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1. Benefit-Risk Assessment 
Benefit-Risk Assessment Framework 
Benefit-Risk Integrated Assessment 

 
Imcivree (setmelanotide) is a subcutaneous injection formulation of setmelanotide, a peptide agonist to the human melanocortin-4 receptor (MC4R).   
The melanocortins are a family of hormones derived from pro-opiomelanocortin (POMC) that regulate energy homeostasis, hunger, and body weight, and 
include α-melanocyte-stimulating hormone (α-MSH), the endogenous ligand for the MC4R. Leptin regulates hunger, satiety, energy expenditure, and body 
weight partly via the leptin receptor (LEPR) expressed on POMC neurons in the hypothalamus. Proprotein convertase subtilisin/kexin type 1 (PCSK1) is a 
protease involved in processing pro-peptides, including POMC.  
 
POMC deficiency, PCSK1 deficiency, and LEPR deficiency are caused by loss-of-function mutations in the POMC, PCSK1, and LEPR genes, respectively.  These 
disorders cause hyperphagia and early onset obesity due to reduced or absent α-MSH signaling at MC4R.  Currently, there is no approved treatment for 
POMC, PCSK1, or LEPR deficiency. 
 
The submission consisted of two nearly identically designed phase 3 studies conducted in two populations.  Study RM-493-012 (Study 012) enrolled patients 
with severe obesity phenotype and biallelic, homozygous, or compound heterozygous loss-of-function mutations in the POMC or PCSK1 genes.  Study RM-
493-012 (Study 015) enrolled patients with severe obesity phenotype and biallelic, homozygous, or compound heterozygous loss-of-function mutations in 
the LEPR gene.  Both studies were single-arm, open-label, 1-year studies.  After dose titration and 10 weeks of open-label treatment, patients who achieved 
at least a 5-kg weight loss (or at least 5% if baseline body weight <100 kg) entered a double-blind period, consisting of 4 weeks on active treatment and 4 
weeks of placebo.  After the double-blind period, patients resumed open-label treatment. 
 
The application provides substantial evidence of effectiveness of weight loss in the intended population. In the primary analysis, 80% of patients with POMC 
or PCSK1 deficiency in Study 012 and 45% of patients with LEPR deficiency in Study 015 achieved ≥10% weight loss from baseline at 1 year. The 95% 
confidence intervals excluded a historical control responder rate of 5%.  There were no missing data in Study 012, and sensitivity analyses of Study 015 did 
not alter the conclusions.  We consider 10% weight loss to constitute a clinically meaningful effect for these patients.   
 
Despite the open-label design of the studies and use of external controls, the observed effect sizes were striking for these rare genetic conditions, where the 
natural history of progressive weight gain is well-characterized and quite predictable.  Weight loss of the magnitude experienced by these patients, and 
sustained for a year, would be highly unlikely to occur in the absence of pharmacologic treatment.  Even in a general (non-syndromic) obese and overweight 
population, results of this magnitude would be highly unusual in the absence of treatment.  For example, in clinical trials of weight-loss products to support 
registration for a weight management indication, patients assigned to placebo (on a background standard-of-care diet and exercise program) experienced 
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mean weight loss of 1.2% to 2.5% at one year.1 
 
The key secondary weight-loss endpoint also achieved statistical significance at an alpha level of 0.05. Mean Percent Change in weight from baseline to 1 
year was -23.1% in Study 012 and -9.7% in Study 015. The double-blind withdrawal period provided supportive evidence of the effect of setmelanotide on 
weight loss in the study populations, as it allowed each subject to serve as his or her own control. In both studies, patients experienced an increase in body 
weight with double-blind withdrawal of study drug, and a decrease in weight after the study drug was resumed. 
 
Results for the secondary hunger endpoints do not provide substantial evidence of effectiveness, although the data are suggestive of a salutary effect.  Given 
the subjectivity of the endpoint, the open-label study was unable to distinguish the treatment effect from expectation bias and outside influences.  
Moreover, missing data, the absence of a historical control, and limitations of the PRO instrument limit estimation of a clinically meaningful treatment 
effect.  Nevertheless, the double-blind, placebo withdrawal data suggest that setmelanotide reduces hunger in some patients with POMC, PCSK1, and LEPR.  
Some patients whose hunger scores improved during open-label treatment experienced worsening hunger scores during the double-blind placebo period, 
which improved when study drug resumed.  Hunger results were highly variable, however, and not always consistent with weight loss.  Changes in metabolic 
parameters were favorable and supportive of the primary weight loss endpoint. 
 
The safety profile of setmelanotide supports approval for weight loss in the intended population.  The most common safety issues, including the risk of 
depression and suicidal ideation, can be addressed in labeling.  Although the safety database is exceedingly small, the identified adverse reactions are 
monitorable.  The most common adverse reactions (injection site reactions, hyperpigmentation, and gastrointestinal disorders) are relatively minor.  Overall 
the findings indicate a favorable benefit-risk profile in the indicated population, given the large treatment effect and lack of approved treatments.  

 Labeling should include a stopping rule for patients 
with POMC, PCSK1, or LEPR variants who do not experience clinically meaningful weight loss. A thorough QT study is required and will be addressed with a 
postmarketing requirement. 
 
All other review disciplines recommend for approval, including the Office of Pharmaceutical Quality (OPQ), Pharmacology/Toxicology, and Clinical 
Pharmacology. Pharmacology/Toxicology recommends a post-marketing requirement (PMR) for submission of the final report of a recently completed 
carcinogenicity study. The Office of Biotechnology Products concluded that the anti-RM-493 ADA assay is not suitable for its intended use and recommends 
a postmarketing commitment (PMC) to improve setmelanotide confirmatory assay reliability and reproducibility. 
 
A companion diagnostic is under development to identify eligible patients in the labeled population and reduce the likelihood of exposure in patients who 
are unlikely to benefit.   Approval of the companion diagnostic will be 
a postmarketing commitment. 

  
                                                 
1 US Prescribing Information for Contrave (naltrexone and bupropion), Qsymia (phentermine and topiramate extended release), and Belviq (lorcaserin) 
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2. Background 
 
Imcivree (setmelanotide) is a formulation of setmelanotide intended for subcutaneous 
injection.  Setmelanotide is a synthetic, cyclic octapeptide (8-amino acid-containing peptide) 
that functions as an agonist to the human melanocortin-4 receptor (MC4R).  MC4R is 
expressed primarily in the brain, but expression has also been reported in muscle, kidney, and 
lung.  
 
The melanocortins are a family of peptide hormones derived from a common precursor, pro-
opiomelanocortin (POMC), that include adrenocorticotropic hormone (ACTH), α-melanocyte-
stimulating hormone (α-MSH), β-MSH, and γ- MSH.  Melanocortins regulate energy 
homeostasis, hunger, and body weight, predominantly via MC4R.  Setmelanotide is an analog 
of α-MSH, the endogenous ligand for the MC4R.  
 
According to the applicant, setmelanotide has the potential to restore activity in the MC4R 
pathway by bypassing defects upstream of the MC4R and directly activating MC4R neurons in 
the hypothalamus, thereby establishing weight and appetite control in patients with obesity due 
to genetic syndromes, including POMC, proprotein subtilisin/kexin type-1 (PCSK1), and 
leptin-receptor (LEPR) deficiency. 
 
POMC deficiency is caused by loss-of-function mutations in the POMC gene. Mutations in 
POMC are very rare in the general population.  Null mutations in POMC gene lead to 
hyperphagia, early onset obesity, isolated ACTH deficiency, and hypopigmentation of skin 
and hair.  Heterozygous carriers of null mutations have a significantly higher risk of being 
obese or overweight. 
 
Mutations in the PCSK1 gene result in missing MSH neuropeptide synthesis or processing. 
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. 
 
Congenital LEPR deficiency is characterized by severe, early-onset obesity associated with 
hyperphagia and impaired satiety.  Patients are born with a normal birth weight but show rapid 
weight gain in the first months of life, which results in severe obesity.  Additional phenotypic 
features include frequent respiratory infections, altered immune function, insulin resistance, 
type 2 diabetes, normal linear growth but reduced adult height, and delayed puberty due to 
hypogonadotropic hypogonadism.   
 
Currently, there is no approved treatment for POMC, PCSK1, or LEPR deficiency or their 
manifestations.  Severe and early increases in body weight are expected to increase morbidity 
and mortality due to cardiometabolic risk factors, although life-expectancy is not well 
characterized because of the extreme rarity of these conditions.  There is no evidence that 
drugs approved for general obesity are effective in this population.  Bariatric surgical 
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approaches are considered ineffective long-term because the extreme hunger in patients with 
POMC and LEPR deficiency persists post-surgery, resulting in continued excessive food 
consumption and, in some cases, surgical complications. 
 

Key Regulatory History: 
• On October 12, 2011, Rhythm Pharmaceuticals opened IND 112595 to pursue 

development of RM-493 for treatment of obesity. 
• On April 4, 2016, FDA granted Orphan Drug Designation for treatment of POMC- 

deficiency obesity due to mutations in the POMC gene. 
• On Dec 18, 2016, FDA granted Breakthrough Therapy Designation (BTD) for 

treatment of POMC-deficiency obesity.  
• On May 1, 2017, FDA expanded the BTD designation to disorders involving genetic 

defects upstream of the melanocortin-4 receptor in the leptin-melanocortin pathway 
• On August 7, 2019, FDA Granted Rolling Review for the planned New Drug 

Application. 
• On September 27, 2019 FDA held a Type B pre-NDA meeting for Rhythm to obtain 

guidance and reach agreement on the organization and presentation of data in the 
application. 

• On January 29, 2020, Rhythm submitted a final amended request for Rare Pediatric 
Disease Priority Review Voucher, to treat children with POMC-deficiency obesity and 
LEPR-deficiency obesity to the FDA Office of Orphan Products. 

 

3. Product Quality 
The Office of Pharmaceutical Quality (OPQ) recommends approval, and I concur with their 
recommendation.  For details of the OPQ quality assessments, refer to the Integrated Quality 
Assessment authored by the Application Technical Lead, Dr. Muthukumar Ramaswamy, and 
signed August 25, 2020, and the individual discipline reviews.  The following summarizes the 
key findings. 
 
In his review, Dr. Ramaswamy provided a description of the drug product and drug substance.  
Imcivree (setmelanotide) injection is  solution with pH 5 to 6.  The excipients are 
N-(carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl glycero-3-
phosphoethanolamine sodium salt (mPEG-2000-DSPE), carboxymethyl cellulose (CMC), 
mannitol, phenol, benzyl alcohol, and  edetate water for injection.  
 
The proposed commercial formulation is a sterile solution available as a 10 mg/mL multi-dose 
vial for administration using a  syringe.  Unopened Imcivree 
should be stored at 2ºC to 8ºC (36ºF to 46ºF) in the original carton,  

 
 
The drug substance, setmelanotide acetate, is synthesized by  

  The chemical name is acetyl-L-
arginyl-L-cysteinyl-D-alanyl-L-histidinyl-D-phenylalanyl-L-arginyl-L-tryptophanyl-L-
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Dr. Hallett concluded that the anti-RM-493 ADA assay is not suitable for its intended use, 
because of intra-assay variability of the confirmatory assay, rendering the results 
uninterpretable, and that the applicant will need to address the confirmatory assay methods in 
order to establish reproducibility and interpretability of the ADA data.  Dr. Hallett 
recommends a postmarketing commitment (PMC) to improve the reliability and 
reproducibility of the setmelanotide confirmatory assay. 
 
Dr. Hallett concluded that the anti-alpha-MSH antibody assay is suitable for its intended use, 
and that the anti-RM-493 NAb assay is suitable for its intended use for adult samples with less 
than 10 ng/mL of serum RM-493.  The assay was not validated with pediatric serum and 
results of the NAb assay for pediatric samples will need to be assessed on a case-by-case basis 
to confirm adequate cut-point establishment. 
 
The applicant has been unable to develop an anti-mPEG-DSPE antibody assay and will no 
longer pursue its development.  Dr. Hallett concluded that because mPEG-DSPE is an 
excipient, the development of antibodies to PEG will not impact product potency and is low 
risk. 

4. Nonclinical Pharmacology/Toxicology 
The Pharmacology/Toxicology reviewer, Dr. Shaji Theodore, recommends approval of 
setmelanotide, with a post-marketing requirement (PMR) for a carcinogenicity study.  I concur 
with his recommendation.  Refer to his review signed September 28, 2020 for details.  The 
following summarizes the major findings from Dr. Theodore’s review, relevant to 
approvability and labeling. 

Nonclinical pharmacological findings predict a response in genetic forms of obesity with 
reduced melanocortin production.  In vitro, setmelanotide binds to human MC4R and activates 
the receptor.  In mice lacking MC4R function due to gene deletion, setmelanotide produced no 
pharmacological effects, whereas in rat and monkey models of obesity with intact MC4R 
function, setmelanotide produced dose-dependent decreases in food intake and body weight.  
Decreases in body weight in obese mice were associated with decreases in adiposity, and 
improved glucose tolerance and insulin sensitivity.  

Dr. Theodore’s summary of safety pharmacology, including off-target effects, was generally 
reassuring.  There were no notable CNS effects in rats at exposures up to 250 times higher 
than clinically relevant exposures, and no effects on heart rate or blood pressure in safety 
pharmacology and chronic toxicity studies in monkeys.   
 
Setmelanotide activated human MC1R and MC3R in vitro with 20-fold lower potency 
compared to MC4R, but had no detectable activity at human MC2R and MC5R.  Following 
chronic dosing, setmelanotide caused a reversible, dose-dependent increase in skin 
pigmentation in monkeys, without evidence of melanocyte hypertrophy or hyperplasia.  Dr. 
Theodore identified no other potential for off-target effects at clinically relevant doses. There 
were no abuse-related behavioral changes in nonclinical studies, and abuse potential at higher 
doses in humans is limited by dose-dependent nausea. 
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Aside from injection-site reactions, Dr. Theodore identified no important systemic toxicity in 
chronic toxicity studies, juvenile toxicity studies, or reproductive and developmental toxicity 
studies.  
 
Severe injection-site reactions associated with a novel excipient, mPEG-DSPE, limited the 
maximum doses of the setmelanotide clinical formulation to 3 mg/kg/day in rats and 1 
mg/kg/day in monkeys (9- and 26-times clinical exposures at the MRHD of 3 mg) in chronic 
toxicity studies.  Setmelanotide formulated in saline was used to allow administration of 
higher doses of 15 mg/kg/day in rats and 3 mg/kg/day in monkeys (49-times and 38-times 
MRHD, respectively).  The saline formulation also caused injection site reactions, but of less 
severity.   
 
Juvenile toxicity studies in rats identified no new target organs compared to adults, and no 
adverse effects on growth, organ development, or behavior at doses up to 15 mg/kg/day 
setmelanotide in saline and at 3 mg/kg/day with mPEG-DSPE (33- and 7-times the MRHD).    
 
Reproductive toxicity studies in rats and rabbits demonstrated no adverse effects up to the 
highest dose of 5 mg/kg/day (11-times the MRHD), despite expected, dose-related reductions 
in maternal food consumption and body weight gain.  There were no effects on male fertility in 
the chronic rat toxicity study.  In an embryo-fetal development study of setmelanotide in 
rabbits, there was no evidence of any adverse effects independent of effects associated with 
reduced maternal body weight gain.    
 
In a pre- and post-natal development toxicity studies in rats, a dose-dependent decrease in 
body weight gain and food consumption was observed during the gestation period in maternal 
animals at clinical exposures, but reproductive performance and pup viability were not 
affected, and there were no notable adverse findings in the F1 generation at up to the highest 
dose of 5 mg/kg/day (7-times the MRHD).  
 
Setmelanotide was not genotoxic in standard assays.  Dr. Theodore concluded that the weight 
of evidence indicates minimal carcinogenic concern for setmelanotide in the intended 
population.  A carcinogenicity assessment in a 6-month Tg rasH2 mouse study, and possibly a 
lifetime rat study (depending on the outcome of the Tg mouse study), will be conducted under 
a post-marketing requirement (PMR) to assess carcinogenicity. 
 

5. Clinical Pharmacology  
The Office of Clinical Pharmacology review team found the clinical pharmacology data 
submitted acceptable to support approval of the NDA.  I concur with their recommendation.  
Refer to the Office of Clinical Pharmacology review, authored by Dr. Sury Sista, Dr. Eliford 
Kitabi, and Dr. Katarzyna Drozda, for details of the review. 

Dr. Sista was the primary clinical pharmacology reviewer.  He concluded that the primary 
evidence of effectiveness for the proposed dosing regimen from the two pivotal efficacy 
studies conducted in patients with POMC/PCSK1- and LEPR-deficiency obesity demonstrated 
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that setmelanotide was effective on the primary endpoint in adults and children 6 years of age 
and older. The to-be-marketed formulation is the same as the clinical trial formulation that was 
used in several clinical pharmacology studies and all Phase 3 clinical studies. 
 
Per Dr. Sista’s review, setmelanotide should be injected subcutaneously once daily, at the 
beginning of the day, without regard to the timing of meals, in the abdomen, thigh, or arm, 
rotating to a different site each day.  The drug product should not be administered 
intravenously or intramuscularly.  If a dose is missed, the once daily regimen should be 
resumed as prescribed with the next scheduled dose.  
 
For adult patients and pediatric patients 12 years of age and older, the recommended starting 
dose is 2 mg once daily by subcutaneous injection.  After 2 weeks, the dose can be increased 
to 3 mg once daily.  If dose escalation is not tolerated, patients may maintain administration of 
the 2-mg once daily dose. 
 
For pediatric patients ages 6 to 11, the starting dose of IMCIVREE is 1 mg once daily by 
subcutaneous injection. After 2 weeks, the dose can be increased to 2 mg once daily.  If the 
dose is tolerated and additional weight loss is desired, the dose may be increased to 3 mg once 
daily.  The proposed doses in pediatric populations are supported 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.  Setmelanotide was 
not evaluated in hepatic impairment. 
 
Dr. Sista summarized Absorption, Distribution, Metabolism, and Excretion (ADME).  Key 
issues are summarized here.  Following subcutaneous injection, plasma concentrations of 
setmelanotide reach maximum concentrations at a median Tmax of 8.0 hours after dosing.  
Steady-state plasma concentrations of setmelanotide are achieved within 2 days, and 
accumulation over 12 weeks is approximately 30%.  Setmelanotide generally exhibits dose 
proportional PK following multiple-dose subcutaneous administration in the proposed dose 
range (1-3 mg daily).  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, M19 and M7, were observed in a small number of subjects.  The total 
apparent steady-state clearance of setmelanotide is about 4.86 L/h.  At steady state, 
approximately 39% of the administered setmelanotide dose is renally eliminated as unchanged 
drug within 24 hours post-dose. 
 
The mechanism of action outlined in the Clinical Pharmacology review is consistent with the 
clinical data.  The MC4 pathway serves a critical role in the control of food intake and energy 
balance.  Activation of MC4R, the final step in the signaling pathway, decreases appetite and 
caloric intake, and increases energy expenditure.  Under normal conditions, POMC neurons 
are activated by brain satiety signals, with the hormone leptin acting through LEPR.  POMC 
neurons produce a protein that is specifically processed by the PCSK1 enzyme into 
melanocyte stimulating hormone, or MSH, the natural ligand, or activator, for MC4R. When 
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genetic mutations disrupt this pathway, the result is dysregulation of appetite and severe 
obesity.  Setmelanotide targets MC4R, with the putative effect of restoring regulation of food 
intake and energy balance via the pathway. 
 
Short-term administration of setmelanotide increases resting energy expenditure (REE) and 
shifts substrate oxidation to fat in obese individuals.  Setmelanotide increased mean resting 
energy expenditure (REE) vs. placebo by 111 kcal/24h (6.4%).  Total daily energy expenditure 
(EE) trended higher while the thermic effect of a test meal and exercise EE did not differ 
significantly.  No adverse effects on heart rate or blood pressure were observed. 
 

Clinical Immunogenicity 
Immunogenicity to setmelanotide was evaluated in a majority of the clinical trials in the 
development program.  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).  
There were no observations of a rapid decline in measured setmelanotide concentrations, 
which would indicate a possible emergence of ADA to setmelanotide.  A small number of 
samples tested positive for antibodies to α-MSH (2.5%), which were present both pre- and 
post-treatment with setmelanotide.  No relationship was found between any ADA parameters 
assessed (ADA to setmelanotide, neutralizing ADA to setmelanotide, and antibodies to α-
MSH) and PK, PD, efficacy, or risk of adverse events with setmelanotide. 

Genomics 
The Division of Translational and Precision Medicine (DTPM) reviewer, Dr. Katarzyna 
Drozda reviewed the genetic testing used to select patients for the pivotal studies and the 
marketed product.  The applicant identified  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  for the interpretation of 
sequence variants and the impact on pathogenicity in the POMC, PCSK1, and LEPR genes, 
using standard terminology–pathogenic, likely pathogenic, uncertain significance, likely 
benign, and benign–to describe variants identified in genes that cause Mendelian disorders. 
 
DTPM reviewed the pathogenicity assignment of the genetic variants in the POMC, PCSK1, 
and LEPR genes submitted and concurs with the applicant’s assessment of the pathogenicity of 
the genetic variants.  Because variant pathogenicity is not clearly established for many patients 
who may benefit from setmelanotide (i.e., patients carrying “variants of unknown 
significance”), DTPM recommends clinical evaluation and implementation of a stopping rule 
for management of setmelanotide therapy (i.e., drug discontinuation in patients who do not 
achieve a threshold weight loss within a specified timeframe).  Additionally, DTPM 
recommends a companion diagnostic to identify eligible patients, to ensure safe use of 
setmelanotide by reducing exposure in patients unlikely to benefit.  DTPM revised the 
proposed indication to describe the indicated genetic variants for consistency with the enrolled 
population in the pivotal studies. 
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South Asian [Study 015]), and one patient in Study 012 was Hispanic or Latino ethnicity.  One 
patient in Study 012 was enrolled in the US, and all others (including all patients in Study 015) 
were enrolled in other countries (Germany, France, Belgium, Canada, and Spain).  Refer to Dr. 
Galescu’s review for additional details. 
 
The median age of patients in the pivotal cohort of Study 012 was 16.5 years of age (range 11 
to 30 years), and two patients were less than 12 years of age.  Mean baseline BMI was 40.4 
kg/m2 (range 26.2 to 53.3 kg/m2).  Nine patients had mutations in POMC, and one patient had 
a PCSK1 mutation.  In Study 015, the median age in the pivotal cohort was 23.0 years (range 
13 to 37 years).  Mean BMI was 48.2 kg/m2 (range 35.8 to 64.6 kg/m2).  All patients had 
mutations in LEPR. 
 
Although patients in the supplemental cohorts of the two trials did not contribute to the 
evaluation of efficacy, key demographic and baseline characteristics are presented here for 
reference, as these patients inform the Safety section of this review.  In Study 012, three of the 
four supplemental patients were male, three patients were non-white (2 Turkish, 1 not 
reported), and one patient was Hispanic or Latino ethnicity.  All four patients were enrolled at 
non-US sites (Spain, France, Belgium).  The median age was 14.5 years (range 10 to 29 years), 
and 2 patients were less than 12 years of age.  Mean baseline BMI was 39.0 kg/m2 (range 34.4 
to 42.7).  Three patients had POMC deficiency, and one patient had a (presumed) PCSK1 
mutation.  In Study 015, both supplemental patients were male, ages 13 and 23, of unknown 
race and ethnicity, and enrolled in France.  BMIs were 42.4 and 69.7 kg/m2.  
 

Primary Efficacy Endpoint and other Weight-Loss Endpoints 
Both the Applicant and the FDA statistical review analyzed the primary endpoint on the FAS 
in the two pivotal studies.  Using the Applicant’s analyses, both studies met the primary 
objective at the predefined level chosen to denote statistical significance.  In the FDA 
Statistical Review, Dr. He also concluded that the two studies achieved the primary objective. 
Table 1 Summarizes these results.  
 
The applicant calculated a 90% confidence interval (CI) for the proportion of responders using 
the Clopper-Pearson (exact) method and compared it to a historical response rate.  In order to 
draw statistical inference, a 5% historical control response was assumed (i.e., statistical 
significance would be met if the lower bound of the CI was larger than 5%).  Dr. He agreed 
that the historical response assumption is reasonable, as the data provided by the Applicant 
suggest that 0% of POMC or LEPR patients would be expected to experience at least 10% 
weight loss in one year without intervention.  The Applicant’s assumption relied on published 
literature data supplemented by historical data from 24 patients enrolled in the clinical 
program, demonstrating 6 occurrences of more than 10% weight loss in one year over 315 
patient-years of follow up (<2% per patient-year), with 5 of the 6 occurrences following 
bariatric surgical interventions not allowed during these Study.  Dr. He conducted additional 
analyses, and this review summarizes the differences from the Applicant’s approach.  For 
details of statistical methods, refer to the FDA statistical review.  
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Dr. He concluded that 8 out of 10 (80%, 95% CI: 44.4%, 97.5%) patients with POMC or 
PCSK1 deficiency in Study 012, and 5 out 11 (45%, 95% CI: 16.8%, 76.6%) patients with 
LEPR deficiency in Study 015 achieved ≥10% weight loss from baseline at 1 year.  Table 1 
summarizes these data. 
 
Table 1: Proportion of Patients Achieving at Least 10% Weight Loss at 1 Year (Full Analysis Set) 

 Study 012 
N=10 

Study 015 
N=11 

Number (%)  8 (80) 5 (45.5)1 

90% CI2 (49.3, 96.3) (20.0, 72.9) 
95% CI2 (44.4, 97.5) (16.8, 76.6) 
One-sided p-value3  <0.0001 0.0001 
1. Two subjects with missing value for body weight at 1 year: One patient who discontinued the study early 

due to AE was considered a non-responder. The other patient who died from injuries following a motor 
vehicle accident (passenger) considered a responder using linear extrapolation 

2. From the Clopper-Pearson (exact) method 
3. From exact binomial test, testing the null hypothesis: Proportion =5%. 
Source: FDA Statistical Review, Table 3, p. 10 

 
 
There were no missing data for Study 012.  For Study 015, the applicant imputed missing 
values related to study drug as 0 change from baseline, or baseline observation carried forward 
(BOCF), and imputed missing values unrelated to study drug using linear extrapolation.  Dr. 
He conducted additional sensitivity analyses for Study 015, including a conservative analysis 
of the primary endpoint considering all patients with missing weight loss data as non-
responders.  The results of sensitivity analyses did not alter Dr. He’s overall conclusions. 
 
The key secondary weight-loss endpoint achieved statistical significance per both the 
Applicant’s and Dr. He’s analyses.  The Applicant analyzed the key secondary weight-loss 
endpoint in the DUS population using a linear mixed model whereas Dr. He conducted all 
analyses on the FAS population using an ANCOVA model.   
 
Per Dr. He’s review, mean percent change in body weight from baseline to 1 year was 
significantly different from 0 in both studies.  The estimate of the mean percent reduction in 
body weight was greater in the Applicant’s analysis of the DUS population than in the FDA 
analysis of the FAS population, because the DUS population excluded patients who did not 
experience early weight reduction.  The effect of setmelanotide on mean changes in body 
weight was consistent with the findings for the primary endpoint, as mean weight loss 
appeared to be greater in the POMC/PCSK1-deficiency patients (Study 012) compared to the 
LEPR-deficiency patients (Study 015).  Table 2 summarizes these analyses. 
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Table 2: Mean Percent Change from Baseline in Body Weight at 1 Year (Full Analysis Set) 

 Study 012 
N=10 

Study 015 
N=11 

Mean Percent Change (LS Mean)1 -23.1 -9.7 
95% CI1 (-31.9, -14.4) (-15.7, -4.0) 
P-value2 <0.0001 0.0005 
1. Linear model contains baseline body weight as a covariate. 

Two subjects in Study 015 with missing body weight at 1 year: one subject with AE imputed as 0 change 
from baseline. The other subject who died from injuries due to motor vehicle accident (passenger) 
imputed using multiple imputation and analyzed using Rubin’s rule. 

2. Testing the null hypothesis: mean percent change=0 
Source: FDA Statistical Review, Table 5, p. 11 

 
 
Although there was no parallel control arm in the pivotal studies, Dr. He noted that data from 
the double-blind withdrawal period provided supportive evidence of the effect of 
setmelanotide on weight loss in the study populations, as it allowed each subject to serve as 
their own control.  In both studies, patients experienced an increase in body weight after the 
study drug was withdrawn and a decrease after the study drug was resumed.  The results 
suggested the decrease in body weight was caused by treatment with setmelanotide.  Figure 1 
and Figure 2 summarize the overall weight trajectories and the changes during placebo 
treatment.  Comparison to historical control data of the populations and the historical data 
from these subjects provided additional support for the effect of setmelanotide on body weight.  
 
In the clinical review, Dr. Galescu provided a qualitative analysis of weight-loss trajectories 
for individual patients.  Consistently, patients who entered the placebo withdrawal after 
initially losing weight experienced weight increases followed by weight decreases (or weight 
stabilization with BMI decrease for growing pediatric patients) when they resumed open-label 
treatment.  There were two notable exceptions in Study 015, both LEPR patients, one adult 
and one pediatric, who experienced a relatively low magnitude of weight loss early in the 
study and regained their weight during the second half of the 1-year assessment. 
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Figure 1: Mean Percent Change from Baseline Body Weight (Designated Use Set) Study RM-492-012 

  
1. Error bars represent standard errors. N represents the number of subjects with observed values. 
Source: Statistical Review, Figure 4, p. 14 
 
Figure 2: Mean Percent Change from Baseline Body Weight (Designated Use Set) Study RM-493-015 

 
1. Error bars represent standard errors. N represents the number of subjects with observed values. 
Source: Statistical Review, Figure 5, p. 15 
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in Study 015 had missing hunger data at one year: one patient died due to injuries following a 
motor vehicle accident, and two patients who were excluded from the DUS, including one 
patient who discontinued due to AE and one patient who experienced lack of efficacy on 
weight loss.  
 
In Dr. He’s analyses in the statistical review, the mean percent change from baseline in the 
weekly mean of maximal daily hunger, was approximately 31% in patients 12 years of age and 
older in the FAS of both studies (N=8 in Study 012 and N=11 in Study 015).  Dr. He imputed 
values of zero change for the two non-DUS patients with missing data and used multiple 
imputation methods and Rubin’s rule to impute data for the patient who died.  In the 
categorical analysis, 4 out of 8 patients (50%) in Study 012 achieved 25% reduction in 
maximal hunger score, and 7 of 11 (64%) patients in Study 015 achieved the threshold per Dr. 
He’s analyses.   
 
The hunger score time profiles suggest that patients who experienced improvement in hunger 
scores during open-label treatment returned to near-baseline during blinded placebo treatment. 
While this pattern is illustrative of several patients who experienced changes from baseline in 
hunger scores, these patients are overrepresented in these data, which exclude missing patients 
and patients excluded from the DUS.  Figure 3 and Figure 4 summarize the hunger score time 
profiles. 
 
Figure 3: Mean Percent Change in Weekly Average “Most Hunger” Score from Baseline (Designated Use 
Set, Age ≥12 Years at Baseline) – Study 012 

 
1. N represents the number of subjects with observed values. 
Source: FDA Statistical Review, Figure 6, p. 15 
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Figure 5: Body Weight (kg) and Weekly Average of Maximal Daily Hunger Score (0-10 Scale) Over Time – 
Study RM-493-012, Subject   

 
Source: Clinical Study Report, RM-493-012, p. 162 of 272 
 
 
Figure 6: Body Weight (kg) and Weekly Average of Maximal Daily Hunger Score (0-10 Scale) Over Time – 
Study RM-493-015, Subject

 
Source: Clinical Study Report, RM-493-105, p. 239 of 266 
 
 
The individual patient profiles also indicate that improvement in hunger scores was not 
entirely consistent with weight loss, a finding also evidenced by relatively low percentage of 
hunger responders (50%) versus weight loss responders (80%) among POMC patients, and 
relatively high percentage of hunger responders (64%) versus weight loss responders (46%) 
among LEPR patients.  
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During final revisions of the prescribing information, we concluded that a table would 
communicate the estimated treatment effect, while also representing the variability among 
patients.  We created the following table (Table 3) for placement Section 14. 
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Serious Adverse Events 
Overall, there were 13 serious adverse events (SAEs) in 10 patients.  Each SAE Preferred 
Term (PT) occurred in only one patient, except depression occurred in 2 patients and suicidal 
ideation occurred in a patient who also experienced depression (not classified as an SAE).  
Most other SAEs were either events consistent with the study population (adrenocortical 
insufficiency, cholecystitis, pneumonia, gastric banding reversal) or accidents (road traffic 
accident) not clearly attributable to study drug. 

Withdrawals 
No patients withdrew due to AE in Study 012.  One patient, Subject withdrew 
from Study 015 due to Grade 1 eosinophilia assessed as probably related to study medication.  
Another patient, Subject , noted above, died in a motor vehicle accident. 

Treatment Emergent Adverse Events 
The most frequent treatment emergent adverse events (TEAE) were injection site reactions, 
skin hyperpigmentation, and gastrointestinal disorders (Table 4).  The adverse events are 
notable for depression, spontaneous penile erections in males, and alopecia. 
 
Table 4: Treatment Emergent Adverse Events by Preferred Term in Order of Frequency Occurring in 
>10% of Patients (Safety Population) – Study 012 and 015, Pivotal and Supplemental Cohorts 

Preferred Term  N=27 Percent (%) 
Injection site reactiona 26 96 
Skin hyperpigmentationb 21 78 
Nausea 15 56 
Headache 11 41 
Diarrhea 10 37 
Abdominal painc 9 33 
Back pain 9 33 
Fatigue 8 30 
Vomiting 8 30 
Depressiond 7 26 
Upper respiratory tract infection 7 26 
Spontaneous penile erectione 3 23 
Arthralgia 5 19 
Asthenia 5 19 
Dizziness 4 15 
Dry mouth 4 15 
Dry skin 4 15 
Insomnia 4 15 
Vertigo 4 15 
Alopecia 3 11 
Chills 3 11 
Constipation 3 11 
Influenza-like illness 3 11 
Muscle spasm 3 11 
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Preferred Term  N=27 Percent (%) 
Pain in extremity 3 11 
Rash 3 11 
Suicidal ideation 3 11 
a  Includes injection site erythema, pruritus, edema, pain, induration, bruising, hypersensitivity, hematoma, 

nodule, and discoloration 
b  Includes skin hyperpigmentation, pigmentation disorders, skin discoloration 
c  Includes abdominal pain and upper abdominal pain 
d  Includes depressed mood 

e  n = 13 male patients 
Source: FDA Clinical Reviewer 

 

Supportive Safety Data 
Study 009, titled “A Staged, Phase 1b/Phase 2a, Randomized, Double-blind, Placebo-
controlled Study to Evaluate the Safety and Efficacy of RM-493, a Melanocortin 4 Receptor 
(MC4R) Agonist in Obese Patients using a Once or Twice Daily Subcutaneous Injection 
Formula” consisted of three sequential stages, in otherwise healthy, obese patients with BMI 
between 30-40 kg/m2. The study consisted of three sequential stages, including Stage C, a 
randomized, controlled trial in patients randomized to setmelanotide 2 mg daily or matching 
placebo for 12 weeks of treatment.  Dr. Galescu analyzed TEAEs in this trial because it 
represents the only controlled data with similar dose exposure to pivotal studies. 

Notably, TEAEs in Study 009 were similar in character and frequency to those in Studies 012 
and 015, despite a substantially shorter treatment duration.  Depression occurred more 
frequently with setmelanotide than placebo (zero events), suggesting that events in the pivotal 
studies may not represent background risk in the population.  Sexual adverse events occurred 
more frequently with setmelanotide than with placebo in both men and women, and alopecia 
occurred more frequently than placebo, suggesting a drug-associated effect independent of 
weight loss.  Table 5 Summarizes these data. 
 
Table 5: Adverse Reactions Occurring in 5% or More Patients Treated with Setmelanotide and More 
Frequently than in Placebo (Safety Population) – RM-493-009 

Adverse Reaction Setmelanotide 
N=59 (%) 

Placebo 
N=40 (%) 

Skin Hyperpigmentation 47 (80) 3 (8) 
Injection Site Reactions 42 (71) 15 (30) 
Nausea 32 (54) 5 (13) 
Headache 29 (50) 11 (28) 
Vomiting 18 (31) 4 (10) 
Spontaneous Penile Erection 9 (38)a 0 
Diarrhea 16 (27) 4 (10) 
Fatigue 13 (22) 3 (8) 
Abdominal Pain 10 (17) 2 (5) 
Back Pain 8 (14) 0 
Disturbance in Sexual Arousal 5 (14)b 0 
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In his review, Dr. Galescu showed time profiles of blood pressure and heart rate data in 
Studies 012 and 015.  Mean blood pressures remained stable or trended down during dose 
titration and over the course of the study.  Individual blood pressure-time profiles 
demonstrated considerable within-patient variability but did not reveal any outliers with 
overall trends towards increases in blood pressure or heart rate. 
 
I additionally reviewed individual blood pressure trends and shifts from baseline among the 
patients in the two phase 3 studies.  Changes were generally consistent with the mean changes 
described above.  Overall, 9 of 21 patients in the studies experienced increases in systolic 
blood pressure and 11 or 21 patients experienced increase in diastolic blood pressure.  The 
changes were generally small in magnitude (3-9 mmHg systolic and 1-5 mmHg diastolic for 
most patients).  One patient  experienced an increase from 134/72 mmHg at 
baseline to 145/73 at the final visit.  One patient  experienced an increase in 
diastolic blood pressure of over 10 mmHg, from 119/61 mmHg to 123/72 mmHg.  Four 
patients shifted two a lower BP category, while two patients shifted to a higher category.  
Table 6 summarizes blood pressure shifts. 
 
Table 6: Blood Pressure Shifts from Baseline to Last Visit – Studies RM-493-012 and RM-493-105, Full 
Analysis Set, Pivotal Cohort 

Baseline 
Last Visit 

Normal Elevated Stage 1 Stage 2 
Normal 11 1 0 0 
Elevated 3 1 0 0 
Stage 1 1 0 3 1 
Stage 2 0 0 0 0 
Normal = <120/80 mmHg 
Elevated = SBP 120-129 and DBP <80 mmHg 
Stage 1 = SBP 130-139 or DBP 80-89 mmHg 
Stage 2 = SBP > 140 or DBP >90 mmHg  

Source: Reviewer 

QT 
The Interdisciplinary Review Team (IRT) for Cardiac Safety Studies consult review by Dr. 
Garnett concluded that a thorough QT study is necessary to evaluate the arrhythmogenic 
potential for setmelanotide.  Dr. Garnett concluded that the Applicant’s QT report of pooled 
data from 57 patients across different trials did not provide adequate quality or exposure 
margin.  I concur with the recommendation.  The Division will issue a post-marketing 
requirement to the Applicant to conduct a thorough QT study to evaluate the effect of 
setmelanotide on the QTc interval. 
 
In conclusion, the safety profile of setmelanotide supports approval for weight loss in the 
intended population.  The most common safety issues, including risk of depression and 
suicidal ideation, will be addressed in labeling.  A companion diagnostic is required to ensure 
safe use by identifying the intended population.  Labeling should include a stopping rule for 
patients who do not experience clinically meaningful weight loss, which will improve the 
benefit-risk profile for individual patients, i.e., patients who do not derive benefit can 

Reference ID: 4707849

(b) (6)

(b) (6)







CDER Deputy Division Director Summary Review  
NDA 213793 Imcivree (setmelanotide) injection 
 

37 

12. Labeling 
 
Prescribing Information 
 
• INDICATIONS AND USAGE section: 

o The applicant proposed an indication for the treatment of obesity  
 in the intended population.  We revised the indication to chronic weight 

management in patients with obesity due to POMC, PCSK1, and LEPR deficiency for 
consistency with other weight-loss products, and the inclusion criteria and primary 
endpoints (change from baseline in weight) of the pivotal studies. 

o Added language that the obesity syndromes that comprise the intended population must 
be confirmed by genetic testing demonstrating variants in POMC, PCSK1, or LEPR 
genes that are interpreted as pathogenic, likely pathogenic, or of uncertain significance 
(VUS). 

o Added Limitation of Use stating that IMCIVREE is not indicated in patients with other 
conditions in whom the drug is not expected to be effective, including patients with 
obesity due to suspected POMC, PCSK1, or LEPR deficiency with genetic variants in 
the genes classified as benign or likely benign, in other genetic syndromes, or general 
(polygenic) obesity. 

• DOSAGE AND ADMINISTRATION section:  
o Clarified patient selection criteria genetically confirmed or suspected deficiency of 

POMC, PCSK1, or LEPR, and patients with variants in POMC, PCSK1, or LEPR 
genes that are interpreted as pathogenic, likely pathogenic, or of uncertain 
significance (VUS)  

o Advised that currently available tests for the detection of variants in the POMC, 
PCSK1, or LEPR genes have not been approved or cleared by the FDA 

o Edited dose titration for clarity and consistency with current labeling practices.  
Removed  replaced with bulleted format. Combined starting dose and titration 
instructions for adults and pediatric patients aged 12 and older. 

o Edited administration section for clarity and consistency with current labeling 
practices, including bulleted list. 

• Safety information in the BOXED WARNING, CONTRAINDICATIONS, or 
WARNINGS AND PRECAUTIONS sections:  
o Removed  
o Rearranged Warnings (5.1 Disturbance in Sexual Arousal, 5.2 Depression and Suicidal 

Ideation, 5.3 Skin Pigmentation and Darkening of pre-existing Nevi) 
o For all warnings added data from clinical studies informing the risk 
o Added warning for general risk of benzyl alcohol preservative in infants and neonates 
o Adverse events: Revised tables to include all common AEs observed regardless of 

causality assessment, based on supportive information from randomized data in another 
population.  Added information regarding disorders of sexual arousal and labial 
hypersensitivity in females.  Revised immunogenicity section 

• CLINICAL STUDIES 
o Extensive revisions to study descriptions 
o Edited Tables depicting primary and key secondary weight-loss endpoints 
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4) Conduct adequate analytical and clinical validation testing to establish an in-vitro 
diagnostic device developed to accurately and reliably detect patients with variants in 
the POMC, PCSK1, and LEPR genes that may benefit from setmelanotide 
therapy.  The clinical validation should be supported by a clinical bridging study 
comparing the in-vitro diagnostic device and the clinical trial enrollment assays. 

 
Final Report Submission:     November 2020 
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