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Insulin Discovery

Patient with diabetes before and two months after taking insulin

Lilly researchers
collaborated with
scientists at the
University of Toronto to
develop a process to
mass-produce insulin.

The work resulted in the
introduction of the

world’s first commercial
insulin product in 1923.
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Ominous Octet

The ‘Ominous Octet’: multiple pathophysiological failures contribute to
hyperglycaemia

Impaired insulin secretion
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Major Pathophysiologically-Based
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Antagonists of Octets

GLP-1 RECEPTOR
AGOMNISTS ADDRESS 6
CORE DEFECTS

several key
pathologies
underlying T2DM can
be addresed.

| M prove pancrezic
beta cell function.
Inhibtglucason
cecretion from alpha
cellsinthe presence
of high glucose.

A= a result of lowered
glucagon, hepatic
glucose production
can be reduced.
Reduce hunger and
energy intakein the
brain

DPP-4 INHIBITORS

*  Increaseinsulin
secretion.

* Decrease
glucagon levelsin
circulationina
glucose-
dependent
manner.

* Block degradaion
of native GLP-1 &
GIF, resulting in
increased halflives
of GLP-1 & GIP

SGLT-2
INHIBITORS

* Decreaserenal
glucose
reabsorption.

* Lowerrenal
glucose
excretion
threshold,
increase
urinary glucose
excretion.

SULPHOMNYLUREAS
(5Us)

*  Induceinsulin
secretionin
pancreatic beta
cells.

* Reduceserum
glucagon levels.




The Dirty Dozen of Diabetes (6+%

* The additional of four well-known
hormones were proposed to the

list of players in diabetes to bring
the number to 12.

e All four hormones have adequate
biochemical, epidemiological,
observational or clinical support to
merit inclusion in the list of the
Dirty Dozen of Diabetes.




9. Catecholamine’s,
INCLUDING DOPAMINE

The ninth player the Ominous Octet is
the catecholamine family. Dopamine,
which is the catecholamine with highest
concentration in the brain,”. The
dopamine modulator drug
bromocriptine is used for the
management of type 2 diabetes. Stress
is linked with the onset of and with
poor control in diabetes.

Judicial use of timed release
bromocriptine helps in resetting the
sustained hyperdopaminergic tone that
is characteristic of many type 2 diabetes
patients.

10. ViTAMIN D

Vitamin D acting as an immuno-
modulatory hormone, it decreases
pro-inflammatory cytokines,
increases anti-inflammatory
cytokines, reduces autoimmune
insulitis and protects against type 1
diabetes in children exposed to high
doses of vitamin D in utero or in
infancy. In adults, vitamin D is linked
with both insulin secretion and
insulin sensitivity, and there is a
strong body of evidence, which
justifies its inclusion in the Diabetes
Dirty Dozen.

Low vitamin D levels are associated
with a higher prevalence of metabolic
syndrome, diabetes, obesity,
hypertension, coronary artery
disease and stroke.




11. Renin—Angiotensin System

Vitamin D deficiency and obesity are
associated with stimulation of RAS
activity.

Randomized controlled trials reveal a
lower incidence of new-onset
diabetes in patients prescribed
angiotensin-converting enzyme
inhibitors and angiotensin receptor
blockers. Because of this, and their
nephro-protective and cardio-
protective effects, these molecules
have become drugs of first choice in
hypertension associated with
diabetes. The future holds promise
for RAS-based intervention in
diabetes care. RAS, therefore, should
justifiably be included as part of the
Dirty Dozen.

12. Testosterone

The fourth hormone, which should
be added to the list of diabetes
players to complete the Dirty Dozen,
is testosterone.

In diabetes, low levels of FSH may
cause lower androgen synthesis
through local cytokines and may lose
its capacity to do so in diabetes.
Studies have shown that low
testosterone precedes the onset of
diabetes, and androgen deprivation
therapy exacerbates insulin
resistance/worsens glycaemia in
prostate cancer patients.

“hypogonadism in men with diabetes
"condition affects much more than
sexuality. Low testosterone levels
should certainly be treated, aiming
for high-normal values, but equally
certainly should not be over-treated.




Treacherous Thirteen 12+1 (iron included),

we need to utilize every preventive and therapeutic strateqy
available to us in order to halt the diabetes pandemic.

Each of the known pathogenetic mechanisms should be studied and
assessed with an open mind for each individual patient in order to
achieve the best possible outcomes.




Drug: How to decide

Tablet

* Blood glucose:< 16 mmol/L
e HbA1C :7-9%
* Algorythm: Metformin

How to decide + Lifestyle
for any one

Comorbidities:
***patient preference

Insulin

High blood glucose with
severe symptom

Secondary failure
HbA1C > 9

Renal failure

Hepatic failure

Diabetic emergency
Non diabetic emergency
Pregnancy

Acetonuria




Anti-hyperglycemic Therapy in Adults with T2DM

At diagnosis, initiate lifestyle management, set A1C target, and initiate
pharmacologic therapy based on AlIC:

—| AI1C is less than 9%, consider Monotherapy-

AlC is greater than or equal to 9%, consider Dual Therapy.

AI1C is greater than or equal to 10%, blood glucose is greater than or equal to 300 mg,/dL,
or patient is markedly symptomatic, consider Combination Injectable Therapy (See Figure 8.2).

h 4
onotherapy Lifestyle Management + Metformin
Initiate metformin therapy if no contraindications®* (See Table 812
ATC at target Yes: - Monitor A1C every 3—6 months
after 3 months No: - Assess medication-taking behavior \

T th T
of monotherapy - Consider Dual Therapy
v
Lifestyle Management + Metf@rin + Additional Agent
ASCVD? Yes: - Add agent proven to reduce major adverse
cardiovascular events and/or cardiovascular mortality

(see recommendations with * on p. 575 and Table 8.1)
- Add second agent after consideration of drug-specific effects

No:
and patient factors (See Table 8.1
Al1C at target Yes: - Monitor A1C every 3—6 months
after 3 months . . .
of dual therapy? No: - Asselss medllcatlon-taklng behavior
- Consider Triple Therapy

Lifestyle Management + Metformin + Two Additional Agents

Triple Therapy

# (See Table 81

Add third agent based on drug-specific effects and patient factors

A1C at target Yes: - Monitor AIC every 3—6 months
after 3 months MNo:

of triple therapy?

- Assess medication-taking behavior
- Consider Combination Injectable Therapy (See Figure 8.2)

w
(See Figure 8.2)



Anti-hyperglycemic Therapy in Adults with T2DM

v

Lifestyle Management + Metformin + Additional Agent

ASCVD? Yes: - Add agent proven to reduce major adverse
cardiovascular events and/or cardiovascular mortality
(see recommendations with * on p. 575 and Tablle 8.1)

No: - Add second agent after consideration of drug-specific effects
and patient factors (See Table 8.1)

]
” \
! — I
A1C at target Yes: - Monitor AIC every 3—6 months ' &\V'

after 3 months
of dual therapy?

No: - Assess medication-taking behavior

N\
- Consider Triple Therapy \e /
\ P

Triple Therapy Lifestyle Management + Metformin + Two Additional Agents

Add third agent based on drug-specific effects and patient factors# (See Table 8.1)

AIC at target Yes: - Monitor AIC every 3—6 months

after 3 months

of triple therapy? No: - Assess medication-taking behavior

- Consider Combination Injectable Therapy (See Figure 8.2)

(See Figure 8.2)




GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND CUMPREHEHSIVE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)
F HbA, ABOVE TARGET PROCEED AS BELOW

ESTABLISHED ASCVD OR CKD

J

ASCVD PREDOMINATES

How to select

4

!

A’

WITHOUT ESTABLISHED ASCVD OR CKD

J

J

TO AVOID
CLINICAL INERTIA
REASSESS AND

MODIFY TREATMENT
REGULARLY
(3-6 MONTHS)

4

HF OR CKD PREDOMINATES
= 5 COMPELLING NEED TO MINIMISE WEIGHT
PREFERABLY COMPELLING NEED TO MINIMISE HYPOGLYCAEMIA GAIN OR PROMOTE WEIGHT LOSS COST IS A MAJOR ISSUE™"®
SGLT2i with evidence of reducing
SGLT2i with HF and/or CKD progression in ” T (F — -
) 3 ) GLP-1 RA with
(.il_P-‘l RA proven C1V|] I_ CVOTs if eGFR adequate DPP-4i @' @' TZD good efficacy SGLT2i Sus TZD™
with proven benefit, | M--------- OR ---------+4 ‘ g for weight loss®
CVD benefit’ if eGFR If SGLT2i not tolerated or 3 I
w contraindicated or if eGFR less T HbA 1f HbA If HbA, 1f HbA ¥ ¥
2 _ e 13 c 1c
= than adequate* add GLP-1 RA above target above target ahave target ahove target [ If HbA, above target ] If HbA, above target
with proven CVD benefit’
L 8\ J R 2 2 2 R 2 R 2 2 ¥ 02 ¥
4 ¥ GLP-1RA SGLT28
[ If HbA,_above target ] [ If HbA,_above target ] S6LT2? s6LT2? OR OR GLP-1RA with
*l’ ¢ OR OR DPP-4i DPP-4i SGLT2i good efficacy TZp" Su¢
TZD TZD OR OR for weight loss®
If further intensification is required or - Avoid TZD in the setting of HF TZD GLP-1RA
patient is now unable to tolerate . ) - ‘ >
GLP-1 RA and/or SGLT2i, choose Choose agents demonstrating CV safety: ¢ * * \L * ¢ * *
agents demonstrating CV safety: « Consider adding the other class [ If HbA, above target [ If HbA, above target ] [ If HbA, above target

« Consider adding the other class
(GLP-1 RA or SGLT2i) with praven
CVD benefit

DPP-4i if not on GLP-1RA

Basal insulin*

- TID®

with proven CVD benefit'

DPP-4i (not saxagliptin) in the setting
of HF (if not on GLP-1 RA)

Basal insulin*

- SU¢

- SU¢

-

Tatid, Titid,

. Proven CVD benefit means it has label indication of reducing CVD events. For GLP-1 RA strongest

tended release. For SGLT2i evidence

i for lirag > tide >

modestly stronger for empagliflozin > canagliflozin.

™~

for initiation and continued use

b d

progression in CVOTs

4. Degludec or U100 gl have d

. Be aware that SG6LT2i vary by region and individual agent with regard to indicated level of eGFR
. Both empagliflozin and canagliflozin have shown reduction in HF and reduction in CKD

ated CVD safety

2

V¥ 2

2 2

Continue with addition of other agents as outlined above

¥

If HbA,_ above target

-_— \....)

2

Consider the addition of SU¢ OR basal insulin:

= Choose later generation SU with lower risk of hypoglycaemia
« Consider basal insulin with lower risk of hypoglycaemia’

If triple therapy required or SGLT2i
and/or GLP-1 RA not tolerated or
contraindicated use regimen with
lowest risk of weight gain
PREFERABLY

DPP-4i (if not on GLP-1 RA)
based on weight neutrality

02

. Low dose may be better tolerated though less well studied for CVD effects
. Choose later generation SU with lower risk of hypoglycaemia
E Degludecl glargine U3lll] glargme U‘Il]ll 1 detemlr <NPH msulln

-
> lirag

o @ N e

de >

priority to aveid weight gain or no weight-related comorbidities)
10. Consider country- and region-specific cost of drugs. In some countries TZDs relatively more

and DPP-4i

ly cheaper

. If no specific cumurhldmes (i.e.no eslabllshed CVD, low risk of hypoglycaemia and lower

If DPP-4i not tolerated or
contraindicated or patient already on
GLP-1 RA, cautious addition of:

« SU® - TZD® - Basal insulin

* Insulin therapy basal insulin with
lowest acquisition cost

OR

« Consider DPP-4i OR SGLT2i with
lowest acquisition cost"




case A - Mr. Y INdividualization

Mr. Y, 58 years of age.
Type 2 Diabetes for 6 years.
On metformin 1.5g/d & glimiperide 4mg 1 tabs BBF.

Al1C: 8.2%
FPG: 9.4 mmol/L
PPG: 12.6 mmol/L
eGFR: >60ml/min

Weight: 95 kg

BMI: 33.8kg/m?
BP: 130/80




After Liraglutide

Weight: 91 kg Al1C: 7.1%

[-4kg] [-1.1%]

* |s he aresponder?
* Should we continue Liraglutide?



NICE Guidance on Liraglutide

Treatment with liraglutide 1.2 mg daily in a triple therapy regimen
should only be continuedfas described for exenatide in ‘Type 2

diabetes: the management of type 2 diabetes’ (NICE clinical
guideline 87); that is} If a beneficial metabolic responsefhas been

snown (aefined as a reauction or at l1east 1 percentage point in

HbA1 weight loss offat least 3% of initial body weight at

6 months).

NICE technology appraisal guidance 203. http://www.nice.org.uk/guidance/TA203.




LEADER: Study design

9340 patients
e Double blinded Placebo

Liraglutide 0.6—1.8 mg OD + standard of care Safety follow-up

] run-in
® 2-week placebo run-in

Placebo + standard of care Safety follow-up

|<. ..... ; weeks* ................................. s ye e >|< .............................

30 days
Screening Randomisation (1:1) End of treatment
Key inclusion criteria Key exclusion criteria
® T2DM, HbA,. 27.0% ® T1DM
® Antidiabetic drug naive; OADs and/or basal/premix insulin ® Use of GLP-1RAs, DPP-4i, pramlintide, or rapid-acting insulin
® Age >50 years and established CV disease or chronic renal failure ® Familial or personal history of MEN-2 or MTC

or
® Age 260 years and risk factors for CV disease

CV, cardiovascular; HbA,, glycosylated haemoglobin; OAD, oral antidiabetic drug; OD, once daily; T2DM, type 2 diabetes mellitus.
Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJM0al1603827.



Individual components of the primary
endpoint

Liraglutide Placebo

Hazard ratio

(95% CI) p-value N N
Number of patients 4668 4672
CV death F—— 0.78 (0.66; 0.93)  0.007 219 278
Non-fatal Ml |—0—-| 0.88 (0.75 ; 1.03) 0.11 281 317
Non-fatal stroke |—0—-—| 0.89 (0.72; 1.11) 0.30 159 177
| I |
0.5 1 15

Hazard ratio (95% Cl)

[
»

A

Favours liraglutide Favours placebo

Hazard ratios and p-values were estimated with the use of a Cox proportional-hazards model with treatment as a covariate.
%, percentage of group; CI, confidence interval; CV, cardiovascular; HR, hazard ratio; N, number of patients.
Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJM0al1603827.



Tablet

* Acarbose (X)Renal failure, cost effectivity /patient
intolerant

e dPP4 inhibitors (gliptin)(X):High TG, pancreatitis,
thyroid nodule, cost effectiveness
(**Linagliptin preferred in renal failure, Liver disease)

e SGLT-2 inhibitor(Dapagliflozin)(X):UTI, renal failure
cost effectiveness

 **MR,SR,XR should not be broken, metformin may
pass with stool intact




Tablet

 Metformin:(X)-Creatinine 1.5,liver disease with
higher SGPT, Acute coronary syndrome, heart
failure/lung disease with respiratory distress, Febrile

state /dehydration

* Sulphonylurea: (X)Obese, on SUs for more than
10rs,CCr <30,when maximum dose(4 tabs) has been
tried




Glucose-lowering Drugs in T2DM: Some Major
Clinical Trials

Acronym Tested Agents Outcome Status
Insulin
ORIGIN Insulin Glargine vs standard CV death, MlI, Stroke Reported
DEVOTE Insulin Degludec vs Glargine CV death, MI, Stroke Ongoing
DPP-4 inhibition
SAVOR-TIMI 53 Saxagliptin vs placebo CV death, MlI, Stroke Reported
EXAMINE Alogliptin vs placebo CV death, MlI, Stroke Reported
TECOS Sitagliptin vs placebo CV death, MI, UA, Stroke Reported
CAROLINA Linagliptin vs glimepiride CV death, MI, UA, Stroke Ongoing
CARMELINA Linagliptin vs placebo CV death, MI, UA, Stroke Ongoing
OMNEON Omaragliptin vs placebo CV death, M1, UA, Stroke Ongoing
GLP-1 agonism
ELIXA Lixisenatide vs placebo CV death, MI, UA, Stroke Reported
REWIND Dulaglutide vs placebo CV death, M1,, Stroke Ongoing
LEADER Liraglutide vs placebo CV death, MlI, Stroke Ongoing
EXSCEL Exenatide Wkly vs placebo CV death, MlI, Stroke Ongoing
SUSTAIN 6 Semaglutide vs placebo CV death, MlI, Stroke Ongoing
FREEDOM-CVO Exenatide vs placebo CV death, MI, UA, Stroke Ongoing
SGLT2 inhibition
| EMPA-REG OUTCOME Empagliflozin vs placebo CV death, Ml, UA, Strokel Reported
DECLARE-TIMI 58 Dapag iflozin vs placebo CV death, MI, Stroke Ongoing
| CANVAS Canagliflozin vs placebo CV death, MI, UA, Strokel Ongoing
Canagllﬂozm Vs placebo , Renal death, 2 r Ongoing




Coronary Heart Disease: Recommendations

In patients with T2DM and established ASCVD,
antihyperglycemic therapy should begin with lifestyle
management and metformin and subsequently incorporate
an agent proven to reduce major adverse CV events and CV
mortality (currently empagliflozin,canagliflozen and

liraglutide), after considering drug-specific and patient
factors.




Normal Renal Glucose Metabolism

Glucose \ |
)

S1 segment
of proximal
tubule

SGLT2
~90%

SGLT1
~10%

Distal
S2/S3
segment of

proximal NO glucose

tubule
Adapted from Bays H. Curr Med Res Opin. 2009;25(3):671-681.

Presented at the 77 Scientific Sessions of the American Diabetes Association;

June 12, 2017; San Diego, CA.

4

CANVAS Program



Glucose Metabolism in Diabetes

Glucose \

Urinary
glucose
excretion

Adapted from Bays H. Curr Med Res Opin. 2009;25(3):671-681.

Presented at the 77 Scientific Sessions of the American Diabetes Association; : v
CANVAS Program

June 12, 2017; San Diego, CA.



Inhibition of Renal Glucose Reabsorption

SGLT2
\. . inhibitors

Less glucose
reabsorbed

Increased
urinary
glucose
Adapted from Bays H. Curr Med Res Opin. 2009;25(3):671-681. excretlon
Presented at the 77 Scientific Sessions of the American Diabetes Association; v

June 12, 2017; San Diego, CA.

CANVAS Program



Cardiovascular Outcome Trials:
Marketed SGLT2 Inhibitors

CANVAS Program EMPA-REG OUTCOME DECLARE
(Canagliflozin)? (Empagliflozin)? (Dapagliflozin)3*
Zj;'e”ts 10,142 7020 17,276
Study  Primary Yes (35%) No Yes
Design Prevention
Ispecond?ry Yes (65%) Yes Yes
revention
Completion 2017 2015 2019
Study duration ~6 years duration ~4 years duration Ongoing
3-Point HR, 0.86 HR, 0.86
-Foin
B P—0.0.Z (f:)r) P—0.0.4 (ftor)
superiori superiori
Outcome 2 y P y PENDING
Drivi CV Death, Non-fatal
IEHIS M, Reduction in CV Death ) _
Factor Comparisons between trials are

Non-fatal Stroke complicated by differences in:

1. Neal B., et al. The new england journal of medicine 2017. DOI: 10.1056/NEJMoal611925 Populations, Trial designs, Analytic
2. Zinman B, et al. N Engl J Med. 2015; 373(22):2117-2128. approaches and Drug effects.

3. Clinicaltrials.gov NCT01730534. Comparisons are therefore hazardous,

4. TIMI Study Group. DECLARE-TIMI 58. Available at: http://www.timi.org/index.php?page=declare-timi-58 act#jg&hto bias, and may be confounded
4/12/17 by multiple uncontrolled factors



http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58

CANVAS Program

Summary

Hazard ratio

(95% Cl)

Primary cardiovascular outcome I—H 0.86 (0.75-0.97)
CV death —e— (.87 (0.72-1.06)
Nonfatal myocardial infarction '—‘—' 0.85 (0.69-1.05)
Nonfatal stroke i 0.90 (0.71-1.15)

Hospitalization for heart failure ¥—¢—1 0.67 (0.52-0.87)
CV death or hospitalization for hearttf#tdre 0.78 (0.67-0.91)
All-cause mortality —e— (.87 (0.74-1.01)

| ; |
0.5 1.0 2.0
< >

Favors Favors
Canagliflozin Placebo




CANVAS Program

Renal Outcomes Summary

e Canagliflozin compared to placebo

Induced sustained lowering of albuminuria
Prevented progression in albuminuria
Induced regression in albuminuria
Reduced renal function loss events

e Conclusion

These data suggest a potential renoprotective
effect of canagliflozin treatment in patients with
type 2 diabetes at

high CV risk on top of ACE/ARBs




Approval Timeline(evolution)

1996

e Acarbose

e Glimepiride
e Miglitol

e Lispro

1997

* Glipizide
¢ Glyburide
* Repaglinide

1999

* Pioglitazone

* Rosiglitazone

2000

e Glargine
e Aspart




Approval Timeline(evolution)

2001 2002 2005 2006
» 30/70 Aspart e Rosi + Met * Exenatide * Sitagliptin

e Glipi + Met e Pramlintide
* Pio + Met




Approval Timeline(evolution)

2008 2009 2010 2011

e Colesevelam e Bromocript e Liraglutide e Linagliptin

e Vildagliptin e Saxagliptin




Approval Timeline(Evolution)

2012
* Anagliptin
* Teneligliptin

o Exenatide-ER

2013

* Lixisenatide
e Canagliflozin
* Degludec,Ryz
* Metreleptin
e Alogliptin

2014

* Dapa, Empa

* Ipra,Tofo,Luse
* Albi,dulagluti
¢ Afrezza

2015

¢ IDeglira

* Evogliptin
* Omari,Trela
* U-300

2017

Semaglutide




Drugs in Pipeline




Drugs in Tank
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thiamine Intranasal (DPP4|S ~ Dual ( FGF 21 (LY)

\ x SGLT2Is PPARs
" monthly

DAPD




Newer targets

* uncOCN:

undercarboxylated form of Osteocalcin (uncOCN) :seems to have positive
effects on the metabolic syndrome, including improvement of insulin
resistance, B-cell function and dyslipidemia.

* INDY Gene (‘I’'m not dead yet’):

Its deletion mimics aspects of dietary restriction and protects again adiposity
and insulin resistance in mice

e VEGF-B Blocker: 2H10

 ABHD6: a/B hydrolase domain-6: breaks down monoacylglycerol and thus
negatively controls insulin release. Inhibition may help in treating
diabetes.

* FFAR3: B cell short-chain fatty acid receptors




Soon in Market

Newer drugs



Glargine U-300

e Three-fold more concentrated formulation of
Glargine

* Reduced volume (1/3) and reduced surface area
(1/2) of subcutaneous depot

e Slower and more constant rate of absorption

 Gla-300 (Toujeo®) provided sustained glycemic

control with a lower risk of hypoglycemia compared
with Gla-100 (Lantus®)




SGLT 1 & 2 inhibitor (oral type 1 DM)

Sotagliflozin, dual SGLT-inhibitor currently is in Phase 3
studies.

The FDA New Drug Application for Sotagliflozin is based
on data from the inTandem clinical trial program which
includes three Phase 3 clinical trials assessing the
safety and efficacy of Sotagliflozin in approximately
3,000 adults with inadequately controlled type 1
diabetes.1-3 The safety and efficacy data have not yet
been evaluated by any regulatory authority.

The target FDA action date under the Prescription
Drug User Fee Act (PDUFA) is anticipated to be March
22, 2019.




Upcoming GLP-1 agonists

GLP-1 agonists currently in clinical or preclinical testing”

Company Peptide name Development stage Target Dosing regimen
Lilly Cpd8e Preclinical GLP-1/GIP SC, once daily
Zealand Pharma PGG-72 Preclinical GLP-1/GLP-2 5C once daily
ZP3022 Preclinical GLP-1/CCKB 5C once daily
Prolor (Opko Biologics) MOD-6030 Preclinical GLP-1/GCG 5C once weekly
Zealand Pharma /P2929 Phase | GLP-1/GCG 5C once daily
Hamni Pharmaceuticals HM12525A Phase | GLP-1/GCG 5C once weekly
Diartis Pharmaceuticals VSR859 Phase | GLP-1 SC, once monthly
Novo Nordisk NN9926 Phase | GLP-1 Oral, long acting
TransTech Parma TTP273/TTP054 Phase Il GLP-1 Oral
Zydus-Cadila ZYOG1 Phase | GLP-1 Oral
Roche MAR709 Phase I GLP-1/GIP 5C once daily
Eli Lilly TT401 Phase Il GLP-1/GCG 5C once weekly
Hamni Pharmaceuticals HM11260C Phase I GLP-1 SC, once weekly
PhaseBio Pharmaceuticals PB1023 Phase I GLP-1 5C once weekly
Eli Lilly Dulaglutide Phase lll GLP-1 5C once weekly
Novo Nordisk Semaglutide Phase lll GLP-1 5C once weekly

Intarcia ITCA Phase Il GLP-1 5C once yearly




PTP 1B Inhibitors

PTP 1B (Protein Tyrosine Phosphatase 1B) acts as
a negative regulator for both insulin and leptin
signaling

Inhibition of PTP 1B could address both Diabetes
and Obesity

* Traditional therapeutics cannot specifically target

PTP 1B

Anti sense based oligonucleotides inhibit the
expression and activity of PTP 1B gene without
affecting  other highly related Tyrosine
Phosphatases




PTP 1B Inhibitors (Target Therapy)

Antisense Oligonucleotide Therapy
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Glucokinase Activators (1 Glucose metabolism)
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THENDS in Endocrinology & Metabolism




GPR 119, GPR 40 agonists ({1, food intake)
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GPR 119, GPR 40 agonists (1 insulin availability)
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Available Injectable

Insulins
* Rapid acting: Glulisine, Aspart, Lispro

* Short acting: Regular Insulin

* Intermediate acting: NPH

* Long acting (basal): Glargine,, Detemer
* Ultra-long acting (true basal)

GLP-1 analogues: Exenatine, Lixisenatide, Liraglutide




Why Early insulin initiation?

Improves beta-cell functic Beneficial effects o
(reduces glucotoxicity & lipids
lipotoxicity)

Reverses insulin resist Improves Quality of L

Insulin provides
4 benefits beyond
glycaemic control




Significant space for innovation within insulin

Faster aspart Xultephy
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Eras in the history of
therapeutic insulin

ered insulin

100 years of lessons of action

* |Insulin has proved to be a difficult molecule to isolate, to purify,
and to understand

* The major consequence is that we still give it subcutaneously, as

90 years ago, and we still have no small molecule analogues

* Technologically, the major advances have been in manufacturing insulins

technology, allowing the production of rapid-acting and long-
acting insulin analogues delivered by easy to use pen-injectors

TFITE




Potential advantages of even faster-acting insulin analogues

Insulin action (at mealtime)

Earlier onset and peak of biologic activity

Less biologic variability

Shorter duration of action =

From the normal pancreas

Faster-acting insulin analogues

Lower post-prandial glucose

Less late prandial hypoglycaemia

Fewer glycaemic fluctuations




Target profiles for new insulin analogues

Mimicking physiological responses

Action profile of today’s Targeted action profiles
modern insulins of future insulins

Ultra fast-acting
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Insulin delivery system

CGM data sensor
& transmitter

CGM data receiver & display
with insulin delivery system







Oral Insulin

Table 1.

Oral Insulin Delivery Systems undergoing Clinical Trials

Oral Imsulin Delivery Systems Undergoing Clinic:

Product name

Company

Technology

Status Referance
Phase lla in T1IDM and phase Il in
Diabetolo Axcess™: enteric-coated capsule filled T2DM completed; agreement with USW
Capsulin ers U% with a mixture of insulin, an absorption Limited (Mumbai India) to complete the 21
rsey, enhancer, and a solubilizer development and commercialize for the
Indian market
Enteric-coated capsule containin . ;
ORMD-0801 ( Jem;'f;rr“ne?s rael] insulin and adjuvarpr; to protect tr?e Fhase lla in T“%"‘Eﬁ”" phase lIb in 22
" protein and promote its intestinal uptake
BOWS - ) S Phase Il in T2DM; agreement with
ORA2 Pharmaceuticals AG Capsule containing insulin in dextran Orin Pharmaceuticals AG (Stockholm, 23
(Zug, Switzerand) miatrix Sweden) for the development
Emisphere Eligen®; capsule containing insulin and
— Technologies an absorption enhancer that facilitates Phase Il in T2DM suspended 24
(Cedar Knolls, NJ) the passive transcellular transport
GIPET® from Mermion Pharmaceuticals
, (Dublin, Ireland); capsule or tablet
MNMN1952 (Ba ':Ca'e:mmoéc:r?:_.ark} containing absorption enhancers that Cancelled after phase Il 25,26
g5V " activate micelle formation, facilitating
transport of insulin
MNM1953; NMN1954 N Nordisk Tablet of | Cti i li I Ph I in TADM d T2DM 25
, (Bagsvaerd, Denmark) al ong-acting insulin analog ase | in an
IN-105 Biocon Insulin modified with a small PEG Phase II; searching for other company 27
(Bangalore, India) 10 pursue development
Diasome Liposomal insulin, which is hepatic-
HDW-1 {Conshéhocken PA) directed vesicles—insulin, HDV-I, in orally FPhase Il 28,29
' administered forms
o Biolaxy (Shanghai, MNOD Technology; insulin-loaded Phase | a0
China) bioadhesive nanoparticles
Access CobaCyte™; nanoparticle or polymer
— Pharmaceuticals containing insulin, coated with vitamin Phase |
(Dallas, TX) Bz for targeted delivery




Smart insulins(beyond CGM,CSI|)

Basic Principle
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Schematic of the Glucose responsive vesicles(GRV)-containing
Micro Needle MN-array patch (smart insulin patch) for in vivo
insulin delivery triggered by a hyperglycemic state to release
more insulin.




Smart insulins(beyond CGM,CSI|)

 Smartinsulin is defined as a pharmaceutical preparation
which contains an

* 1l.inbuilt sensor mechanism to assess ambient glycaemia,
and

e 2.ensures release of insulin based upon this information.

* The duration of action of these nano-networks is 10 days in
type 1 mice, and has been noted to last up to 14 days in
some animal subjects.




Bionic Pancreas(not closed loop insulin pump only)
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Bionic Pancreas (not closed loop insulin pump
only)

Bionic/Artificial pancreas:

— Dual-chambered

— Two separate pumps for delivering both insulin and glucagon,
— A continuous glucose monitor (CGM)

— A control algorithm built into an iPhone app.

The bi hormonal "bionic pancreas” continues to perform well in
clinical trials and could reach the US market by 2018




Islet cell transplantation- two types

- The two types of pancreatic islet
transplantation are

auto-transplantation -Patients with type 1
diabetes cannot receive pancreatic islet

allo-transplantation -Pancreatic islet allo-
transplantation is performed in type 1
diabetes**Currently experimental (not
approved for therapeutic purpose).




Islet cell transplantation

Donor Recipient Pancreatic islet allo-transplantation

et (with type 1diabetes) A
In pancreas

Esophagus

Pancreas

Isolated
Islets

lets in portal vein

islets from the pancreas of a deceased
organ donor are purified, processed,
and transferred into another person.

Currently experimental (not approved
for therapeutic purpose).

Transplant patients typically receive
two infusions with an average of
400,000 to 500,000 islets per infusion.

In most cases, islet cells from several
different donors are needed.

The islets are infused, into the portal
vein.

Pancreatic islet allo-transplantation is
performed in type 1 diabetes.




Islet cell transplantation

* Recent data of a 5-yr post transplant follow up:

— Prevent severe hypoglycemia in nearly 90% of the
recipients at five years

— HbA1c levels were £ 7% in 84% of patients at 12
months, 70% of patients at 48 months, and 59% of
patients at 60 months after islet transplantation

Diabetes Care. 2015 Sep;38(9):1714-22



Summary

* There is evolution of drug treatment for diabetes
mellitus

e ASCVD safety and Renal safety remain the top
priority of drug selection

* Appreciable changes of insulin molecule and delivery
system has been achieved but we are still in quest of
insulin with physiological profile




Conclusion

* Diabetes and it’s treatment is ever growing
and fast growing subject

 All clinician should remain vigilant and
updated
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Control your glucose before it
takes control over your life

No diabetic should die
untreated,unfed,unem
ployed even if he Is
POOr




DIABETES DAY

Joday
413 MILLION

people worldwide are living with diabetes.
In 2040

MORE THAN HALF A BILLION

will have diabetes.

Ways to prevent or delay

TYPE 2 DIRBETES
s, ()

THANK YOU




