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LDL-C causes atherosclerosis; lowering it reduces risk of CHD
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Ference et al, Eur Heart J 2017;38:2459-2472.



PCSK9 (Proprotein convertase subtilisin/kexin type 9) as a 
therapeutic target

Copyright © 2022 Merck & Co., Inc., Rahway, NJ, USA and its affiliates. 
All rights reserved.

Out of ~165 million 
treated,  ~60 million 

patients not at LDL-C goal 
(US)

PCSK9 Genetic evidence
- Loss-of-function mutants

↓LDL-C, ↓CV risk
- Gain-of-function mutants

↑LDL-C, ↑CV risk

1.  Lestavel-Dellatre et al. Metabolism 1994;43:397. Varret et al. Am J Hum Genet 1999;64:1378. Hunt et al. Arterioscler. Thromb. Vasc. Biol. 2000;20: 1089.  2. Abifadel et 
al. Nat Genetic 2003;34:154.  3. Cohen et al. Nat Genet. 2005;37:161 .  4. Cohen et al. N Engl J Med 2006;354:1264.



PCSK9 inhibitors lower LDL-C and reduce cardiovascular risk
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Advancements in drugging PCSK9: 3 injectable agents approved

2015. Two monoclonal antibody inhibitors for PCSK9 are approved for subcutaneous injection: 
Regeneron and Sanofi’s PRALUENT® (alirocumab) and Amgen’s REPATHA® (evolocumab).

2021. An siRNA inhibitor of PCSK9 is approved: Novartis’ LEQVIO® (inclisiran).

~60% ↓  
LDL-C

~52% ↓  
LDL-C

~15% ↓  
cardiova
scular 
events 
(MI, 
stroke, 
CV 
death)

Studies 
to 
demonst
rate 
reductio
n in 
cardiova
scular 
events 
ongoing
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Ray et al. Eur J Prev Cardiol. 2021;28:1279-1289

Barriers to use

• Cost

• Payer restrictions

• Clinical inertia

• Injectables only

Despite being highly effective, PCSK9 inhibitors are 
underutilized



Why is it difficult to develop an oral inhibitor of 
PCSK9?
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Lo Surdo et al. EMBO Rep. 2011;12:1300

The protein-protein interaction between 
PCSK9 and LDLR is a large, flat surface

• PCSK9:LDLR interaction buries 500 Å2 of solvent 
accessible surface

• Traditionally more suitable to disrupt a PPI with a 
large biologic 

• Therapeutic Concept: Develop a small molecule 
PCSK9 inhibitor that can be taken orally and that 
provides robust lowering of LDL-C and broad 
access to patients with elevated LDL-C



Cyclic peptides offer an opportunity to interrogate “undruggable” targets

Membrane permeant
• Size < 500 MW
• Polarity:

< 5 hydrogen bond donors
< 10 hydrogen bond 
acceptors
< 5 cLogP (lipophilicity)

• Increased potential for good 
ADME

• Bind to large surface 
areas

• High affinity and 
selectivity

• Good safety profiles

Share properties of both 
small molecules and 
biologics

Naylor et al. Current opinion in chemical biology 
2017;38;141-147
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Cyclic peptides as therapeutic agents

Pros Cons
• High target affinity and selectivity

• Good safety profiles

• Constrained conformation

• New platforms to prepare novel 

peptide libraries

• Poor physical properties limit oral 

absorption

• Proteolytic and transporter liabilities

• Limited access to unnatural amino 

acids

• Scalable syntheses



Brief history of therapeutic peptides

• About 40 cyclic peptide therapeutics, primarily derived from natural products, have been approved

• “Natural products may not provide enough versatility for all inheritable human disease”

J Nat Prod, 2011, 74(3), 496-511
J Am Chem Soc, 2010, 132, 9259

Insulin

Source: Natural product

Indication: Diabetes

Isolation/Approval: 1920s, 
1982

ROA: injection

Bacitracin

Source: Natural product

Indication: Antibiotic

Isolation/Approval: 1943 , 
1962

ROA: injection, topical

Cyclosporine

Source: Natural product

Indication: organ rejection

Isolation/Approval: 1969, 
2000

ROA: oral

Caspofungin

Source: Natural product

Indication: Antifungal

Isolation/Approval: 1985, 
2001

ROA: injection
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Using cellular machinery to 
develop RNA-peptide 
fusion molecules
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Jack Szostak, Harvard Medical 
School and Mass General Hosp, 
Boston, MA



• Cyclic peptides are genetically encoded by a randomized DNA library, which is transcribed to mRNA library
• Each mRNA is ribosomally translated into a peptide and that peptide is linked to the encoding mRNA in the process (barcoded)
• The barcoded library is screened against an immobilized target, binders are eluted, amplified, sequenced by NGS, and the 

process is repeated for 6-7 rounds, “enriching” for high-affinity binders

• Affinity-based selection platform enabling 
screening of ultra-large libraries (1014)

• Platform permits inclusion of unnatural 
amino-acids (N-Me, D-amino acids, 
heterocycles) to create cyclic peptides 
with improved properties

mRNA display selection



Macrocyclic peptide hits for PCSK9 through mRNA display
12

J. Med. Chem. 2020, 63, 13796; 

Collaboration with 

Lead A / compound 1 
MW = 1889; 10-13 AA

TR-FRET IC50 = 483 nM

• Good  potency 
• Poor metabolic stability
• Poor physical properties
• No structural enablement
• No cellular permeability

   

Lead B  
MW = 1760; 10-12 AA

TR-FRET IC50 = hit (Ra)
De-prioritized

 

“Series 
B”

“Series 
A”

mRNA 
display
screen

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiN6Iz4nOvMAhVEdz4KHXerCMoQjRwIBw&url=http://www.morgenthaler.com/life-sciences/portfolio/biotech/&bvm=bv.122676328,bs.2,d.dmo&psig=AFQjCNG8Tq_aclAGtf8yTwF6IArjX1y2Ng&ust=1463922096583786


Structure based drug design drives optimization of SAR

• Doughnut-like, flat contact surface 
(~190 Ǻ2) 

• Key hydrophobic interactions
• 5F-TRP in center is a key interaction
• 5 H-bonds with beta-sheet
• Potential areas for cross linking

Compound 
2 

IC50  4 nM



Structure based drug design to yield enlicitide

2 (IC50 = 4 
nM)

MK-0616
IC50 = 0.005 nM
Stable and soluble
Not permeable

GI protease and/or
Transporter stability

Potency

Solubility / 
Phys-Chem

Design 
principles

~ 3117 analogs 
~ 5 years

Make

Desig
n

Test
 SBDD

informs on
design 



• Transcellular permeability (Papp) of MK-0616 was very low in MDCKII (0.71 x 
10-6 cm/s; reference mannitol 2.1 x 10-6 cm/s)

• Sufficient solubility (BCS 3, >7 mg/mL at pH7; 7.8 mg/ml in fasted-state simulated 
intestinal fluid for amorphous chloride salt)

• Demonstrated oral bioavailability and robust reduction of free PCSK9 in 
cynomolgus monkeys when formulated with an established permeation enhancer

Tucker TJ, et al. J Med Chem. 2021 Nov 25;64(22):16770-16800. doi: 
10.1021/acs.jmedchem.1c01599.
Johns DG, et al. Circulation. 2023 Jul 11;148(2):144-158. doi: 
10.1161/CIRCULATIONAHA.122.063372. 

 



Cyclic peptide binding mode mimics that of the antibodies

Johns et al. Circulation 2023;148:144-158
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4,000 MW 
0.4 – 
1.0%F

Example using sodium salcaprozate 
(SNAC)

Example at Merck using a mix of medium chain fatty acid triglycerides 
(LabrasolTM)

Oral bioavailability for peptides aided by permeation enhancers



 

1. Is MK-0616 well-tolerated? YES (up to 300mg)
2. Does MK-0616 get absorbed? YES
3. Is PK variability high? NO
4. Can we use sodium caprate? YES 

MK-0616
Treatment

AUC0-∞ 
(nM*hr)

AUC0-24 
(nM*hr)

Cmax (nM)
C24 
(nM)

Tmax 
(hr)

t1/2 
(hr)

100 mg 
Labrasol 962 (29.1) 309 (44.6) 46.2 (91.1) 8.47 (20.8)

1.5 
(1 - 3)

51.3 (7.25)

100 mg 
NaCap 978 (29.9) 281 (32.7) 41.3 (62.2) 8.22 (21) 1.5 (1 - 3) 56.8 (10.2)

Enlicitide Ph1 FIH SAD study

Johns et al. Circulation 2023;148:144-158



 

At least 80% reduction of 
free PCSK9 from baseline 
is required for maximum 
LDL-C reduction

Evidence from marketed 
anti-PCSK9 mAbs:

Inhibition of free PCSK9

Johns et al. Circulation 2023;148:144-158



MAD study: LDL-C Reduction in Statin-Treated Participants

• “Fed” = Moderate fat meal 30 minutes before dose 
• ~50-60% reduction in Cmax and AUC0-24

- 10 mg dose performs more like 5 mg

Repatha/Praluent LDL-C reduction in Ph3/CVOT 
(59%)

Inclisiran LDL-C reduction in Ph3/Lipid studies 
(50%)

Johns et al. Circulation 2023;148:144-158

• Study participants
- Statin-treated, Male, Female, Up to 

65 y
- Otherwise healthy
- Statins can induce PCSK9 

expression up to ~40%

• PK similar to FIH/SAD
- Multiple dose accumulation ~2X
- Steady state reached by Day 7

• LDL-C reduction similar/greater than 
what was observed with mAbs/siRNA



 21

• All doses of MK-0616 demonstrated statistically significant (P < 0.001) differences in percentage 
change in LDL-C from baseline to Week 8 vs placebo

• Near-complete efficacy for a given dose was reached by 2 weeks and the effect was persistent 
during the 8-week treatment period

• Results generally consistent across prespecified subgroups

Efficacy Population:  All participants who received ≥1 dose, had ≥1 observation for the analysis endpoint, and had baseline data for those analyses that require baseline data.
CI, confidence interval; LDL-C, low-density lipoprotein cholesterol

Ballantyne C, et al J Am Coll Cardiol 2023 Apr, 81 (16) 1553–1564

LDL-C Over 8 Weeks of Treatment 

Primary Endpoint: LDL-C Reduction from Baseline to Week 8
N=381

Ph2 study of enlicitide in adults with high cholesterol: results



 

Study Name Purpose
Planned 
Sample 

Size
Status

Lipids (P013) LDL-C reduction and safety in a broad population of 
hypercholesterolemic participants 2,760 Recruitment complete

HeFH (P017) LDL-C reduction and safety in participants with 
Heterozygous Familial Hypercholesterolemia 270 Recruitment complete

AddOn (P018) LDL-C reduction by MK-0616 versus other oral add-on 
therapies (ezetimibe or bempedoic acid or both) 300 Recruiting

Outcomes (P015) Cardiovascular risk reduction in participants at high risk 
for atherosclerotic cardiovascular disease events 14,550 Recruiting

Extension (P019)
Open label extension study to provide access to 

MK-0616 for participants completing one of the lipid 
studies

~3000 Recruiting

CORALreef Lipids, HeFH, AddOn completion expected 2025

2
2

Enlicitide Phase 3 Clinical Program



 



Thank you!

2
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• Filippos Kesisoglou – Pharmaceutical Sciences
• Dennis Wolford – Translational Medicine Operations
• Susan Zhou – Quantitative Pharmacokinetics and Pharmacometrics
• Puja Banka – Global Clinical Development
• Enlicitide development team



Additional Biopharm studies: No effect of co-administered 
water volume on bioavailability

For some oral peptides, reduction in exposure as a function of water volume has been reported
• potentially due to reduction of stabilizing effect of excipients or dilution of permeation enhancer

Water Volume AUCinf GMR point estimate Cmax GMR point estimate

240 mL Ref Ref

120 mL 0.92 0.93

50 mL 1.02 0.95


