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Dualities

Research: Medtronic, Tandem, Dexcom, Mannkind, Eli Lilly
Consulting: Medtronic, Tandem, Dexcom
All through University of Colorado



Glycemic Management is Hard

Red Line: 2010-2012
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Only 21% adults
achieve ADA goal
of Alc <7%

Average Alc
increased from
7.8% to 8.4%

Only 37% adults
achieve Alc
<7.5%

Despite advances
in technology and
therapeutics
many people
struggle to
achieve goals

Foster N. DTT 2019



Achieving Postprandial TIR is Even Harder
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emptying, while hypoglycemia
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Akturk HK. DTT 2018, Ketema EB. Arch Pub Health 2015, Monnier L. Diab Care 2003, Geyer M. Diab Obes Met 2018



Effect of PPG on Alc

PPG values more accurately predicts Alc in patients with relatively lower Alc

B PPG (Mealtime) ® FPG (Fasting)

PERCENT

>10.2 10.2 - 9.3 9.2 -8.5 8.4 -7.3 <7.3
A1C RANGE

Ketema EB, Arch Puib Health 2015, Monnier L, Diab Care 2003



What is the evidence?

GLP1 RA
Updates

* GLP-1 RAs are now the first-
line injectable therapy for
type 2 diabetes

e GLP-1 RAs (and SGLT-2i’s) for
CV or renal benefit for people
with type 2 diabetes should
now be considered
independently of baseline or
target Alc




GLP1 RAs Continue to Be Developed for Weight Loss,

With or Without Diabetes
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Change in Glycated Hemoglobin Level

Estimated Treatment Difference
| -0.15 (-0.28 to -0.03), P=0.02
] -0.39 (-0.51 to -0.26), P<0.001
| -0.45 (-0.57 to -0.32), P<0.001
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ADA Standards of Care 2023

USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH)

Goal: Cardiorenal Risk Reduction in High-Risk Patients with Type 2 Diabetes (in addition to comprehensive CV risk management)*

+ASCVD! +Indicators of high risk
Defined differently across While definitions vary, most
CVOTs but all included comprise 255 years of age
individuals with established with two or more additional
CVD (e.g., MI, stroke, any risk factors (including obesity,
revascularization procedure). hypertension, smoking,
Variably included: conditions dyslipidemia, or albuminuria)
such as transient ischemic
attack, unstable angina,
amputation, symptomatic
or asymptomatic coronary
artery disease.

+ASCVD/Indicators of High Risk

GLP-1 RA* with proven SGLTZi® with proven
CVD benefit CVD benefit

+ For patients on a GLP-1 RA, consider adding SGLT2i with
proven CVD benefit or vice versa
« TIDA

+HF

Current or prior
symptoms
of HF with

documented

HFrEF or HFpEF

SGLT2it
with praven
HF benefit

in this
population

+CKD

eGFR <60 mL/min per 1.73 m? OR
albuminuria (ACR =3.0 mg/mmol
[30 mg/g)). These measurements
may vary over time; thus, a repeat
measure is required to document CKD.

+CKD (on maximally tolerated dose
of ACEi/ARB)

PREFERABLY
SGLTZi® with primary evidence of
reducing CKD progression
Use SGLT2i in people with an eGFR
220 mL/min per 1.73 m*; once initiated

should be continued until initiation
of dialysis or transplantation

______ R -—=-----
GLP-1 RA with proven CVD benefit if
SGLT2i not tolerated or contraindicated

— Goal: Achievement and Maintenance of Glycemic and Weight Management Goals

Glycemic Management: Choose
approaches that provide the
efficacy to achieve goals:
Metformin OR Agent(s) including
COMBINATION therapy that provide
adequate EFFICACY to achieve
and maintain treatment goals

Consider avoidance of hypoglycemia a
priority in high-risk individuals

If A1C above target, for patients on
56L72i, consider incorporating a
GLP-1 RA or vice versa

In general, higher efficacy approaches
have greater likelihood of achieving
glycemic goals
Efficacy for glucose lowering
Very High:

Dulaglutide (high dose),
Semaglutide, Tirzepatide
Insulin
Combination Oral, Combination
Injectable (GLP-1 RA/Insulin}
High:

GLP-1 RA (not listed above), Metformin,
SGLTZi, Sulfonylurea, TZD

Intermediate:
DPP-4i

Weight Management Goals:
[ Set individualized weight management goals ]
General lifestyle advice: Intensive evidence-
medical nutrition based structured
therapy/eating patterns/ weight management
physical activity program
Consider medication Consider metabolic
for weight loss surgery

Achievement and Maintenance of

When choosing glucose-lowering therapies:
Consider regimen with high-to-very-high dual

glucose and weight efficacy

l

Efficacy for weight loss
Very High:
Semaglutide, Tirzepatide
High:
Dulaglutide, Liraglutide
Intermediate:
GLP-1 RA (not listed above), SGLT2i
Neutral:
DPP-4i, Metformin

1)

El Sayed et al. Diabetes Care 2023



Limitations of GLP1 RA vs. Insulin Rx

* GLP1 RA * Insulin
* Gl side effects * Hypoglycemia
* Pancreatitis * Weight gain
contraindication * Need for frequent
* |Injection glucose monitoring (CGM
e Cost ideal for prandial insulin)

* Cost



GLP-1 RAs: Why They Make So Much Sense to Use With
Basal Insulin

Increased HGP

R and a cell dysfunction

Fixed-Ratio GLP1-insulin
IGlar-Lixi
IDeg-Lira

Basal insulin: targets the

Liver to suppress HGP by

Reducing gluconeogenesis
and glycogenolysis

GLP1 RAs: improves B and a cell
function, delays gastric
emptying, suppresses appetite

Complemen-l'ar Actions

Advances in Therapy 2019; 36(2): 265-277.



Registration Studies: Fixed-Ratio Basal
Insulin-GLP1RA Combo
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Gough SC, et al. Lancet Diabetes Endocrinol 2014; Rosenstock J, et al. Diabetes Care 2016



IDeglira 100/3.6

100 units = 100 units degludec, 3.6 mg liraglutide

N

1. Recommended starting dose (receiving basal insulin): 16 units (16
units degludec, 0.6 mg of liraglutide)

2. Recommendation is to titrate up or down by 2 units every 3 to 4 days based
on SMBG

3. Pen delivers 10 units (10 units degludec, 0.4 mg liraglutide) to 50 units
(50 units degludec, 1.8 mg liraglutide)



IGlarLixi 100/33

For patients uncontrolled on a basal insulin dose of?:

T<30 Units/day T >30 Units/day T 60 Units/day
START AT 15 UNITS START AT 30 UNITS MAXIMUM
OF iGlarLixi '|00/33b OF iGlarLixi 100/33 DAILY DOSE
R L &40 - - 4

5 mcg® 10 mcg°® 20 mcg°®

Insulin glargine &

lixisenatide injection
100 Units/mL & 33 mcg/mL




Talking to Patients About Starting a GLP1RA

e Discuss advantages — great efficacy, weight loss, blood pressure
reduction

 Discuss CVD and probable renal benefits

e Discuss adverse events

* Nausea, other Gl adverse events; generally, resolves over time; consider in
the context of satiety



If A1C is > 10% on metformin monotherapy, with or
without ASCVD or CKD, the toxicity of the
hyperglycemia needs to be treated while awaiting
other drugs to take effect (not to mention the hassle
with the PA, patients finding out they can’t afford
the med when they get to the pharmacy, etc.)

Patient with type 2 diabetes

Adjusted incidence per 1000 person years (%)

Receiving metformin treatment
and

Has completed comprehensive
lifestyle education program

Hemoglobin A1¢ (HbA1c) level

I

HbA1¢ >9.0%-9.5% I.—}[ Consider basal insulin

HbA;, <9.0%-9.5%
l ! SECOND-LINE

TUCDADICC

Why not just start basal insulin (or basal insulin with
a GLP1 RA) while on the steep part of the curve (and
avoid “clinical inertia”)?

80

60

40

20

JAMA 2020;323:2419-20

[J Myocardial infarction
@ Microvascular end points

7 8 9 10 11

Updated mean haemoglobin A, concentration (%)



Advances: Basal Insulin

* The primary role of endogenous basal insulin secretion is to
fine tune lipolysis and hepatic glucose production in the
fasting state, especially overnight, while maintaining
sufficient glucose for brain function

* Goal of exogenous insulin with severe insulin deficiency

e Attempts to recreate constant, low levels of insulin
overnight and between meals which with the correct

dose will maintain euglycemia for 24 hours in the fasting
state



What is the
Correct Dose of
Basal Insulin?

* Traditional Teaching:
MDI: 50% basal/50%
prandial (T1D,
isocaloric diet)

e But what about T2D?

.

h



How to Dose Basal Insulin?

e BeAM factor = bedtime glucose — AM glucose

A+ BeAM factor: bedtime glucose is higher than AM glucose
* For example, mean HS BG = 200, mean FBG = 100, BeAM = 100

e A-—BeAM factor: bedtime glucose is lower than AM glucose
* For example, mean HS BG = 120, mean FBG = 180, BeAM = -60



BeAM in T2D

Adding basal insulin in T2D (N = 1401 and 553)

100+ [ Baseline BeAM increased to 60 mg/dL due to
80- ek / lower FBG without change in HS BG
= Change from basegll
= 60+
2
=1
g 0 w
”’ 0
3 D\ S\
=20
-40
-60

Exploratory Main

BMJ Open Diabetes Res Care 2016;4:1-8



BeAM in T2D: Basal Insulin Only
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In T2D with basal insulin '
alone, it appears a BeAM
level > 60 mg/dL is associated
with A1C levels > 7%. Should
the goal in T2D on basal
insulin be a BeAM < 60
mg/dL?
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Basal Insulins

 Not all the same!

* NPH-occasionally used for severe dawn phenomenon in T1D, morning
steroids, more nocturnal hypoglycemia compared to analogues in
both T1D and T2D

 Glargine (U-100): most commonly used basal insulin
* U-300 glargine
* Degludec
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What About U100 Glargine vs. U300 Glargine?

pUsmL""

mg-kg™ min’

mg-dL™"

25

15

10

2.5

2.0

1.5 +

1.0 A

0.5

0.0 -
120

110

100

a0

80 -

] J/ s.C. injection
20 4

M

—e— Gla-300 (0.35 + 0.08 Urkg)
—o— Gla-100 (0.28 + 0.07 U/kg)

Plasma Free Insulin

Glucose Infusion Rate

Time of day
20:00 02:00 08:00 14:00 20:00(h)
L 1 1 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T ]
0 2 4 6 8 10 12 14 16 18 20 22 24

Time post-dosing (hours)

U300 lasts longer
than U100 BUT
requires about 15%
more in the dose

Diabetes Care 2019; 42(1): 85-92.



U-100 Glargine vs. Degludec/U-300 Glargine

 Degludec: consistently less hypoglycemia
U300 glargine: some but not all studies with less
hypoglycemia

* Bottom line: Degludec and U300 glargine are better
basal insulins than U100 glargine; as a rule of thumb if
you can get them, you should (especially for T1D)



Evans M Diab Obes Met 2019

Fast Acting Insulin Aspart

Insulin aspart + Vitamin B3 + L-
arginine

Vitamin B3
(Niacinamide)->Increase
absorption

L-arginine - Stabilizer

—_

Basal infusion adjusted serum insulin aspart

concentration (pmol/L)

A)

C

Basal infusion adjusted glucose infusion rate

(mg/kg/min)

3001

2501

2004

1501

1004

504

25.Z_min

11.8 min

—— Faster aspart
—— Insulin aspart

35.4 min

0 T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300

Time since insulin bolus (min)

— Faster aspart
—— Insulin aspart

o - n w S )] o ~ o] ©
1 " L 1 1 1 1 1 N

0 30 60 90 120 150 180 210 240 270 300
Time since insulin bolus (min)

Pharmacokinetics

Pharmacodynamics



Fiasp in T2D: ONSET-2

Faster aspart improved 1-h PPG with no differences in 2-4-h PPG versus IAsp

8.5 ; -=- Faster aspart - 69 5 -+~ Faster aspart 90
8.0 : = Insulin aspart | -, = = 3 = Insulin aspart =
) ] ) o
p— =3 - - —
X sex E¢ "3
" =2 = a
< 70- -5 E 3- 54 3
= i L =" e
e 65 “3 |5, 36 2
3 6.0- L 42 (=] b o=
- 3 = &
5.5- ; 137 © o 11 18 &
L ' T & g

T L] L] L] L] T T T L] T L] 0 0
-10 5 10 4 8 12 16 20 26 T J T T
T 0 60 120 180 240
Time since randomization (weeks) Median bolus dose: . .
Baseline e 0.16 Ukg Time (mm)

Bowering et al. Diabetes Care 2017



Insulin Lispro-aabc

Serum Insulin Lispro After SC Injection

Insulin lispro

. . - Llsprp
+Treprostinil i3 — URLI
+Citrate ;g
55 - Pharmacokinetics
—— —
Time (h)
Glucose Infusion Rate After SC Injection
8
Citrate—> Treprostinil > 5 e
Enhancing Prostacyclin £E Pharmacodynamics
vascular analog - Local iz
permeability vasodilatation : 2]
- 0 :
0 1 2 3 R ] (] 4
Time (h)

EASD PRONTO trial 2019 presentation



Lispro-aabc in T2D: PRONTO-T2D

N=673

Time postmeal (min)

108 - -6
T 90 -5
K
o
E 721 ** o - 4
W 2-h ETD, mmol/L
§ &4 e -0.96 (95%ClI -1.41,-0.52) R
‘» 1-h ETD, mmol/L
3 -0.66 (95%Cl -1.01, -0.30)
®x 36+ -2
[}]

o
o 18- - 1
- URLI =& Lispro
0 1 1 I ] 0
0 15 30 60 120 180 240

(/1oww) suoisinaxa 5dd

HbA1c (%)

_ Screening HbA1c, %

URLi =830 ! |
Lispro = 8.30 } 69
8.2+ ;
: - 65
87 ' - 61
ERandomization HbA1c, %
7 4- IURLi =7.28 o
Ispro =7.31 Week 26 HbA1c, %
i URLi = 6.92
7.0 ' Lispro =6.86 | 53
E aseline - URLi =& LisproL
6.6 =T B T 1 I — 4 49
.28 0 4 8 12 16 24 26

Time since randomization (weeks)

(lowfloww) 21yqH

Diabetes Care 2020;43:2991-2998




Inhaled Insulin Mimics Endogenous Insulin

120

100

80

60

40

Insulin Concentration (pU/mL)

20

Blue Line: Human insulin

60 120 180 240
Time (minutes)

Mean GIR (mg/kg/min)

Purple Line: 12 units inhale insulin

—

60

120

180 240 300 360 420
Time (minutes)

480

Rave K JDST 2008

Adults without diabetes

Adults with T1D




Inhaled Insulin in T2D- AFFINITY-2

HbA1C (%)
NSNS NN SN NN 00 0000 0000 00000000 X™ WO
O—=2NWHEROIONDOO—2NWHENTONDOWO

IR T TR T T T SN TN TN SN TN SN TN SO T

black circles = Tl Gen2 Inhaled
white squares = Placebo Inhaled

Tl Gen2 Inhaled = 177
Placebo Inhaled = 176

7-Point Glucose (mg/dL)

Screening Baseline 2 6 12 18 24 28 (Follow-Up)
176 174 163 159 149 139 138
176 167 163 147 137 129 120
Week

black circles = Tl Gen2 Inhaled
white squares = Placebo Inhaled

Tl Gen2 Inhaled = 151
Placebo Inhaled = 141

Af;er Bef'ore Afier Bef'ore Af{er

Breakfast Lunch Lunch Dinner Dinner Bedtime
146 143 143 145 146 125
134 128 132 134 136 125

Week 12

C 260 -
250 1
240 -
230 1
220 1
210 1
200
190
180
170
160 ]
150
140
130

7-Point Glucose (mg/dL)

black cicles = Tl Gen2 Inhaled
white squares = Placebo Inhaled

Bef'ore Aflter
Breakfast Breakfast

Tl Gen2 Inhaled = 122 110
Placebo Inhaled = 116 106

D 260

7-Point Glucose (mg/dL)

Beflore Afier Beflore Afier
Lunch Lunch Dinner Dinner Bedtime

114 115 12 17 93
102 104 105 12 93

Week 24

black circles = Tl Gen2 Inhaled
white squares = Placebo Inhaled

1 30 T T T T T T 1
Before After Before After Before After
Breakfast Breakfast Lunch Lunch Dinner Dinner Bedtime
Tl Gen2 Inhaled = 113 101 94 % 9 100 81
Placebo Inhaled = 95 84 72 86 80 86 70

Week 28 (Follow-Up)

Rosenstock et al. Diabetes Care 2015




Summary of Inhaled Insulin

Advantages Disadvantages

Ultra rapid acting, in and out, faster
than any insulin in the market

Better postprandial blood glucose

Less risk of hypoglycemia

No needles, easy to carry and use
Good for snacks coverage (touch on)
Good for young adults and busy
professionals

Ideal for patients can’t wait 10-15 mins
to eat after injections

Requirement of FEV, testing

High fat/protein meals may need
additional dosing

People tend to under-dose (1.5-2X dose
needed)

Confusion with dosing units

Only available in 4-, 8-, and 12-unit
cartridges

No pediatric indication yet

Insurance coverage




What is Another Tool to Reduce the After-Meal
Spike?

* Post-meal exercise:
reduces after-meal spike

* Pre-meal exercise: reduces
BOTH pre-meal and post-
meal glucose levels




Conclusions

* GLP1-RAs have been a tremendous benefit to people with diabetes
due to their ability to lower glucose and weight in addition to CVD
and probable renal benefits

* Although expensive (very), the cost of these agents to those with
insurance have not increased

* Gl side effects are usually but not always manageable.

* Fixed-ratio GLP1-RAs with basal insulin is an important tool to
remember



Conclusions

* There are many choices of basal insulin, all with slight differences, but
these agents should be started sooner than they currently are with
very high HbA1lc levels

* BeAM scores are an excellent tool to assess basal insulin dosing

* For postprandial BG control faster rapid analogs or inhaled insulin can
be used.

* In type 2 diabetes, dosing of prandial insulins does not need to be
complex (compared to type 1 diabetes) and fixed doses with or
without corrections often works well.
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Patient Case - Introduction

You are seeing a new patient, a 54-year-old woman with 5 years of T2D
who has not seen a physician in 2 years before the pandemic. She takes
metformin monotherapy.

She has no CVD but takes atorvastatin and lisinopril; her father died from
CVD and had an Ml at the age of 61 years old. Her BMl is 36.

She has since gained 12 pounds, and on metformin monotherapy her
HbA1c has increased from 7.1% to 11.2%.

What is the best option at this time?
A. Add dulaglutide
B. Add long-acting exenatide
C. Add bedtime glargine
D. Add bedtime glargine with mealtime lispro
E. Add the combination of insulin degludec and liraglutide



Patient Case - Continued

* The same patient was started on |IDeglira and after 6 months her
HbAlc improved from 11.2% to 8.3% at the highest dose (50 units
degludec, 1.8 mg liraglutide). Her BMI now is reduced from 36 to 34.

* Fasting and premeal glucose levels are generally in the low-to-mid-
100s, but after eating she is often in the mid-to-high 200s.
* What is the best option now?

A. mealtime lispro or inhaled insulin
B. pioglitazone
C. dapagliflozin

D. Change the liraglutide to semaglutide and take the degludec separately



Patient Case - Conclusion

 This same patient wants to start an exercise program of fast walks
alternating with swimming. What is the best time of day for her
exercise?
A. In the morning before breakfast
B. Immediately after dinner when her blood sugars are highest
C. In the middle of the afternoon
D. At bedtime



THANK YOU

Barbara Davis
Center for Diabetes

UNIVERSITY OF COLORADO
ANSCHUTZ MEDICAL CAMPUS
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