Oral Agents In Type 2 Diabetes

Robin Goland, MD
J. Merrill Professor of Medicine and Pediatrics
CoDirector, Naomi Berrie Diabetes Center
Columbia University, New York, USA



.........
““““
““““

incretin ¢ <<= : .
effect &7 Insulin secretio
,' V glucagon secretion
?
carbohydrate ; :
delivery & ¢ |Hyperglycemia
absorption :
"l peripheral
1 (T2 --.......-.‘.‘.‘._._.__‘ Insulin

"\ 4 hepaticglucosé sensitivity

production



Treatment of T2D
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Biguanides

Agent

Metformin
Metformin ER

Efficacy
D%HbA1C

-1 t0 2%

Mechanism of Benefits
Action

Decreases hepatic Weight

glucose production neutral/mild
weight loss, no
hypoglycemia

NS
Concerns

Diarrhea, lactic
acidosis




12D treatment
1stline = metformin

A Contraindications to metformin are very few

I Severe dehydration, hemodynamiastability,
metabolic acidosishepatic dysfunction/ alcoholism
unstable CHF/COPD

NEBYlFf AyadzFFAOASYyO&
men, 1.4 mg/dL irvomen)

A Contraindicatedin patients witheGFR<30
ANot recommended impatients with eGFR30-45

ARecommended for all patients GFR 45+eGFR
later falls to <45 assess benefits/risks of
continuation: discontinue ifeGFRater fallsto <30.



How to minimizeY' S i F 2 NJY A
Gl side effects

A Many patients state that they had Gl intolerance to
metformin when prescribed by their PCPs, and refuse to take
It again. This is a huge problem, as metformin is the best
treatment option for patients with T2D, offering the best
benefit/risk ratio, excellent durabillity, etc.

A If you are starting metformin, start low and go slow:

I Patients may have heard about Gl issues with metforngirtell
them that with your approach, the likelihood of this is neaero.

I Start metformin 500mg daily x 3 days (with food); this is a
homeopathic dose, but tolerates the patient to the drug.

I After 3 days, increase to 500mg twice daily (with food).

| Stay at this dose for 3 months, and assess HbAlc response. In
meta-analyses, a total daily dose of 1000mg = 0.9% HbAlc
reduction; 2000mg = 1.2% reduction.

I If your patient has sideeffects, consider an extendetelease
generic metformin (metformin ER)Only if this fails, try branded
metformin (GlucophageGlumetza etc).



T2D treatmentc 2" |ine

A Although there is clear consensus fott fine
therapy (metformin), there remains a black
box for optimal 29 and 3¢ line therapy:

I Insulin-secretagoguesgsulfonylureasimeglitinides
I DPP4 antagonists
I GLP1 agonists
I basal insulin
I others (TZDs SGLTihhibitors, prandial insulin)
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Initial drug
monotherapy
Efficacy (| HbA1c)

Healthy eating, weight control, increased physical activity

Metformin

Hypoglycemia
Weight

Side effects

high

low risk
neutral/loss-

Gl / lactic acidosis

Two drug
combinations*

low

If needed to reach individualized HbA1c target after ~3 months, proceed to 2-drug combination
(order not meant to denote any specific preference):

Efficacy (| HbA1c)
Hypoglycemia

Major side effect(s)

Three drug
combinations

Metformin
+

Sulfonylureat

Metformin
+

Metformin
+

Metformin
+

Metformin
+

Thiazolidine-
dione

moderate risk------ =
[+ [ 1] | IR——— 5
-1 edema, HF, fx'st

high' == § .

hypoglycemia? ---

low = | .

-1 high
low risk - L

'DPP-4

Inhibitor

intermediate
low risk
neutral

GLP-1 receptor
agonist

low risk
loss

1 Gt

hi

Insulin (usually
basal)

-1 highest

high risk ---

-1 hypoglycemia#
-1 variable

If needed to reach individualized HbA1c target after ~3 months, proceed to 3-drug combination
(order not meant to denote any specific preference):

Metformin
+

Sulfonylureat

+
or
or | GLP-1-RA
or

Metformin
+

Metformin
+

Metformin
+

Metformin
+

Thiazolidine-

DPP-4
Inhibitor
+

SUt

GLP-1 receptor
agonist
+

Sut

or TZD

or TZD

or | Insulind

or| Insulind

Insulin (usually
basal)
+

TZD
or | DPP-4-i

or

More complex

insulin strategies

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 3-6 months,
proceed to a more complex insulin strategy, usually in combination with 1-2 non-insulin agents:

Insulin?
(multiple daily doses)




Approach to management

of hyperglycemia: Less
stringent

Patient attitude and Highly motivated, adherent, Less motivated, non-adherent,
expected treatment efforts excellent self-care capacities poor self-care capacities

Risks potentially associated
with hypoglycemia, other
adverse events

Disease duration Newly diagnosed Long-standing

Life expectancy

Important comorbidities Few / mild

Established vascular Few / mild Severe
complications

Resources, support system Readily available Limited




GRADE Study: ThelycemiaReduction
Approaches in Diabetes: a comparative
Effectiveness Study

A RCT in recenbnset (<10 years) type 2 diabetes

A Compare the metabolic effects @f common
anti-diabetic drugs when combined with
metformin

SU: glimepiride
DPPA4: sitagliptin
GLP1: liraglutide
Basal insulinGlargine




Screening Period (2 weeks)
Type 2 diabetes
Treated with metformin alone
HbAlc >6.8% at screening
<5 years duration of diagnosed diabetes at screening

Metformin Runin Period (68 Weeks)
Titrate metformin to 1000 (min); 2000 (goal) mg/day

Randomization
n=5000 eligible subjects

Sulfonylurea DPP-4 inhibitor GLP-1 analog Insulin
(glimepiride) (sitagliptin) (liraglutide) (glargine)
n=1250 n=1250 n=1250 n=1250




Outline

A 2nd|ine antidiabetic agents
I Sulfonlyureas
I DPP4 inhibitors
I GLP1r agonists (injectable)
I basal insulin (injectable)
A 31-line oral antidiabetic agents
I Alphaglucosidase inhibitors
I Thiazolidinediones (TZDs)
I SGLT2 inhibitors

A Cases



Insulinsecretagogues
Sulfonylureas (andMeglitinides)

Agent Efficacy Mechanismof
D%HDbALC Action

Sulfonylureas -1% Binds sulfonylurea

Glyburide receptor onb-cells,

Glipizide stimulates insulin
Glimepiride secretion

Meglitinides -1% Binds sulfonylurea
Repaglinide receptor onb-cells,
(Prandin) stimulates insulin
Nateglinide secretion

(Starlix)

Benefits Risks/
concerns

Extensive Hypoglycemia,
experience weight gain

Rapid-acting Hypoglycemia,
version of SUs weight gain

A Short acting: target posprandial hyperglycemia
A Longer acting: target fasting hyperglycemia




Sulfonylureagheglitinidesare good options as"2line therapy. They
work quickly (so can reduce glucose toxicity) and are inexpensive.
Thus, sulfonylureas are the WHO recommendation for patients witl
T2D. These drugs also have significant downsides, including weigt
gain and hypoglycem@especially problematic for lorgcting agents
(l.e. glyburide) and effects are not durable (more on that later).



Incretins Overview

A Oral nutrition provides more potent insulin
stimulus compared withsoglycemidV
challenge

A Enteroendocrinecells regulate energy intake
and glucose homeostasis

A 2 major bioactive incretins:
I Glucagonlike-peptide 1: GLRL
I Glucosedependentinsulinotropic peptide: GIP



GLP1 Receptor Agonists

GLP-1 R
Agonists

Exenatide
(Byetta)

Liraglutide
(Victoza)

ExenatideER
(Bydureon)

Albiglutide
(Tanzeum)

Dulaglutide
(Trulicity )

CrCl >50 CrCl 30-50

Caution
titrating from
5 to 10mcg
dose

10mcgbid

0.6mgdaily x 1 week Caution
1.2mg daily x 1 week

1.8mg daily

2mg weekly Caution

30mg, 50mg weekly  Caution

0.75mg, 1.5mg weekly Caution
(no mixing required)

CrCl <30

Not
recommended

Caution
Likely not
recommended

Not
recommended

Not
recommended

Not
recommended

Adjustment renal failure

HD

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended




GLP1r agonists + Metformin:
range in 0.81.5% HbA1c Reduction

—O— Placebo
—&— 5 g Exenatide

Time (week)

A Above is data fronByetta; newer GLPL agonists are more
potent (1-1.2% reduction; higher in patients with Alc >9%
where you can expect 1:2% reduction).

A Dosing schedules are also more convenient with newer
agents: daily Yictozg or weekly Bydureon Trulicity) dosing



DPP4 inhibitors

Agent

Sitagliptin
(Januvia)
Saxagliptin

(Onglyza)

Alogliptin
(Nesing
Linagliptin
(Tradjenta)

Dose

CrCl >60

100mg

smg

25mg

smg

Adjustment renal failure

CrCl 300 CrCl <30 HD

60

50mg 25mg
2.5mg 2.5mg

12.5mg 6.25mg 6.25mg

No adjustment (hepatically cleared)



DPP4 inhibitors + metformin:
~0.6%HbA1c Reduction

Treatment Weighted mean change
in HbA,. (95% Crl)

Alogliptin + metformin —0.68 (—0.96 to —0.40)"

Linagliptin 4+ metformin —0.57 (—0.75 to —0.40

x
x

Sitagliptin + metformin —0.64 (—0.79 to —0.50)*

)
)
Saxagliptin 4 metformin —0.61 (—=0.79 to —0.44)
)
)

Vildagliptin 4+ metformin —0.59 (—0.75 to —0.44)*



Yes, these are mysual 29 line therapy, as they are weighteutral
(DPP4 inhibitors) agreducing (GLR agonists), with negligible
hypoglycemia. In additioiraglutide(Victozg has proven CV
outcome benefitg unknown if this is a class effect.

Both also have downsides, including high cost for the uninsured,
relatively weak efficacy for DPP4 inhibitors, and the potential fear
Injections for GLR agonists, as well as several cveported fears
(pancreatitis, medullary thyroid canceitc).



Basal insulin

A A mainstay of T2D treatment not necessarily a
medication of lastresort, and can be used ag¥ine

A Multiple options that can be used once daily:

I traditional glargine (Lantus oBasaglay
I U200 glargineToujeo
I degludec(Tresibg
A HowtotitratecF2NJ Y2a0X | AGGNBI G
based on fasting blood sugars will work as long as the
Insulin is taken at the same time daily. Most TTT

algorithms target fasting FSG <100mg/dl, but adjust for
your particular patient.

Sian with 10 I day bedtime basal insulin and adjust weekly
Mean al s=lf-monitorsd FPG values [rom

Incmezse of insulin dosage
preceding 2 days

(M)
=180 mg/dl (10 mmold)

140-180 mg/dl (7.5-10.0 mmaold)
120-140 mgid] {5.7-7.8 mmaolAd)
100-120 mgfd] {5.6-6.7 mmold}




. Saz SalLlsSOoAlftte Ay LI GASWing o4
or for patients with T2D who have low insulin production. This ma
happen in patients with longtanding disease, but may happen
sooner in specific patient populations. There are desmes as

well, including weight gain and hypoglycemia (and fear of
Injections, often physician>patient), which preclude basal insulin :
the preferred 29line option.



Outline

A 2nd|ine antidiabetic agents
I Sulfonlyureas
I DPP4 inhibitors
I GLP1r agonists (injectable)
I basal insulin (injectable)
A 31-line oral antidiabetic agents
I Alphaglucosidase inhibitors
I Thiazolidinediones (TZDs)
I SGLT2 inhibitors

A Cases



Agent Efficacy | Mechanism Benefits | Risks/
DY%HbALC of Action Concerns

Acarbose(Precosg -0.50.8% Delays Weight Flatulence,
Miglitol (Glyset) complex neutral diarrhea and

carbohydrate abdominal pain
absorption




