that can adequately describe historical growth data for subjects with RGDO. 

2. To develop a model that can adequately describe weight changes during different treatment epochs. 

3. To characterize variability in treatment related weight loss. 

4. To determine factors associated with the variability in treatment related weight loss. 

4.4.3.1.2	 Data 

Historical growth data were available from 14 subjects with POMC/PSK1 genetic disorders (Study 

RM493012) and 13 subjects with LEPR disorder (Study RM493015). The data is shown in Figure 27. 

The data shows identical growth rate between subjects with POMC/PSK1 and those with LEPR genetic 

mutations. 

Figure 27	 Probability of simulated pediatric exposure exceeding lower 10th percentile 
of adult exposure 

Source: Reviewer’s independent analyses 

Data for weight profiles at different treatment epochs were available from 13 subjects in 

studyRM493012 and 13 subjects in study RM492015. The data is shown in Figure 28. The figure shows 

that for most subjects, weight loss occurs during treatment induction and open label epochs. But during 

blinded epoch (subjects receives placebo treatment) most subjects gain weight. Finally, most subjects 

lose weight again when setmelanotide is re-started during the treatment epoch. 
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Figure 28 
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Source: Reviewer 's independent analyses 

4.4.3.1.3 Exploration of dose-response relationships. 
In the induction epoch setmelanotide was initiated at a lower dose (0.5mg or 1 mg) and titrated to 
maintenance dose (2 mg, 2.5 mg or 3 mg). This offers an opportunity to explore dose-response 
relationships. It is expected that the rate of weight loss would increase when dose is increased. This was 
investigated by visual inspection ofplots of weight change over-time overlaid on plots ofdose titration 
(Figure 29, Figure 30, Figure 31, Figure 32). 

The following observations were made from Figure 29: Subject ltif<& did not lose weight until when dose 
was titrated from 1 mg to 2mg. Subject 111ns did not lose weight despite increasing dose from 1 to 2.5 
mg. For most other subjects, weight loss occurred at the same rate since the sta1t of treatment. Rate of 
weight loss seems to be the same across the individuals. 
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Figure 29 Weight change plot overlaid on dose titration plot (1) 
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The following observations were made from Figure 30: Subject 111ns did not lose weight until when dose 
was titrated from 0.5 mg to l.5mg. Dose was titrated down to 1 mg during the treatment epoch without 
rebound weight gain. Subject ltiJ<& lost weight since the sta1t of treatment and despite decreasing the dose 
from 2.5 mg to 2 mg there were no rebound weight gain. For most other subjects, weight loss seemed to 
occur at the same rate since the strut of treatment across the individuals. 
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Figure 30 Weight change plot overlaid on dose titration plot (2) 
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Reviewer's independent analyses 

The following observations were made from Figure 31: Subject >ne did not lose weight for 
the first 8 and 24 weeks respectively despite dose titration to 2.5 mg. Subjects bll&I lose 
weight immediately after treatment. The other 3 subjects lost weight after dose titration. 
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Figure 31 Weight change plot overlaid on dose titration plot (3) 
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Reviewer's independent analyses 

The following observations were made from Figure 32: Subject bH61 lost weight after titration while 
subject (bl\6 immediately lost weight after treatment initiation. 
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Figure 32 Weight change plot overlaid on dose titration plot (4) 
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Reviewer's independent analyses 

Overall, the explorat01y plots do not show a consistent relationship between dose titration and weight 
loss. For some subjects, weight loss occurs immediately after staiting treatment with lowest dose, while 
for other subjects, weight loss occuned after dose titration. Thus exposure-response relationships were 
evaluated by modeling ofconcentration versus weight relationship using population methods. 

4.4. 3.1.4 Modeling historical growth. 
Comprutment modeling was used to analyze the histo1ical growth data. A one comprutment model 
pai·ameterized by KIN (rate constant of weight gain) and KOUT (rate constant ofweight loss) was tested 
and found adequate to describe the obse1ved data. Based on Figure 27, weight was considered to increase 
to steady state for eve1y subject in the dataset. Since not eve1y subject had reached steady state weight 
before treatment, a steady state pru·ameter (SSWT) was estimated. The weight comprutment was 
initialized at biithweight. Since biith weight was not known for all subjects, the birth weight parameter 
(BASEWT) was fixed to 3.5 Kg and its inter-individual vru·iability was estimated. Empirical estimates of 
biithweight were confined to be between 2.5 Kg to 5 Kg. Being an unidentifiable pru·ameter, KIN was not 
estimated but calculated from estimated SSWT and KOUT (KIN = SSWT/KOUT). NONMEM version 
7.4 was used for estimation ofmodel pru·ameters. Individual subject parameters were estimated using the 
method of POPULATION WITH UNCONSTRAINED ETA as desc1ibed in NONMEM user 's guide 
(Introduction to NONMEM 7.3.0, Robe1t J. Bauer, ICON development solutions, Hanover, Ma1yland, 
November 20, 2013). The medians of the estimated and calculated model pru·ameters ru·e given in Table 
24. 
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Table 24 Medians and Inter-quartile (IQR) ranges of parameter values for the historical 
growth model 

Parameters Median IQR 

BASEWT 3.29 2 .5 - 3.49 
SSWT 169.11 169.05 - 169.29 
KIN 0.0012 0.001 - 0.0016 

KOUT 0.000007 6e-06 - l e-05 
Reviewer's independent analyses 

Figure 33 shows observed, and model predicted growth cmves for each individual. Generally, there is 
good agreement between observed and predicted data. 

Figure 33 	 Observed and model predicted growth curves from the historical growth data 
and model 
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4.4.3.1.5 Modeling weight profiles during setmelanotide treatment. 

4.4.3.1.5.1 Dataset preparation 
For each subject empirical bayes estimates of PK parameters and individual historical growth parameters 

were joined to the weight loss dataset. The weight loss dataset contained the following information: 

Weight profiles during setmelanotide treatment, setmelanotide dosing, and intrinsic and extrinsic 

covariates. Two subjects were excluded from analysis for lack of PK information. Another 4 subjects 

were excluded from analysis for the following reasons: Subject (b) (6)  did not lose weight despite dose 

titration to 2.5 mg; Subject (b) (6) did not lose weight despite being on maximum tolerable dose for almost 

20 weeks; Subject (b) (6)  received treatment for 5 weeks and lost less than 2.5% of baseline body weight; 

subject (b) (6) regained weight after placebo treatment and did not lose weight after re-initiation of 

setmelanotide. The final dataset contained 11 subjects from study RM493012 and 10 subjects from study 

RM493015. 

4.4.3.1.5.2 Structural model. 
The same structural model for historical growth was used to describe weight profile after treatment. To 

account for treatment related weight loss two submodels were tested; for the first submodel drug effect 

was modelled to decrease KIN, while for the second submodel drug effect increased KOUT. The second 

submodel provided better fit to the data than the first model. However, plots of predicted overlaid to 

observed weight profiles indicated underprediction of weight gain during placebo treatment. This implied 

that the KIN parameter estimated from historical growth data was smaller than it should be during 

treatment. For this reason, a parameter for KIN adjustment (KIN_FCT) was introduced and estimated. 

Drug effect was assumed to follow an Emax -relationship with parameters Emax, and EC50 to be determined. 

A schematic representation of the model is given in Figure 34. 

Figure 34 Schematic representation of the concentration vs weight model 

Source: reviewer’s independent analysis 

During the modeling exercise it was discovered that model objective function minimized successfully 

only when EC50 was fixed to a very small value. For this reason, EC50 was fixed to 3.5 × 10−5 and Emax 

and KIN_FACT were estimated. Also, inter-individual variability for Emax and KIN_FACT were 

estimated. Next, Emax, KIN_FACT, and IIV parameters were fixed to allow robust estimation of EC50 and 

IIV for EC50. The estimated EC50 was 7.8 × 10−20, and was fixed to this value in all subsequent analyses. 

4.4.3.1.5.3 Covariate model 
Parameter-vs-covariate relationships were assessed by statistical analysis and visual inspection of ETA

vs-covariate plots. Correlation among covariates were assessed by statistical analysis and visual 

inspection of covariate-vs-covariate plots. Figure 35 shows correlated covariates. 
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Figure 35 Covariate versus covariate plots 

Reviewer’s independent analyses 

Figure 36 shows that covariates related to ETA for Emax (ETA1) are: formulation type (FORM), 

genotype (GENTYP), baseline BMI (BLBMI), weight (BLWT), adjusted body weight (BLABW) and 

age groups (AGEGRP). No covariate is related to ETA for KIN_FCT (ETA3). 
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Figure 36 Etas versus covariates plots for the base structural model of concentration vs 
weight 

Reviewer’s independent analyses 

Covariate relations were added into the model in a stepwise manner. The effect of genotype on Emax was 

included first. This resulted in significant improvement in model fit as indicated by significant drop in 

objective function (𝛥𝑂𝐹𝑉 = −7.56). Inspection of covariate relations indicated that, after inclusion of 

genotype-Emax relationship, covariates still related with ETA1 were: BLBMI, BLWT, and BLADW. Due 

to correlations among BLBMI, BLWT, and BLADW, BLWT-Emax relationship was selected for inclusion 

into the model. This led to further improvement in model fit (𝛥𝑂𝐹𝑉 = −24.1). No further covariate-

parameter relations were observed from subsequent covariate-vs-eta plots. 

4.4.3.1.5.4 Final model 
The covariate model after inclusion of genotype and baseline body weight as covariates on Emax was the 

final model. Backward exclusion of covariates was not performed. Parameter estimates for the final 

model are given in Table 25. The parameters are well estimated as indicated by precision estimates 

(Relative standard error). The table shows that the population average for maximum decrease in body 

weight is about 28 Kg (LEPR subjects) and POMC subjects would lose 32% more weight on average 

compared to LEPR subjects. The table also shows that Emax is higher for subjects with low BLWT 

compared to subjects with high BLWT, e.g. typical Emax for subjects weighting 90 Kg would be 

28.6 × (90/115)−0.84 = 35Kg. 
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Table 25 Parameter estimates and objective function Values final model of 
concentration vs weight 

Parameters Descriptions Estimates (RSE) 

OFV Objective function value 3938.2 

Emax (Kg) Maximum weight loss 28.6 (3%) 

Ec50 (ng/mL) Concentration for half of Emax 7.8E-20 (fixed) 

KIN_FCT 
Ratio of rate constant of weight gain during treatment to before 

treatment 
16.8 (3%) 

ADDWT (Kg) Additive body weight residuals 1.6 (44%) 

PROPWT (%CV) Proportional body weight residuals 0.018 (37%) 

GENTYP_EFFECT Ratio of Emax in POMC to Emax in LEPR 1.32 (25%) 

BLWT_EFFECT 
Exponent for effect of baseline body weight on Emax 

(BLWT/115)^BLWT_EFFECT 
-0.84 (12%) 

BSV Emax (%CV) Between subject variability for Emax 7.0% (47%) 

BSV EC50(%CV) Between subject variability EC50 33.3% (fixed) 

BSV KIN FCT (%CV) Between subject variability KIN FCT 11.1% (19%) 

Reviewer’s independent analyses 

Figure 37 shows the goodness of fit plots for the final model. In general, the final model provided 

adequate fit of the observed data. 

Figure 37 Goodness-of-fit plots for the final model of concentration vs weight 

Reviewer’s independent analyses 
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Figure 38 shows observed, and model predicted weight profiles for each individual dming setmelanotide 
treatment. Generally, there is good agreement between observed and predicted data. 

Figure 38 	 Observed and model predicted weight profiles during setmelanotide 
treatment 
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Reviewer 's independent analyses 

4.4.3.1.6 	 Reviewer's conclusion on exposme-response analyses 
The exposure-response analyses have determined that weight loss in patients with RGDOB after 
setmelanotide treatment can be described by an indirect response model with drug effect affecting the 
rate ofweight loss. Drug effect is described by an Emax model and the results indicates that setmelanotide 
exposures at the proposed doses (Gav = 20.62 nglmL) are at the plateau ofthe dose response curve. These 
results imply that variability in treatment responses may not be due to PK covariates but to covariates for 
the Ema.'<. parameter. Therefore, increasing setmelanotide dose based on PK covariates is not supported. 
But to be conservativefor safety, dose reductions proposed by the applicantfor specific populations 
(pediatrics Ill><" are supported. 
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Addendum tables 

T bl 26a e summarVOfSt d' 'thPKSu ieswi ramomg 1 d d. Pnc u e m 1 t'ODU a ion PKAna1vs1s 
Study# / Description Population For·mulation Doses Subjects PK and PD 
Phase Enl'olled / Objectives 

Subjects 
with PK 

Single Dose Studies 

RM-493 Part 1 Open Adults > 18 Setmelanotide SC 8 / 8 Detenuine the PK of 
008 label, 2 years saline"'and injection single dose 
Patt 11 period Setmelanotide/mPEG 1.5 mg administration of 
Phase 1 crossover, DSPE (preservative single dose mPEG-DSPE 
USA single dose free) fonuulation 

PK 

Multiple Doses Studies 

RM-493 Placebo Healthy Setmelanotide/ SC 14 / 12 Characterize safety, 
008 controlled, obese Adults mPEG-DSPE injection tolerability and PK of 
Patt2 double blind, >18 years (preservative-free) 1.5 mgQD setmelanotide/mPEG-
Phase 1 randomized, for 4 days DSPE following 
USA dose titration 1.0mgQD multiple 

for 2 days administration. 
followed 
by 

RM-493 Randomized, Obese adults Setmelanotide/ SC 50 1 9 PK, safety and 
026 placebo Adults >18 mPEG-DSPE injection tolerability Urine 
Phase 1B controlled years (preserved) .QJ2. collection 

Once weekly Setmelanotide- QW""" fotmulation Assess 
fotmulation 2.0 mg QD immunogenicity (QD 

or 12lacebo dosing) 
Week 1 
followed 
,_ ., 

Patient Studies 

RM-493 Randomized, Subjects with Setmelanotide/mPEG- SC 20 / 18 Characterize the PK 
010 double- PWS DSPE (preservative injection ofsetmelanotide in 
Phase2 blind, Adults > 18 free) Patt 1 patients. Develop a 
USA placebo years single-blind population PK Model 

controlled, placebo, ofsetmelanotide in 
crossover 0.5, or 1.5 patients. Assess 
pilot study mgQD for immuno genicity 
Safety 2 weeks 

an Patt 2: 20 Characterize the PK 
d efficacyin double- ofsetmelanotide in 
Prader-Willi blind patients. 
Syndrome placebo, Develop a population 
(PWS) 1.5 mg, or PKmodel of 

2.5mgQD setmelanotide in 
for 4 weeks patients. Assess 

immuno genicity 
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Stud)·# / Description Popnlation F ormnlation Doses Subjects PK and PD 
P hase Enrolled / O bjectives 

Subjects 
"ith PK 

Characterize the PK 
Part 3 Sub 8 ofsetmelanotide in 
Study: patients. 
double- Develop a population 
blind. PK model of 
placebo setmelanotide in 
w-ithdrawal patients. 
placebo 
same dose 
(2.5 mg 
QD 1.5 mg 
QD) for 2 
weeks 
Pait 4 open 8 Multiple dose PK 
label dm-ing a 24-hom· 
extension steady state interval 
0.5 mg and (sub-study) 
1.5 mg for 
2 weeks 

RM-493 Open label, Heterozygous Setmelanotide/ SC 10 / 7 PK collected on final 
Oll dose titration POMC mPEG-DSPE injecti2n (2 - POMC; visit ofPart 3, Assess 
Phase 2 Trial in are deficiency, (preservative free and Part 1 - 3 - LEPR; safety and 
Investigator genetic LEPRand preserved) baseline (2 and 2 - Epi- Immunogenicity 
initiated disorders Epigenetic days) Part 2 genetic) 
Gcnnany deficiency - dosage 

andPCSKl findings 
> 12 years (Weeks 2 

4) dose 
titration 
from 0.5 
mg to 1 
mg, 1.5 mg 
and 2 mg 
Pait 3 
outpatient 
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Stud)· #/ Description Popnlation Formnlation Doses Subjects PK and PD 
P hase Enrolled / Objectives 

Subjects 
"ith PK 

RM-493 Open label, Early on- Setmelanotide/ SC 12 / 12 Characterize the PK 
012 double- SetPOMC mPEG-DSPE injection 4 (2 - Both; in adults, adolescents 
Phase 3 blind, Deficiency (preservative free and Adults - I  and pediatrics 
Gennany, placebo- obesity due preserved) Initial dose Preservative patients 
UK. France, controlled to i-allelic, LOmg Free; 1 Develop a population 
USA, withdrawal loss of titrated up Preserved) PK model of 
Canada, period fimction to 3.0 mg setmelanotide in 
Spain. Safety and POMCor QDDose patients 
Belgium efficacy in PCSKl titration All Patients 2':12 years 

POMC genetic with at 
Patients mutation incremental 4 (I  titration visit: 

>6years increases of Preserved, 3 8-hour PK profile. 
0.5mg - Both) Subset (optional for 
every 2 2':12 years adults): 24
weeks hour PK profile 
Adolescents Trough samples all 
- initial patients at all visits 
dose 0.5mg 4 Assess 
titrated up (Preserved) imnumogenicity in 
to 3 mgQD patients 
Pediat?ic 
- initial 
dose 
0.5mg 
titrated up 
to 2.5 mg 
Followed 
h u 10
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Study# / Descri ption Population For·mulation Doses Subjects PK and PD 
Phase Enl'olled / Objectives 

Subjects 
with PK 

RM-493 Phase 2 >12 years of Setmelanotide/ SC 27 / 27 Characterize the PK 
014 safety AgeRare mPEG-DSPE injection 15 (5 adults in patients. 
Phase 2 (on- study in rare genetic (preservative-Free Adults - Both;7 Develop a population 
going) genetic disorders and 1.0 to 3.0 g Preserved;3 PK model of 
USA UK disorder's (i.e. , LEPR preserved) QD, Preservative setmelanotide in 

(Basket) mutation, increments Free) 12 (2 patients (24-hom·s PK 
heterozygous 0.5mg - Both;  profiles during 
and eve1y2 Preserved;3 titration phase) 
epigenetic weeks Preservative Assess 
defects in Adolescents Free)O immunogenicity in 
POMC, - 0.5 to patients Characterize 
Bardet-Biedl 3 the PK in adolescent 
Or Alstrom mgQD patients. Develop a 
syndrome). increments population PK model 

0.5mg ofsetmelanotide in 
eve1y2 patients (8-hour PK 
weeks profiles during 

titration phase) 
Pediatric Assess 

- 0.5 to immunogenicity in 
2.5 patients Characterize 
mgQD the PK pediatrics 

in patients. Develop a 
population PK model 
ofsetmelanotide in 
patients. (trough 
samples at clinic 
visits). Assess 
immunogenicity in 
patients 

RM-493 An >6years Setmelanotide/ SC 14 I 13 Characterize the PK 
015 Op old, inLEPR mPEG-DSPE injection 9 (9  in 
Phase3 en deficiency. (preserved) Adults  Preserved) adult patients. 
Genuany, Label obesity due Initial dose Develop a 
UK, France, Double allelic, loss- 1.0mg population PK 
Netherlands, Blind of-function titrated up model of 
USA Placebo- LEPRgene to 3.0 mg setmelanotide in 

Controlled mutations. QD patients 
Withdrawal (All Patients :;::12 
Period years at titration 

visit:8-hom· PK 
profile. Subset 
(optional for :;:: 12 
years adults): 24-hom· 
PK profile. Trough 
samples all patients at 
all visits). Assess 
immunogenicity in 
patients. 
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Stud)· # / 
P hase 

Description Popnlation Formnlation Doses Subjects 
Enrolled / 

PK and PD 
Objectives 

Subjects 
"ith PK 

Adolescents 
- initial 

4 (4 
Preserved) 

Characterize the PK 
in ado-

dose descent patients. 
0.5mg 
titrated up 

Patients 6 
to 11 years - full PK 

to-3 mg 
QD 

profile at dose 
titration visit. Assess 
immunogenicity in 
adolescents. 

Pediatrics  0 Characterize the PK 
initial dose 
0.5 

in pediatric patients. 
Assess 

mg titrnted immunogenicity in 
up to 2.5 pediati-ics 
mg 
Dose 
titi·ation 
with 
incremental 
increases of 
0.5mg 
cvery2 
weeks 

RM-493
022 
Gcnnany 
(Ongoing) 

Extension 
study 

>6 years Setmelanotide/ 
mPEG-DSPE 
(preserved) 

SC 
injecti2D 
Same dose 
as index 
study. Dose 
adjustments 

16 / 10 Characterize the PK 
ofsetmelanotide 
following long- term 
administration. 
Assess 
immunogenicity. 

(either 
mcrcase or 
decrease 
were made 
in 
increments 
of0.5 mg. 
Max 3 mg 
us rQnA-IA 
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4.5 Genomics and Targeted Therapy Review 

EXECUTIVE SUMMARY 

a New Drug Application (NDA 213793) for setmelanotide. On March 27, 2020, FDA received 

Setmelanotide is a melanocortin-4 receptor (MC4R) agonist. The proposed indication is for the treatment 

of obesity associated with pro-opiomelanocortin (POMC), including proprotein (b) (4)

convertase subtilisin/kexin Type 1 (PCSK1), deficiency obesity or leptin receptor (LEPR) deficiency 

obesity in adults and children 6 years of age and older. 

Variants in the POMC, PCSK1, and LEPR genes affect the MC4R pathway and cause rare genetic disorders 

of obesity that start early in childhood and progress over time. 

The Office of Clinical Pharmacology/Division of Translational and Precision Medicine (OCP/DTPM) has 

reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, and LEPR genes. We 

generally concur with the applicant’s assessment of the pathogenicity of the genetic variants. 

4.5.1 BACKGROUND 
POMC deficiency obesity is caused by loss of function (LoF) mutations in the POMC gene. Mutations in 

POMC are very rare in the general population. In humans, null mutations in POMC gene lead to 

hyperphagia, early onset obesity, isolated adrenocorticotrophin (ACTH) deficiency, and 

hypopigmentation of skin and hair. Heterozygous carriers of null mutations have a significantly higher 

risk of being obese or overweight (PMID: 21633175). 

Mutations in the PCSK1 gene result in missing melanocortin stimulating hormone (MSH) neuropeptide 

synthesis and/or processing (PMID: 11874690). Rare congenital deficiency of PCSK1 has been reported 

in less than 20 unrelated probands (carrying homozygous or compound heterozygous mutations) who 

presented with malabsorptive diarrhea, failure to thrive during early infancy associated with high 

mortality rate, severe early-onset obesity, polyphagia, central diabetes insipidus, hypogonadism, 

hyperproinsulinemia and other endocrine dysfunctions (PMID: 24890885). 

Congenital leptin-receptor deficiency is characterized by severe, early-onset obesity associated with 

hyperphagia. Subjects are born with a normal birth weight but show rapid weight gain in the first months 

of life, which results in severe obesity. The key features are hyperphagia and impaired satiety (PMID: 

21633175). About 3% of patients with severe obesity have LoF mutations in the LEPR gene. 

Setmelanotide is a synthetic, cyclic octapeptide (8-amino acid-containing peptide) that functions as a 

MC4R agonist. According to the applicant, setmelanotide has the potential to restore lost activity in the 

MC4R pathway by bypassing the defects upstream of the MC4R and directly activating MC4R neurons in 

the hypothalamus below such defects. Thus, setmelanotide bypasses the upstream genetic defects in this 

critical MC4R signaling pathway to re-establish weight and appetite control in patients with POMC 

(including PCSK1) and LEPR obesity. 

The applicant identified (b) (4) as the Rhythm-preferred CLIA-LDT laboratory for 

post-NDA genetic testing. The American College of Medical Genetics and Genomics (ACMG) guidelines 

were utilized by (b) (4)for the interpretation of sequence variants and the impact on pathogenicity in the 

POMC, PCSK1, and LEPR genes. ACMG developed recommendation for classification and use of 

standard terminology- “pathogenic”, “likely pathogenic”, “uncertain significance”, “likely benign”, and 

“benign”- to describe variants identified in genes that cause Mendelian disorders (PMID: 25741868). 
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4.5.2 SUBMISSION CONTENTS RELATED TO GENOMICS 
On May 05, 2020, DTPM asked the applicant in an Information Request (IR) to provide the document 

with the sequence variants interpretation for all subjects included in studies RM-493-012 and RM-493

015. The FDA received response to the IR on May 20, 2020. DTPM has reviewed the pathogenicity 

assignment of the genetic variants in the POMC, PCSK1, and LEPR genes. 

4.5.3 REVIEW OF EVIDENCE FOR SEQUENCE VARIANT INTERPRETATION 

4.5.3.1 American College of Medical Genetics and Genomics (ACMG) pathogenicity classification 

In 2015, ACMG in collaboration with the Association for Molecular Pathology (AMP), and the College 

of American Pathologists, published revised guidelines for the interpretation of sequence variants (PMID: 

25741868). These recommendations primarily apply to the genetic tests used in clinical laboratories, 

including genotyping, single genes, panels, exomes, and genomes. The ACMG guidelines recommend the 

use of specific standard terminology- “pathogenic”, “likely pathogenic”, “uncertain significance”, “likely 

benign”, and “benign”- to describe variants identified in genes that cause Mendelian disorders. In 

addition, ACMG describes a process for classifying variants into five pathogenicity categories based on 

criteria using typical types of variant evidence (e.g., population data, computational data, functional data, 

segregation data; see Table 27 and Table 28). 
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Table 27 American College of Medical Genetics and Genomics (ACMG) criteria for classifying pathogenic and benign 
variants 

PVSI 

PSI 
PS2 
PS3 
PS4 

PM I 
PM2 
PM3 
PM4 
PMS 
PM 6 

PPI 
PP2 
PP3 
PP4 
PPS 

BA I 

BSI 
BS2 
BS3 
BS4 

BPI 
BP2 
BP3 
BP4 
BPS 
BP6 
BP 7 

E"i dence of pathogenicity 

Ver y stron!! 
Certain types ofvariants (e.g., nonsense, frameshift, canonical ±1 or 2 splice sites, initiation codon, single exon or multiexon deletion) can often be assumed to disrupt gene function by leading to a complete 
absence ofthe 2ene oroduct bv lack of transcriotion or nonsense-mediated decav ofan altered transcriot. 

Strool! 
Same amino acid chan"e as a oreviously established oathogenic variant regardless ofnucleotide change (e.g., Val-+Leu caused by either G>C or G>T in the same codon) 
De novo l'hnth matemitv and oatemitv confirmed) in a oatient with the disease and no familv historv 
Well-established in vitro or in vivo functional studies suooortive ofa damacnnu effect on the 2ene or 2ene oroduct 
Well-established in vitro or in vivo functional studies suooortive ofa dama..in" effect on the gene or gene oroduct 

Moderate 
Located in a mutational hot soot and/or critical and well-established functional domain (e.!!., active site ofan "'17Vme) without beniun variation 
Absent from controls (or at extremely low freQuency ifrecessive) (Table 6) in Exome Seauencing Proiect, 1000 Genomes Proiect, or Exome A"<rregation Consortium 
For recessive disorders, detected in trans with a oathogenic variant 
Protein lenuth chan!!es as a result of in-frame deletions/insertions in a nonreoeat re2ion or stnn-loss variants 
Novel missense chan2e at an amino acid residue where a different missense chan2e determined to be oatho2enic has been seen before 
Assumed de novo, but \vithout confirmation ofoatemitv and matemitv 

Sunnortin!! 
Cose!!re!!ation with disease in multiole affected familv members in a 2ene definitivelv known to cause the disease 
Missense variant in a gene that has a low rate ofbeni..n missense variation and in which missense variants are a common mechanism ofdisease 
Multiole lines ofcomoutational evidence suooort a deleterious effect on the gene or gene oroduct (conservation, evolutionarv, solicing imoact, etc.) 
Patient's ohenotvne or familv historv is hiuhlv soecific for a disease \vith a sin!!le 2enetic etiolo!!V 
Reoutable source recentlv reoorts variant as oatho2enic but the evidence is not available to the laboratorv to oerform an indeoendent evaluation 

Evidence of benign impact 

Stand-alone 
Allele freauencv is >5% in Exome Seauen6nu Proiect, 1000 Genomes Proiect, or Exome Auure2ation Consortium 

Strool! 
Allele freauencv is greater than exoected for disorder 
Observed in a healthv adult individual for a recessive Chomozv2ous), dominant Chetero?Vuous), or X-hnked ~ ous) disorder, with full """etrance exoected at an earlv a2e 
Well-established in vitro or in vivo functional studies show no damacnnu effect on orotein function or solicin!! 
Lack ofsegregation in affected members ofa family 

Sunnortin<' 
Missense variant in a 2ene for which orimarilv truncatin!! variants are known to cause disease 
Observed in trans with a oathogenic variant for a fully oenetrant dominant gene/disorder or observed in cis with a oathogenic variant in any inheritance oattem 
In-frame deletions/insertions in a reoetitive region without a known function 
Multiole lines ofcomoutational evidence su22est no imoact on 2ene or 2ene oroduct (conservation, evolutio'larV, solicin!! imoact, etc.) 
Variant found in a case with an alternate molecular basis for disease 
Reoutable source recently reoorts variant as beni..n but the evidence is not available to the laboratory to oerform an indeoendent evaluation 
A svnonvmous (silent) variant for which solicin!! orediction al2orithms oredict no imoact to the solice consensus """Uence nor the creation ofa new solice site AND the nucleotide is not hiuhlv conserved 

Source: Reviewer-generated table based on PMID: 25741868. 
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Table 28 American College of Medical Genetics and Genomics (ACMG) rules for 
combining criteria to classify sequence variants 

Patho enic 
(i) 1 Very strong (PVSl) AND 

(a) 2:1 Strong (PS1- PS4) OR 
(b) ::::2 Moderate (PM1- PM6) OR 
(c) 1 Moderate (PM1- PM6) and 1 Supporting (PPl- PPS) OR 
(d) ::::2 Supporting (PPl- PPS) 

(ii) ::::2 Strong (PS1- PS4) OR 
(iii) 1 Strong (PS1- PS4) AND 

(a)2:3 Moderate (PM1- PM6) OR 
(b)2 Moderate (PM1- PM6) AND ::::2 Supporting (PPl- PPS) OR 
c 1 Moderate M l- PM6 AND!:'.4 Su ortin Pl- PPS 

(i) 1 Verystrong(PVSl)AND 1 Moderate(PM1- PM6)0R 
(ii) 1 Strong (PS1- PS4) AND 1- 2 Moderate (PM1- PM6) OR 
(iii) 1 Strong (PS1- PS4) AND ::::2 Supporting (PPl- PPS) OR 
(iv) 2:3 Moderate (PM1- PM6) OR 
(v) 2 Moderate (PM1- PM6) AND ::::2 Supporting (PPl- PPS) OR 
vi 1 Moderate M l- PM6 AND 2::4 Su Pl- PPS 

(i) Other criteria shown above are not met OR 
ii the criteria for beni and atho enic are contradicto 

Source: Reviewer-generated table based on PMID: 25741868. *The terms "likely pathogenic" and "likely 
benign" should be used to refer to >90% certainty ofa variant either being disease-causing or benign. 

4.5.3.2 Summary ofsequence variants interpretation 
Th (bll' laborat01y utilized a next generation sequencing-based in vitro diagnostic for detection of 
gennline nucleotide substitutions, sho1t inse1t ions and deletions, and copy number variants (CNVs) in 
POMC (including PCSKl) and LEPR genes. Inclusion criteria for patients' emollment in the Phase 3 
studies, RM493-012 and RM493-015, was based on bi-allelic, homozygous or compound heterozygous 
genetic status for either the POMC, PCSKl or LEPR genes, with the LoF variant for each allele 
confening a severe obesity phenotype. The bll

41laborato1y utilized the 2015 ACMG guidelines for the 
interpretation ofsequence variants in the POMC, PCSKl and LEPR genes (see Table 29). Per the 
guidelines, all variants were placed into 1 of the 5 interpretation catego1ies: "pathogenic", "likely 
pathogenic", "unce1tain significance", "likely benign", and "benign". The results were reviewed 
independently by 2 technicians and patients with variants assigned into "pathogenic", "likely pathogenic", 
"unce1tain significance" were included in Phase 3 studies. 

Reviewer's comme11ts: The reviewer generally concurs with the applicant 's assessment ofthe 
pathogenicity ofthe genetic variants presented in Table 3. Assessment ofpathogenicity should be 
determined based on the entire body ofevidence in aggregate (e.g ., association with the phenotype, 
population frequency data, computational, andfunctional data). As part ofthe medical practice, 
clinicians consider multiple sources ofinformation to form a diagnostic conclusion. In addition, 
clinicians are accustomed to making recommendations based on some level ofuncertainty. 

Most ofthe observed variants in studies RM493-012 and RM493-015 were "private". Besides publication 
ofa single case control study for a "private" mutation, no additional data were available in the 
published literature. The type ofmutations (e.g ., deletions, truncations,frameshift mutations) are highly 
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likely to cause disease and are considered to be pathogenic. Based on the ACMG guidelines, “likely 

pathogenic” category should be restricted to variants where the data support a high likelihood (>90% 

certainty) that variants are pathogenic. In contrast, when a variant does not fulfill criteria for using terms 

“pathogenic” or “likely pathogenic “and cannot be classified as “benign” or “likely benign”, especially 

in the context of the observed phenotype, the variant assessment may default to categorization as a 

“variant of uncertain significance”. Classification of variants with some level of uncertainty (e.g., likely 

pathogenic, variant of uncertain significance) may require a reevaluation based on accumulation of 

additional evidence. 

Given that variant pathogenicity is not clearly established for many patients who may benefit from 

setmelanotide (i.e., patients carrying “variants of unknown significance”), clinical evaluation and 

implementation of  the “stopping rule” might be beneficial for management of setmelanotide therapy (i.e., 

reevaluate drug risk/benefit if  patient does not reach a certain weight loss goal within a given timeframe 

and consider drug discontinuation). 

Reference ID: 4669798 

101 



Table 29 Variant interpretation summary for studies RM 
Trial Patient Gene Zygosity 

(ti)(6L 
Hom 

Hom 

Hom 
Hom 

..... u 
::E Het/Het9,., 0.,.. c... .... 

Hom~ 
Het/Het 

Hom 
Hom 

PCSKl Hom 

Hom 
Het/Het 

Het/Het 

Hom 
Hom 

"' 
0::9,., c....,.. 
Ul.... ....:i Het/Het 

~ 
Het/Het 


Hom 


Het/Het 


Varian t 

c.- llC>A 

c.304C>T 

c.225delG 
c.251G>A 

c.-llC>A/c.403_ 404dupGG 

c.304C>T 

c.151A>T/c.296de!G 

c.158A>G 
c.133-2A>C 

c.2051A>C 
c.1874G>A/c.2051A>C 

c.2227T>C/c.2598
3 2607de113 

de! ofexons 6. 7 ~rtion of8 
c.187ldupA 

c.1 264T>C/c.213ldupA 

c.1264T>C/c.213ldupA 

c.1604-8A>G 

c.l753-ldupG/c.2168C>T 

Predicted Effect 

Pre-Coding 

p.Glnl02* 

p.Lys76Serfs*82 
p.Trp84* 

Pre-Coding/p.Lys l 36A!afs*23 

p.Glnl02* 

p.Lys5 l */p.Gly99Alafs*59 

p.Asp53Gly 

Splicing 

p.Tyr343* 

p.His684Pro 
p.Trp625*/p.His684Pro 

p.Ser743Pro/Splicing 

p.Asn624Lysfs*21 

p.Tyr422His/p.Thr711Asnfs*l8 

p.Tyr422His/p.Thr711Asnfs*l8 

Intronic 

Splicing/p.Ser723Phe 

ltiHg12 and RM493-015 
nterpretation Re..,iewer's Re..,iewe1-'s 

ACMG Pathogenid ty 
Assessment Agreement 

Path PVSl+PS3 Agree 

Likely Path PVSl+PM2+PP3 Agree 

Likely Path PVSl+PM2 Agree 
Path PVSl+PS3+PM2 Agree 

Path/Likely Path PVSl+PS3/ Agree/ Agree 
PVSl+PM2 

Likely Path PVSl+PM2 Agree 

Likely Path/Likely Path PVSl+PM2/ Agree/ Agree 
PVSl+PM2 

LikelyB~ BSl+BP4 ~ 
Likely Path PVSl+PM2 Agree 

Path PVSI+PM2+PS3 Agree 

Likely Path PS3+PM2 A[I>ee 

Likely Path/Likely Path PVSI+PM2/PS3 Agree/ Agree 
+PM2 

VOUS/Likely Path PM2/PVSl+PM2 Agree/ Agree 

Path PVS1+PS3 Agree 
Likely Path PVSl+PM2 Agree 

VOUS/Likely Path PM2/PVSl+PM2 Agree/ Agree 

VOUS/Likely Path PM2/PVSl+PM2 Agree/ Agree 

vous Agree 

Path/VOUS PVSl+PS3+PP3/ Agree/ Agree 
PM2 

Re..,iewer's Comment I 
Variant creates out~f-frame ATG initiation codon 
which could abolish translation ofthe wild-type protein 

and was confirmed by in vitro data 

Variant is predicted to cause premature protein 

termination 

Variant causes frameshift 

Variant is predicted to cause premature protein 

termination and in vitro data predicts marked 

truncation ofPOMC _E!CE!ohormone 

c.-llC>A creates out~f-frame ATG initiation codon; 

c.403 404dupGG causes frameshift mutation 
Variant is predicted to cause premature protein 
termination 
c.151A>T/c.296delG cause premature protein 
termination leading to truncation of the POMC gene 
product 

The predicted phenotype for the variant was~ 
Variant causes sequence change in the splice acceptor 
site of intron 3 
Variant causes premature protein termination; in vitro 
data shows total lack of~eactivi~ 

Variant results in a complete loss ofsi~hn_g 

c.1874G>A is predicted to cause premature protein 
termination; c.2051A>C results in a complete loss of 
signaling 
c.2227T>C supported by in silico data; c.2598
3 2607de113 supported by in silico data 

Variant causes frameshift and lack of~e secretion 
Variant causes frameshift in exon 13, in silico 
predicted 
a truncated LEPR protein lacking 521-amino acid 
fragment 

c.1264T>C alters protein sequence (probably 
damaging); c.2 I 3du~ causes truncate~tein 

c.1264T>C alters protein sequence (probably 
damaging); c.2 I 3dupA causes truncated protein 

Variant causes frameshift and premature stop codon (in 
silico and RNA anal_ys~ 
c.1753-ldupG splice-site mutation in intron 13 causing 
the retention ofan extra nucleotide in the mRNA and a 
frameshift with a premature stop codon (in silico and 
RNA analysis); c.2168C>T missense mutation in exon 
16 (pathogenic based on silico prediction) 
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Het/Het c. l 835G> A/c.205 lA>C p.Arg6 l 2His/p.His684Pro VOUS/Likely Path PM2/PS3+PM2 c.1835 G>A causes some residual enzyme activity; J 
c.2051A>C results in a co!!!J1kte loss ofggn'!!i!!g_ 

Hom c.2385T>G p.Tyr795* Likely Path PVSl+PM2 Variant is predicted to cause premature protein 
termination 

ACMG- American College of Medical Genetics and Genomics ; POMC- Pro-opiomelanoco1tin; PCSKl - Proprotein Convertase Subtilisin/Kexin Type l ; LEPR-
Leptin Receptor; Hom- Homozygous; Het- Heterozygous; dup- duplication; del- deletion; Path-Pathogenic; VOUS- Variant of Uncertain Significance; PG-
Prevention Genetics; *nonsense variant. 
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4.5.4 SUMMARY AND CONCLUSIONS 
Human genetics studies have identified several diseases that are the result of genetic defects affecting the 

MC4R pathway, including POMC, PCSK1 deficiency obesity, and LEPR deficiency obesity. These 

MC4R pathway mutations cause rare genetic disorders of obesity that start early in childhood and 

progress over time and can become life-threatening in severity. 

Setmelanotide is a synthetic, cyclic octapeptide that functions as a MC4R agonist. The applicant has 

conducted 2 pivotal Phase 3 studies, one in patients with POMC deficiency obesity (including 1 patient 

with PCSK1 deficiency obesity), study RM-493-012, and another in patients with LEPR deficiency 

obesity, study RM-493-015. Efficacy results from the pivotal studies demonstrated that setmelanotide 

induced clinically meaningful weight loss 

populations. 

Implementation of the ACMG guidelines for classification and interpretation of sequence variants in the 

laboratory. 
(b) (4)

POMC, PCSK1, and LEPR genes was utilized by the 

 in these patient (b) (4)

DTPM has reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, and 

LEPR genes submitted as an IR. We concur with the applicant’s assessment of the pathogenicity of the 

genetic variants. 

Given that variant pathogenicity is not clearly established for many patients who may benefit from 

setmelanotide (i.e., patients carrying “variants of unknown significance”), clinical evaluation and 

implementation of the “stopping rule” might be beneficial for management of setmelanotide 

therapy (i.e., reevaluate drug risk/benefit if patient does not reach a certain weight loss goal within 

a given timeframe and consider drug discontinuation). 
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	7. 
	1. EXECUTIVE SUMMARY 
	1. EXECUTIVE SUMMARY 
	This is an original NDA submitted by Rhythm Pharmaceuticals on 
	27 Mar 2020, seeking marketing 
	approval for IMCIVREE (Setmelanotide) injection for the treatment of obesity 
	associated with pro-opiomelanocortin (POMC), including PCSK1, deficiency obesity or leptin receptor (LEPR) deficiency obesity in adults and children 6 years of age and older. In this document, the names RM-493, Setmelanotide and IMCIVREE are used interchangeably. 
	IMCIVREE (setmelanotide) is a formulation of setmelanotide available as a 10 mg/mL multi-dose vial. Setmelanotide is a synthetic, cyclic octapeptide (8-amino acid-containing peptide) that functions as a selective agonist to the human melanocortin-4 receptor (MC4R). Setmelanotide binds with high affinity i] = 2.1 nM) to MC4R and is efficient in activating this receptor (50% effective 50] = 0.27 nM). Chemically, it is Acetyl-L-arginyl-L-cysteinyl-D-alanyl-L-histidinyl-Dphenylalanyl-L-arginyl-L-tryptophanyl-L
	(inhibitory constant [K
	concentration [EC
	formula C

	Figure
	IMCIVREE drug product is formulated as 
	solution (pH 5 -6) with excipients mPEG-2000
	Figure

	DSPE (N-(Carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl glycero-3-phosphoethanolamine sodium salt), carboxymethylcellulose sodium (CMC), mannitol, phenol, benzyl alcohol and sodium edetate. The proposed commercial formulation is a sterile solution intended for subcutaneous (SC) injection. 
	Setmelanotide retains the specificity and functionality of the naturally occurring pro-opiomelanocortin (POMC)-derived neuropeptide, α-melanocyte-stimulating hormone (α-MSH), the endogenous ligand for the MC4R. Compared to the short-lived natural α-MSH ligand, setmelanotide is more potent and has a much longer half-life of ~10-12 hours in humans. 
	Adrenocorticotropic hormone (ACTH), α-MSH, β-MSH, and γ-MSH are a family of peptide hormones that are all derived from the common precursor, POMC that form the melanocortins (MC). The MCs regulate energy homeostasis and body weight. 
	The Melanocortin-4 receptor (MC4R) has been identified as the dominant MC receptor involved in body weight, hunger, and energy homeostasis regulation. Due to its mechanism of action, setmelanotide has the potential to restore lost activity in the MC4R pathway by bypassing the defects upstream of the MC4R and directly activating MC4R neurons in the hypothalamus below such defects, thereby re-establishing weight and appetite control in patients with POMC and LEPR obesity. 
	1.1 Recommendations 
	1.1 Recommendations 
	The Office of Clinical Phrumacology has reviewed the clinical phrumacology data submitted to NDA 213793 and found it acceptable to support approval ofIMCIVREE for the treatment ofobesity (bll' 
	associated with pro-opiomelanocortin (POMC) deficiency obesity, including PCSKI, or leptin receptor (LEPR) deficiency obesity in adults and children 6 yeru·s of age and older. Key review issues with specific recommendations and comments ru·e summru·ized below: 
	Figure

	Review Issues Supportive evid en ce of effectiveness Gener al d osing instruct ions Dosing in pa tie nt subgr oups Bridge between the "to-bemarketed" and clinical trial formulations 
	Review Issues Supportive evid en ce of effectiveness Gener al d osing instruct ions Dosing in pa tie nt subgr oups Bridge between the "to-bemarketed" and clinical trial formulations 
	Review Issues Supportive evid en ce of effectiveness Gener al d osing instruct ions Dosing in pa tie nt subgr oups Bridge between the "to-bemarketed" and clinical trial formulations 
	Recommendations and Comments The primary evidence ofeffectiveness for the proposed dosing regimen were obtained from data from 2 efficacy trials in patients with POMC or LEPR deficiency obesity, which showed that IMCIVREE was effective in the treatment ofobesity and1 (blT"! associated with POMC deficiency obesity, including PCSKl , or LEPR deficiency obesity in adults and children 6 years ofage and older. 8 out of 10 POMC patients and 5 out of 11 LEPR patients achieved a:::: 10% weight loss after 1 year ofs


	1.2 Post-Marketing Requirements and Commitments .None. .
	Reference ID 4669798 
	2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT .

	2.1 Pharmacology and Clinical Pharmacokinetics 
	2.1 Pharmacology and Clinical Pharmacokinetics 
	Setmelanotide is a MC4R agonist, which retains the specificity and functionality ofthe naturally occuning POMC-de1ived neuropeptide, a-Melanocyte-stimulating ho1mone (a-MSH), which is the endogenous ligand for the MC4R. Setmelanotide is more potent and has a much longer half-life (~10-12 hours in humans) than the sho1t -lived a-MSH ligand. 
	The melanoco1tins (MC) are a fainily ofpeptide ho1mones (including ACTH, a-MSH, P-MSH, and yMSH) that are all derived from the common precursor, POMC. The MCs regulate energy homeostasis and bodyweight.. 
	The MC4R has been identified as the dominant MC receptor involved in body weight, hunger, and energy homeostasis regulation. Setmelanotide has the potential to restore lost activity in the MC4R pathway by bypassing the defects upstream of the MC4R and directly activating MC4R neurons in the hypothalamus below such defects. Thus, setmelanotide bypasses the upstream genetic defects in this cdtical MC4R signaling pathway to re-establish weight and appetite control in patients with POMC and LEPR obesity. 
	A summaiy ofthe PK and PD charactedstics ofIMCIVREE is presented below. 
	Absorption: Distribution: Metabolism: Excretion: 
	Absorption: Distribution: Metabolism: Excretion: 
	Absorption: Distribution: Metabolism: Excretion: 
	• Following SC injection ofsetmelanotide, plasma concentrations ofsetmelanotide reached maximum concentrations at a median T max of8.0 h after dosing. • Steady-state plasma concentrations ofsetmelanotide is achieved within 2 days with daily dosing of 1-3 mg setmelanotide • The accumulation ofsetmelanotide in systemic circulation during once-daily dosing over 12 weeks was approximately 30%. • Setmelanotide generally exhibits dose proportional PK following multiple-dose SC administration in the proposed dose 



	2.2 Dosing and Therapeutic Individualization 
	2.2 Dosing and Therapeutic Individualization 
	2.2.1 General dosing 
	The proposed starting dose of IMCIVREE is as follows: 
	2.2.2 Therapeutic individualization 
	2.2.2 Therapeutic individualization 
	Based on findings from individual studies and population PK analyses, other than body weight, no other intrinsic factors affected the PK of setmelanotide after IMCIVREE administration. Dose adjustment of setmelanotide is not required for mild renal impairment. Setmelanotide is not recommended in patients with moderate and severe renal impairment.  Setmelanotide was not evaluated in hepatic impairment. 


	2.3 Outstanding Issues 
	2.3 Outstanding Issues 
	None. 

	2.4 Summary of Labeling Recommendations 
	2.4 Summary of Labeling Recommendations 
	The Office of Clinical Pha1macology recommends the following prelimina1y labeling concepts be included in the final package inse1t: 
	Label Section 
	Label Section 
	Label Section 
	Acceptable to OCP? 
	Recommendation 

	TR
	A 
	AWE 
	u 

	2 DOSAGE AND ADMINISTRATION 2.1 Recommended Dosage 
	2 DOSAGE AND ADMINISTRATION 2.1 Recommended Dosage 
	D 
	0 
	D 
	:.,_Recommended DQsa1?V:ll 
	(b~ 


	8 USE IN SPECIFIC POPULATIONS 8.6 Renal Impairment 
	8 USE IN SPECIFIC POPULATIONS 8.6 Renal Impairment 
	8 USE IN SPECIFIC POPULATIONS 8.6 Renal Impairment 
	
	

	☐ 
	☐ 
	• • 
	No dose adjustments are required in patients with mild renal impairment. Setmelanotide is not recommended in patients with moderate and severe renal impairment 

	12 CLINICAL PHARMACOLOGY 12.2 Pharmacodynamics 
	12 CLINICAL PHARMACOLOGY 12.2 Pharmacodynamics 
	☐ 
	
	

	☐ 
	• 
	Energy Expenditure Short-term administration of IMCIVREE in 12 healthy obese subjects increased resting energy expenditure and shifted substrate oxidation to fat, 

	12.3 Pharmacokinetics 
	12.3 Pharmacokinetics 
	☐ 
	
	

	
	

	• 
	The accumulation of setmelanotide in systemic circulation during once-daily dosing over 12 weeks was approximately 30%. 


	A = Acceptable; AWE=Acceptable with minor edits; U=Unacceptable/substantive disagreement (must provide comment); 
	3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW .
	3.1 Overview ofthe Product and Regulatory Background The clinical development program for IMCIVREE comprised of 13 studies: 6 Phase l/lb/2a studies, 4 Phase 2 studies, 2 Phase 3 studies, and 1 long-te1m extension study. A total of424 subjects participated in these clinical studies, including healthy obese volunteers (n = 313), patients with POMC, PCSKl or LEPR (n = 64), patients with Prader-Willi syndrome (n = 39) and Bru·det-Biedl syndrome and Alstrom syndrome patients (n=7). 
	The regulato1y histo1y regarding these communications is summarized below: 
	Dates 
	Dates 
	Dates 
	Communication/Meeting Type 
	Key Communication Points 

	18 Dec2015 
	18 Dec2015 
	Grant Request for Breakthrough Designation 
	• Agency granted breakthrough designation request after determining that setmelanotide for the treatment of proopiomelanocortin (POMC) deficiency obesity meets the criteria for Breakthrough Theraov designation. 

	01 May2017 
	01 May2017 
	Grant Request for Expanded Breakthrough Designation 
	• Agency's revised breakthrough indication for setmelanotide for "the treatment of obesity associated with genetic defects upstream of the MC4 receptor in the leptin-melanocortin pathway." During a May 1, 2017 teleconference, the Sponsor had agreed to request the withdrawal of Breakthrough Designation for POMC deficiency obesity, since this condition is a subset ofthe indication granted with the current request. 

	27 Aug 2018 
	27 Aug 2018 
	Type B Meeting 
	• Agreement of clinical pharmacology data package. 

	27 Nov2018 
	27 Nov2018 
	Type B Meeting 
	• Bridging strategy for a proposedr (6Jl4! compared to the dailv formulation 

	07 Aug2019 
	07 Aug2019 
	• Request for Rolling Submission granted 

	27 Sep 2019 
	27 Sep 2019 
	Type B Meeting (Pre-NOA) 
	• Agreement on the Immw1ogenicity package and Clinical Pharmacolo!!V package for NOA 


	3.2 General Pharmacological and Pharmacokinetic Characteristics 
	Phannacolo 
	Phannacolo 
	Phannacolo 

	Mechanism of 
	Mechanism of 
	The MC4 pathway serves a critical role in the control offood intake and energy balance. Its 

	Action 
	Action 
	activity decreases appetite and caloric intake, and increases energy expenditure, with melanocortin 4 receptors (MC4R) acting as the final step in the signaling pathway. Under normal conditions, POMC neurons are activated by brain satiety signals, including those resulting from the honnone leptin acting through LEPR. POMC neurons produce a protein, which is specifically processed by the PCSKl, enzyme, into melanocyte stimulating honnone, or MSH, the natural ligand, or activator, for MC4R. When genetic mutat

	Active Moieties 
	Active Moieties 
	Setmelanotide 

	Pharmacodynamics 
	Pharmacodynamics 
	Shott -term administration ofsetmelanotide increases resting energy expenditure (REE) and shifts substrate oxidation to fat in obese individuals. Figure 1 >:.. Q ..... '?. " Restin Study RM-493-006: Multiple Dose, 2-Period CrossoverStudy To Evaluate The Effect Of Setmelanotide On Energy Expenditure In Obese Subjects 2500 -------------------2250 .. =-:..: =....:....: ~:...:..: =...:..: =...:...: =...:...: =..:...: =....:....: =-:..: =..:..... =..:...: .. -.. -.. -.. -.. -. 2000 -. . -.....~·.::-...: ·~
	-
	-
	-


	TR
	~ " "' "'a: 1750 -----1500 1250 RM-493 1 mg/kg Infusion Place bo Treatment (Source: Reviewer generated graph) Setmelanotide increased resting energy expenditure (REE) vs. placebo by 6.4% on average by 111 kcaV24h. Total daily energy expenditure (EE) trended higher while the thennic effect ofa test meal and exercise EE did not differ significantly. The 23-hour non-exercise respiratory quotient was lower during setmelanotide treatment (0.833 ± 0.021 vs. 0.848 ± 0.022, p=0.02). No adverse effect on hea1t ra

	General Information 
	General Information 


	Bioanalysis 
	Bioanalysis 
	Bioanalysis 
	Setmelanotide concentrations in plasma were determined using validated LC-MS/MS assay. The validation range was 50 -2000 pmol/L, with the lower limit ofquantification (LLOQ) being 0.5 ng/mL. 

	Effect of Intrinsic 
	Effect of Intrinsic 
	Except body weight, PopPK analysis did not identify age, patient status (healthy obese vs. Rare 

	Factors on 
	Factors on 
	Genetic Disorders ofObesity (RGDO)), and gender to have any clinically relevant impact on the 

	Pharmacokinetics 
	Pharmacokinetics 
	PK or PD ofsetmelanotide. Setmelanotide apparent clearance after SC dosing (CL/F) varied with weight according to a fixed allometric relationship. 

	Dose Proportionality 
	Dose Proportionality 
	Based on power regression analysis, setmelanotide Cmax and AUCo..oo were proportional over the range of0.5 3.0 mg. There was a 5.71-fold increase in mean Cmax and a 5.78-fold increase in mean AUC<o-1as1) for the overall 6-fold increase in dose betv.•een 0.5 mg and 3 mg. 

	Intra-Subject 
	Intra-Subject 
	PK: 

	Varia bility 
	Varia bility 
	Estimates ofintra-individual variability (IIV) (CV%) from the PopPK model were 28.7% for CL/F, 26.5% for apparent volume ofdistribution after SC dosing (V/F), and 52.3% for dmation ofzero-order absorption into central comoartment ffi2). 

	Renal or Hepa tic 
	Renal or Hepa tic 
	Eleven (11) subjects with mild renal impairment were included in the phase 3 trial. The popPK 

	Impairment 
	Impairment 
	model suggests a trend towards 15% lower CL/F in patients with mild renal impairment, indicating a small effect ofmild renal impainnent on setmelanotide PK. Setmelanotide has not been studied in patients with moderate or severe renal impainnent. In vitro evidence demonstrated that setmelanotide is not metabolized to any measurable degree by human liver microsomes (nor by human kidney microsomes or hepatocytes). No dedicated study was conducted with setmelanotide in hepatic impaired patients. Setmelanotide i

	Pedia tric 
	Pedia tric 
	Pediatric simulations were carried out with the assumption that patients had normal renal function and the weight/age/sex distribution was randomly sampled from historical grov.rth data over the desired age range. Based on the simulation, exposures in the 6 to < 12year-old group in general tended to be higher than those in the 12 to 17-year-old group at each setmelanotide QD dose. This was a direct result ofthe relationship between CL/F increasing with increasing body weight and the fixed dosing regimen. 

	Drug-Drug Interaction 
	Drug-Drug Interaction 
	In vitro results with human biomaterials indicated that the potential for setmelanotide to cause chug interactions is low. The Sponsor did not conduct any chug-chug interaction studies with setmelanotide. 


	Absorption 
	Steady-State PK 
	The mean steady state Cmax,ss and AUCco-<) following a 3 mg QD dose is 37.9 ng/mL and .495 h*ng/mL, respectively. Mean setmelanotide trough concentration for 3 mg QD is 6.77 .ng/mL. .Steady-state plasma concentrations ofsetmelanotide were achieved within 2 days ofQD dosing. .
	Table 1 .Steady-State Setmelanotide PK Parameters in Patients with Rare Genetic Disorders ofObesity (Stud 
	014) 
	Dose 
	Dose 
	Dose 
	N 
	AU CO-last 
	AUCtau• 
	Cmax 
	Ctrougb• 

	( m u) 
	( m u) 
	(n2-h/mL) 
	(n2·h/mL) 
	(n!!fmL) 
	(n2/mL) 

	0.5 me. 
	0.5 me. 
	13 
	35.8 
	6.65 
	0.857 (18) 

	1.0 me. 
	1.0 me. 
	25 
	59.3 
	149 1 l 
	10.4 
	1.52 
	22 

	1.5 me. 
	1.5 me. 
	22 
	106 
	308 11 
	17.5 
	3.12 
	26 

	2.0 me. 
	2.0 me. 
	29 
	146 
	319 12 
	25.1 
	4.37 
	45 

	2.5 me. 
	2.5 me. 
	19 
	188 
	330 (1 
	32.8 
	14.6 56) 

	3.0 me. 
	3.0 me. 
	10 
	207 
	38.0 
	13.4 5n 


	"Numbers in parenthesis indicates number of observations available 
	Figure 2 Mean Setmelanotide Concentration (±SD) Versus Time following 0.5 
	3.0 mg subcutaneous doses of IMCIVREE in Adult (Top Panel) and 
	Adolescent Patients Bottom Panel .Adults .
	Study RM-493-014: Phase 2 Treatment Trial In Patients With Rare Genetic Disorders Of Obesity .Grou p= Adults .
	Figure
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	Adolescents 
	Study RM-493-014: Phase 2 Treatment Trial In Patients With Rare Genetic Disorders Of Obesity .Group = Adolescents .
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	'Source: Reviewer enerated a h 
	Following SC injection ofsetmelanotide, plasma concentrations ofsetmelanotide reach maximum concentrations at a roximatel 8.0 h after dosin .· 
	ADME 
	Distribution 
	Tmax 
	The mean apparent volume ofdistribution after SC administration of setmelanotide estimated from the Po ulation PK model was 48.7 L. Plasma rotein bindin ofsetmelanotide is 79.1 %. 
	The Sponsor did not conduct human metabolism studies with IMCIVREE. Setmelanotide does not a ear to be metabolized b human he atic microsomes, he atoc es, or kidne microsomes. 
	Metabolism 
	Excretion 
	At steady state, approximately 39% ofthe administered setmelanotide dose was renally eliminated as unchanged dmg dming the 24-hour dosing interval following SC administration of 
	3.0 mg QD. The total apparent steady state clearance ofsetmelanotide following administration of3.0 mg SC QD is estimated from population PK model to be 4.86 Uh. The effective half-life ofsetmelanotide is a roximatel 11 homs. 
	Immunoe:enicitv 
	Immunoe:enicitv 
	Immunoe:enicitv 

	Incidence 
	Incidence 
	Anti-chug antibodies (ADA) to setmelanotide have not been detected in any clinical studies. A small munber ofsamples tested positive for antibodies to a-MSH (2.5%), which were present both ore-treatment and post-treatment with setmelanotide. 

	Impact on PK 
	Impact on PK 
	No relationship was found between any ADA parameters assessed (ADA to setmelanotide, neutralizing ADA to setmelanotide and antibodies to a -MSH) and PK or PD ofsetmelanotide. 

	Impact on Efficacy and Safety 
	Impact on Efficacy and Safety 
	Clinically meaningful association between immunogenicity and chug exposure, efficacy, or risk ofadverse events (AEs) were not observed for setmelanotide. 



	3.3 Clinical Pharmacology Review Questions 
	3.3 Clinical Pharmacology Review Questions 
	3.3.1 To what extent does the available clinical pharmacology information provide pivotal or supportive evidence of effectiveness? 
	The clinical pharmacology data presented in this NDA provides supportive evidence of effectiveness for 
	IMCIVREE to for the treatment of obesity
	 associated with POMC, including 
	Figure

	PCSK1, deficiency obesity or LEPR deficiency obesity in adults and children 6 years of age and older. The data from two phase 3 safety/efficacy studies (Studies RM-493-012 and RM-493-015) provided evidence of effectiveness of setmelanotide in producing clinically and statistically significant 
	improvements in weight loss 
	compared to baseline (see Clinical 
	Figure

	review by Dr. Galescu in DARRTS). 
	3.3.2 Is the proposed general dosing regimen appropriate for the general patient population for which the indication is being sought? 
	Yes, the proposed general dosing regimen is appropriate for the POMC and LEPR deficiency obesity patients. No dedicated dose-finding study was conducted in these patients. The starting dose of 2 mg in adults was selected based on clinical experience gained during the pivotal Phase 3 studies. 
	Due to limited available clinical data for doses of 2 mg and higher, and a theoretical concern that patients with MC4R pathway deficiencies might be especially sensitive to MC4R agonists, a cautious approach to the dosing regimen was followed at the time of study initiation. Adult dosing in Phase 3 pivotal studies were started at 1 mg, with dose increments of 0.5 mg every 2 weeks, until a therapeutic dose that resulted in weight loss or maximum dose of 3 mg was achieved. The starting setmelanotide dose was 
	Study 012 and Study 015 were conducted in POMC and LEPR deficiency obesity patients, respectively. The primary endpoint in both studies was defined as the proportion of patients in the pivotal cohort in the 
	full analysis set (FAS) population who met the ≥10% weight loss threshold (responders) after 
	approximately 1 year of treatment. Eight (8) of the 10 patients with POMC/PCSK1 deficiency obesity and Five (5) of the 11 patients with LEPR deficiency obesity in the FAS Population achieved at least 10% weight loss after approximately 52 weeks of treatment with setmelanotide. This clinically meaningful body weight loss was accompanied with improvements in hunger score in POMC and LEPR obesity patients which was evaluated as secondary endpoint in both the studies. 
	The mean profiles of patients who met the ≥10% weight loss threshold is shown in and 
	Figure 3 
	Figure 

	Longitudinal measurement of hunger score is also shown in the figures. 
	4. 

	The drug’s effectiveness is supported by exposure-response analyses which determined that at the proposed starting and maintenance doses, setmelanotide concentrations were at the plateau of the 50 (concentration needed to achieve half of the maximum efficacy = 7.8×10ng/mL) was very small compared to the observed average concentration at the recommended av = 20.62 ng/mL). 
	exposure-response curve. The EC
	-20 
	starting and maintenance doses (C

	The proposed doses are also suppo1ted by the obse1ved safety findings. Setmelanotide is generally well tolerated, with most adverse experiences being mild in nature. Nausea and vomiting were the predominantly reported adverse events followed by injection site reactions, and hype1pigmentation. It appears that if the initial nausea is tolerated, patients should be able to adhere to the proposed simplified dosing regimen. 
	Figure 3 .Mean Absolute Weight Change from Baseline (Left Panel) and Weekly Average Hunger Score (Right Panel)in Study 012 
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	Vertical dash lines indicate dose change, and colored band indicates placebo withdrawal period. 
	(Source: Reviewer generatedgraph) 
	Figure 4 .Mean Absolute Weight Change from Baseline (Left Panel) and Weekly Average Hunger Score (Right Panel)in Study 015 
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	Vertical dash lines indicate dose change, and colored band indicates placebo withdrawal period. 
	(Source: Reviewer generatedgraph) 
	3.3.3 .Is an alternative dosing regimen and/or management strategy required for subpopulations based on intrinsicfactors? 
	3.3.3 .Is an alternative dosing regimen and/or management strategy required for subpopulations based on intrinsicfactors? 
	Based on the population PK (PopPK) model, using allometric scaling, baseline body weight but not renal function was found to be significant intrinsic covaiiates associated with setmelanotide exposure. Subjects with mild renal impairment had 19% (-6.5% to 47%) higher setmelanotide steady state AUC compared to those with normal renal function. Similai·ly, compai·ed to subjects weighing 90 kg, subjects weighting 50 
	Reference ID 4669798 
	kg had 55% (38% -73%) higher steady state AUC and subjects weighing 200 kg had 45% (39% -52%) lower AUC. Due to the strong correlation between age and body weight (younger patients having lower body weight), the applicant’s simulations indicated that pediatric subjects tend to be over-exposed compared to adults at the same setmelanotide dose. For this reason, the applicant proposes lower starting and maintenance doses for pediatric subjects. The applicant did not perform exposure-response analyses for effic
	The following key review question was addressed from a dosing regimen and /or management perspective: 
	3.3.3.1 Does population PK and exposure-response modeling and simulation support the proposed labelling for specific populations? 
	3.3.3.1.1 Pediatric subjects 
	3.3.3.1.1 Pediatric subjects 
	Studies RM-493-012 (in POMC deficiency obesity) and RM-493-015 (in LEPR deficiency obesity) evaluated the PK of setmelanotide in pediatrics (n=4, Age: 6 to <12 years, body weight: 56 – 101 kg) and adolescents (n = 9, Age: 12 to 17 years). The body weights of patients between ages 12-17 years was 106139 Kg in Study 012, while it was between 89-118 Kg in the Study 015. In pediatric patients, 6 to < 12 years, setmelanotide was initiated at 0.5 mg and maintenance dose ranged between 1.5 mg and 2 mg. Similarly,
	On the other hand, findings from a PopPK model developed using PK data from these 2 studies concluded that patients aged 6 to <12 years of age would require a dose of 1.5 mg to match median adult exposures at the 2 mg dose and patients 12-17 years of age would require a dose of 2 mg. To approximate adult exposures at the 3 mg dose, patients aged 6 to <12 years of age would require a dose of 2 mg and patients aged 12-17 years of age would require a dose of 2.5 mg . These findings from model simulations sugge
	(Figure 5)

	patient population, the information is still limited, as only 4 subjects in the lower age group have been studied so far. The sponsor proposed Because the Agency did not perform an exposure-vs-safety analyses and the relationship 
	between exposure and adverse events is unknown, there is the possibility of a positive relationship between exposure and adverse events. Thus, a conservative approach to lower starting and maintenance doses in the lower age group of pediatric patients is appropriate, given the paucity of safety data in the 6 to <12 years of age subgroup (See Section for additional details). However, adolescents (12-17 years of age) may benefit from the same starting dose as adult subjects, as their baseline weight is compar
	4.4 Pharmacometric Assessment 
	4.4 Pharmacometric Assessment 


	ss for Pediatric Patients 
	Figure 5 Simulated Setmelanotide AUC

	(Source: Module 2.7.2. Summary of Clinical Pharmacology Studies, Figure 7, page 58) 

	3.3.3.1.2 Renal impairment 
	3.3.3.1.2 Renal impairment 
	The effect of renal function on setmelanotide CL/F was evaluated across a range of creatinine clearance of 60 to 90 mL/min utilizing the developed population PK model by using PK data from 11 patients with mild renal impairment. Subjects with creatinine clearance values above 90 mL/min were assumed to have normal renal function. The expected effect was a ~20% decrease in CL/F for a patient with a creatinine clearance of 75 mL/min . Evaluation of renal function as a categorical covariate on CL/F (mild impair
	(Figure 6)

	Setmelanotide has not been studied in patients with moderate or severe renal impairment and thus, no dosing recommendations are proposed for these patients. 
	Figure 6 Effect of Mild Renal Function on Setmelanotide Clearance 
	Figure
	(Source: Module 2.7.2. Summary of Clinical Pharmacology Studies, Figure 6, page 54) 
	Acceptability of proposed labelling for Renal Impairment: 
	Acceptability of proposed labelling for Renal Impairment: 

	The proposed labelling for mild renal impairment is acceptable. No dose adjustments are required in patients with mild renal impairment. The starting and maintenance doses in mild renal impaired subjects will result in exposures at the plateau of the dose response curve. Although mild renal impairment does not seem to be a significant PK covariate, approximately 40% of drug was eliminated unchanged in the urine. Thus, patients with moderate or severe renal impairment may have significantly higher exposure c

	3.3.3.1.3 Hepatic Impairment 
	3.3.3.1.3 Hepatic Impairment 
	A study in hepatically impaired patients was not conducted, and setmelanotide is not indicated in patients with hepatic impairment. 

	3.3.3.1.4 Race, Sex, Body weight and Age 
	3.3.3.1.4 Race, Sex, Body weight and Age 
	A fixed allometric relationships with exponents of 0.75 (CL/F) and 1.0 (V/F) was included for baseline body weight in the PopPK model. Based on the model and given the distribution of weight in the population PK database, the expected fold-changes in CL/F, relative to a 90 kg patient was a ~35% decrease for a 50 kg patient to an 83% increase for a 200 kg patient. Additionally, the model indicated , however a strong relationship between age and weight impacts recommendations for pediatric dosing. 
	that age was not a significant factor influencing clearance of setmelanotide (Figure 7)

	Figure 7 Effect of Covariates on Setmelanotide Clearance 
	Figure
	(Source: Module 2.7.2. Summary of Clinical Pharmacology Studies, Figure 5, page 54) 

	3.3.3.1.5 Genomics 
	3.3.3.1.5 Genomics 
	On May 05, 2020, the Office of Clinical Pharmacology/Division of Translational and Precision Medicine (OCP/DTPM) asked the applicant in an Information Request (IR) to provide the sequence variants interpretation for all subjects included in studies RM-493-012 and RM-493-015. 
	The FDA received response to the IR on May 20, 2020. DTPM has reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, and LEPR genes. We generally concur with the applicant’s assessment of the pathogenicity of the genetic variants. For additional information please see the DTPM review in the . 
	Appendix 4.5
	Appendix 4.5


	3.3.4 Are there clinically relevant drug-drug interactions, and what is the appropriate management strategy? 
	No new drug-drug interaction study was carried out with setmelanotide. In vitro studies demonstrated that setmelanotide has low potential for pharmacokinetic drug-drug interactions related to cytochrome P450 (CYP), transporters and plasma protein binding. 
	Setmelanotide showed no inhibition potential for CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 50) was >1 mM for CYP1A2, 2C9, 2C19 and 2D6, and >50μM for CYP3A4. The potential for time-dependent inhibition (TDI) of cytochrome P450 by setmelanotide showed that setmelanotide is not a time-dependent inhibitor of major 
	Setmelanotide showed no inhibition potential for CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 50) was >1 mM for CYP1A2, 2C9, 2C19 and 2D6, and >50μM for CYP3A4. The potential for time-dependent inhibition (TDI) of cytochrome P450 by setmelanotide showed that setmelanotide is not a time-dependent inhibitor of major 
	CYP2C19, CYP2D6, and CYP2E1. The 50% inhibition concentration (IC

	hepatic CYPs. Evaluation of the potential for cytotoxicity and induction of cytochrome P450 mRNA expression and enzyme activity (CYP1A2, CYP2B6 and CYP3A4) in human hepatocytes by 

	setmelanotide showed that setmelanotide is not an inducer of these CYPs, nor is it cytotoxic up to 1 μM. 
	Assessment of the substrate and inhibitor potential of setmelanotide for transporters showed that setmelanotide is not a significant inhibitor of P-glycoprotein (P-gp), breast cancer resistance protein (BCRP), OATP1B1, OATP1B3, OAT1, OAT3, or OCT2 and is not a substrate of P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT3, or OCT2. Setmelanotide is a not a substrate of MATE1 or MATE2K; setmelanotide is not an inhibitor of MATE1 or MATE2K. These results do not warrant a clinical drug interaction study. 




	4.. 
	4.. 
	4.. 
	APPENDICES 

	4.1. Summary of Bioanalytical Method Validation and Performance 
	4.1. Summary of Bioanalytical Method Validation and Performance 
	4.1.1. How is IMCIVREE identified and what are the analytical methods used to measure them in plasma? 
	Setmelanotide concentrations in plasma were determined using a validated LC-MS/MS assay. The validation range was 0.500 – 200 ng/mL, with the lower limit of quantification (LLOQ) being 0.500 ng/mL. A summary of validation parameters for the quantitation of setmelanotide in plasma is shown in 
	Table 2. 

	4.1.1. How is IMCIVREE identified and what are the analytical methods used to measure them in urine? 
	Setmelanotide concentrations in urine were determined using a validated LC-MS/MS assay. The validation range was 2.00 -800 ng/mL, with the lower limit of quantification (LLOQ) being 2 ng/mL. A summary of validation parameters for the quantitation of setmelanotide in urine is shown in 
	Table 3. 

	Table 2 Summary Table of ELISA Method Validation for Quantitation ofSetmelanotide (IMCIVREE) in Human Plasma 
	Validn.tiou Reports l\Jethod Pea·fonnauce Setmelanotide in Human Plasma (original method) Lower Limit ofQuantification 0.500 ng/mL Tille: Delenninatioo ofRM-493 in Human Halt-Validated Range 0.500 to 200 ng/wL, using 0.5 mL plasma Stabilized K2-EDTA Plasma by LC-MS-MS (6Jl.ill Calibration Cmve Concentrations (ng/mL) 0.500, l .00, 2.50, 10.0, 25.0, 100, 180, and 200 ng/mL QC Controls (valicfatio~) 0.500 (LLOQ), 1.50 (Low), 20.0, (Mid), 160 Docmncnt Y: 03221NK (High), and 1000 0/ery High QC) ng/mL Precision a
	Figure
	(Source: Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods, Table 4, pp 12-15. 
	Table 3 Summary Table of ELISA Method Validation for Quantitation ofSetmelanotide (IMCIVREE) in Human Urine 
	\" alidatfoo ~port~ l'IJtthod Ptrformanct Setmela:nolide in Human Urine Lower Limit of Quantification 2.00 ngfmL (Original melhod) Validated Range 2.00-800 ngfwL. using 0.2 wL Tide: Determination ofRM-493 urine in Human CHAPS-Fortified Urine bv LC-MS-MS 3122n012 Calibration Curve 2.00, 4.00, 10.0. 40.0, 100, 400, (b)l.il Concentratiom (n.efml.) 720, and800 QC Controls (validation) 2.00 (llOQ), 6.00 (Low), 60.0 (Mid), 640 (High), and 4000 0/ery High) ngfmL Precision and Accuracy (Based Precision Accuracy Doc
	Figure

	4.2 Biopharmaceutics 
	4.2 Biopharmaceutics 
	The final commercial IMCIVREE Injection product is a prese1ved, multi-dose setmelanotide <6Jl.il solution with N-(carbonyl-methoxypolyethylene glycol 2000)-1,2 -distearoyl-glycero-3phospoethanolamine sodium salt (mPEG-2000-DSPE), and carboxymethyl cellulose sodium (CMC). The fo1mulation contains 10 mg/mL setmelanotide and 100 mg/mL mPEG-2000-DSPE lllll" 
	The fo1mulation also contains mannitol and a prese1vative bJl.ill benzyl alcohol and sodium edetate. The unit f01mula for IMCIVREE Injection U-100 
	Figure
	is provided in Table 4. 

	Table 4 .Composition of the Commercial Formulation: Preserved Setmelanotide mPEGDSPE/CMC Injection 
	Component 
	Component 
	Component 
	Composition, mg/mL 

	Setmelanotide9 I (Ii) l"j 
	Setmelanotide9 I (Ii) l"j 
	lOmg 

	mPEG-2000-DSPEb 
	mPEG-2000-DSPEb 
	100 mg 

	Mannitol 
	Mannitol 
	11 .0 mg 

	Carboxymethylcellulose sodium 
	Carboxymethylcellulose sodium 
	8.0mg 

	Phenol 
	Phenol 
	Smg 

	Benzyl Alcohol 
	Benzyl Alcohol 
	10 mg 

	Sodium Edetate 
	Sodium Edetate 
	l mg 

	Water for Injection 
	Water for Injection 
	q.s. to 1.0 mL 


	ij N-(Carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl-sn-glycero-3-phosphoethanolamine sodimn salt 
	(Source: Module 2. 7.1 Summary of Biop harmaceutic Studies andAssociated Analytical Methods, Table 1, Page 7) 

	4.3 Clinical PK and PD Assessments 
	4.3 Clinical PK and PD Assessments 
	Study RM-493-001: Single Ascending Dose Study to Evaluate the Safety, Tolerability, Pharmacokinetics and Pharmacodynamics of Setmelanotide Administered to Healthy Obese Non-Diabetic Volunteers 
	This first-in-human (FIH) trial was conducted to evaluate the safety and tolerability of single doses of setmelanotide administered by SC continuous infusion and injection to healthy obese subjects. The other goals for this study were to evaluate the PK and PD profiles for single doses of setmelanotide. A total of 36 healthy obese non-diabetic volunteers, 13 White and 23 Black, 16 males and 20 females, aged between 20 and 53 years (mean = 35.6 years), participated in this study. The mean body weight of the 
	2 
	2 
	2 
	2 


	0.02 mg/kg group (n=4), and 34.3 kg/mkg for the 0.025 mg/kg group (n=3, females). 
	0.02 mg/kg group (n=4), and 34.3 kg/mkg for the 0.025 mg/kg group (n=3, females). 
	2 

	Serial blood samples were taken for the PK measurement of setmelanotide. 
	The mean setmelanotide exposure following administration of 0.0025, 0.01, 0.02, .025 and .05 mg/kg infusion doses of IMCIVREE and 0.01 mg/kg injection dose of IMCIVREE is presented in 
	Figure 8. 

	Figure 8. Mean (± SD) Setmelanotide Concentration Versus Time Following SC Infusion Doses of 0.0025, 0.01, 0.02, 0.025 and 0.05 mg/kg and 0.01 mg/kg SC Injection Dose of IMCIVREE 
	Figure
	(Source: Reviewer generated graph) 
	Since this study used an early formulation of setmelanotide that was not carried forward to pivotal trials and the dosing was based on per kg body weight instead of nominal daily dosing, the PK and PD findings from this study will not be discussed in detail. 
	Pharmacokinetics: 
	Setmelanotide appeared to exhibit two compartment pharmacokinetics following subcutaneous bolus injection or infusion over 24-hours. 
	A lag time was observed after continuous SC infusions of RM-493. The mean ±SD lag times varied from 
	0.74 ± 0.22 hr (for 0.05 mg/kg dose group) to 6.00 ± 2.83 hr (for the 0.01 mg/kg dose group). There was no lag time after administration of the SC bolus dose. 
	max was approximately 24 hours (i.e., at the end of infusion) across all SC infusion dosing max ranged from 0.187 ng/mL (n = 1, 0.0025 mg/kg) to 64.75 ng/mL (n = 4, 0.1 mg/kg). max and Cmax were 25.4 ± 4.605 hr and 
	The mean T
	groups. Mean C
	After SC injections (0.01 mg/kg), the mean values for T

	25.4 ± 4.605 ng/mL, respectively . 
	(Figure 8)

	The mean (± SD) setmelanotide t½ was 8.98 ± 2.12 h across all dose groups (SC infusion and SC injection) and ranged from 5.59 to 12.9 hours across individual subjects. 
	Setmelanotide was excreted as unchanged parent drug into urine. Across all SC infusion dose groups (excluding the 0.0025 mg/kg male group which had mostly undetectable RM-493 plasma concentrations), the mean fraction of dose excreted unchanged was 27.35 ± 11.46% and ranged from 23 ± 5% (0.01 mg/kg in males) to 38 ± 4% (0.05 mg/kg administered to females). The mean renal clearance of setmelanotide was 43.98 ± 15.27 mL/min. 
	Pharmacodynamics: 
	Though signals of numerical effects of setmelanotide on parameters of hunger/satiety were observed, especially at the higher doses studied, few reached statistical significance The Sponsor hypothesized that this could be due to confounding issues associated with this data as some of the higher doses were also associated with a higher incidence of nausea. 
	Study RM-493-002: Multiple Ascending Dose Study to Evaluate the Safety, Tolerability, Pharmacokinetics and Pharmacodynamics of Setmelanotide Administered to Healthy Obese Non-Diabetic Volunteers 
	This trial was conducted to evaluate the safety and tolerability of multiple doses of setmelanotide when given by continuous subcutaneous (SC) infusion for 14 or 28 days or by SC injections every 12 hours (Q12 hours) for 14 days. The other goals for this study were to evaluate the PK and PD profiles for multiple doses of setmelanotide.  A total of 57 subjects (age range: 19 – 57 years; 43 male and 14 females; weight range: 77.6 – 163.7 kg) were enrolled and randomly assigned study treatments within a specif
	The RM-493 doses administered during this trial were, in chronological order: 
	• 
	• 
	• 
	Cohort 1: 0.01 mg/kg/day for 14 days via SC infusion 

	• 
	• 
	Cohort 2: 0.0025 mg/kg/day for 14 days via SC infusion 

	• 
	• 
	Cohort 3: 0.01 mg/kg/day for 28 days via SC infusion 

	• 
	• 
	Cohort 4: 0.015 mg/kg/day for 28 days via SC infusion 

	• 
	• 
	Cohort 5: 0.015 mg/kg/day for 14 days via SC injection (0.0075 mg/kg every 12 hours) 

	• 
	• 
	Cohort 6 (MC4R heterozygous subjects): 0.01 mg/kg/day for 28 days via SC infusion 


	Serial blood samples were taken for the PK measurement of setmelanotide. 
	The mean setmelanotide exposure following administration of 0.0025, 0.01, 0.015 mg/kg/day infusion doses of IMCIVREE and 0.015 mg/kg injection dose of IMCIVREE is presented in 
	Figure 9. 

	Figure 9. Mean (± SD) Setmelanotide Concentration Versus Time Following Doses of 0.0025, 0.01, 0.015 mg/kg/day Infusion Doses and 0.015 mg/kg Injection Dose of IMCIVREE 
	Figure
	(Source: Reviewer generated graph)Pharmacokinetics: 
	In subjects receiving SC infusions, plasma setmelanotide concentrations reached a plateau by 24 to 48 hours after starting the infusion, suggesting that steady state is achieved by 24 to 48 hours. Following SC injection administered every 12 hours, setmelanotide steady-state concentrations were reached by 24 to 48 hours. Trough setmelanotide concentrations were reasonably consistent from Day 3 to the last day of 
	In subjects receiving SC infusions, plasma setmelanotide concentrations reached a plateau by 24 to 48 hours after starting the infusion, suggesting that steady state is achieved by 24 to 48 hours. Following SC injection administered every 12 hours, setmelanotide steady-state concentrations were reached by 24 to 48 hours. Trough setmelanotide concentrations were reasonably consistent from Day 3 to the last day of 
	max increased with increasing dose in a roughly dose-proportional manner following single-and multiple-dose SC infusions. 
	dosing (Day 14 or 28).  Setmelanotide AUC and C


	However, the formulation used in this study was not carried forward to the pivotal program and additionally dosing in subsequent studies was based on fixed dosing as opposed to body weight-based dosing carried out in the current study.  Further discussion about findings from this study will not be carried out as the findings do not contribute towards the labeling for the product. 
	Study RM-493-006 -Multiple Dose, Energy Expenditure in Healthy Obese Subjects 
	Study RM-493-006 was a double-blind, placebo-controlled, multiple-dose, 2-period, crossover study in healthy obese subjects to evaluate the effect of setmelanotide on resting energy expenditure (REE) measured in a room calorimeter during continuous SC infusion of setmelanotide. Subjects stayed for 24 hours in a metabolic chamber for the 3-day duration of each period, where they received active treatment during one period and placebo in another according to a randomization scheme. PK samples were drawn daily
	A total of 12 obese normotensive, nondiabetic, subjects with normal thyroid function at baseline participated in the study. The subjects were between the age of 18 and 50 years with a body mass index (BMI) between 30 and 40 kg/m. A schematic of the study design is shown below: 
	2

	Figure
	The primary outcome, resting energy expenditure measured by respiratory chamber (REEC) was defined as the average resting energy expenditure in the metabolic chamber from 09:30 (49.5-hour after starting treatment) to 10:00 and 10:30 to 11:00 while the subject was fasting, completely still, and awake in a seated position under the observation of the study personnel. The effect of setmelanotide vs placebo on REE is presented in 
	Figure 10. 

	Setmelanotide increased resting energy expenditure vs. placebo by 6.4% (95% CI: 0.68 to 13.02 %), on average by 111 kcal/24h (95% CI: 15 to 207 kcal, p=0.03). Total daily energy expenditure trended higher while the thermic effect of a test meal and exercise energy expenditure did not differ significantly. The 23-hour non-exercise respiratory quotient was lower during setmelanotide treatment (0.833 ± 0.021 vs. 

	0.848 ± 0.022, p=0.02). 
	0.848 ± 0.022, p=0.02). 
	Figure 10 Effect of Setmelanotide Compared to Placebo on Resting Energy Expenditure 
	Figure
	(Source: Reviewer generated graph) 
	Study RM-493-009: Phase 1B/Phase 2A Safety and Efficacy of Setmelanotide in Obese Subjects 
	Study RM-493-009 was a staged, randomized, double-blind, placebo-controlled study that evaluated the efficacy and safety of setmelanotide when administered by SC injection. This study was conducted in three stages, with each new stage initiated after review of the safety, tolerability and weight loss from the initial ~4 weeks of the previous stage. 
	Stage A: A total of 25 obese subjects (14 male, 11 female) with a mean age of 40.3 years (range: 24 – 59 years), mean weight of 99.98 kg (range: 78.6 – 130.2 kg), and mean BMI of 33.92 kg/m(range: 30.2 – 
	2 

	38.4 kg/m) participated in Stage A. Of the 25 subjects in this stage, 15 were Black or African American, 1 person was Native Hawaiian or Other Pacific Islander, 8 subjects were White, and 1 subject was classified as other. 
	2

	Stage B: A total of 17 obese subjects (8 male, 9 female) with a mean age of 41.23 years (range: 23 – 62 years), mean weight of 97.27 kg (range: 79.3 – 116.8 kg), and mean BMI of 33.71 kg/m(range: 30.3 – 
	2 

	38.6 
	38.6 
	38.6 
	38.6 
	kg/m) participated in Stage B. Of the 17 subjects in this stage, 9 were Black or African American, and 8 subjects were White. 
	2


	Stage C: A total of 57 obese subjects (18 male, 39 female) with a mean age of 40.4 years (range: 21 – 60 years), mean weight of 98.63 kg (range: 77.7 – 124.1 kg), and mean BMI of 34.69 kg/m(range: 30.4 – 
	2 


	39.6 
	39.6 
	kg/m) participated in Stage C. Of the 57 subjects in this stage, 20 were Black or African American, 1 person was Native Hawaiian or Other Pacific Islander, 30 subjects were White, 1 person was American Indian or Alaska Native, and 5 subjects were classified as other. 
	2



	Compared to the mean setmelanotide concentration values of 5.74 ng/mL at 24 hours for the 0.75 mg BID treatment, (Stage A), the mean setmelanotide concentration values for QD treatments of 3.58 ng/mL at 

	1.5 mg QD (Stage B) and 4.74 ng/mL at 2.0 mg QD (Stage C) were lower. 
	1.5 mg QD (Stage B) and 4.74 ng/mL at 2.0 mg QD (Stage C) were lower. 
	The Sponsor reported that trough concentrations were collected during outpatient dosing in Stage B, with a significant number of patients and time-points demonstrating little evidence of drug exposure, and others with extremely variable setmelanotide concentrations. They report that despite intensive investigation with sites, no clear explanation was apparent, and hypothesized that there were challenges with drug administration and compliance during outpatient administration. 
	A summary of setmelanotide steady state PK parameters on Day 8 is presented in 
	Table 5. 

	Table 5. Summary of Setmelanotide Steady State Pharmacokinetic Parameters from Study RM-493-009 
	Figure
	Values are presented as arithmetic mean (%CV) for all parameters except Tmax which is presented as median (min, max); Day 8 
	a 

	(Source: CSR for Study RM-493-009, Table 6 Page 34) 
	Study RM-493-026: Phase 1b Repeat-Dose Setmelanotide in Healthy Obese Subjects 
	Study RM-493-026 was a randomized, double-blind, placebo-controlled study using a weekly setmelanotide formulation (QW) or matching placebo and a QD setmelanotide formulation or matching placebo in healthy, obese subjects. However, only data from the QD formulation were included in this submission. Subjects receiving the QD formulation were administered 2 mg for 1 week followed by 3 mg QD for 11 weeks. All subjects in this cohort were randomized in a 2:1 ratio to receive either setmelanotide or placebo and 
	A total of 13 obese subjects, 3 male and 10 females, between the ages of 34 and 54 years (mean=43.6 years), participated in this study. The mean body weight was 120.1 kg and the mean BMI was 43.8 kg/m. 
	2

	Plasma concentration data were received for 11 subjects (9 setmelanotide-and 2 placebo-treated subjects). The 9 setmelanotide-treated subjects were included in the PK analysis. 
	As expected, mean setmelanotide concentrations at Week 12 were higher than those on Week 1 throughout the 24-h sampling period, due to the difference in dose between Week 1 (2 mg) and Weeks 212 (3 mg), as well as possible accumulation during QD dosing. The mean setmelanotide exposure following administration of 2 and 3 mg QD is presented in 
	Figure 11. 

	Figure 11. Mean (±SD) Setmelanotide Concentration Versus Time on Day 1 Following Daily Administration of Setmelanotide 2 mg (Week 1) and 3 mg (Weeks 2-12) 
	Figure
	(Source: Reviewer generated graph) 
	Pharmacokinetics: 
	max was 
	Following the first injection of 2 mg setmelanotide on Day 1 of Week 1, the mean setmelanotide C

	19.7max of 8.5 h. The mean setmelanotide Cmax was 37.9 ng/mL at a max of 8.0 h on Day 1 of Week 12 after subjects were dosed with 3 mg setmelanotide. After max was higher than that on Week 1 suggesting some accumulation occurred during QD dosing over 12 weeks. The average setmelanotide concentrations avg) was 20.6 ng/mL and the mean fluctuation in concentration during the dosing interval was 153%. 
	 ng/mL occurring at a median T
	median T
	normalizing to a 3 mg dose, the mean Week 12 C
	during the 24-h dosing interval after multiple dosing through Week 12 (C

	tau was 253 h*ng/mL on Day 1 of Week 1 ( 379 h*ng/mL when adjusted to a 3 mg dose) and 495 h*ng/mL on max and 1.31 for AUCtau. These accumulation ratio values closely align with the theoretical accumulation factor of 1.23 to 1.33 for once-daily administration 1/2 of 10 to 12 h. 
	Accumulation was evident as seen by an increase in AUC during multiple dosing. The mean AUC
	Week 12. Mean accumulation ratios were 1.29 for C
	(tau = 24 h) after assuming linear PK with an apparent terminal t

	1/2 in this study ranged from 5.94 to 8.13 h. The effective half-life of setmelanotide was 11 h. At steady-state, the mean CLss/F was 6.21 L/h and the mean Vz/F was 62.7 L. . 
	Based on data collected for 24 h during the Week 12 QD regimen, the steady-state apparent t
	(Table 6)

	Table 6. Plasma Pharmacokinetic Parameters of Setmelanotide after Once-Daily Administration (2 mg Week 1; 3 mg Weeks 2-12) 
	Figure
	(Source: CSR for Study RM-493-026, Table 7 Page 53) 
	In vitro experiments showed that of the 4 potential metabolites of setmelanotide, M19, the free carboxylate, had 10-fold less activity than that of setmelanotide on MC1R, MC3R, MC4R, and MC5R. 
	The other metabolites were> 1000-fold less active. Assessment ofwine at steady-state showed that only two (M19 and M7) of the 4 metabolites were present. Metabolite M19 is formed after hydrolysis at the Cterminal amide that converts it to a carboxylic acid, and M7 is formed from cleavage of the argininetryptophan bond and further loss of the tryptophan. The urine data from this study were variable possibly due to the small sample size (n=6 subjects), Ml9 was estimated to represent ~2%of a 3.0 mg dose, M7 
	The mean amount of setmelanotide excreted in wine over 24 h (Ae) was 0.685 mg on Day 1 ofWeek 1 and 1.17 mg on Day 1 ofWeek 12. The mean fraction of dose excreted in urine (Fe%, expressed as a percent) on Day 1, Week 1 was 34.3% compru·ed to 39.1 % on Day 1, Week 12. Mean renal cleru·ance of setmelanotide (CLR) calculated on Dayl, Week 12 was 2.37 Uh, approximately 38% oftotal systemic cleru·ance . 
	(Table 7)

	Table 7 .Urine Pharmacokinetic Parameters ofSetmelanotide after Once-Daily Administration (2 mg Week 1; 3 mg Weeks 2-12) 
	Week 1/Day 1 2 mg QD 
	Week 1/Day 1 2 mg QD 
	Week 1/Day 1 2 mg QD 
	Week 12/Day 1 3 mg QD 

	Parameter 
	Parameter 
	n 
	Mea n 
	SD 
	CV% 
	n 
	Mean 
	SD 
	CV% 

	Total~(mg) Total F. (%) 
	Total~(mg) Total F. (%) 
	5* 5* 
	0.685 34.3 
	0.0766 3.83 
	11.2 11.2 
	6 6 
	1.1 7 39.l 
	0.239 7.98 
	20.4 20.4 

	CLR (Lib) 
	CLR (Lib) 
	-
	NC 
	N C 
	NC 
	6 
	2.37 
	0.328 
	13.9 


	*Subject (bf(S had incomplete mine collection during the 12-24 h collection interv al on Week I/Days 1-2: Total Ae and Fe could not .be estimated for this subject. .NC= Not calculated. CLR was not estimated after the first close on Week I since the 24-h urine sampling schedule d id not allow .single-dose renal elimination to be accurately derenllinecl. .
	(Source: CSR/or Study RM-493-026, Table 8 Page 54) 
	All samples were negative for ADA to setmelanotide. 
	Study RM-493-011:. Phase 2 Study of Setmelanotide In Patients with Rare Genetic Disorders of Obesity 
	Pharmacokinetics 
	Study RM-493-011 was a Phase 2, open-label, uncontrolled, non-randomized, study with an additional long-term safety extension. The study planned to enroll up to 30 male and female patients identified with rare genetic obesity caused by a genetic mutation that impacts the leptin-melanocortin pathway (i.e., POMC, LEPR, MC4R, PCSK1 mutations, including heterozygous and epigenetic genetic defects in POMC, heterozygous MC4R mutations and patients with Bardet-Biedl and Alstrom’s syndrome). Patients greater than o
	A total of 7 patients were screened and enrolled and treated with at least 1 dose of setmelanotide in this ongoing study. Of the 7 patients who were enrolled, all had completed the dose titration period and 6 are ongoing in the extension period. One (1) patient discontinued due to a protocol violation. There are 2 female POMC patients with an average age of 23.0 years (20, 26 years), an average body weight of 153.9 kg (152.8, 155.0 kg) and an average BMI of 51.8 kg/m(49.5, 54.1 kg/m). There are 3 LEPR patie
	2 
	2
	2 
	2
	2 
	2

	PK data were collected for 2 setmelanotide dose levels: 1.5 mg and 2.0 mg. PK data were collected on 2 study days for 2 of the 7 subjects. Otherwise, a single PK profile was included in the analysis. 
	Mean setmelanotide concentration-time profiles by dose are presented in 
	Figure 12. 

	Figure 12 Mean (±SD) Setmelanotide Concentration Versus Time after Administration of 
	1.5 mg and 2 mg Doses of Setmelanotide to Patients With Rare Genetic Disorders of Obesity 
	Figure
	(Source: CSR for Study RM-493-011, Figure 3, Page 56) 
	max occurring at a median Tmax of 3.50 hr obtained from 6 patients after the setmelanotide 1.5 mg max was 28.1 ng/mL and 
	max occurring at a median Tmax of 3.50 hr obtained from 6 patients after the setmelanotide 1.5 mg max was 28.1 ng/mL and 
	Mean C
	dose was 24.8 ng/mL. Following a 2 mg dose in 3 patients, setmelanotide mean C

	max of 4.05 hr. Mean AUClast values were 111 h*ng/mL (n=6) and 153 h*ng/mL trough) setmelanotide concentrations were 4.38 ng/mL after both 1.5 mg (n=6) and 2.0 mg (n=3) doses . 
	occurred at a median T
	(n=3) after the 1.5 mg and 2.0 mg doses of setmelanotide, respectively. Mean pre-dose (C
	(Table 8)


	Table 8. Plasma Pharmacokinetic Parameters of Setmelanotide after Doses of 1.5 mg and 2.0 mg 
	Figure
	(Source: CSR for Study RM-493-011, Table 12, Page 57) 
	Study RM-493-014:. Phase 2 Study of Setmelanotide In Patients with Rare Genetic Disorders of Obesity 
	Pharmacokinetics 
	Study RM-493-014 was a Phase 2, pilot study to assess initial (~3 month) safety and efficacy of setmelanotide in a group of populations of very rare genetic disorders of obesity, with the potential for responding patients to enter into a long-term extension phase. Study of the various populations was included in this protocol for administrative convenience since some of these genetic obesity disorders are so rare, with each population to be evaluated separately. The Sponsor anticipated that approximately 5 
	(“Proof of Concept”) was demonstrated: 
	(i) 
	(i) 
	(i) 
	Patients would be eligible to participate in the long-term phase (one-year extension); and 

	(ii) 
	(ii) 
	After consultation with regulatory agencies, additional evaluation of the effect of setmelanotide in each specific genetic disorder would continue in a pivotal study under a separate protocol. 


	The study began with an initial period of dose titration where the individual patient’s therapeutic dose was established by upwards dose titration in 2-week intervals. Patients continued on active treatment at their individually titrated therapeutic dose for an additional 10 weeks, for a total combined dosing duration of ~12 weeks at the individual patient’s therapeutic dose. A second upwards dose titration may have been conducted if anticipated efficacy was not realized during the initial 10-week open labe
	A total of 40 patients were screened in this study, of whom 30 were enrolled and treated with at least 1 dose of setmelanotide. Twenty (20) of 30 patients completed the initial 12-week treatment phase. Five (5) patients withdrew from the initial 12-week treatment phase, all at the patient’s/patient guardian’s request, and 5 other patients were ongoing in the initial 12-week treatment phase as of 09 April 2019 (date of data cutoff) There are 22 female and 8 male patients with an average age of 29.1 years (ra
	2 
	2

	PK data were collected for 6 setmelanotide dose levels: 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg. 
	Mean setmelanotide concentration-time profiles by dose are presented in for adults and for adolescents. 
	Figure 13 
	Figure 
	14 

	Figure
	Figure 13. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) after Administration of 0.5 – 3.0 mg Doses of Setmelanotide to Adult Patients with Rare Genetic Disorders of Obesity 
	Figure 13. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) after Administration of 0.5 – 3.0 mg Doses of Setmelanotide to Adult Patients with Rare Genetic Disorders of Obesity 


	(Source: Reviewer generated plot) 
	Figure 14. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) after Administration of 0.5 – 3.0 mg Doses of Setmelanotide to Adolescent Patients with Rare Genetic Disorders of Obesity 
	Figure
	(Source: Reviewer generated plot)) 
	max for combined visits ranged from 6.65 ng/mL (n=13) at a median (range) Tmax of 7.00 h (3.90
	Mean C

	8.12 max last ranged from 35.8 h*ng/mL (n=13) after 0.5 mg to 207 h*ng/mL (n=10) after 3 mg . The median trough values were 0.727 ng/mL after 0.5 mg, 1.33 ng/mL after 1 mg, 2.50 ng/mL after 1.5 mg, 4.14 ng/mL after 2 mg, 7.3 ng/mL after 2.5 mg, and 6.68 ng/mL after 3 mg. 
	h) after 0.5 mg to 38.0 ng/mL (n=10) at a T
	of 6.26 h (4.00-8.03 h) after 3 mg. The mean AUC
	(Table 9)
	C

	Table 9. Plasma Pharmacokinetic Parameters of Setmelanotide after Doses of 1.5 mg and 2.0 mg 
	Figure
	(Source: CSR for Study RM-493-014, Table 9, Page 82) 
	max last to the increase in dose for incremental increases in dose between 0.5 mg and 3 mg., There was max and AUClast versus dose, as shown in the 5.71-fold increase in mean Cmax last for the overall 6-fold increase in dose between 0.5 mg and 3 mg and . 
	Dose proportionality assessments showed that there was approximately proportional increase in mean C
	and AUC
	a linear relationship between C
	and a 5.78-fold increase in mean AUC
	(Table 10 
	Figure 15)

	3.0 mg 
	Figure
	max and AUClast between Doses of 0.5 – 
	max and AUClast between Doses of 0.5 – 
	Table 10 Dose Proportionality of Setmelanotide C



	(Source: CSR for Study RM-493-014, Table 10, Page 84) 
	Figure 15 Dose Proportionality ofSetmelanotide Cmax and AUC1ast between Doses of 0.5 3.0mg 
	Figure 15 Dose Proportionality ofSetmelanotide Cmax and AUC1ast between Doses of 0.5 3.0mg 
	Figure 15 Dose Proportionality ofSetmelanotide Cmax and AUC1ast between Doses of 0.5 3.0mg 

	TR
	Cmax 

	TR
	TH
	Figure

	60 40 20 0 
	Study RM493-014: Setmelanotide Phase 2Treatment Trial in Patients With Rare Genetic Disorders of Obesity Regression: Cmax = oxp(U9+ l.04'1n(Dose)): 95% Cl of SloflO' O.SS to 1.2 A x ....1::. + 0.5 1.0 --M I x 1.5 Dose (mg) •A 2.0 Cl Cl Cl El El Cl Iii ---.... -.. "Cl * • * --8_______ ________ * ___ .. .. ---~ 8 Cl 2.5 * 0 O.Smg + 1.0 mg X 1.S mg A 2.0 mg Cl 2.5 mg*3,0 mg 3.0 
	:::::::
	:::::


	TR
	AUC1ast 

	:g..... ..c "" .s ~ u => ct: 
	:g..... ..c "" .s ~ u => ct: 
	300 200 100 
	Study RM493-014: Setmelanotide Phase 2Treatment Trial in Patients With Rare Genetic Disorders of Obesity Regre<slon: AUC(O·t) =e.p(4.08 + l.OS'ln(Oose)); 951' Cl ol Slope: 0.86 to 1.24 x A x t + + * • + 0.5 1.0 1.5 2.0 Dose (mg) ---Cl Cl D D D B D --------:-· e D 2.5 * * * * __ ______ ___.. * * 0 O.Smg + 1.0 mg X 1.S mg A 2.0 mg Cl 2.5 mg*3,0 mg 3.0 


	(Source: Reviewergeneratedgraph) 
	Reference ID 4669798 
	Study RM-493-012: Pivotal Phase 3 Study of Setmelanotide in POMC Deficient Obesity 
	Pharmacokinetics: 
	Study RM-493-012 was a pivotal study to assess long-term (52 weeks) efficacy of setmelanotide in POMC deficiency obesity. For this global study, the maximum allowable dose differed across countries. The US, Canada and UK authorities approved a maximum daily dose of 3.0 mg, while Germany and France authorities initially approved a maximum daily dose of 2.5 mg. The study began with an initial period (dose titration) lasting 2 to 12 weeks (dependent upon number of dose escalations required to determine an indi
	specific country of the participating site. Thereafter, patients continued active treatment at their specific optimal therapeutic dose for an additional 10 weeks, for a total combined dosing duration of 12 weeks at 
	the individual patient’s therapeutic dose. For patients who achieved at least a 5 kg weight loss (or at least 
	5% weight loss if baseline body weight was <100 kg) at the end of the Open Label Treatment Period, they continued into the double-blind, variably-timed, placebo-controlled, withdrawal period lasting 8 weeks, inclusive of a 4-week of placebo treatment period. The onset of the placebo period was variable for each patient in order to mask the actual timing of the withdrawal period; patients, investigators, and investigative sites remained blinded as to when placebo treatment was administered. Following the wit
	The pivotal cohort included 9 patients with POMC genetic mutations and 1 patient with PCSK1 genetic mutation. Of these 10 pivotal patients comprising the pivotal cohort, 9 completed the study and 1 withdrew from the study due to lack of efficacy. Of the 10 pivotal patients, 5 were male and 5 were female. The mean age of the group was 18.4 years (range: 11 – 30 years), and the mean body weight was 118.7 kg (range: 55.9 – 186.7 kg) and the mean BMI was 40.41 kg/m(range: 26.6 – 53.3 kg/m). Of the 10 patients, 
	2 
	2

	was not available. 
	In addition to this cohort, there were 4 supplemental patients, 1 male and 3 females. The mean age of this supplemental group was 17.0 years (range: 10 – 29 years), and the mean body weight was 106.5 kg (range: 
	83.7 – 138 kg) and the mean BMI was 39.0 kg/m(range: 34.4 – 42.7 kg/m). Of the 4 supplemental cohort patients, 1 was White and 3 patients were categorized as other. 
	2 
	2

	A schematic of the study design is shown below: 
	Figure
	Serial blood samples were taken for the PK measurement of setmelanotide. PK sample collections were limited in pediatric age participants (age 6 through age 11 years) to avoid excess blood volume reductions. 
	The mean setmelanotide exposure summarized by dose level are presented in 
	Figure 16. 

	(Source: Reviewer generated graph) 
	Figure 16. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) by treatment following Doses of 0.5, 1.0, 1.5, 2.0 and 2.5 mg Setmelanotide in POMC Patients 
	Figure 16. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) by treatment following Doses of 0.5, 1.0, 1.5, 2.0 and 2.5 mg Setmelanotide in POMC Patients 


	max ranged from 6.47 ng/mL after 0.5 mg (n=4, 45.7% CV) to 24.5 ng/mL after 2.0 mg (n=6, max after 2.5 mg, 24.4 ng/mL (n=3, 50.4% CV), was similar to that after 2.0 mg. max  h) after 1.5  h) max and Tmax 0-8 ranged from 38.3 h*ng/mL after 0.5 mg (n=4, 47.3% max, the mean AUC0-8 after 2.5 mg, 138 ng/mL (n=3, 52.3% CV), was similar to that after 2.0 mg. Twenty-four (24) hour PK sampling occurred in only 2 subjects (4 profiles in each subject with 6 of 8 profiles occurring during dose titration). 0-24 during t
	The mean C
	46.2% CV). The mean C
	The median T
	occurred between 4.01 h (range 1.00-8.02
	mg and 7.03 h (range 5.80-8.00
	after 2.5 mg. It should be noted that, given the limited PK sampling in most subjects, the C
	values may be underestimated. The mean AUC
	CV) to 143 h*ng/mL after 2.0 mg (n=6, 49.4% CV). As noted for C
	Estimates of AUC
	(Table 11)

	Table 11 Plasma Pharmacokinetic Parameters ofSetmelanotide by Dose 
	Table 11 Plasma Pharmacokinetic Parameters ofSetmelanotide by Dose 
	Table 11 Plasma Pharmacokinetic Parameters ofSetmelanotide by Dose 

	TR
	Dose (mg) 

	0.500 
	0.500 
	1.00 
	1.50 

	P arameter 
	P arameter 
	n 

	TR
	Mean 
	SD 
	CV% 
	n 
	Mean 
	SD 
	C V % 
	n 
	Mean 
	s D 
	CV% 

	Tm:a (h) 
	Tm:a (h) 
	4 
	6.07 (5.98-7.92) 
	10 
	5.99 (3.95-8.00) 
	20 
	4.01 (1.00-8.02) 

	Cm.u (ng/mL) 
	Cm.u (ng/mL) 
	4 
	6.47 2.96 45.7 
	10 
	11.5 4.66 40.4 
	20 
	22.4 4.94 22.0 

	C,,.,,'llb(ng/mL) 
	C,,.,,'llb(ng/mL) 
	6 
	0.715 0.825 115 
	15 
	1.83 1.54 84.3 
	61 
	3.10 2 .37 76.5 

	AUCo-s (h*ng/mL) 
	AUCo-s (h*ng/mL) 
	4 
	38.3 18.l 47.3 
	10 
	66.7 27.7 41.6 
	20 
	130 32.3 24.9 

	AUCo-2• (h*ng/mL) 
	AUCo-2• (h*ng/mL) 
	0 
	NC NC NC 
	2 
	86.1 7.63 8.S5 
	4 
	185 34.3 18.5 

	AUCbst (h*ng/mL) 
	AUCbst (h*ng/mL) 
	4 
	38.3 18.1 47.3 
	10 
	74.2 26.8 36. 1 
	20 
	147 34.2 23.3 

	TR
	Dose (mg) 

	TR
	2.00 
	2.50 

	P a rameter 
	P a rameter 
	n 
	Mean 
	SD 
	CV% 
	11 
	Mean 
	S D 
	CV % 

	Tm:a(h) 
	Tm:a(h) 
	6 
	5.38 (1.00-7.00) 
	3 
	7 .03 (5.80-8.00) 

	Cm.. (ng/mL) 
	Cm.. (ng/mL) 
	6 
	24.5 11.3 46.2 
	3 
	24.4 12.3 50.4 

	C,,.,,ll!b (ng/m L) 
	C,,.,,ll!b (ng/m L) 
	6 
	5.40 7.47 138 
	7 
	7.26 5.44 75.0 

	AUCo.s (h*ng/mL) 
	AUCo.s (h*ng/mL) 
	6 
	143 70.7 49.4 
	3 
	138 72.3 52.3 

	AUCo z• (h* ng/mL) 
	AUCo z• (h* ng/mL) 
	1 
	167 NC NC 
	I 
	228 NC NC 

	AUCl.ist (h*ng/mL) 
	AUCl.ist (h*ng/mL) 
	6 
	159 61.7 38.9 
	3 
	180 77. 7 43.2 


	Note: T ~oor d as median (range); Mean (SD) values for 2.5 mg dose exclude aberrant values for .(b)(S mean values for AUCi.51 derived from mostly AUCo.a values with a small number of AUC11-24 .values. NC = Not calculated: For Cuougft Dose represents prior dose. .
	Subject 

	(Source: CSR/or Study RM-493-012, Table 21, Page 77) 
	Pharmacodynamics: 
	The plimaiy objective ofthis study was to demonstrate a clinically meaningful effect on percentage of body weight change in patients with POMC deficiency obesity after 1 year of treatment with setmelanotide and show a statistical significance. 
	Several key analysis populations were defined in this study: 
	• .
	• .
	• .
	The Full Analysis Set (FAS) population was defined as all patients who received any study dmg and had at least one baseline assessment (including those who did and did not demonstrate 2:5 kg weight loss or 5% ofbody weight [if weight was <100 kg at baseline] over 12-week open label treatment pe1iod and proceeded into the double blind, placebo-controlled withdrawal period). 

	• .
	• .
	The Designated Use Set (DUS) population was defined as all patients who received any study dmg, demonstrated 2:5 kg weight loss or 5% of body weight (ifbaseline weight was <l 00 kg) over 12-week open-label treatment period, and proceeded into the double-blind, placebocontrolled withdrawal period. 


	The primary endpoint in this study was defined as the proportion of patients in the pivotal cohort in the 
	FAS population who met the ≥10% weight loss threshold (responders) after approximately 1 year of 
	treatment. 
	After approximately 52 weeks of treatment with setmelanotide, 8 of the 10 pivotal patients with POMC/PCSK1 deficiency obesity in the FAS Population achieved at least 10% weight loss, demonstrating statistically significant (p< 0.0001) and clinically meaningful body weight loss after 1 year of treatment . 
	(Table 12, 
	Figure 17)

	Figure 17. Percent Change of Weight from Baseline by Visit Following Administration of Setmelanotide in POMC Patients 
	Figure
	(Source: Reviewer generated graph) 
	Table 12 Proportion of POMC Patients Achieving at Least 10% Weight Loss from Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide 
	Figure
	(Source: CSR for Study RM-493-012, Table 12, Page 62) 
	One of the secondary efficacy endpoints evaluated was hunger score.  During the study 3 distinct daily hunger scores were collected: morning hunger, worst (most) hunger in 24 hours, and average hunger in 24 hours. Weekly average hunger score for analysis were determined from average of daily hunger scores. The hunger score used to assess study endpoints was the weekly average hunger score of the daily worst (most) hunger score in 24 hours . The second key secondary endpoint of this study was to 
	(Figure 18)

	evaluate the mean percent change in hunger scores for patients ≥12 years of age with POMC/PCSK1 
	deficiency obesity in the DUS population following 1 year of treatment with setmelanotide. The mean baseline score of the 7 patients ≥12 years of age in the DUS population was 8.1, the mean score at Week 52 following treatment with setmelanotide was 5.8, and the mean score percent change from baseline to Week 52 was -27.1% (p=0.0005) as shown in . 
	(Table 13)

	Figure
	Figure 18 Percent Change of Average Hunger Score from Baseline by Visit Following Administration of Setmelanotide in POMC Patients 
	Figure 18 Percent Change of Average Hunger Score from Baseline by Visit Following Administration of Setmelanotide in POMC Patients 


	(Source: Reviewer generated graph) 
	Table 13 Percent Change in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic .ose (≥12 Years of !ge) – Pivotal Cohort (DUS Population) 
	Figure
	(Source: CSR for Study RM-493-012, Table 14, Page 65) 
	The proportion of patients ≥12 years of age achieving at least 25% improvement in hunger scores following 1 year of treatment with setmelanotide in FAS population was the third key secondary endpoint. Four (4) of the 8 patients (50%) in the FAS Population achieved at least 25% hunger score (worst ‘most’ hunger in 24 hours) improvement from baseline at Week 52 after treatment with setmelanotide (p= 0.0004, . 
	Table 
	14)

	Figure
	Table 14. Proportion of Subjects (≥12 years of age) Achieving at Least 25% Improvement in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide – Pivotal Cohort (FAS Population) 
	Table 14. Proportion of Subjects (≥12 years of age) Achieving at Least 25% Improvement in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide – Pivotal Cohort (FAS Population) 


	(Source: CSR for Study RM-493-012, Table 15, Page 66) 
	Study RM-493-015: Pivotal Phase 3 Study of Setmelanotide in LEPR Deficient Obesity 
	Study RM-493-015 was a pivotal study to assess long-term (52 weeks) efficacy of setmelanotide in LEPR deficiency obesity. For this global study, the maximum allowable dose differed across countries. The United Kingdom (UK) and the Netherlands authorities approved a maximum daily dose of 3.0 mg, while Germany and France authorities approved a maximum daily dose of 2.5 mg. There was an initial dose titration period lasting 2 to 12 weeks (dependent upon number of dose escalations required to determine an indiv
	The pivotal cohort included 11 patients with LEPR deficient obesity. Of these 11 pivotal patients comprising the pivotal cohort, 9 completed the study. One patient died in an automobile accident (unrelated to study drug) and the other patient was withdrawn from the study due to Grade 1 eosinophilia, which was considered by the Investigator to be probably related to study drug. Of the 11 pivotal patients, 3 were male and 8 were female. The mean age of the group was 23.7 years (range: 13 – 37 years), and the 
	2 
	2

	In addition to this cohort, there were 2 supplemental male patients. The average age of this supplemental group was 18.0 years (13 and 23 years), and the average body weight was 158.6 kg (108.6 and 208.7 kg) and the mean BMI was 56.1 kg/m(42.4 and 69.7 kg/m). The race of these 2 supplemental cohort was classified as unknown. 
	2 
	2

	A schematic of the study design is shown below: 
	Figure
	Serial blood samples were taken for the PK measurement of setmelanotide. Most PK profiles were collected over 8 hours, while 24-h PK samples (generally 2 to 4 subjects per dose level) were available in a smaller number of subjects. The mean setmelanotide concentrations after 3.0 mg were slightly lower than those observed after 2.5 mg at 9 h and later time points, likely due relatively small sample size and lower number of subjects with 9 to 24 h PK sampling . 
	(Figure 19)

	Figure
	Figure 19. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) by treatment following Doses of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg Setmelanotide in LEPR Patients 
	Figure 19. Mean (±SD) Setmelanotide Concentration Versus Time (inset -for the first 8hours) by treatment following Doses of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg Setmelanotide in LEPR Patients 


	(Source: Reviewer generated graph) 
	max ranged from 7.21 ng/mL after 0.5 mg (n=4) to 38.9 ng/mL after 3.0 mg (n=3). The median Tmax 0-8 ranged from 41.2 h*ng/mL after 0.5 mg (n=4) to 231 h*ng/mL after 3.0 mg (n=3). Estimates 0-24 during the QD dosing interval ranged from 88.5 h*ng/mL after 0.5 mg (n=1) to 421 h*ng/mL after 3.0 mg (n=2) . 
	Mean C
	-9.00 h) after 1 mg. The 
	occurred between 4.00 h (range 4.00-6.00 h) after 3.0 mg and 6.92 h (range 5.83

	mean AUC
	of AUC
	(Table 15)

	Table 15 Plasma Pharmacokinetic Parameters ofSetmelanotide in LEPR Obesity Patients by Dose 
	Table 15 Plasma Pharmacokinetic Parameters ofSetmelanotide in LEPR Obesity Patients by Dose 
	Table 15 Plasma Pharmacokinetic Parameters ofSetmelanotide in LEPR Obesity Patients by Dose 

	Dost 
	Dost 

	(mg) 
	(mg) 

	0.5 
	0.5 
	1.0 
	1.5 

	Par a mftf'r 
	Par a mftf'r 
	ll 
	I 
	i\Ieau 
	I 
	SD 
	I 
	CV% 
	u 
	I 
	M ean 
	I 
	SD 
	I 
	CVo/o 
	D 
	I 
	Mean 
	I SD 
	I 
	CV,,O 

	T..,. (h) 
	T..,. (h) 
	4 
	6.00 (4.00-7.00) 
	13 
	6.92 (5.83-9.00) 
	12 
	6.48 (2.00-8.00) 

	Cnm(ng/wL) 
	Cnm(ng/wL) 
	4 
	7.21 
	0.342 
	4.74 
	13 
	10.4 
	3.22 
	30.8 
	12 
	17.0 
	6.52 
	38.4 

	CnoQl)l(ng/wL) 
	CnoQl)l(ng/wL) 
	4 
	0.544 
	0.374 
	68.7 
	11 
	1.35 
	0.599 
	44.3 
	16 
	2.49 
	0.891 
	35.8 

	AUOl.s (h*nglmL) 
	AUOl.s (h*nglmL) 
	4 
	41.2 
	1.50 
	3.65 
	13 
	53.0 
	19.0 
	35.8 
	12 
	91.8 
	34.9 
	38.0 

	AUC~l• (h*ngiwL) 
	AUC~l• (h*ngiwL) 
	1 
	88.5 
	NC 
	NC' 
	4 
	148 
	47.6 
	32.1 
	4 
	2 18 
	35.0 
	16.0 

	AUC:w. (h"ng/mL) 
	AUC:w. (h"ng/mL) 
	4 
	56.2 
	22.1 
	39.2 
	13 
	79.1 
	55.5 
	70.1 
	12 
	130 
	71.7 
	55.0 

	TR
	Dost 

	TR
	(mg) 

	TR
	2.0 
	2.5 
	3.0 

	Parawt tE"r 
	Parawt tE"r 
	ll 
	I i\Ieau 
	I 
	SD 
	I CY% 
	u 
	I M ean 
	I 
	SD 
	I C\'o/o 
	u 
	I Mean 
	I 
	SD 
	I 
	CYo/o 

	T...,(h) 
	T...,(h) 
	15 
	6.00 (3.90-8.02) 
	10 
	6.03 (3.97-9.05) 
	3 
	4.00 (4.00-6.00} 

	Cnm(ng/wL) 
	Cnm(ng/wL) 
	15 
	23.9 
	8.38 
	35.1 
	10 
	31.1 
	12.9 
	4 1.3 
	3 
	38.9 
	2.62 
	6.72 

	c~.g.(ng/wLJ 
	c~.g.(ng/wLJ 
	32 
	4 .80 
	2.56 
	53.4 
	32 
	4 .87 
	2 .71 
	55.6 
	11 
	5.85 
	1.44 
	24.7 

	AUCM (h*nglmL) 
	AUCM (h*nglmL) 
	JS 
	133 
	4 7.7 
	35.9 
	JO 
	166 
	56.0 
	33.7 
	3 
	231 
	11.9 
	5.1 6 

	AUC~u(h*ngimL) 
	AUC~u(h*ngimL) 
	4 
	316 
	70.9 
	22.5 
	4 
	41 8 
	48.3 
	11.6 
	2 
	421 
	62.6 
	14.9 

	AUC~, (h•nglmL) 
	AUC~, (h•nglmL) 
	15 
	178 
	IO I 
	56.6 
	10 
	260 
	147 
	56.3 
	3 
	383 
	80.4 
	2 1.0 


	Note: Tn:ax reported as median (ran~e): MeanJSD) values for 2.0 mg dose exclude aberrant value for Subject (6) (6 Mean (SD) values for 2.5 and 3.0 mg doses exclude aberrant 
	vain"" for Subj<etsl (6) (6fand b 6 NC= Not cakulatcd. For C~Dose r<pr<s<llts prior dose . 
	(Source: CSR/or Study RM-493-015, Table 18, Page 77) 
	Pharmacodynamics: 
	The plimaiy objective ofthis study was to demonstrate statistically significant and clinically meaningful effects ofsetmelanotide on percent body weight change in patients with LEPR deficiency obesity due to rare biallelic or loss-of-function mutations at the end of 1 year oftreatment. 
	Several key analysis populations were defined in this study: 
	• .
	• .
	• .
	The FAS population was defined as all patients who received any study drng and had at least one baseline assessment (including those who did and did not demonstrate 2::5 kg weight loss or 5% of body weight [if weight was <100 kg at baseline] over 12-week open label treatment period and proceeded into the double blind, placebo-controlled withdrawal pe1iod). 

	• .
	• .
	The DUS population was defined as all patients who received any study diug, demonstrated 2::5 kg weight loss or 5% of body weight (if baseline weight was <100 kg) over 12-week open-label treatment pe1iod, and proceeded into the double-blind, placebo-controlled withdI·awal pe1iod. 


	The plimaiy endpoint in this study was defined as the propo1tion ofpatients in the pivotal coho1t in the FAS population who met the 2::10% weight loss threshold (responders) after approximately 1 yeai· of treatment. 
	After approximately 52 weeks oftreatment with setmelanotide, 5of11 patients achieved a 2::10% decrease from baseline in body weight at Week 52 (i.e., after 52 weeks of treatment with setmelanotide at the therapeutic dose) 20). 
	(Table 16
	, Figure 


	Figure
	Figure 20 Percent Change of Weight from Baseline by Visit Following Administration of Setmelanotide in LEPR Obesity Patients 
	Figure 20 Percent Change of Weight from Baseline by Visit Following Administration of Setmelanotide in LEPR Obesity Patients 


	(Source: Reviewer generated graph) 
	Figure
	Table 16 Proportion of LEPR Obesity Patients Achieving at Least 10% Weight Loss from .Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide. 
	Table 16 Proportion of LEPR Obesity Patients Achieving at Least 10% Weight Loss from .Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide. 


	(Source: CSR for Study RM-493-015, Table 11, Page 65) 
	One of the secondary efficacy endpoints evaluated was hunger score.  During the study 3 distinct daily hunger scores were collected: morning hunger, worst (most) hunger in 24 hours, and average hunger in 24 hours. Weekly average hunger score for analysis were determined from average of daily hunger scores. The hunger score used to assess study endpoints was the weekly average hunger score of the daily worst (most) hunger score in 24 hours . In the pivotal cohort in the DUS population, an LS mean percent cha
	(Figure 21)
	Table 17. 

	Figure
	Figure 21 Percent Change of Average Hunger Score from Baseline by Visit Following Administration of Setmelanotide in POMC Patients 
	Figure 21 Percent Change of Average Hunger Score from Baseline by Visit Following Administration of Setmelanotide in POMC Patients 


	(Source: Reviewer generated graph) 
	Figure
	Table 17 Percent Change in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic .ose (≥12 Years of !ge) – Pivotal Cohort (DUS Population) 
	Table 17 Percent Change in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic .ose (≥12 Years of !ge) – Pivotal Cohort (DUS Population) 


	(Source: CSR for Study RM-493-015, Table 13, Page 69) 
	The proportion of patients ≥12 years of age achieving at least 25% improvement in hunger scores following 1 year of treatment with setmelanotide in FAS population was the third key secondary endpoint. Eight (8) of the 11 patients (73%) in the FAS Population achieved at least 25% hunger score (worst ‘most’ hunger in 24 hours) improvement from baseline at Week 52 after treatment with setmelanotide (p<0.0001. 
	, Table 18)

	Figure
	Table 18. Proportion of Subjects (≥12 years of age) Achieving at Least 25% Improvement in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide – Pivotal Cohort (FAS Population) 
	Table 18. Proportion of Subjects (≥12 years of age) Achieving at Least 25% Improvement in Daily Hunger Scores from Baseline at 52 Weeks from Therapeutic Dose of Setmelanotide – Pivotal Cohort (FAS Population) 


	(Source: CSR for Study RM-493-015, Table 14, Page 70) 

	4.3 Immunogenicity 
	4.3 Immunogenicity 
	Immunogenicity to setmelanotide was evaluated in a majority of the clinical trials in the development program.  Anti-drug antibodies (ADA) to setmelanotide, neutralizing antibodies (NAb) to setmelanotide and antibodies to α-melanocortin stimulating hormone (α-MSH) were evaluated through validated assays.  The incidence of screen positives was 79 of 1,148 samples in the screening assay (6.9%). Of the 79 screening positive samples that were assessed in the confirmatory assay, no samples (0/79) were confirmed 
	report of one case of mild eosinophilia in Subjec
	 (Study 015) that led to discontinuation. This 
	Figure

	patient had pretreatment optical density (OD) values at or below the cut-point at screening and post-treatment with setmelanotide in the ADA assay, the setmelanotide PK concentrations appeared to be in alignment with other subjects, and there were no samples positive for anti-α-MSH antibodies. These data indicate there is no relationship between the eosinophilia and immunogenic response. 
	The acceptability of the immunogenicity data and associated analytical method is further deferred to the OBP review. 
	4.4 Pharmacometrics Assessment 
	Figure
	4.4.1 SUMMARY OF FINDINGS 
	4.4.1 SUMMARY OF FINDINGS 
	The applicant identified body weight but not renal function to be a significant intrinsic covariate associated with setmelanotide exposure. Subjects with mild renal function had 19% (95% CI: -6.5% 47%) higher setmelanotide steady state AUC compared to those with normal renal function. There were no subjects with moderate renal impairment in the development program. Subjects weighting 50 Kg had 55% (95% CI: 38% -73%) higher steady state AUC compared to subjects with 90 Kg and subjects weighting 200Kg had 45
	reason, the applicant proposes . Similarly, despite lack of data, the applicant proposes The purpose of this review is to assess if population PK 
	and exposure-response analyses support the proposed labelling for specific populations. 
	4.4.1.1 Key review questions 
	4.4.1.1.1 
	4.4.1.1.1 
	4.4.1.1.1 
	Does population PK modeling and simulation data support the proposed labelling for 

	TR
	specific populations? 

	4.4.1.1.1.1 
	4.4.1.1.1.1 
	Pediatric subjects 


	Yes, the proposed labeling for pediatric subjects is acceptable for treatment of RGDO. However, the recommendation for starting dose for adolescents is not acceptable. The reviewer’s exposure-response 50 (concentration need to achieve half of the maximum efficacy = 7.8 × 10𝑛𝑔/𝑚𝐿) compared to the range of observed concentration at the recommended starting and maintenance doses. This implies that at the proposed starting and maintenance doses, the av = 20.62 ng/mL, see section 2.1) are at the plateau of t
	analyses for efficacy determined a very small EC
	−20 
	concentrations (C

	The proposed doses are also 
	supported by pediatric to adult exposure-matching PK simulations which indicate that acceptable proportions of pediatric subjects will attain exposures higher than the lower 10th percentiles of the adult exposures. However, adolescents may benefit from the same starting dose as adult subjects with no concerns for adverse events. This is because, the adolescents, with comparable baseline weight as adults are predicted to have the same exposure as adults at the same starting dose. Given the favorable safety p
	4.4.1.1.1.2 Moderate renal impairment 
	No, the proposed labelling Therefore, given the 
	concerns for safety, it is better to be conservative and avoid setmelanotide for subjects with moderate renal impairment. 
	4.4.1.2 Recommendations 
	4.4.1.2 Recommendations 
	The applicant’s proposed dose labelling is acceptable for treatment of RGDO, with a caution not to dose setmelanotide in patients with moderate renal impairment. 
	4.4.2 RESULTS OF SPONSOR'S ANALYSIS 
	4.4.2.1 Population PK Analysis 
	4.4.2.1.1 Review Summaiy 
	4.4.2.1.1 Review Summaiy 
	The applicant's population PK analysis is acceptable for prediction ofexposures in specific populations 
	andfor exposure-response analyses. In brief, Setmelanotide plasma pharmacokinetics were adequately 
	described by a one compartment model with zero-order absorption kinetics after subcutaneous injection. Both goodness-of-fit plots andprediction corrected visual predictive checks indicate that the final population PK model is adequate in characterizing the PKprofile ofSetmelanotide in adult andpediatric subjects 6 years and older. The inter-individual variability (!IV) for CL (28. 7%), and V (26.5%) were small. !IVfor D2 (duration ofzero order absorption) was relatively high (52.3%). Eta Shrinkages for CL 
	(27. 7%), V (57.8%) and D2 (40.9%) are reasonable and support evaluation of covariates ofCL. Although renal e.."<'.cretion accountfor about 40% elimination ofunchanged Setmelanotide within 24 hours, creatinine clearance (CLCR) was not a significant covariate for clearance. Body weight was a covariate f or CL and V with fixed allometric exponents ofO. 75 and 1 respectively. Other covariates were; setmelanotideformulation on D2 and bioavailability (F), and sex, age, and healthy status on CL. The applicant's a
	Tile developed model was used to support labelling ofSetmelanotide in tlte current submission as outlined i11 
	Table 19. 

	T bl e 19 R 'fic commentson A.ppricant's F'maIP0 llU a ion PK e
	, s 

	a ev1ewer s 1pec1 
	a ev1ewer s 1pec1 
	If mod I 

	Utility ofthe final model 
	Utility ofthe final model 
	Utility ofthe final model 
	Reviewer's Comments 

	Support applicant's 
	Support applicant's 
	Intrinsic factor 
	Initial and maintenance doses are dependent on age group. Initial and. -M1(4&intenance doses for subjec~s~ re 1 mg and 2 mg respectively: in adults, the doses are 2 mg and 3 mg respectively 
	Through monte-carlo simulations the applicant's model shows that setmelanotide exposure, after 1 mg tlu·ough 2.5 mg doses, exposures in pediatric subjects are within the 95% prediction interval for exposure in adults receiving 3 mg. 

	proposed labeling 
	proposed labeling 
	Monte-carlo simulations for 

	statements about inti·insic 
	statements about inti·insic 
	exposure matching are acceptable 

	and extrinsic factors 
	and extrinsic factors 
	since the model predictive 

	TR
	perfo1mance was reasonable as 

	TR
	indicated by prediction corrected 

	TR
	visual predictive checks (PcVPC) 

	TR
	Fonnulation was the only extrinsic 

	TR
	Extrinsic factor 
	factor with effect on setmelanotide 

	TR
	bioavailability 

	TR
	Predicted exposures 
	The applicant did not perfo1m 

	Derive exposure metrics 
	Derive exposure metrics 
	from the PK model 
	exposure-vs-response analyses. The 

	fo1· exposure-response 
	fo1· exposure-response 
	were used for 
	reviewer has perfonned these 

	analyses 
	analyses 
	exposure vs 
	analyses as described in section 2 

	TR
	response analyses 
	(Population PD analyses) 

	TR
	The model was 

	Predict exposures at 
	Predict exposures at 
	used to assess 

	alternative dosing regimen 
	alternative dosing regimen 
	predicted exposures 

	TR
	at doses >= 2mg 




	4.4.2.1.2 Introduction 
	4.4.2.1.2 Introduction 
	The key objectives of the applicant’s population PK analyses were to: 
	•..
	•..
	•..
	To develop a population PK model from phase 1 to 3 studies. 

	•..
	•..
	To estimate the effects of prespecified covariates which may be important predictors of setmelanotide PK. 

	•..
	•..
	To use the resulting population PK model to determine an appropriate starting dose of setmelanotide in children (6 -11yrs) and adolescents (12 -17 yrs). 



	4.4.2.1.3 Model development 
	4.4.2.1.3 Model development 
	4.4.2.1.3.1 Data 
	4.4.2.1.3.1 Data 
	The analyses were based on PK data from 8 phase 1-3 studies. The study design, study population, and timing of blood samples varied among the 8 clinical studies. Brief descriptions of the studies included are presented in addendum 
	Table 26. 

	The final NONMEM data file for analysis contained 2711 PK observations from 120 subjects. provides summary statistics of the baseline demographic covariates in the analysis dataset. 
	Table 20 

	Table 20 Summary of Baseline Demographic Covariates for Analysis 
	STUDIES 
	Characteristics 
	Characteristics 
	Characteristics 
	level 
	RM493008 
	RM493010 
	RM493011 
	RM493012 
	RM493014 
	RM493015 
	RM493026 

	N 
	N 
	22 
	40 
	7 
	12 
	30 
	13 
	9 

	TR
	White 
	2 (9.1) 
	36 (90.0) 
	6 (85.7) 
	7 (58.3) 
	25 (83.3) 
	10 (76.9) 
	5 (55.6) 

	TR
	Black or African 
	20 (90.9) 
	1 (2.5) 
	1 (14.3) 
	0 (0.0) 
	4 (13.3) 
	0 (0.0) 
	4 (44.4) 

	RACE (n (%)) 
	RACE (n (%)) 

	TR
	Asian 
	0 (0.0) 
	3 (7.5) 
	0 (0.0) 
	0 (0.0) 
	1 (3.3) 
	0 (0.0) 
	0 (0.0) 

	TR
	Other 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	5 (41.7) 
	0 (0.0) 
	3 (23.1) 
	0 (0.0) 

	TR
	Male 
	14 (63.6) 
	19 (47.5) 
	3 (42.9) 
	7 (58.3) 
	8 (26.7) 
	5 (38.5) 
	2 (22.2) 

	SEX (n (%)) 
	SEX (n (%)) 

	TR
	Female 
	8 (36.4) 
	21 (52.5) 
	4 (57.1) 
	5 (41.7) 
	22 (73.3) 
	8 (61.5) 
	7 (77.8) 

	TR
	Preserved 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	13 (100.0) 
	9 (100.0) 

	Formulation n (%) 
	Formulation n (%) 
	Unpreserved 
	22(100.0) 
	40 (100.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 

	TR
	No information 
	0 (0.0) 
	0 (0.0) 
	7 (100.0) 
	12 (100.0) 
	30 (100.0) 
	0 (0.0) 
	0 (0.0) 

	Baseline BMI (kg. /m^2), 
	Baseline BMI (kg. /m^2), 
	33.68 
	39.67 
	45.97 
	39.73 
	45.39 
	49.37 
	44.44 

	(Mean (Sd)) 
	(Mean (Sd)) 
	(3.24) 
	(11.86) 
	(7.02) 
	(8.35) 
	(10.10) 
	(11.43) 
	(7.06) 

	Baseline weight (Kg), (Mean 
	Baseline weight (Kg), (Mean 
	99.68 
	97.72 
	142.99 
	114.27 
	125.08 
	137.17 
	120.62 

	(Sd)) 
	(Sd)) 
	(13.70) 
	(25.56) 
	(21.98) 
	(35.66) 
	(33.52) 
	(32.75) 
	(23.45) 

	Baseline ideal Weight (Kg), 
	Baseline ideal Weight (Kg), 
	65.58 
	52.82 
	69.29 
	62.13 
	58.47 
	60.18 
	57.39 

	(Mean (Sd)) 
	(Mean (Sd)) 
	(8.59) 
	(13.37) 
	(9.28) 
	(12.44) 
	(12.94) 
	(7.68) 
	(7.42) 

	Baseline adjusted Weight (Kg), 
	Baseline adjusted Weight (Kg), 
	79.22 
	70.78 
	98.77 
	82.99 
	85.11 
	90.97 
	82.68 

	(Mean (Sd)) 
	(Mean (Sd)) 
	(9.84) 
	(13.61) 
	(10.83) 
	(20.58) 
	(19.06) 
	(14.64) 
	(11.81) 

	Baseline height (Cm), (Mean 
	Baseline height (Cm), (Mean 
	171.42 
	158.12 
	176.54 
	167.87 
	165.39 
	166.69 
	164.41 

	(Sd)) 
	(Sd)) 
	(7.88) 
	(13.19) 
	(8.59) 
	(13.48) 
	(12.50) 
	(7.27) 
	(6.70) 

	Baseline age (yrs.), (Mean (Sd)) 
	Baseline age (yrs.), (Mean (Sd)) 
	39.23 (8.49) 
	26.35 (9.48) 
	20.29 (3.40) 
	17.08 (6.37) 
	29.13 (16.81) 
	22.85 (8.21) 
	43.78 (6.80) 


	Source: Reviewer’s independent analyses 

	4.4.2.1.3.2 Base Model 
	4.4.2.1.3.2 Base Model 
	The base model was a population PK model developed using setmelanotide PK data from 29 adult subjects who were healthy and obese and another 91 subjects with rare genetic disorders of obesity (RGDO) (See table of studies). The base PK model was a one-compartment structural model with zero
	70 
	order absorption from subcutaneous administration site and linear elimination kinetics. The model was parameterized in apparent clearance (CL/F), apparent central compartment volume (V/F), duration of zero order absorption (D2). Relative bioavailability (F) from administration site was fixed to 1 and between subject variability for F was estimated. Clearance and volume parameters were allometrically scaled using body weight. coefficients for WT were fixed to literature values of 0.75 for CL and 1 for V. All
	Table 21 

	Figure
	Figure
	Table 21 Estimated model parameters and covariate effects for the base model 
	Table 21 Estimated model parameters and covariate effects for the base model 


	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 30 of 215) 
	Inter-individual variability (IIV) was modeled assuming a log-normal distribution for patient level random effects. The base model included variance covariances among the IIVs. Residual variability was modeled as a combined additive plus proportional residual error on setmelanotide concentration. Model evaluations and selection of the base model were based on standard statistical criteria of goodness-of-fit such as a decrease in the minimum objective function value (OFV), accuracy of parameter estimation (i

	4.4.2.1.3.3 Covariate Analysis 
	4.4.2.1.3.3 Covariate Analysis 
	Covariate model building proceeded through investigation of plots of covariates versus inter-individual random effects. No obvious trends were observed. Despite the lack of obvious relationships, the applicant employed the Full Covariate Model (FCM) building technique to develop a full covariate model. With FCM, physiologically plausible relationships are included into the model with emphasis on parameter estimation rather than stepwise hypothesis testing. shows the covariates included in the full model. Ad
	Figure 22 

	Figure
	Figure 22 Parameterization of the full covariate model 
	Figure 22 Parameterization of the full covariate model 



	4.4.2.1.3.4 Final Model 
	4.4.2.1.3.4 Final Model 
	4.4.2.1.3.4.1 Final model parameters and diagnostics 
	The FCM was the final model and the parameter estimates for the final covariate model are listed in 
	Table 

	The goodness-of-fit plots for the final covariate model for all data are shown in Predictive Check (VPC) plot for the final covariate model with adult and pediatric data are given in and 
	22. 
	Figure 23. The Visual 
	Figure 24 
	Figure 25. 

	Figure
	Table 22 Parameter .stimates of !pplicant’s inal Model 
	Table 22 Parameter .stimates of !pplicant’s inal Model 


	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 33of 215) 
	Figure 23 Goodness of fit plot for the final Setmelanotide population PK model 
	Figure
	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 113 -116 of 215) 
	Figure
	Figure 24 Prediction corrected visual predictive check of the final model 
	Figure 24 Prediction corrected visual predictive check of the final model 


	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 126 of 215) 
	Figure 25 Prediction corrected visual predictive check of the final model stratified by Studies 
	Figure
	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 127 of 215) 

	4.4.2.1.3.5 Magnitudes of covariate effects 
	4.4.2.1.3.5 Magnitudes of covariate effects 
	Magnitudes of covariate effects on setmelanotide AUC relative to reference covariate values are shown in  Significant covariate effects are observed for body weight, renal function, and unpreserved formulation. Compared to reference weight of 90Kg, subjects with 50 kg and greater than 150 Kg have higher and lower AUC respectively. Similarly, compared to subjects with normal renal function, subjects with mild renal function have higher AUC. Furthermore, subjects who took unpreserved formulation have signific
	Figure 26.

	On the other hand, Female have marginally lower AUC compared to males and compared to reference age of 25 years, subjects with 10 years and 60 years have marginally higher and lower AUC respectively. 
	Figure
	Figure 26 Full PK model covariate effects on steady state AUC 
	Figure 26 Full PK model covariate effects on steady state AUC 


	Relative AUCss values were calculated using a setmelanotide 2.0 mg QD dose and simulated estimates of AUCss at various perturbations of sex, weight, formulation, patient status, and renal function, normalized to the AUCss of a typical 25-year-old, 90 kg, male patient, with normal renal function and receiving the preserved formulation of setmelanotide. Symbols represent the median relative AUCss and lines represent 95% confidence interval. Grey shaded area represents a 0.8 -1.25 reference range 
	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 151 of 215) 

	4.4.2.1.3.6 Matching of pediatric to adult setmelanotide exposures 
	4.4.2.1.3.6 Matching of pediatric to adult setmelanotide exposures 
	The applicant performed Monte-Carlo simulations of exposures in pediatric subjects using the final population PK model and a virtual subject population, created by randomly sampling weight/sex per age from a dataset of historical growth in patients with RGDO. The simulated pediatric exposures after 1, 1.5, 2, and 2.5 mg doses were compared to post-hoc estimates of the population PK dataset for subjects 17-60 years. Pediatric subjects were all assumed to have normal renal function. At each dose, the applican
	Table 23 
	Table 23 
	Table 23 

	Table 23 Probability of simulated pediatric exposure exceeding lower 10th percentile of adult exposure 
	Figure
	Source: Applicant’s population PK modeling report (Report Number: RPI0101F-Report-v1.1-Final; Page 78 of 215) 


	4.4.2.1.4 Reviewer’s comments 
	4.4.2.1.4 Reviewer’s comments 
	The reviewer finds the applicant’s model development steps and identification of covariate effects to be acceptable for prediction of exposures in specific populations and for exposure-response analyses. Therefore, the reviewer did not perform independent exploration of covariate effects. The reviewer repeated the applicant’s analyses and found similar results as those reported by the sponsor. 


	4.4.3 R.VI.W.R’S !N!LYS.S 
	4.4.3 R.VI.W.R’S !N!LYS.S 
	4.4.3.1 Exposure-response analyses for efficacy 
	4.4.3.1 Exposure-response analyses for efficacy 
	Exposure-response analyses for efficacy were conducted in order to determine if differences in setmelanotide exposures due to PK covariates (e.g. renal impairment and body weight) translates to meaningful differences in treatment outcomes. The specific objectives of exposure-response analyses are given below. 

	4.4.3.1.1 Objectives 
	4.4.3.1.1 Objectives 
	Objective of the reviewer’s exposure-response analyses were: 
	1. 
	1. 
	1. 
	To develop a model that can adequately describe historical growth data for subjects with RGDO. 

	2. 
	2. 
	To develop a model that can adequately describe weight changes during different treatment epochs. 

	3. 
	3. 
	To characterize variability in treatment related weight loss. 

	4. 
	4. 
	To determine factors associated with the variability in treatment related weight loss. 



	4.4.3.1.2. Data 
	4.4.3.1.2. Data 
	Historical growth data were available from 14 subjects with POMC/PSK1 genetic disorders (Study RM493012) and 13 subjects with LEPR disorder (Study RM493015). The data is shown in The data shows identical growth rate between subjects with POMC/PSK1 and those with LEPR genetic mutations. 
	Figure 27. 

	Figure 27. Probability of simulated pediatric exposure exceeding lower 10th percentile of adult exposure 
	Figure
	Source: Reviewer’s independent analyses 
	Data for weight profiles at different treatment epochs were available from 13 subjects in studyRM493012 and 13 subjects in study RM492015. The data is shown in that for most subjects, weight loss occurs during treatment induction and open label epochs. But during blinded epoch (subjects receives placebo treatment) most subjects gain weight. Finally, most subjects lose weight again when setmelanotide is re-started during the treatment epoch. 
	Figure 28. The figure shows 

	Figure 28 
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	Weeks since start of treatment 
	A. Placebo • Setmelanotide EPOCH • No record • Induction • Open label • Blinded • Treatment ~ 
	Source: Reviewer's independent analyses 
	4.4.3.1.3 Exploration of dose-response relationships. In the induction epoch setmelanotide was initiated at a lower dose (0.5mg or 1 mg) and titrated to maintenance dose (2 mg, 2.5 mg or 3 mg). This offers an opportunity to explore dose-response relationships. It is expected that the rate of weight loss would increase when dose is increased. This was investigated by visual inspection ofplots of weight change over-time overlaid on plots ofdose titration . 
	re 32)
	(Figure 
	29, Figure 30, Figure 31, Figu



	The following observations were made from Subject ltif<& did not lose weight until when dose was titrated from 1 mg to 2mg. Subject 111ns did not lose weight despite increasing dose from 1 to 2.5 mg. For most other subjects, weight loss occurred at the same rate since the sta1t of treatment. Rate of weight loss seems to be the same across the individuals. 
	Figure 29: 

	-27 
	Figure 29 Weight change plot overlaid on dose titration plot (1) 
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	The following observations were made from Subject 111ns did not lose weight until when dose was titrated from 0.5 mg to l.5mg. Dose was titrated down to 1 mg during the treatment epoch without rebound weight gain. Subject ltiJ<& lost weight since the sta1t oftreatment and despite decreasing the dose from 2.5 mg to 2 mg there were no rebound weight gain. For most other subjects, weight loss seemed to occur at the same rate since the strut of treatment across the individuals. 
	Figure 30: 
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	The following observations were made from Figure 31: Subject 
	The following observations were made from Figure 31: Subject 
	The following observations were made from Figure 31: Subject 

	>ne 
	did not lose weight for 


	bll&I lose weight immediately after treatment. The other 3 subjects lost weight after dose titration. 
	the first 8 and 24 weeks respectively despite dose titration to 2.5 mg. Subjects 

	Figure 31 Weight change plot overlaid on dose titration plot (3) 
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	Reviewer's independent analyses 
	The following observations were made from bH61 lost weight after titration while (bl\6 immediately lost weight after treatment initiation. 
	Figure 32: Subject 
	subject 

	Figure 32 Weight change plot overlaid on dose titration plot (4) 
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	Reviewer's independent analyses 
	Overall, the explorat01y plots do not show a consistent relationship between dose titration and weight loss. For some subjects, weight loss occurs immediately after staiting treatment with lowest dose, while for other subjects, weight loss occuned after dose titration. Thus exposure-response relationships were evaluated by modeling ofconcentration versus weight relationship using population methods. 
	4.4. 3.1.4 Modeling historical growth. Comprutment modeling was used to analyze the histo1ical growth data. A one comprutment model pai·ameterized by KIN (rate constant of weight gain) and KOUT (rate constant ofweight loss) was tested and found adequate to describe the obse1ved data. Based on was considered to increase to steady state for eve1y subject in the dataset. Since not eve1y subject had reached steady state weight before treatment, a steady state pru·ameter (SSWT) was estimated. The weight comprutm
	Figure 27, weight 

	biithweight were confined to be between 2.5 Kg to 5 Kg. Being an unidentifiable pru·ameter, KIN was not estimated but calculated from estimated SSWT and KOUT (KIN= SSWT/KOUT). NONMEM version 
	7.4 was used for estimation ofmodel pru·ameters. Individual subject parameters were estimated using the method of POPULATION WITH UNCONSTRAINED ETA as desc1ibed in NONMEM user's guide (Introduction to NONMEM 7.3.0, Robe1t J. Bauer, ICON development solutions, Hanover, Ma1yland, November 20, 2013). The medians of the estimated and calculated model pru·ameters ru·e 
	given in Table 

	24. 
	24. 
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	Table 24 Medians and Inter-quartile (IQR) ranges of parameter values for the historical growth model Parameters Median IQR 
	BASEWT 
	BASEWT 
	BASEWT 
	3.29 
	2.5 -3.49 

	SSWT 
	SSWT 
	169.11 
	169.05 -169.29 

	KIN 
	KIN 
	0.0012 
	0.001 -0.0016 

	KOUT 
	KOUT 
	0.000007 
	6e-06 -le-05 


	Reviewer's independent analyses 
	shows observed, and model predicted growth cmves for each individual. Generally, there is good agreement between observed and predicted data. 
	Figure 33 

	Figure 33 .Observed and model predicted growth curves from the historical growth data and model 
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	Reviewer's independent analyses 
	Reference ID 4669798 
	4.4.3.1.5 Modeling weight profiles during setmelanotide treatment. 
	4.4.3.1.5.1 Dataset preparation 
	For each subject empirical bayes estimates of PK parameters and individual historical growth parameters were joined to the weight loss dataset. The weight loss dataset contained the following information: Weight profiles during setmelanotide treatment, setmelanotide dosing, and intrinsic and extrinsic covariates. Two subjects were excluded from analysis for lack of PK information. Another 4 subjects were excluded from analysis for the following reasons: Subject
	 did not lose weight despite dose titration to 2.5 mg; Subject 
	Figure

	did not lose weight despite being on maximum tolerable dose for almost 20 weeks; Subject
	Figure

	 received treatment for 5 weeks and lost less than 2.5% of baseline body weight; subject 
	Figure

	regained weight after placebo treatment and did not lose weight after re-initiation of setmelanotide. The final dataset contained 11 subjects from study RM493012 and 10 subjects from study RM493015. 
	Figure

	4.4.3.1.5.2 Structural model. 
	The same structural model for historical growth was used to describe weight profile after treatment. To account for treatment related weight loss two submodels were tested; for the first submodel drug effect was modelled to decrease KIN, while for the second submodel drug effect increased KOUT. The second submodel provided better fit to the data than the first model. However, plots of predicted overlaid to observed weight profiles indicated underprediction of weight gain during placebo treatment. This impli
	max -relationship with parameters Emax, and EC50 to be determined. A schematic representation of the model is given in 
	Drug effect was assumed to follow an E
	Figure 34. 

	Figure 34 Schematic representation of the concentration vs weight model 
	Figure
	Source: reviewer’s independent analysis 
	During the modeling exercise it was discovered that model objective function minimized successfully only when EC50 was fixed to a very small value. For this reason, EC50 was fixed to 3.5 × 10and Emax max and KIN_FACT were max, KIN_FACT, and IIV parameters were fixed to allow robust estimation of EC50 and IIV for EC50. The estimated EC50 was 7.8 × 10, and was fixed to this value in all subsequent analyses. 
	−5 
	and KIN_FACT were estimated. Also, inter-individual variability for E
	estimated. Next, E
	−20

	4.4.3.1.5.3 Covariate model 
	Parameter-vs-covariate relationships were assessed by statistical analysis and visual inspection of ETAvs-covariate plots. Correlation among covariates were assessed by statistical analysis and visual inspection of covariate-vs-covariate plots. shows correlated covariates. 
	Figure 35 

	Figure
	Figure 35 Covariate versus covariate plots 
	Figure 35 Covariate versus covariate plots 


	Reviewer’s independent analyses 
	max (ETA1) are: formulation type (FORM), genotype (GENTYP), baseline BMI (BLBMI), weight (BLWT), adjusted body weight (BLABW) and age groups (AGEGRP). No covariate is related to ETA for KIN_FCT (ETA3). 
	Figure 36 
	Figure 36 

	shows that covariates related to ETA for E

	Figure 36 Etas versus covariates plots for the base structural model of concentration vs weight 
	Reviewer’s independent analyses 
	max was included first. This resulted in significant improvement in model fit as indicated by significant drop in objective function (𝛥𝑂𝐹𝑉 = −7.56). Inspection of covariate relations indicated that, after inclusion of max relationship, covariates still related with ETA1 were: BLBMI, BLWT, and BLADW. Due max relationship was selected for inclusion into the model. This led to further improvement in model fit (𝛥𝑂𝐹𝑉 = −24.1). No further covariate-parameter relations were observed from subsequent covaria
	Covariate relations were added into the model in a stepwise manner. The effect of genotype on E
	genotype-E
	to correlations among BLBMI, BLWT, and BLADW, BLWT-E

	4.4.3.1.5.4 Final model 
	max was the final model. Backward exclusion of covariates was not performed. Parameter estimates for the final model are given in  The parameters are well estimated as indicated by precision estimates (Relative standard error). The table shows that the population average for maximum decrease in body weight is about 28 Kg (LEPR subjects) and POMC subjects would lose 32% more weight on average max is higher for subjects with low BLWT max for subjects weighting 90 Kg would be 
	The covariate model after inclusion of genotype and baseline body weight as covariates on E
	Table 25.
	compared to LEPR subjects. The table also shows that E
	compared to subjects with high BLWT, e.g. typical E

	28.6 × (= 35Kg. 
	90/115)
	−0.84 


	Table 25 
	Table 25 
	Table 25 
	Parameter estimates and objective function Values final model of 

	concentration vs weight 
	concentration vs weight 

	Parameters 
	Parameters 
	Descriptions 
	Estimates (RSE) 

	OFV 
	OFV 
	Objective function value 
	3938.2 

	Emax (Kg) 
	Emax (Kg) 
	Maximum weight loss 
	28.6 (3%) 

	Ec50 (ng/mL) 
	Ec50 (ng/mL) 
	Concentration for half of Emax 
	7.8E-20 (fixed) 

	KIN_FCT 
	KIN_FCT 
	Ratio of rate constant of weight gain during treatment to before treatment 
	16.8 (3%) 

	ADDWT (Kg) 
	ADDWT (Kg) 
	Additive body weight residuals 
	1.6 (44%) 

	PROPWT (%CV) 
	PROPWT (%CV) 
	Proportional body weight residuals 
	0.018 (37%) 

	GENTYP_EFFECT 
	GENTYP_EFFECT 
	Ratio of Emax in POMC to Emax in LEPR 
	1.32 (25%) 

	BLWT_EFFECT 
	BLWT_EFFECT 
	Exponent for effect of baseline body weight on Emax (BLWT/115)^BLWT_EFFECT 
	-0.84 (12%) 

	BSV Emax (%CV) 
	BSV Emax (%CV) 
	Between subject variability for Emax 
	7.0% (47%) 

	BSV EC50(%CV) 
	BSV EC50(%CV) 
	Between subject variability EC50 
	33.3% (fixed) 

	BSV KIN FCT (%CV) 
	BSV KIN FCT (%CV) 
	Between subject variability KIN FCT 
	11.1% (19%) 


	Reviewer’s independent analyses 
	shows the goodness of fit plots for the final model. In general, the final model provided adequate fit of the observed data. 
	Figure 37 

	Figure 37 Goodness-of-fit plots for the final model of concentration vs weight 
	Figure
	Reviewer’s independent analyses 
	shows observed, and model predicted weight profiles for each individual dming setmelanotide treatment. Generally, there is good agreement between observed and predicted data. 
	Figure 38 

	Figure 38 .Observed and model predicted weight profiles during setmelanotide treatment 
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	4.4.3.1.6 .Reviewer's conclusion on exposme-response analyses 
	The exposure-response analyses have determined that weight loss in patients with RGDOB after setmelanotide treatment can be described by an indirect response model with drug effect affecting the rate ofweight loss. Drug effect is described by an Emax model and the results indicates that setmelanotide exposures at the proposed doses (Gav= 20.62 nglmL) are at the plateau ofthe dose response curve. These results imply that variability in treatment responses may not be due to PK covariates but to covariates for
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	4.5 Genomics and Targeted Therapy Review 
	EXECUTIVE SUMMARY 
	a New Drug Application (NDA 213793) for setmelanotide. 
	On March 27, 2020, FDA received Setmelanotide is a melanocortin-4 receptor (MC4R) agonist. The proposed indication is for the treatment of obesity associated with pro-opiomelanocortin (POMC), including proprotein 
	convertase subtilisin/kexin Type 1 (PCSK1), deficiency obesity or leptin receptor (LEPR) deficiency obesity in adults and children 6 years of age and older. 
	Variants in the POMC, PCSK1, and LEPR genes affect the MC4R pathway and cause rare genetic disorders of obesity that start early in childhood and progress over time. The Office of Clinical Pharmacology/Division of Translational and Precision Medicine (OCP/DTPM) has reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, and LEPR genes. We 
	generally concur with the applicant’s assessment of the pathogenicity of the genetic variants. 
	4.5.1 BACKGROUND 
	POMC deficiency obesity is caused by loss of function (LoF) mutations in the POMC gene. Mutations in POMC are very rare in the general population. In humans, null mutations in POMC gene lead to hyperphagia, early onset obesity, isolated adrenocorticotrophin (ACTH) deficiency, and hypopigmentation of skin and hair. Heterozygous carriers of null mutations have a significantly higher risk of being obese or overweight (PMID: 21633175). 
	Mutations in the PCSK1 gene result in missing melanocortin stimulating hormone (MSH) neuropeptide synthesis and/or processing (PMID: 11874690). Rare congenital deficiency of PCSK1 has been reported in less than 20 unrelated probands (carrying homozygous or compound heterozygous mutations) who presented with malabsorptive diarrhea, failure to thrive during early infancy associated with high mortality rate, severe early-onset obesity, polyphagia, central diabetes insipidus, hypogonadism, hyperproinsulinemia a
	Congenital leptin-receptor deficiency is characterized by severe, early-onset obesity associated with hyperphagia. Subjects are born with a normal birth weight but show rapid weight gain in the first months of life, which results in severe obesity. The key features are hyperphagia and impaired satiety (PMID: 21633175). About 3% of patients with severe obesity have LoF mutations in the LEPR gene. Setmelanotide is a synthetic, cyclic octapeptide (8-amino acid-containing peptide) that functions as a MC4R agoni
	The applicant identified 
	as the Rhythm-preferred CLIA-LDT laboratory for 
	Figure

	post-NDA genetic testing. The American College of Medical Genetics and Genomics (ACMG) guidelines were utilized by 
	for the interpretation of sequence variants and the impact on pathogenicity in the POMC, PCSK1, and LEPR genes. ACMG developed recommendation for classification and use of standard terminology-“pathogenic”, “likely pathogenic”, “uncertain significance”, “likely benign”, and “benign”-to describe variants identified in genes that cause Mendelian disorders (PMID: 25741868). 
	Figure

	4.5.2 SUBMISSION CONTENTS RELATED TO GENOMICS 
	On May 05, 2020, DTPM asked the applicant in an Information Request (IR) to provide the document with the sequence variants interpretation for all subjects included in studies RM-493-012 and RM-493
	015. The FDA received response to the IR on May 20, 2020. DTPM has reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, and LEPR genes. 
	4.5.3 REVIEW OF EVIDENCE FOR SEQUENCE VARIANT INTERPRETATION 
	4.5.3.1 American College of Medical Genetics and Genomics (ACMG) pathogenicity classification 
	In 2015, ACMG in collaboration with the Association for Molecular Pathology (AMP), and the College of American Pathologists, published revised guidelines for the interpretation of sequence variants (PMID: 25741868). These recommendations primarily apply to the genetic tests used in clinical laboratories, including genotyping, single genes, panels, exomes, and genomes. The ACMG guidelines recommend the use of specific standard terminology-“pathogenic”, “likely pathogenic”, “uncertain significance”, “likely b
	Table 27 
	Table 28)

	Table 27 American College of Medical Genetics and Genomics (ACMG) criteria for classifying pathogenic and benign variants 
	Table 27 American College of Medical Genetics and Genomics (ACMG) criteria for classifying pathogenic and benign variants 
	Table 27 American College of Medical Genetics and Genomics (ACMG) criteria for classifying pathogenic and benign variants 

	PVSI PSI PS2 PS3 PS4 PM I PM2 PM3 PM4 PMS PM 6 PPI PP2 PP3 PP4 PPS BAI BSI BS2 BS3 BS4 BPI BP2 BP3 BP4 BPS BP6 BP 7 
	PVSI PSI PS2 PS3 PS4 PM I PM2 PM3 PM4 PMS PM 6 PPI PP2 PP3 PP4 PPS BAI BSI BS2 BS3 BS4 BPI BP2 BP3 BP4 BPS BP6 BP 7 
	E"i dence of pathogenicity Very stron!! Certain types ofvariants (e.g., nonsense, frameshift, canonical ±1 or 2 splice sites, initiation codon, single exon or multiexon deletion) can often be assumed to disrupt gene function by leading to a complete absence ofthe 2ene oroduct bv lack oftranscriotion or nonsense-mediated decav ofan altered transcriot. Strool! Same amino acid chan"e as a oreviously established oathogenic variant regardless ofnucleotide change (e.g., Val-+Leu caused by either G>C or G>T in the


	Source: Reviewer-generated table based on PMID: 25741868. 
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	Table 28 American College of Medical Genetics and Genomics (ACMG) rules for combining criteria to classify sequence variants 
	Patho enic (i) 1 Very strong (PVSl) AND (a) 2:1 Strong (PS1-PS4) OR (b) ::::2 Moderate (PM1-PM6) OR (c) 1 Moderate (PM1-PM6) and 1 Supporting (PPl-PPS) OR (d) ::::2 Supporting (PPl-PPS) (ii) ::::2 Strong (PS1-PS4) OR (iii) 1 Strong (PS1-PS4) AND (a)2:3 Moderate (PM1-PM6) OR (b)2 Moderate (PM1-PM6) AND ::::2 Supporting (PPl-PPS) OR c 1 Moderate M l-PM6 AND!:'.4 Su ortin Pl-PPS (i) 1 Verystrong(PVSl)AND 1 Moderate(PM1-PM6)0R (ii) 1 Strong (PS1-PS4) AND 1-2 Moderate (PM1-PM6) OR (iii) 1 Strong (PS1-PS4) AND ::
	Source: Reviewer-generated table based on PMID: 25741868. *The terms "likely pathogenic" and "likely 
	benign" should be used to refer to >90% certainty ofa variant either being disease-causing or benign. 
	4.5.3.2 Summary ofsequence variants interpretation 
	Th (bll' laborat01y utilized a next generation sequencing-based in vitro diagnostic for detection of gennline nucleotide substitutions, sho1t inse1tions and deletions, and copy number variants (CNVs) in POMC (including PCSKl) and LEPR genes. Inclusion criteria for patients' emollment in the Phase 3 studies, RM493-012 and RM493-015, was based on bi-allelic, homozygous or compound heterozygous genetic status for either the POMC, PCSKl or LEPR genes, with the LoF variant for each allele confening a severe obes
	41
	(see Table 29). Per the 

	Reviewer's comme11ts: The reviewer generally concurs with the applicant's assessment ofthe 
	pathogenicity ofthe genetic variants presented in Table 3. Assessment ofpathogenicity should be 
	determined based on the entire body ofevidence in aggregate (e.g., association with the phenotype, 
	population frequency data, computational, andfunctional data). As part ofthe medical practice, 
	clinicians consider multiple sources ofinformation to form a diagnostic conclusion. In addition, 
	clinicians are accustomed to making recommendations based on some level ofuncertainty. 
	Most ofthe observed variants in studies RM493-012 and RM493-015 were "private". Besides publication ofa single case control study for a "private" mutation, no additional data were available in the published literature. The type ofmutations (e.g., deletions, truncations,frameshift mutations) are highly 
	Reference ID 4669798 
	likely to cause disease and are considered to be pathogenic. Based on the ACMG guidelines, “likely pathogenic” category should be restricted to variants where the data support a high likelihood (>90% 
	certainty) that variants are pathogenic. In contrast, when a variant does not fulfill criteria for using terms 
	“pathogenic” or “likely pathogenic “and cannot be classified as “benign” or “likely benign”, especially 
	in the context of the observed phenotype, the variant assessment may default to categorization as a 
	“variant of uncertain significance”. Classification of variants with some level of uncertainty (e.g., likely 
	pathogenic, variant of uncertain significance) may require a reevaluation based on accumulation of additional evidence. 
	Given that variant pathogenicity is not clearly established for many patients who may benefit from 
	setmelanotide (i.e., patients carrying “variants of unknown significance”), clinical evaluation and implementation of  the “stopping rule” might be beneficial for management of setmelanotide therapy (i.e., 
	reevaluate drug risk/benefit if  patient does not reach a certain weight loss goal within a given timeframe and consider drug discontinuation). 
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	ACMG-American College ofMedical Genetics and Genomics ; POMC-Pro-opiomelanoco1tin; PCSKl -Proprotein Convertase Subtilisin/Kexin Type l; LEPR-Leptin Receptor; Hom-Homozygous; Het-Heterozygous; dup-duplication; del-deletion; Path-Pathogenic; VOUS-Variant of Uncertain Significance; PG-Prevention Genetics; *nonsense variant. 
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	4.5.4 SUMMARY AND CONCLUSIONS 
	Human genetics studies have identified several diseases that are the result of genetic defects affecting the MC4R pathway, including POMC, PCSK1 deficiency obesity, and LEPR deficiency obesity. These MC4R pathway mutations cause rare genetic disorders of obesity that start early in childhood and progress over time and can become life-threatening in severity. 
	Setmelanotide is a synthetic, cyclic octapeptide that functions as a MC4R agonist. The applicant has conducted 2 pivotal Phase 3 studies, one in patients with POMC deficiency obesity (including 1 patient with PCSK1 deficiency obesity), study RM-493-012, and another in patients with LEPR deficiency obesity, study RM-493-015. Efficacy results from the pivotal studies demonstrated that setmelanotide 
	induced clinically meaningful weight loss 
	populations. 
	Implementation of the ACMG guidelines for classification and interpretation of sequence variants in the POMC, PCSK1, and LEPR genes was utilized by the 
	laboratory. 

	 in these patient 
	DTPM has reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, and 
	LEPR genes submitted as an IR. We concur with the applicant’s assessment of the pathogenicity of the 
	genetic variants. 
	Given that variant pathogenicity is not clearly established for many patients who may benefit from setmelanotide (i.e., patients carrying “variants of unknown significance”), clinical evaluation and implementation of the “stopping rule” might be beneficial for management of setmelanotide 
	therapy (i.e., reevaluate drug risk/benefit if patient does not reach a certain weight loss goal within a given timeframe and consider drug discontinuation). 
	Signature Page 1 of 1 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	/s/ 
	SURYANARAYANA M SISTA 09/11/2020 04:53:47 PM 
	ELIFORD N KITABI 09/11/2020 09:48:32 PM 
	KATARZYNA DROZDA 09/12/2020 09:48:37 AM 
	CHRISTIAN GRIMSTEIN 09/12/2020 09:55:35 AM 
	JUSTIN C EARP 09/12/2020 11:36:38 AM 
	JAYABHARATHI VAIDYANATHAN 09/12/2020 01:51:25 PM 
	SHIRLEY K SEO 09/14/2020 09:19:39 AM 










