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Have Questions?

“Why am | muted?”

Don’t worry. Everyone is muted
except the presenter and host.
Thank you and enjoy the show.

Contact ACS Webinars ® at acswebinars@acs.org
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ACS membership means ...

LASTING
CONNECTIONS

in the world’s largest scientific society.
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Benefits of ACS Membership

Chemical & Engineering News (C&EN)
CHEMICAL & ENGINEERING NEWS The preeminent weekly digital and print news source.

NEW! ACS SciFinder

== ®
~ — SCI FlNDER ACS Members receive 25 complimentary SciFinder® research
S [ cassoLUTION activities per year.

NEW! ACS Career Navigator
Your source for leadership development, professional
education, career services, and much more.

http://bit.ly/ACSnewmember

ACS Webinars

CLICK + WATCH « LEARN + DISCUSS

n @AmerChemsSociety | J

@AmericanChemicalSociety @AmerChemSociety

@
Lln kEd m https://www.linkedin.com/company/american-chemical-society

Contact ACS Webinars ® at acswebinars@acs.org
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How has ACs Webinars' benefited you? G Cremistyfor it

“As a retired research
chemist who was active
in crop protection, this
ACS Webinar was a
valuable update on the

” Lead Generation and Optimization
state of the art. in Crop Protection Research

Fan of the Week

Gary D. Grantham, Ph.D.
Grantham Consulting,
ACS member for 50 years strong!

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org

ACS Webinars

CLICK « WATCH +« LEARN e+ DISCUSS

u LIVE | Thursdays at 2pm ET

Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars® continue to be available to the general public on
Thursdays from 2-3pm ET!

WWW.acs.org/acswebinars
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What is ACS on Campus? W Chemistry for Life®

ACS visits campuses across the world offering FREE seminars on how to be published, find a job, network
and use essential tools like SciFinder. ACS on Campus presents seminars and workshops focused on how to:

% ACS
, ON
& CAMPUS

4
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* Publish in top journals
* Write grant proposals

« Find a job

¢ Build industry partnerships
« Effectively use research tools like SciFinder® and ACS ChemWorx

* Prepare for a changing employment landscape
* Communicate your science

http://acsoncampus.acs.org

#HeroesofChemistry ACS
ACS Heroes of Chemistry Award Y chemistryfortife”

Inspiring Hero Stories

®  HER

\ IS A STORY.
J -

4

The ACS Heroes of Chemistry Award is the Annual
award sponsored by the American Chemical Society
that recognizes talented industrial chemical

it scientists whose work has led to the development of
IESEE——— successful commercialized products ingrained with
chemistry for the benefit of humankind.

2018 Winners:  AstraZeneca @D U N T w@ ‘OSeattleGenetics

www.acs.org/heroes
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-

K/\/

CC

ASSESS STRENGTHEN
YOURSELF YOUR SKILLS

EXPLORE
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Upcoming ACS Webinar! ACS .
www.acs.org/acswebinars W Chemistry for Life

.. COMBATING

ACS Industry Member Programs

CLIMATE CHANGE

» | FREE | Thursday, Nov. 7 at 2pm ET ($)ACs Webinars

https://www.acs.org/content/acs/en/acs-webinars/technology-innovation/nanobugs.html
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@ aa s' American Association of
Pharmaceutical Scientists

Registration is now open!

- conference with
itimacy of a niche meeting.

San Antonio, Texas
Henry B. Gonzalez Convention Center
November 3-6, 2019

| REGISTER TODAY!

Join the Division Today!

2018 MEDICINAL

VOLUME 53
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ct Us:
Wilsan Blvd (703)243-2800 AAPS Membership

#700 aaps@aaps.org membership@aaps.org

Arlington, VA 22201 (877)998-2277 (AAPS)

ACS Technical Division

W Medicinal Chemistry (MEDI)

CHEMISTRY REVIEWS For $25 (510 for students), You Will Receive:

o A free digital copy of our annual medicinal chemistry
review volume (over 680 pages, $160 retail price)

e Abstracts of MEDI programming at national meetings

e Access to student travel grants and fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org
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Celebrating 5 years & 50 Drug Discovery Webinars!
http://bit.ly/acsDrugDiscoveryArchive
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Meet the Organizers

Annette Bak
AstraZeneca
AAPS

How to Succeed in Drug Discovery: Insight from Medicinal
Chemists (1.5 hrs.)

John Lowe IIl - JL3 Pharm

Mark Murcko - Relay Therapeutics

Ann Weber - Kallyope

William Greenlee - MedChem Discovery Consulting

Cosolvent Molecular Dynamics: Mapping Protein Surfaces to Discover
Allosteric Sites

Heather Carlson - University of Michigan

Rommie Amaro - UC San Diego

Women at the Interface of Computational Chemistry and Drug
Discovery (1.5 hrs)

Zoe Cournia - Biomedical Research Foundation and JCIM

Kate Holloway - Gfree Bio

Yvonne C. Martin - Previously of Abbott Laboratories

Shana Posy - Bristol-Myers Squibb

Effective Exploration of Chemical Space in Hit-Finding
Hanneke Jansen - Novartis Institutes for BioMedical Research
Zoe Cournia - Biomedical Research Foundation and /CIM

Wwidening the Therapeutic Window: Kinetic Selectivity and Target
Vulnerability

Peter Tonge - Stony Brook University and ACS Infectious Diseases
Stewart Fisher - C4 Therapeutics

janice Sliverman
American Cemical

society

o S ano@o
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o
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000000 0 000

Jun
27

AUg
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19
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ACS
W Chemistry for Life®

2018
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ACS
W Chemistry for Life®

Precision Control of CRISPR-Cas3
Amit Choudhary - Broad Institute of Harvard and MIT
Venkat Krishnamurthy - AstraZeneca

Transformation of Recombinant Cells to FDA Approved Products:
Clinical Development to Marketplace {New Date)

Rodney Ho - University of Washington

Venkat Krishnamurthy - AstraZeneca

The Evolving Outsourcing Landscape in Pharma R&D: Pros and Cons
of Different Models

Bart DeCorte - MercachemSyncom

Allen Reitz - Fox Chase Chemical Diversity Center

Thinking Outside the Pillbox: Lead Generation and Optimization in
Crop Protection Research
Fides Benfatti - syngenta

Treating Diabetes: Designing the Once-Weekly and Oral GLP-1
Semaglutide
Jesper Lau - Novo Nordisk A/S

Prodrugs
Jarkka Rautio - University of Eastern Finland

Co-Produced By

b2

john Marrison

ACS technical Division ~ /» DS

s Squibb

< [\ Publications

Armarican Masosation of
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Designing the Once-Weekly and Oral GI.P-1 Semaglutide

. \

THIS ACS WEBINAR WILL BEGIN SHORTLY... 15

@ ACS Webinars ACS
CLCK + WATCH + LEARN » DISCUSS v Chemistry for Life

Treating Diabetes: Designing the Once-Weekly and Oral GLP-1 Semaglutide

Puneet Tyagi Jesper Lau
Senior Scientist, Vice President of Research Chemistry,
AstraZeneca Novo Nordisk A/S

Presentation slides are available now! Recordings are an exclusive ACS member benefit.
WWW.acs.org/acswebinars 16

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications
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Audience Survey Questio
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

What is Glucagon-like-peptide-1?

A long acting artificial synthetic peptide
A 32 amino acid natural peptide hormone
A peptide released from the L-cells

A peptide that increases appetite

23/10/2019

Designing the Once-Weekly
and Oral GLP-1 Semaglutide

Jesper Lau
Vice President
Novo Nordisk

novo nordisk”

* If your answer differs greatly from the choices above tell us in the chat!

9

18
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Native GLP-1 has limited clinical value because of
its short half-life
i.v. bolus GLP-1 (15 nmol/I)
< 1000- A Healthy individuals (n=6)
g @ Type 2 diabetes (n=6)
=
-
a 500 -
=
o
whed
Q
S
c 0-
= -5 5 15 25 35 45
Time (min)
& .
Jife- Enzymatic cleavage } t¥2 = 1.5-2.1 minutes e
changing High clearance (4-9 I/min) (i.v. bolus 2.5-25.0 nmol/I) .
careers” novo nordisk
PK data adapted from Vilsbgll et al. J Clin Endocrinol Metab 2003;88:220-224
Native GLP-1 must be administered continuously to
realise full therapeutic potential k
Intermittent (16 h/day) Continuous (24 h/day)
= ) GLP-1 i.v. infusion ~ : GLP-1 i.v. infusion
S 25 (8 ng/kg/min) S %5 (8 ng/kg/min)
n=8 n=8
E 207 (n=8) E 20 1 (n=8)
q) N
8 15 @ 151
3 5
g 101 © 10 ] t
= ] -— - - T — E J< >
é 51 pBs GLP-1 infusion PBS 2 5% GLP-1 infusion
04 08 12 16 20 00 04 - 04 08 12 16 20 00 04
Time (h) Time (h)
e Blood glucose profiles: —=Day 0 —™ Day 7 e
changing ,
careers” novo nordisk

Adapted from Larsen et al, Diabetes Care 2001;24:1416-1421. PBS, phosphate-buffered saline.
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Discovery of the Insulinotropic Effect of GLP-1

First two GLP-1 RA approvals
2005 and 2009

Bayliss and Starling proposed that Early clinical potential Exennid 419
intestinal mucosa f:ontalned a Kreymann, Williams, Ghatei and Bloom, Lancet 1987;1300-
hormone which stimulated the 1303

exocrine secretion of the pancreas Nathan, Schreiber, Fogel, Mojsov and Habener, Diabetes Care

1992;15(2):270-276 P ——
Nauck, Kleine, @rskov, Holst, Willms and Creutzfeldt, e S
Diabetologia 1993;36:741-744

&c Twice Daily

Bioleoglical elimi

Technical evolution

Human proglucagon
gene was cloned GLP-1 receptor cloned

Bell, Nature 1983;302:716- Thorens, PNAS 992;89:8641-45

GPCR class B structures

Proglucagon
i Ae  @ennn o v i e e %
v r
- &
T s duen - v: ’.;»(
¢, P.. “ ]
T re %3
changiny h 1 S LT - LE
Pt P novo nordisk”
ﬁ piy 3 2 L

22

Key puzzle for successful GLP-1 engineering

ortned 13
1 dommen
A o

Urinary excration

Convenience

Easy to use

novo nordisk”
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.-+ \Once weekly GLP-1:
Parallel explorations of protraction enablers

Several strategies have been explored by industry:

¢ Sustained release: £

e Bydureon (BMS/AstraZeneca), Taspoglutide
(Roche/Ipsen)

MICROSPHERE

¢ Fusion proteins:
e Albiglutide (GSK)
e Dulaglutide (GLP-1 Fc, LY2189265,Lilly)

Close-up of

time.

e GLP-1 transferrin (PF-4856883, Pfizer) ' NN Polyethylene gtycol cheln
° Pegylation: ,-’4’;“8 Various Drug 2
e GLP-1 PEG (Lilly) /;‘Sc YRR S sesosmosonss TY
Ve Fc
« Reversible albumin binding e e {
e Semaglutide (Novo Nordisk)
_ .
)
life-
changing e
careers” novo nordisk

24

Human serum albumin

+ Is alarge (>60kDa) natural human protein

+ Circulates in the blood in high concentrations
(~40mg/ml)

+ Has a long plasma T2 (3 weeks)

* Binds fatty acids reversibly (transport and
solubility)

life- .
changing
careers”

novo nordisk”
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Liraglutide obtains a once-daily profile by reversible
binding to albumin

C16 LyGlu

\/W\/\/\/\/\Irr)k

7

H,N- HAEGTFTSDVSSYLEGQAAKEFIAWLVRGRG—coon

2 25 Dose (ng/kg) i.v. bolus - nmMo
PK arameters <_E) i Tt _ .v. bol GLP-1 (15 /1)
£ 20 e %g % 1000 :_ll-_iisltl;ydi_nriljiv'i:dua(ls (6n)=6)
100 e labetes (n=
o Thax: 9-12h § s = ig:é g
3 —17. 7' 500
e T,:11-15h g 10 =200 %
availability. 2 s g
* Bioavailability: 55% E / 2 °T T 15 o0 25 a5
£ 0+—— Time (min)
0 12 24 36 48
life- Time (hours) g
:2 fects 2 novo nordisk”
Adapted from Elbrgnd et al. Diabetes Care 2002;25:1398-1404. n=72 (n=8 for each dose)
Four key hurdles to engineering a superior once -
weekly GLP-1
1. Albumin binding 2. Access to the right target tissues
(limiting renal
elimination) r\)}\
7
H,N— HAEGTFTSDVS SYLEGQAAKEFIAWLVRGRG—cooH
3. DPP-IV stability 4. Maintain high receptor affinity
)
"ﬁa-n ing
pobedi: L novo nordisk”

Lau, J. et al J. Med. Chem; 2015, 58, 7370-7380
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Lau, J. et al J. Med. Chem; 2015, 58, 7370-7380

0% HSA o
IC50 nM GLP-1R binding
0.4 1 0,32
0.3
o . . : : 0 | 017 o6 P9
1, 1-HXEGTFTSDVSSYLEGQAAKEF IAWLVRGRG-coon 042
X = Aib 0-17 0,03
0 -
.y 2% HSA
gGlu: “JLN\%;' IC50 nM
7 -
2XO0EG: "ot Amtamonyh 61 5,p5
¢ 1 3,78
4 4 /
oo i 3]
gGlu-2xOEG: mfv\gu\/\o/\,o%r\,o\/\o/\g)t 2 0,75
14 0,08 im 0,22
0 .
Ho\ro . N ) . & Q}o ,(/(9 @(9 Q/(a ((/(9
gGIU-3X0EG: y >y~ oty o ® S s & \ﬁo 0,,,+<>
N § §
Ife- e 0,5 42 23 21 20 80 §
changing % HSA o
careers novo nordisk
Lau, J. et al J. Med. Chem; 2015, 58, 7370-7380
28
1,1-HXEGTFTSDVSSYLEGQAAKEF IAWLVRGRG—cook
X = Aib 20 1 19.2
14,7
Hoo 15
gGlu: H&:’\A.). 11,1
° 10 |
S 6,2
2XO0EG: y'~ronosHyntamonyh 5 4,3
: 1 2,7
SN 1 m B
gGlu-2xOEG: HX:\/\,N\/\O/\,O\ANNO\/\O/\,A 0 :
¢ ! ° e O S S o e
& o +o@ & +o‘</ +o‘</
HogO R . O’b bﬁ, 0\0 \);1, \);5
gGlu-3xOEG: *jA"\/\gN\/\O’\'°\)‘u’\/°\/\O’\gn\/\o/\/°\/"§r o \/b,Q ,QO\ ,QO\
O R R
C C
)
Ehfe;n in
[l
ol i novo nordisk”
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Prolonging the half-life from once-daily to once-
weekly by fatty acid exploration

Fatty acid -

o
S o, H
0 %y g
u‘J:qn

GLP-1R potency (EC50 pM)

50 - )
42
-HXEGTFTSDVSSYLEGQAAKEFIAWLVRGRG-coon /6 E
X = Aib 401 =2
[=)
30
C16 acid /\/\/\/\/\/\/\Io g
20 - Q
C12 diacid HO«\/\/W\IO n
© 10 6,2
C14 diacid  HO o~y
(o] 0 +
€16 diacid  HO L | By B ; & & &
b 00 -10 ’»“”b & D‘&’b b&’b %&0 Q&'o ’b&z
Ci8 diacid  HO A © o o o o & &
o
C20 diacid HOWWM Relati\{e 20 0,9 3,3 22 85 116
[e) A_Ibu_mln
. C22 diacid HO\/\/\/\/\/\N\/\/\/\)OY binding e
cl:lﬁg-n ing ©
pobedi: L novo nordisk”
Lau, J. et al J. Med. Chem; 2015, 58, 7370-7380
30
Systemic half-life increases
- with increasing length of di-acid
f H i r
UJVV\/\N\/\/\/*N N e o X = Aib
0 07N O%ONNH - -
L W
10 15 20 2 I 30 3
HN-HXEGTFTSDVSSYLEGQAAKEF IAWLVRGRG—coon
g "% i.v. dosing to rats o C20 discic
it =+ Cisdiacii Semaglutide
g -+ C18 diacid
H = C14 diacid
s - 12 diacid
&
2
E
o
Z 44 . . r ' .
_ 0 12 24 36 48 60 e
e ing Time (h) )
careers” novo nordisk

Lau, J. et al J. Med. Chem; 2015, 58, 7370-7380
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7 Days duration of action of semaglutide
- in mini pigs, hyperglycaemic clamp
protocol:
Day -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9
t t 1 1 semaglutide (nmol/kg)
0.5 2 2 2
= clamp study (n=6)
* Kk Kk
50000 *
E 40000 = | *
£
g 30000+
=
g 20000+
=
w
=
10000+
o )
life- Baseline Day 1 Day 3 Day 7
changing .
careers” novo nordisk
unpublished
32
Efficacy and duration of action of semaglutide
- in LYD pigs
o Effect on appetite in LYD pigs:
. 24-hour food intake
e Dose dependent effect on appetite
e 7 days duration of action Pay 6 =5 -4 =3 =2 41 1 2 3 4 5 6 7 89
t 1 1 1 Semaglutide (nmol/kg)
10 4.5 5 5
31 aokk Ak *k * PK simulation of
= semaglutide, s.c. in pigs
B3
3 2= 35000
] S 30000
£ E  2s000
= -
S 11 —e— Vehicle (n=6) S = 1s000
§ —e— semaglutide % 10000
o] T T T T T T ] > o000
o 1 =2 3 4 5 6 7 8 o9 : M . 12 s
Day number pays
©)
life-
changing .
careers” novo nordisk

unpublished
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GLP-1 Once-daily vs Once-Weekly
- Minor Structural differences

Cl6 LyGlu
o
Llraglutlde \/\/\/\/\/\/\/\I]/HI\)J\N
© 00

7 10 20 25 30 35

H,N— HAEGTFTSDVSSYLEGQAAKEFIAWLVRGRG—coon

C18diacid LyGlu bis-aminodiethoxyacetyl
M r\/u\ /\/O\/\O X = Aib
O\/\ /\/NH >§(0H
H,N
Semaglutide 4 o __/

7 10 15 20 25 30 35

n,N-HXEGTFTSDVSSYLEGQAAKEFIAWLVRGRG-coon

life-
changing .
careers” novo nordisk

Semaglutide was selected as once weekly lead
- based on animal data

Mini pig s.c. availability 66% 949%

MRT minipig (s.c. dosing) 23hrs 64hrs

In vivo potency (db/db mice) 6.9 nmol/kg 0.3 nmol/kg
T2 humans (s.c. dosing) 13hrs 2

Expected Human dose <2mg/day <2mg/week

life-
changing .
careers” novo nordisk
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Semaglutide has an optimal pharmacokinetic profile
for once weekly dosing...

= Semaglutide Exenatide
s = Liraglutide - Endogenous GLP-1
g 12
] ] creates a circulating
E 10 depot of active
2 0.8- compound
E . GLP-1 peptide )
Y 0.6- with 2
< ] substituted
= 0.4 amino acids
= (.24 * protect against
] enzymatic
S 0.0+ T T Y T T T T T T T 1 degradation by DPP-4
] 0 24 48 72 96 120 144 168 192 216 240 264
Time (hour)
Simulation of pharmacokinetic profile
)
life-
changing .
careers” novo nordisk
36
Semaglutide is the result of a few smart
modifications to the human GLP-1 molecule
Fatty acid optimisation for . .
strong albumin binding. OEG linker for peptide
NN protein chemical E?XAP'I'U‘; and opttlmlsed
; ; inding to receptor
engineering LGlu
k/\/\/\/\/\/\/\ﬁ\n/ N/\/o\/\o/\(o
0\/\ g7 Al
7 10 15 20 25 30 35
n,N-HXEGTFTSDVSSYLEGQAAKEF IAWLVRGRG—coon
= Aib Peptide chain based on liraglutide
- Aib is an unnatural amino acid discovery (human GLP-1):
- for preventing peptidase NN protein chemical engineering and
H,N degradation alanine scan
o ) )

life-
changing -
careers” novo nordisk
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Once-weekly semaglutide provides unprecedented
=
glucose regulation...
SUSTAIN 1 SUSTAIN 2 SUSTAIN 3 SUSTAIN 4 SUSTAIN 5 SUSTAIN 6 SUSTAIN 7
30 weeks 56 weeks 56 weeks 30 weeks 30 weeks 104 weeks 40 weeks
Baseline: 8.1% Baseline: 8.1% Baseline: 8.4% Baseline: 8.2% Baseline: 8.4% Baseline: 8.7% Baseline: 8.2%
Sema Sema PBO Sema Sema Sita Sema Exe Sema Sema IGlar SemaSema PBO SemaSema PBO PBO Sema Sema Dula Dula
0.5 1.0 0.5 1.0 100 1.0 20 0.5 1.0 29U 0.5 1.0 05 1.0 05 1.0 0.5 1.0 075 15
mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg
0.0
0.0
-0.2
< -0.4
> -0.4 -0.4
<
. -0.6
<
S -0.8
I
£ -1.0
&
2-1.2 -1.1
2
S 1.4
-1.5 :
1. -1.5
1.6 16
-1.8
-1.8
-2.0
]
ql:lﬁa-nging Dula: Dulaglutide (Trulicity®); Exe: exenatide (Bydureon®); IGlar: insulin glargine (Lantus®); PBO: placebo; Sita: sitagliptin
careers’ novo nordisk”
38
-
... and unprecedented weight loss
SUSTAIN 1 SUSTAIN 2 SUSTAIN 3 SUSTAIN 4 SUSTAIN 5 SUSTAIN 6 SUSTAIN 7
30 weeks 56 weeks 56 weeks 30 weeks 30 weeks 104 weeks 40 weeks
Baseline: 91.9 kg Baseline: 89.5 kg Baseline: 95.8 kg Baseline: 93.5 kg Baseline: 91.7 kg Baseline: 92.1 kg Baseline: 95.2 kg
Sema Sema PBO Sema Sema Sita Sema Exe Sema Sema IGlar SemaSema PBO SemaSema PBO PBO Sema Sema Dula Dula
2 0.5 1.0 0.5 1.0 100 1.0 20 0.5 1.0 29U 0.5 1.0 05 1.0 05 1.0 0.5 1.0 075 15
mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg mg

Change in body weight (kg)

-6.4 -
-7 6.5
]
tl:lﬁa-nging Dula: Dulaglutide (Trulicity®); Exe: exenatide (Bydureon®); IGlar: insulin glargine (Lantus®); PBO: placebo; Sita: sitagliptin
i
careers” novo nordisk
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...and a highly selective binding to the human GLP-1 :
receptor

Binding site defined primarily by ECD,
ECL1, TM1, TM2 and TM7

GLP-1 almost entirely a-helical in
the receptor-bound state

changing

.
careers” novo nordisk
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Why is semaglutide different?

Continuous plasma exposure with little fluctuation and higher concentration in specific
area of the appetite centre

Simulated pharmacokinetic profiles Chronic administration
& 100 o
5 hel
5 ) S
E 80 - semaglutide 3
Q once weekly g
§ 601 liraglutide =
EX once daily
© 40 A
o
o
3 20 L. .
= lixisenatide g
E once daily =1
3 01, : : ; : : : . =
o 1 2 3 4 5 6 7 g
Time at steady state (days) v
Iif
changing PK modelling
careers” Sources: Watson E, et al., J. Clin. Pharm 2010; 50: 886-894 (liraglutide), meta-analysis ClinPharm trials

(semaglutide - data on file) and Frank T (2013) J Pharm Drug Deliv Res. 2013; 2:1 (lixisenatide)

20
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Semaglutide - a convenient once-weekly GLP-1
with superior blood glucose regulation

Semaglutide
e isan analogue of human GLP-1

e has a once weekly profile through
binding to albumin

e has a high potency and long duration
of action in animals which translate
to an excellent profile in humans

e holds great opportunity for oral
administration

life-
changing e
careers” novo nordisk

]
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Audience Survey Question_.
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT %

Which statement is wrong? Oral GLP-1 peptide delivery is a challenge due to:

* Enzymatic degradation in the intestinal tract
* The intestinal uptake due to the size of the peptide
* The clinical trials are very difficult

* An absorption enhancer may be required

* If your answer differs greatly from the choices above tell us in the chat!

44

g There are many barriers to oral protein delivery

Avoiding degradation

/_f | Reaching epithelial cells
8 4

o f‘i'\ |

Absorption to blood

Proteins are lipophobic: no passive
transport through the intestinal wall e

The gastro-intestinal tract is
designed to degrade proteins
by enzymes and low pH

Ii;e- i
changin a
(areegrs’ 9 novo nordisk



23/10/2019

23
45
{7 | Oral delivery platforms
— Eligen® ~N — GIPET® - N
HSC/\/\/\/\)LO_ Na*
HOW DOES GIPET® WORK?
Fig. 1: Eligen Technology in action. As depicted inside the blue circle, delivery agents (small white dots)
chaperone a therapeutic molecule (the green entity) entering into the outer membrane of an epithelial e
cell. The gastroi tract is on the top and the blood stream is on the bottom right = 20 Clinical Studies - Broad range drug types. J
* GRAS statues simplifies development
\_ J J
pobedi: L novo nordisk”
.-+ ) Understanding the absorption of oral
ww/ semaglutide/SNAC tablets
( | SNAC | g.)_'dium N-[8-(2-hydroxybenzoyl)amino]caprylate \ O SNAC @ Semaglutide
HMCL
N 0~ Na' I
e — —_
SNAC is an enhancer that facilitates absorption
The available data for semaglutide co-
formulated with SNAC support that absorption
takes place in the stomach in a localised
buffered environment
The effect is strictly time- and size-dependent
and occurs primarily via trans-cellular route
lfe- .
ey novo nordisk”
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Stomach is the predominant site of absorption
Highest concentration of semaglutide observed in vena linealis in dogs

Plasma concentration of semaglutide
after 10 mg oral dose in dogs e s
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Semaglutide plasma
Concentration (nmol/L)
o

0 10 20 30 Entry point _ 2N 4
. . .. . . for catheters
Time since administration (minutes)

Ligature

Splenic vein
[ Semaglutide levels were higher in the splenic vein over the ] sampling point

first 30 min after dosing (AUC, 3o, SPlenic/portal: 1.9)

Ii;e- .
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Complete tablet erosion of oral semaglutide occurs
in the stomach
Scintigraphic imaging of an indium-111 labelled tablet

120 min after dosing

*  Mean time to complete tablet erosion was 85 minutes (95% CI: [62;118]) )
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'* SNAC carrier facilitates semaglutide absorption

@ semaglutide
) SNAC
Microvilli

Intercellular
space

Columnar
epithelial cell

life- .
changing

careers” novo nordisk”

SNAC: Sodium N-[8-(2-hydroxybenzoyl) Amino] Caprylate

.-+ ) Oral semaglutide dose dependently reduced HbA,
and body weight in phase 2 trial

HbA, reduction from a mean baseline of 7.9% Weight loss from a mean base line of 92 kg
— Placebo =—sema 2.5mg =—sema5 mg sema 10 mg =—sema 20 mg - sema 40 mg —sema 1 mg SC

HbA;. (%) Weight loss (kg)
8.0 1 0.0 -
73 -2.0 -
7.0 A

-4.0

6.5 A
6.0 - -6.0
0.0 T T T T T T Y -8.0 T T T T T T |

0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28

Time (weeks) Time (weeks)
]

life- Data on graph are estimated mean +/- standard error of the mean
changing SC: subcutaneous; Sema: semaglutide ) ) -
careers” Main inclusion criteria: Type 2 diabetes; 7.0% < HbA,. < 9.5%; Treatment with diet and exercise novo nordisk

+/-metformin
Source: Trial NN9924-3790
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Semaglutide:
® Is aonce weekly GLP-1 analog that binds to albumin

e |san analog of human GLP-1

e Was selected as once weekly candidate based on long
duration of action in pigs

® Once weekly profile was confirmed in humans

e Has now shown great opportunity for both once
weekly dosing and oral treatment

o _
dinging Thanks to the Semaglutide Team nk
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Treating Diabetes: Designing the Once-Weekly and Oral GLP-1 Semaglutide

Puneet Tyagi Jesper Lau
Senior Scientist, Vice President of Research Chemistry,
AstraZeneca Novo Nordisk A/S

Presentation slides are available now! Recordings are an exclusive ACS member benefit.
www.acs.org/acswebinars 53

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications
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ACS

How has ACSWebinars benefited you? G cremisuyforte”

“As a retired research 3 l&
chemist who was active Thmkmg &(Zﬁ

in crop protection, this ’
ACS Webinar was a ¥ qP' l | b

valuable update on the

Lead Generation and Optlmlzatmn
state of the art.” in Crop Protection Research

Fan of the Week

Gary D. Grantham, Ph.D.
Grantham Consulting,
ACS member for 50 years strong!

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org

@ aan ® American Association of 2107 wilson Bivd (703)243-2800 AAPS Membership
Pharmaceutical Scientists #700 aaps@aaps.org membership@aaps.org
Arlington, (877)998-2277 (AAPS)

Registration is now open!

- conference with
1itimacy of a niche meeting.

San Antonio, Texas
Henry B. Gonzalez Convention Center
November 3-6, 2019
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Join the Division Today! ACS Technical Division
Medicinal Chemistry (MEDI)
2018 MEDICINAL . .
CHEMISTRY REVIEWS For $25 (510 for students), You Will Receive:
¢ A free digital copy of our annual medicinal chemistry
review volume (over 680 pages, $160 retail price)
e Abstracts of MEDI programming at national meetings
o Access to student travel grants and fellowships
Find out more about the ACS MEDI Division! www.acsmedchem.org .

ACS Webinars

CLICK + WATCH « LEARN + DISCUSS
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@AmerChemsSociety

@AmericanChemicalSociety @AmerChemSociety

[ ]
Lln ked m https://www.linkedin.com/company/american-chemical-society

Contact ACS Webinars ® at acswebinars@acs.org
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ACS Webinars “does not endorse any products or services. The views
expressed in this presentation are those of the presenter and do not
necessarily reflect the views or policies of the American Chemical Society.

Contact ACS Webinars ® at acswebinars@acs.org
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