CLINICAL LEARNING GUIDE - METABOLIC BALANCE SERIES

SETMELANOTIDE

IMCIVREE | MC4R Agonist | FDA-Approved for Genetic Obesity
Mechanisms, Evidence, and Clinical Applications in the Leptin-Melanocortin Pathway

Based on lecture and slide materials by William Seeds, MD — SSRP Institute | Cellular Medicine Education

For educational and research purposes only. Not medical advice. Setmelanotide (IMCIVREE) is FDA-approved for genetically confirmed
POMC, PCSK1, LEPR deficiency and Bardet-Biedl syndrome. Genetic testing required before initiation.

SECTION 1 - PROFILE OF THE PEPTIDE

Overview

Setmelanotide (brand name: IMCIVREE; developer: Rhythm Pharmaceuticals) is a first-in-class, FDA-approved,
selective melanocortin-4 receptor (MC4R) agonist — the first pharmacological therapy in history specifically
developed and approved for genetic forms of obesity caused by defects in the leptin-melanocortin pathway. It is
an eight-amino acid cyclic peptide that crosses the blood-brain barrier following subcutaneous administration and

acts directly at MC4R in the hypothalamus, bypassing all upstream genetic defects in the pathway.

This guide sits within the Metabolic Balance series of the SSRP Clinical Learning Guide collection — a distinct
classification from the GH-axis peptides covered in prior guides (GHRH analogs, GHRPs, anamorelin).
Setmelanotide does not act on the growth hormone axis. It acts on the central melanocortin system, specifically
restoring the satiety and energy expenditure signaling that is lost when any component of the leptin - POMC —
alpha-MSH — MC4R cascade is disrupted by genetic mutation.

Brand Name
Generic Name

Compound Class
Molecular Target

Route of Administration
FDA Approval — Initial

FDA Approval — Expanded
EMA Status

Approved Indications

NOT Indicated For

Black Box Warning

Genetic Testing

Starting Dose

IMCIVREE (Rhythm Pharmaceuticals)
Setmelanotide; formerly BIM-22493 / RM-493
Second-generation selective MC4R agonist; 8-amino acid cyclic peptide

MC4R (melanocortin-4 receptor) — primary; minor off-target activity at
MC1R (pigmentation)

Subcutaneous injection, once daily (abdomen)

November 2020 — POMC deficiency, PCSK1 deficiency, LEPR deficiency
(ages =6)

June 2022 — Bardet-Biedl syndrome (BBS) (ages =6)
Approved for POMC deficiency, LEPR deficiency, and BBS

Chronic weight management in patients with genetically confirmed POMC,
PCSK1, LEPR deficiency or Bardet-Biedl syndrome — ages =6 only

General obesity; unconfirmed genetic obesity; ages <6; any obesity
without genetic testing confirmation

Depression and suicidal ideation — reported in 11% of patients in FDA
review; pre-treatment psychiatric screening mandatory

Required — must confirm pathogenic or likely pathogenic variant before
treatment initiation

0.5 mg SC once daily (weeks 1-2); escalate by 0.5 mg every 2 weeks



3.0 mg SC once daily (adults/=40 kg); weight-adjusted for pediatric

BRI patients (typically 2.0 mg)

Why This Peptide Is Different

Every other guide in this series involves peptides that work on the growth hormone axis — either GHRH analogs
(sermorelin, Mod GRF 1-29, tesamorelin, CJC-1295), GHRPs (anamorelin), or related small molecules.
Setmelanotide belongs to an entirely separate pharmacological category. It targets a genetically broken satiety
signaling system rather than augmenting or restoring the GH/IGF-1 axis.

The clinical population for setmelanotide is also categorically different from most of the compounds in this series:
it is primarily a pediatric and young adult drug for patients with severe, early-onset, hyperphagia-driven obesity
caused by confirmed genetic mutations — a population for whom diet, exercise, bariatric surgery, and all prior
pharmacological agents have produced limited long-term benefit because the root cause is an inability to
generate the satiety signal at all. Setmelanotide does not improve willpower or motivation — it restores a missing
biological signal.

SECTION 2 - MODES OF ACTION AND MECHANISMS

The Leptin-Melanocortin Pathway: What It Does and Where It Breaks

The leptin-melanocortin pathway is the central molecular circuit governing long-term energy balance and satiety. It
connects peripheral energy stores (adipose tissue via leptin secretion) to the hypothalamic control center via a
cascade of sequential signaling steps. When any component of this pathway is disrupted — by mutation, deletion,
or deficiency — the result is a brain that cannot generate a satiety signal regardless of how much body fat is
present. The affected individual experiences relentless, biologically driven hyperphagia (compulsive overeating)
that is not a behavioral or psychological failure. It is a hardwired neurobiological state.

Step 1 Leptin secretion Adipose tissue secretes leptin in proportion to fat mass
— signals energy sufficiency to the brain

Step 2 LEPR activation Leptin binds leptin receptor (LEPR) on POMC neurons
in the arcuate nucleus of the hypothalamus — activates
downstream signaling— LEPR mutation: leptin signal
cannot be received — hyperphagia regardless of fat
stores

Step 3 POMC transcription LEPR activation induces POMC gene expression —
POMC protein produced— POMC mutation: no
substrate for alpha-MSH production — satiety signal
impossible

Step 4 PCSK1 cleavage PCSK1 (proprotein convertase subtilisin/kexin type 1)
cleaves POMC into alpha-melanocyte-stimulating
hormone (alpha-MSH) and other melanocortins—
PCSK1 mutation: POMC cannot be processed into
alpha-MSH — satiety signal impossible

Step 5 Alpha-MSH binding at MC4R Alpha-MSH binds MC4R in the paraventricular nucleus
(PVN) of the hypothalamus — activates satiety and
increases energy expenditure— MC4R variant: signal
arrives but receptor cannot respond normally

Step 6 MCA4R signaling MCA4R (Gs-coupled GPCR) activation — adenylate
cyclase — cAMP — downstream satiety and energy
expenditure effects— BBS, SRC1, SH2B1 variants:



disrupt the complex intracellular signaling machinery
downstream of the receptor

Bypass Setmelanotide Acts directly at MC4R — bypassing defects at LEPR,

POMC, PCSK1. Delivers the missing
alpha-MSH-equivalent signal directly to the receptor,
restoring satiety signaling regardless of which
upstream step is broken.

Setmelanotide's Molecular Mechanism at MC4R

Setmelanotide is an 8-amino acid cyclic peptide that binds and selectively activates the MC4R. lts
pharmacological advantages over endogenous alpha-MSH and first-generation MC4R agonists are:

Cyclic peptide structure: provides conformational stability and metabolic resistance not achievable with
linear peptides

Crosses the blood-brain barrier following subcutaneous injection — reaches the paraventricular nucleus and
lateral hypothalamic area without intrathecal administration

Selective for MC4R: no significant agonist activity at MC2R (adrenal) or MC3R/MC5R at therapeutic
concentrations

Second-generation selectivity: does not activate sympathetic nervous system tone — no increase in heart
rate or blood pressure (unlike first-generation MC4R agonists, which were abandoned due to cardiovascular
side effects)

Intracellular effects after MC4R binding:

Gs protein coupling — adenylate cyclase activation — 1 cAMP — downstream satiety pathway activation

NFAT (Nuclear Factor of Activated T-cells) pathway activation — restores signaling for certain MC4R
variants where the Gs pathway is partially preserved; NFAT signaling is impaired in obesity generally

CaMKK2/AMPK pathway activation in hypothalamic neurons — demonstrated in preclinical hypothalamic
obesity models

Appetite suppression — reduces hyperphagia by restoring the missing satiety signal in the PVN

Increases resting energy expenditure — shifts substrate oxidation toward fat (beta-oxidation), increasing fat
utilization. Chen et al. (2015) demonstrated this in obese individuals independent of genetic selection
Improves insulin resistance — independent of weight loss alone; the MC4R pathway has direct metabolic
signaling effects beyond appetite regulation

The Melanocortin Receptor Family: Understanding the Off-Target Landscape

Primary Function Relevance to Setmelanotide

MC4R Appetite, satiety, energy | PRIMARY TARGET. Setmelanotide's therapeutic action.
expenditure Activation in the PVN restores satiety signaling and
increases energy expenditure.
MC1R Pigmentation (melanin OFF-TARGET. Responsible for the hyperpigmentation
production) adverse effect seen in 78-86% of patients. Setmelanotide

has minor agonist activity here despite MC4R selectivity —
exact mechanism not fully elucidated. Pigmentation
changes are reversible upon discontinuation.

MC3R Immune function, MINIMAL. Low affinity at therapeutic doses. Some immune
energy homeostasis modulation possible but not clinically characterized.

MC5R Sebaceous gland MINIMAL. Low affinity at therapeutic doses. Not clinically
activity significant at approved dose range.

MC2R Adrenal ACTH NOT ACTIVATED. Setmelanotide has no significant activity

response at MC2R — no adrenal stimulation or cortisol effects.



MC4R Receptor Structure — The Cryo-EM Insight

Israeli et al. (Science, 2021) published the cryo-EM structure of the MC4R—-Gs complex in the active conformation
bound to setmelanotide. Key structural insights:

» Calcium (Ca*) is required for agonist efficacy but not for antagonist binding — a unique feature of MC4R
pharmacology that explains why Ca?*" availability in hypothalamic neurons influences drug response

» The active conformation structure explains setmelanotide's potency advantage over SHU9119, which binds
the same site but functions as an antagonist — the difference lies in the conformational switch triggered by
agonist vs. antagonist binding

» This structural work is now guiding the next generation of MC4R-targeted drug development, with potential
for greater selectivity and fewer off-target effects

SECTION 3 - POINTS OF CLINICAL RELEVANCE

» 1. Setmelanotide addresses a form of obesity that is not behavioral — it is a genetic inability to generate
satiety. Framing this correctly with patients and families is therapeutically critical.

Patients with POMC, PCSK1, LEPR deficiency or BBS have been above the 95th percentile for weight throughout
childhood, with continuous upward weight trajectories despite conventional interventions. Diet, exercise,
behavioral modification, and bariatric surgery have all demonstrated limited long-term impact in this population.
The reason is mechanistically clear: these individuals cannot generate a satiety signal. They are not eating
excessively due to poor choices — their brains are receiving no signal to stop. Setmelanotide does not improve
compliance or motivation; it reinstates the biological signal that was never present or is missing. Reframing this for
patients reduces stigma, improves adherence, and sets appropriate expectations for the treatment.

» 2. Genetic testing is not optional — it is the prerequisite that determines whether this drug can work at all.

Setmelanotide works by delivering alpha-MSH function directly to MC4R, bypassing all upstream pathway
defects. But if a patient's obesity is not caused by a defect in this specific pathway, the drug adds a signal on top
of an already-functional satiety system — producing little therapeutic benefit while exposing the patient to the full
adverse event profile. The clinical decision to initiate setmelanotide is meaningless without genetic confirmation of
a pathogenic or likely pathogenic variant in POMC, PCSK1, LEPR, or a BBS-associated gene. The expanding
EMANATE trial is exploring heterozygous variants, which may broaden the eligible population — but even then,
genetic testing is the gateway to treatment.

* 3. The weight loss outcomes in POMC/PCSK1 deficiency are among the most striking in obesity
pharmacology.

80% of POMC/PCSK1-deficient patients achieved 210% body weight loss at one year in the pivotal Phase 3 trial.
For context: semaglutide (Wegovy), the most effective general-population obesity drug currently approved,
achieves 210% weight loss in approximately 50—-60% of patients. Setmelanotide's 80% response rate in
POMC-deficient patients reflects the mechanistic precision of targeting the exact defect — not a general appetite
suppression effect, but restoration of the precise biological signal that was missing. The LEPR deficiency
response (45%) is lower, reflecting additional pathway complexity downstream of the receptor.

» 4. Hyperphagia improvement is often the most transformative clinical outcome — and it precedes
measurable weight loss.

Hunger score reductions in the pivotal trials were statistically highly significant (POMC: -27.1%, p=0.0005; LEPR:
-43.7%, p<0.0001). Patients and families often describe the reduction in compulsive hunger as the most
meaningful change — sometimes within weeks of initiation — even before substantial weight loss has occurred.
This is clinically important: hyperphagia in these patients is not background noise; it is the defining feature of their
daily experience. Restoring a normal hunger-satiety cycle has profound quality-of-life implications independent of
the scale.



» 5. The withdrawal data proves the mechanism is pharmacological, not placebo: weight always returns when

the drug stops.

In the pivotal Phase 3 trials, an 8-week placebo withdrawal period was embedded in the study design. Weight
regained during withdrawal — consistently and measurably — then resumed loss upon re-initiation. This is not a
behavioral relapse; it is the direct pharmacological consequence of removing the MC4R agonist from a patient
whose endogenous MC4R signaling is genetically impaired. The genetic defect does not resolve. Ongoing
therapy is required for as long as the clinical benefit is desired. Discontinuation should be planned and counseled

explicitly.

* 6. The lack of cardiovascular effects is a defining clinical advantage that enabled approval.

First-generation MC4R agonists (e.g., bremelanotide in early obesity trials) activated sympathetic nervous system
tone in addition to MC4R, producing increases in heart rate and blood pressure that made them clinically
unacceptable for chronic weight management. Setmelanotide's second-generation selectivity specifically avoids
this — no significant increase in heart rate or blood pressure was observed in any Phase 2 or Phase 3 trial. This
cardiovascular neutrality is what distinguishes setmelanotide as an approvable compound and makes it
appropriate for chronic daily use in a population that already carries cardiovascular risk from obesity.

« 7. The psychiatric warning requires genuine pre-treatment evaluation — not a checkbox.

Depression and suicidal ideation were reported in 26% of trial participants (depression) and approximately 11% in
the FDA safety review (suicidal ideation). This is a Black Box Warning. Several factors complicate interpretation:
these patients often carry pre-existing psychiatric burden from years of social stigma, failed treatments, and
weight-related quality-of-life impairment; the MC4R pathway has established connections to mood regulation; and
the trial populations were small, making incidence estimates imprecise. Regardless of causation, the clinical
obligation is clear: a structured psychiatric screening before initiation, monthly monitoring in the first year, and
explicit counseling of patients and families about warning signs. This is not optional due diligence — it is a

prescribing requirement.

SECTION 4 - GENERAL DOSING INSTRUCTIONS AND DELIVERY OPTIONS

Dose Titration Protocol

Initiation Weeks 1-2
Titration 1 Weeks 3—4
Titration 2 Week 5+
Escalation rule | Every 2 wks

Target Dose Individualized

Maximum Dose | —

0.5 mg SC once daily

1.0 mg SC once daily

1.5 mg SC once daily

+0.5 mg increments

Up to 3.0 mg SC once

daily

3.0 mg SC once daily

0.5 mg SC once daily

1.0 mg SC once daily

Weight-based,; titrate
with caution

+0.5 mg increments

Typically 2.0 mg;
weight/tolerance-based

0.5-2.0 mg based on
weight and tolerance

Establish tolerance;
assess for nausea,
vomiting, ISRs

Monitor weight,
hunger scores, skin
changes

Continue escalation
every 2 weeks as
tolerated

Do not escalate if
significant
nausea/vomiting

Minimum effective
dose; not mandatory
to reach maximum

Ceiling dose; many
patients respond well
below maximum



Administration Protocol

Subcutaneous injection into the abdomen. Rotate injection sites with each

[ISCHELRE I dose to prevent lipohypertrophy and reduce site reaction burden.

Once daily — consistent time each day preferred. No specific fasting

Uizt i) requirement, unlike GH-axis peptides.

Titrate to clinical effect, not automatically to maximum dose. Many patients
Dose escalation philosophy | achieve adequate response at 1.5-2.0 mg. The 3.0 mg ceiling is a safety
boundary, not a target.

If no clinically meaningful weight loss after 12—16 weeks at therapeutic
Response assessment dose: reassess genetic diagnosis, evaluate treatment compliance, and
consider discontinuation.

Weight regain is expected after stopping — the genetic defect persists.
Discontinuation Discontinuation should be planned with explicit patient counseling and
ideally tapered to assess response, not abrupt.

Use caution in severe kidney disease. Setmelanotide is NOT
Renal impairment recommended in end-stage renal disease. Dose adjustment guidance is
limited — clinical judgment required.

Approved for ages 6. Dose is weight-adjusted for patients <40 kg
Pediatric considerations (typically 2.0 mg maximum). Do not use in neonates or premature infants
(contains benzyl alcohol preservative).

Refrigerate. Protect from light. Follow manufacturer storage guidelines —
Storage setmelanotide is a cyclic peptide and temperature stability must be
maintained.

Dosing Context: GLP-1 Comparison and Off-Label Horizon

An important emerging discussion: GLP-1 receptor agonists (semaglutide, liraglutide) have been shown to
influence satiety partly through downstream interactions with the MC4R system. The GLP-1 and MC4R pathways
converge at multiple points in the hypothalamic satiety circuit. This may explain why GLP-1 agents show
moderate efficacy even in patients with MC4R pathway variants — they approach the system from a different
entry point. Setmelanotide, by contrast, acts at the final common receptor. As the EMANATE trial extends the
population to heterozygous variants and as research continues into MC4R-related obesity in the broader
population (mTOR-driven vs. AMPK-driven MC4R dysfunction), the dosing and cycling implications for potential
off-label broader use may evolve. This guide addresses the current approved framework; practitioners should
follow evolving literature for off-label developments.

SECTION 5 - EVIDENCE PROFILE

Clinical and Research Evidence

Category Study / Evidence Key Finding

Phase 2 / Proof of | Kihnen P et al., N Engl J Med 2016 Complete reversal of hyperphagia in both patients.

Concept (N=2, POMC deficiency) Correction of insulin resistance. Significant weight
loss. Marked improvement in quality of life.
First-ever demonstration that an MC4R agonist
could reverse POMC-deficiency-driven obesity.
Landmark publication establishing the clinical
rationale.



Phase 2

Phase 2

Phase 2

Phase 3 RCT

Phase 3 RCT

Cohort / Natural
History

In Vitro /
Structural

Review

Clément K et al., Nat Med 2018
(N=3, LEPR deficiency, 42—61
weeks)

Collet TH et al., Mol Metab 2017
(N=not specified, MC4R deficiency,
Phase 1b)

Chen KY et al., J Clin Endocrinol
Metab 2015 (RM-493/setmelanotide,
obese individuals)

Clément K et al., Lancet Diabetes
Endocrinol 2020 (N=10
POMC/PCSK1; N=11 LEPR;
multicenter open-label + placebo
withdrawal)

Hagq AM et al., Lancet Diabetes
Endocrinol 2022 (N=38 BBS;
multicenter, double-blind,
placebo-controlled + 52-week
open-label)

Wabitsch M et al., J Endocr Soc
2022 (N=17, historical weight/height
data analysis)

Israeli H et al., Science 2021 (MC4R
cryo-EM structure with
setmelanotide)

Markham A. Drugs
2021;81(3):397-403

Durable weight loss maintained across 42—-61
weeks of follow-up. Breakthrough proof that the
same approach works for LEPR pathway defects
(upstream of POMC). Extended treatment duration
confirmed durability of effect.

Weight loss demonstrated in obese patients with
MC4R deficiency variants — first evidence that
setmelanotide can restore function to impaired
MC4R variants, not just bypass upstream defects.
Expanded potential patient population.

Significant increase in resting energy expenditure
in obese individuals who were NOT specifically
selected for genetic MC4R pathway defects.
Demonstrated that MC4R agonism has energy
expenditure effects independent of the specific
genetic context — important for understanding
potential future broader applications.

POMC/PCSK1: 80% achieved 210% weight loss at
1 year. LEPR: 45% achieved 210% weight loss at 1
year. Hunger scores significantly reduced (POMC:
=-27.1%, p=0.0005; LEPR: -43.7%, p<0.0001).
Weight regained during 8-week placebo
withdrawal; resumed on re-treatment. No serious
treatment-related AEs in either arm. Supported
FDA approval (November 2020).

32.3% achieved 210% weight loss at 52 weeks
(p=0.0006). Mean body weight change: -5.2%
(p=0.0005). First drug specifically approved for
BBS-related obesity. Hyperpigmentation in 61%
(23/38). ISR erythema in 48% (18/38). Serious
AEs: 2 patients (blindness — potentially
disease-related given known BBS retinal
degeneration; anaphylaxis). Supported FDA
expansion (June 2022).

POMC/PCSK1/LEPR-deficient patients consistently
above 95th percentile for weight throughout
childhood. Continuous upward weight trajectory
without intervention. Traditional therapies (diet,
exercise, surgery) demonstrated limited long-term
impact. Setmelanotide attenuated weight and BMI
trajectories over 1-year observation. Quantified the
unmet clinical need and the magnitude of treatment
impact relative to natural history.

Cryo-EM structure of MC4R—-Gs complex in active
conformation bound to setmelanotide. Ca**
required for agonist efficacy — not for antagonist
binding. Explains structural basis of
setmelanotide's potency vs. SHU9119 (antagonist).
Guides future drug design for MC4R-targeted
therapies.

First comprehensive approval review. Confirms
second-generation selectivity (no sympathetic tone
increase). Summarizes mechanism, clinical
evidence through Phase 3, and regulatory status.
Characterizes setmelanotide as first MC4R agonist
approved for genetic obesity.



Review Trapp CM, Censani M. Curr Opin Pediatric-specific clinical review. Confirms
Endocrinol Diabetes Obes appropriateness for age 26. Emphasizes
2023;30(2):136—-140 importance of genetic diagnosis, dose titration

guidance, and psychiatric monitoring in the
pediatric setting. Reviews expanding indications
and heterozygous variant data.

Pivotal Phase 3 Trial Results at a Glance

210% weight loss at 1 80% (8/10) [p<0.05] 45% (5/11) [p<0.05] 32.3% at 52 wk

year [p=00006]

Mean body weight Significant reduction Significant reduction -5.2% (SD 7.9)

change [p=0.0005]

Hunger score -27.1% [p=0.0005] —-43.7% [p<0.0001] Significant improvement
improvement

Serious None None 2 pts (blindness*,
treatment-related AEs anaphylaxis)
Hyperpigmentation 78-86% (pooled) 78-86% (pooled) 61% (23/38)

Injection site reactions 88-96% (pooled) 88-96% (pooled) 48% ISR erythema
Weight on placebo Regained — re-lost on Regained — re-lost on Not withdrawn in BBS trial
withdrawal re-treatment re-treatment

*Blindness in BBS trial: BBS patients carry genetic risk of progressive retinal degeneration independent of
treatment — causation from setmelanotide not established.

Expanding Evidence: EMANATE Trial and Beyond
The EMANATE Phase 3 trial (NCT05093634; 560 patients planned) is investigating setmelanotide in an expanded
patient population including:

* Heterozygous variants in POMC, PCSK1, and LEPR (not just homozygous/compound heterozygous as in

the pivotal trials)

* Homozygous and heterozygous SRC1 (steroid receptor coactivator 1) variants

« SH2B1 variants, including the 16p11.2 chromosomal deletion associated with obesity

* Heterozygous N221D variant in PCSK1

Phase 2 preliminary data from expanded populations: 34% of heterozygous POMC/PCSK1/LEPR patients
achieved =5% weight loss at 3 months; 30% of SRC1 variant patients; 37% of SH2B1 variant patients. Continued
efficacy through 12 months documented in long-term extension. If EMANATE confirms these findings in a large
controlled trial, the eligible patient population for setmelanotide could expand considerably.

Evidence Classification and Gaps
* Phase 3 RCT: Strong — for POMC/PCSK1/LEPR deficiency (Clément 2020) and BBS (Haqq 2022). These
are the pivotal approval trials.
* Phase 2 RCT: Moderate-Strong — proof of concept across POMC, LEPR, MC4R deficiency subtypes;
energy expenditure data in non-selected obese individuals (Chen 2015)

» Cohort/Natural history: Moderate — quantifies unmet need and treatment impact vs. historical trajectory
(Wabitsch 2022)

* Invitro / Structural: Moderate — cryo-EM structure confirms binding mechanism and guides drug design
(Israeli 2021)

» Evidence Gap: Small sample sizes — POMC trial N=10, LEPR trial N=11. Rare disease constraints make
large-N trials extremely difficult.



Evidence Gap: Long-term safety beyond 1 year — limited data on multi-year safety profile, malignancy risk
from chronic MC1R stimulation, and psychiatric trajectory

Evidence Gap: Heterozygous variants — EMANATE trial ongoing; current approval requires confirmed
pathogenic variants

Evidence Gap: No comparative trials vs. GLP-1 agents in patients with MC4R pathway variants

Evidence Gap: Off-label use in general obesity — mechanistic rationale exists (mMTOR vs. AMPK-driven
MCA4R dysfunction in broader obesity), but no controlled evidence

SECTION 6 - CLINICAL CONSIDERATIONS

Contraindications

Not indicated for general obesity or any obesity without confirmed genetic diagnosis — do not initiate without
pathogenic variant confirmation

Ages <6 years — not approved; insufficient safety data for young children
Neonates and premature infants — benzyl alcohol preservative is contraindicated in this population

Severe renal impairment / end-stage renal disease — not recommended; pharmacokinetics and safety not
adequately characterized

Known hypersensitivity or anaphylaxis to setmelanotide or any excipient — discontinue immediately if
anaphylaxis suspected; carry epinephrine

Uncontrolled psychiatric conditions (relative) — depression and suicidal ideation Black Box Warning requires
careful pre-treatment assessment; do not initiate if active suicidal ideation present without psychiatric
co-management

Black Box Warning: Depression and Suicidal Ideation

This is not a minor footnote — it is the most clinically serious safety concern with setmelanotide and requires
explicit attention:

Depression reported in approximately 26% of trial participants
Suicidal ideation reported in approximately 11% in the FDA safety review

The causal relationship is uncertain — this patient population carries substantial pre-existing psychiatric
burden from years of weight stigma, failed therapies, and impaired quality of life

MC4R pathway connections to mood regulation (the melanocortin system influences mood, anxiety, and
reward circuits) may contribute

Clinical obligation: formal psychiatric screening before initiation using a validated tool; monthly psychiatric
assessment for the first year; explicit written counseling to patients and families about warning signs and
how to seek help; lower threshold for psychiatric referral in this population

Adverse Event Profile

88—-96% overall; erythema, pruritus, edema, pain. Most frequent

Injection site reactions throughout treatment. Rotate injection sites — rotation is the primary
(ISRs) mitigation. If persistent severe reactions at any site, re-evaluate injection
technique.

78-86% overall; 64% onset within Month 1. Caused by off-target MC1R
agonism — 1 melanin production. Reversible upon discontinuation.

Skin hyperpigmentation Document and photograph all pre-existing nevi and pigmented lesions

before starting. Periodic full-body skin exams required — dermatology
co-management recommended for patients with concerning lesions.



New melanocytic nevi

Nausea

Vomiting

Headache

Diarrhea

Depression / Suicidal
Ideation

Spontaneous erection /
sexual arousal

Anaphylaxis

33% of patients develop new nevi during treatment. Requires periodic skin
monitoring; any rapidly changing, asymmetric, or irregular nevi warrant
dermatological evaluation.

56-57%; most frequent in Month 1, diminishes significantly over time.
Counsel patients upfront that nausea is expected early and improves. Slow
dose escalation is the primary mitigation. Antiemetic support may be
considered during initiation.

28-58%; most frequent in Month 1. Same pattern as nausea. If severe
vomiting prevents dose retention, hold escalation and consider antiemetic
support before re-attempt.

41-51%; variable timing. Usually manageable; dose reduction if severe
and persistent.

37%; variable timing. Usually self-limiting. Monitor hydration, particularly in
pediatric patients.

26% / ~11% (FDA review). Black Box Warning — see above. Monthly
screening in Year 1; document all psychiatric symptoms; have clear
referral pathways established before prescribing.

23% (males); spontaneous erections onset ~55% in Month 1. MC4R
activation has known connections to sexual arousal (shared mechanism
with bremelanotide/PT-141). Counsel male patients on priapism risk —
particularly if using PDE5 inhibitors (sildenafil, tadalafil) concurrently.
Female patients: monitor for sexual arousal disturbances.

Rare — reported in BBS trial (1 patient). Prescribe epinephrine
auto-injector; counsel patients on anaphylaxis recognition and response.
Discontinue permanently if anaphylaxis confirmed.

Drug Interactions and Special Pharmacological Considerations

PDES5 inhibitors (sildenafil,
tadalafil, vardenafil)

Serotonin-norepinephrine
system modulators (SSRIs,
SNRIs, MAOIs)

Opioid system interactions

Insulin and antidiabetic
agents

MCA4R activation independently promotes penile erection (shared pathway
with PT-141/bremelanotide). Combining setmelanotide with PDE5
inhibitors significantly elevates priapism risk. Counsel male patients on this
interaction explicitly; consider whether PDES inhibitor use is appropriate
during setmelanotide therapy.

Theoretical interaction at the level of hypothalamic monoamine signaling
— both systems converge in the satiety circuit. No formal pharmacokinetic
interaction data. Monitor mood and psychiatric status more closely in
patients on concurrent psychoactive medications.

The melanocortin system and opioid system are deeply interconnected in
hypothalamic satiety and reward circuitry. Patients on chronic opioid
therapy may have altered melanocortin signaling. No specific dose
adjustment guidance exists; monitor clinical response.

Setmelanotide directly improves insulin resistance through MC4R
signaling, independent of weight loss. Patients on insulin or antidiabetic
agents may require dose adjustment as metabolic parameters improve.
Monitor fasting glucose and HbA1c.

Comparative Analysis: Setmelanotide vs. Other Obesity Approaches

Setmelanotide 1st-Gen MC4R Agonists



Primary Target

HR / BP Effect

Mechanism

Indicated
Population

Weight Loss
(POMC/PCSK1)

Treatment Duration

Prerequisite

Key Safety Concern

MC4R (selective agonist)

No increase —
cardiovascular neutral

Replaces alpha-MSH at
MC4R — restores broken
satiety signal

Genetic obesity (POMC,
PCSK1, LEPR, BBS) only

80% achieve 210% at 1
year

Continuous — genetic
defect persists

Genetic testing and
confirmation required

Hyperpigmentation,
psychiatric (BB Warning),
ISRs

Monitoring Framework

Genetic confirmation

Full body skin exam

Body weight

Hunger / appetite score

Psychiatric screening

Fasting glucose / HbA1c

Renal function (eGFR,
creatinine)

MC4R + sympathetic
nervous system

Increased — reason for
development failure

Activates MC4R + SNS
tone — non-selective

Not approved (development
halted)

Limited / not clinically
developed

N/A — not approved

N/A

Cardiovascular — HR/BP
elevation

Required

Required Required Every 6 mo
Required Required Ongoing
Required Required Quarterly
Required Required Quarterly
Required Month 3 Every 6 mo
Required If indicated Annually

GLP-1 receptor (incretin
pathway)

Neutral to mild decrease

Incretin-based satiety;
convergence with MC4R at
hypothalamic level

General obesity + some
use in genetic obesity
populations

15-20% in general
population; lower in genetic
obesity without pathway
overlap

Long-term; some cycled
use investigated

No genetic testing required

Gl side effects; pancreatitis
risk; thyroid C-cell concerns

Pathogenic/likely pathogenic
variant in POMC, PCSK1,
LEPR, or BBS gene. Without
this, do not initiate.

Document all pre-existing nevi.
Photograph concerning lesions.
Dermatology co-management
recommended.

Track weekly in Month 1, then
monthly. If 0% loss after 12-16
wk at therapeutic dose —
reassess diagnosis and
compliance.

Validated scoring tool (e.g.,
VAS, FAACT). Hunger
improvement often precedes
weight loss — document as a
primary outcome.

Validated depression screen
(PHQ-9 or equivalent). Any
active suicidal ideation —
urgent psychiatric referral. Do
not initiate if active suicidal
ideation is present.

MC4R agonism improves
insulin resistance
independently. Adjust
antidiabetic medications as
metabolic parameters improve.

Caution in severe CKD. Not
recommended in ESRD.



Monitor more frequently if
baseline impairment.

Sexual function (males) — Month 1 Quarterly Assess for spontaneous

erections; document priapism
risk counseling; review PDES
inhibitor co-use.

Injection site assessment — Each visit Each visit Rotate sites. Persistent ISRs —

IGF-1

adjust rotation technique.
Severe reactions — consider
temporary dose hold.

— — — Not a routine monitoring
parameter for setmelanotide
(not a GH-axis drug). No role in
standard monitoring.

8-Step Practitioner Decision Framework

1.

Identify the clinical signal: Severe, early-onset obesity (typically childhood) with hyperphagia that is out of
proportion to social or environmental factors. Continuous upward weight trajectory despite conventional
interventions. Obtain detailed family history of obesity.

Obtain genetic testing: Order comprehensive genetic panel for POMC, PCSK1, LEPR, and BBS-associated
genes (BBS1-21). Confirm pathogenic or likely pathogenic variant interpretation from a qualified clinical
genetics team. Do not proceed without genetic confirmation.

Complete baseline assessments: Full-body skin examination with documentation of all nevi and pigmented
lesions; psychiatric screening (PHQ-9 or equivalent); renal function (eGFR, creatinine); fasting glucose,
HbA1c; body weight, height, BMI; hunger score baseline.

Counsel patient and family: Explain the genetic basis of their obesity (not behavioral). Set accurate
expectations for hyperpigmentation (very common, reversible), injection site reactions, nausea (Month 1),
and psychiatric monitoring requirements. Document Black Box Warning discussion. Assess for PDE5S
inhibitor use in male patients.

Initiate at 0.5 mg SC once daily: Rotating abdominal injection. Escalate by 0.5 mg every 2 weeks as
tolerated. Do not escalate if significant nausea or vomiting present — allow tolerance to develop first.

Assess response at 12—16 weeks at therapeutic dose: If no meaningful weight loss or hunger reduction —
reassess genetic diagnosis accuracy, evaluate treatment compliance, and consider discontinuation. If
responding — continue and titrate toward minimum effective dose.

Long-term monitoring: Monthly psychiatric screening for Year 1. Periodic full-body skin exams (every 6
months at minimum). Quarterly hunger score and weight tracking. Annual renal function and HbA1c.
Monitor for new nevi.

Counsel on treatment permanence: The genetic defect does not resolve. Weight regain is expected upon
discontinuation. Ongoing therapy is the expected clinical reality for this patient population. Establish a plan
for long-term management before initiating.

SECTION 7 - A FINAL NOTE

Setmelanotide is the first pharmacological therapy in history that can correct the
consequence of a broken satiety signal rather than simply attempting to override an intact
one. That distinction — targeted correction vs. non-specific suppression — defines its place
in medicine and sets the standard for what precision metabolic pharmacology should aspire

to.

For decades, obesity medicine labored under the implicit assumption that weight gain reflected a deficit of
willpower or discipline — even in the face of accumulating evidence that the regulation of body weight is



profoundly, deeply genetic. Patients with POMC deficiency, LEPR deficiency, PCSK1 deficiency, or Bardet-Biedl|
syndrome were told to eat less and move more by clinicians who could not have known that their patients were
biologically incapable of generating the signal that makes eating less feel natural. These patients were not failing
to manage their weight. Their weight management system was simply not operating.

Setmelanotide does not work by suppressing appetite in the way that stimulants or GLP-1 agents do. It works by
reinstating a missing signal — delivering alpha-MSH's message to MC4R when the chain of events that should
produce that message is genetically broken. When it works, and in POMC-deficient patients it works in 80% of
cases, patients often describe the experience as eating becoming normal for the first time. Not reduced appetite
— normal appetite. That is a categorically different therapeutic experience than any prior obesity pharmacology
has achieved in this population.

The adverse event profile deserves honest acknowledgment. The Black Box Warning for depression and suicidal
ideation is real and must be taken seriously — not because the drug certainly causes psychiatric events, but
because we cannot yet fully disentangle the pharmacological contribution from the pre-existing psychiatric burden
of a population that has spent a lifetime being misunderstood by medicine. The hyperpigmentation is
near-universal and visually significant. The injection site reactions are frequent. These are real clinical challenges
that require proactive management, not dismissal as minor inconveniences.

The expanding evidence in heterozygous variants — explored in the EMANATE trial — could significantly broaden
the eligible population. The preliminary signal that GLP-1 agents share downstream MC4R pathway convergence
also raises the question of whether combination approaches might eventually produce synergistic benefit in the
genetic obesity population. These are not current clinical practice; they are active research questions whose
answers will reshape the field.

Setmelanotide is a narrow tool applied to a narrow population — but within that population, it is the most
mechanistically precise obesity treatment ever approved. The practitioners who will use it best are those who
understand the pathway it corrects, who take the genetic diagnosis seriously, who counsel the psychiatric risks
honestly, and who recognize that for these patients, this drug represents the first time medicine has actually met
them where their biology is.

This is precision metabolic medicine. It belongs in a different conceptual category from lifestyle-adjunct
pharmacology — not because it is more or less important, but because it operates on a different level of the
problem. Know the pathway. Know the variants. Know your patient. The tool will do the rest.
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