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slnsulin Developments
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— Fiasp -insulin Asp with niacinamide (vitamin B3)



ulins Currently Available®

NPH Insulin Insulin Glargine Insulin Detemir Follow-on  Insulin Glargine Insulin
U-100 Insulin Glargine U-300 Degludec
Human; _ _ _ _ _
T GyaE intermediate- Analog., long Analog., long Analog', long Analog, long Analog, long
) acting acting acting acting acting
acting
Onset 2-4 hours 1.3 hours 1.3 hours 6 hours 1 hour
Peak 4-10 hours AT Relatively flat ASHTINIE Flat Flat
peak peak
Effective
. 10-16 hours  Upto 24 hours Upto 24 hours Up to 24 hours <36 hours <42 hours
duration
Half-life Unknown* 14 hours 5-7 hours ~23 hours ~25 hours
siebtescva Unknown 2 days 2 days 4 days 2-3 days

state

Porcellati F, et al. Diabetes Care. 2007;30(10):2447-2452. Lucidi P, et al. Diabetes Care. 2011;34(6):1312-1314. Niswender K. Clin Diabetes.
2009;27:60-68. Novolin N [package insert]. Indianapolis, IN: Eli Lilly & Co.; January 2017. Lantus [package insert] Bridgewater, NJ: sanofi-
aventis US LLC; August 2015. Basaglar [package insert]. Indianapolis, IN: Eli Lilly & Co.; April 2017. Levemir [package insert]. Princeton, NJ:

Novo Nordisk US; February 2015. Toujeo [package insert]. Bridgewater, NJ: sanofi-aventis US LLC; October 2015. Becker RH, et al. Diabetes
Care. 2015;38:637-643. Tresiba [package insert]. Plainsboro, NJ: Novo Nordisk Inc.; December 2016. Heise T, et al. Diabetes Obes Metab.
2012;14(10):944-950.




BenRgsacting insulin

Rapid (Lispro, Aspart, Glulisine)

Insulin level

Wif) (Degludec)

10 12 14 16 18 20 22 24
Hours after injection




Cardiovascular Safety of Insulin

Adjusted hazard ratio, 1.02 (0.94-1.11) Adjusted hazard ratio, 1.04 (0.97-1.11)
P=0.63 by log-rank test P=0.27 by log-rank test
Insulin glargine

Standard care

Insulin glargine
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Proportion with Events

Standard care

3 4
Years of Follow-up Years of Follow-up

Y No. at Risk Mo. at Risk

Insulin glargine 6264 6057 5850 5619 5379 5151 361l 766 Insulin glargine 6264 5827 5474 5153 4835 4523 3076 631
Standard care 6273 6043 5847 5632 5415 5156 3639 800 Standard care 6273 53333 3493 5186 4880 4555 3142 663

*12,537 people with increased CV risk plus impaired fasting glucose, impaired glucose tolerance, or T2DM were randomized to
insulin glargine U-100 vs standard care. Mean follow-up was 6.2 years.

ORIGIN Investigators. N Engl J Med. 2012;367():319-328.
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Outcome 95% ClI

o2

Primary composite! 0.78-1.06 N Degludec non-Inferior
Expanded composite? 0.80-1.05 to glargine for major
All-cause death 0.76-1.11 CV events

Non-CV death 0.60-1.16
CV death 0.76-1.21
Nonfatal Ml 0.68-1.06
Nonfatal stroke 0.65-1.23
~ UA — hospitalization 0.68-1.31

Severe hypoglycemia 0.48-0.76
~ Nocturnal severe hypoglycemia 0.31-0.73

1CV death, nonfatal MI, nonfatal stroke
2CV death, nonfatal MI, nonfatal stroke, unstable angina

leading to hospitalization

Marso SP, et al. N Engl J Med. 2017;d0i:10.1056/NEJM0al1615692.
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3 More constant PK/PD profile

~\
~ Median insulin concentration, pU/mL
U300

10 4 \‘\~\\

Lantus®

0
0 6 12 18 24 30 36

Glucose infusion rate, mg/kg/min

3
2 Lantus®

15 T———_1 U300
0 N

0 6 12 18 24 30 36

Blood glucose, mg/dL
160

140 Lantus®
100 U300

Jax T et al. Poster presented at EASD 2013; Abstract 1029.
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Mean difference:

HbA1C

8.5 -
0.04% (95% C1 -0.10 to 0.19)
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mm )10
?'n T T T
Baseline Week 12 Month &

Modified intent-to-treat population

Mean (SE) HbALC %
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8.5

754
= U300

704 = U100
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EDITION 4 & P 1
&6 Months

Mean difference:
0.13% (95% C1-0.03 to 0.29)

|
Baseline

Week 12

Month 6 LOCE

Primary endpoint of non-inferiority in change in HbA1C was met for each study

Home P et al. Abstract presented at EASD 2014: 0148; Bajaj H et al. Poster presented at CDA 2014: P112

Matsuhiza M et al. Poster presented at EASD 2014: PS75

5

LOCF, last observation carried forward




EDITION 4 & 1P 1
> Nocturnal Hypoglycemia

Participants (%) with 21 nocturnal®*, confirmed’ and/or severe hypoglycemia

— 1300
— 1100
RR 0.85
a0 - RR 0.82 90 | (95% C10.73-0.99) RR 0.71 RR 0.84
RR 0.98 [95% C1 0.70-0.96) 20 (95% Cl 0.56—0.91) (95% C1 0.70-1.00)
80 1 (95% c10.28-1.09) RR 1.06
70 (35% CI 0.92-1.23) 70
= #60 - % 60 -
2eo | £ so |
& g
E 4‘] 9 -G 'q'D 7
£ K]
530 5 30 1
20 - 20 -
10 4 10 4
o - o -
Baseline to Month & Baseline to Week § Week 9 to Month & Baseline to Month & Baseline to Week & Week 3 to Month 6
. * Nocturnal = 00:00-05:59 h
Both studies demonstrated reduced nocturnal ® Confirmed £3.9 mmol/L
. . . RR, relative risk
hypoglycemia during the first 8 weeks.
Home P et ai. Abstract presented at EASD 2014: 0148; Bajaj H et al. Poster presented at CDA 2014: P112 B

hMatsuhiza M et al. Poster presented at EASD 2014: PS75
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EDITION 4
& Months

Daily Insulin Dose

0.7
m— pealtime insulin (U300) == Basal insulin (U300)
06 m— Mealtime insulin (U100} == Basal insulin (U100)
&
=
E 0.5+
> Bt maii : :
§" S U300 vs. U100 change in dose from baseline
S 047 r.-*'i’q__,..-—ﬂ————b'———-ﬂ- ———————— 4 (u/kg at month 6)
= g7 e I E
= @E '! L] " —t, X 3 ; U300: +0.19
2 s B — U100: +0.10
o
w
=
% 0.29
0.1 T T T T T

T
Baseline Week2 Weekd4 Week8 Week12 Month4 Month6

Home F et al. Abstract presented at EASD 2014: 0148; Bajaj H et al. Poster presented at CDA 2014: P112 . :
Matsuhisa M et al. Poster presented at EASD 2014: PS7S LOCF, last observation carried forward




EDITION 4
6 Months

Weight Change

== U300
= U100

1.5 =

Mean difference for U300 vs.
U100 at Month &:
-0.56 kg (95% C1-1.09 to -0.03)
P=0.037

Mean (SE) weight change, kg

0.0 T T T T T | I
Baseline Wesk 4 Weesk 8 Manth 4 Month & Lov

10

Home P et al. Abstract presented at EASD 2014: 0148; Bajaj H et al. Poster presented at CDA 2014: P112
LOV, last on-treatment value

Matsuhiza M et al. Poster presented at EASD 2014: PO75
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EDITION 4

Summary

In people with T1D:

-

U300 was as effective as U100 in improving glycemic control
Insulin dose requirement was greater for U300 than U100

Rate and % of participants with hypoglycemia did not differ between groups

for any time (24 h) or nocturnal hypoglycemia over the 6-month period

* Nocturnal hypoglycemia was lower with U300 during the first 8 weeks of
treatment, when most of the up-titration of the basal insulin dose

occurred
Less weight gain was observed with U300 compared with U100

Timing of U300 or U100 injections (morning or evening) did not show any

significant differences in glucose-lowering efficacy or hypoglycemia




«Phenol @ Zn?

As phenol from the vehicle
diffuses degludec hexamers
polymerize

Long multi-hexamers —
assemble



» ; Zinc diffuses slowly

——— causing individual

S e hexamers to
disassemble, releasing
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OISR \ Monomers are

absorbed from the
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circulation



nsulin degludec steady state is reached
WILRIN2—3 ayswhgnee-daiimm
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0 1 2 3 4 5 6 7 8 9 10
Days since first dose

Relative serum IDeg trough concentrations during initiation
of once-daily (0.4 U/kg) dosing in patients with TIDM

Heise T et al. IDF 2011 21st World Congress Abstract Book. IDF: Dubai, 2011; Poster 1453



imingroefflexible degludec.administration™

"| 8-12 AND 36-40 hours between insulin administration
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evening evening evening evening
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5largine G Ee da|Iy at
Same |me each day
Deo uec once daily

-«-leed ‘Same time
“each day

7 _-FIeX|bIe schedule to
~ create 8-40 hour
— - dosing intervals

g —

*HbA1lc 8.4-8.5% at baseline
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|zed open-
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Change from baseline*
to 26 weeks

Degludec Glargine

Flexible Fixed

HbALc (%) -1.28 -1.07
FPG (mg/dL) .58 .54

Confirmed or severe 3.6 3.6
hypoglycemia
(events/patient-year)

Confirmed or severe
nocturnal hypoglycemia

(events/patient-year)

Meneghini L, et al. Diabetes Care. 2013;36:858-864.



=Insulin Degludec

Time (weeks)
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Rodbard HW, et al. Diabet Med. 2013;30:1298-1304.



- H) oglycemla with Degludec.and.
G glne U-300vs Glargine U- 100

udies in T2DM

. -
- ¥ C C C \ C = C

# Studies 5 3

# Participants 3372 2496
Definition of confirmed hypoglycemia <56 mg/dL and severe <70 mg/dL or severe
Anytime events 0.83 (0.74-0.94) 0.86 (0.77-0.97)

[Rate ratio vs glargine U-100 (95% Cl)]

Nocturnal events 0.68 (0.57-0.82) 0.69 (0.57-0.84)
[Rate ratio vs glargine U-100 (95% Cl)]

With both insulins, ~15% fewer overall and ~30% fewer nocturnal events vs glargine U-100

1. Ratner RE, et al. Diabetes Obes Metab. 2013;15(2):175-184.
2. Ritzel R, et al. Diabetes Obes Metab. 2015;17(9):859-867.



asulin Degludec vs Insulin Glargine U-100

ulative hypoglycemlc events (confirmed M /dL) ~—_—

18% numerically lower rate
— IDeg od (n=766) with IDeg (p=0.11)

— |Glar od (n=257)

——
— — 36% lower rate
z i- ——
_

e — 0.40 — IDeg od (n=766) WLl gipelias
’:. -_"" e — IGlar od (n=257)
— 0.32
~ Nocturnal

o
>
(=)

events/patient

S
o
=)

0.80 -

1023 insulin-naive
patients with T2DM

LT LT L
12 24 36 48

Weeks of treatment

Zinman B, et al. Diabetes Care. 2012;35:2464-2471.
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abiologic product that would be similar to and would
enter the market subsequent to an approved innovator
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ncreasing attention to hypoglycemia

== Hypoglycemia varies by disease type'and*sfé'g'j'é

100

Percentage reporting at least one
severe hypoglycemic event

1 1!

80

l
L R
Percentage repodting at loast ono
severg hypoglycaemc avent

Amiel. Diabetic Medicine 2008; 25: 245 254
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Figure 3. Baseline-Corrected Glucose Infusion Rate (A) and Baseline-Corrected Serum
Insulin Concentrations (B) after Administration of AFREZZA or Subcutaneous Insulin
Lispro in Type 1 Diabetes Patients
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*Despite the faster absorption of insulin (PK) from Afrezza, the onset of activity (PD) was comparable
to insulin lispro.

Afrezza product monograph: afrezza.com



e -

Table 1. Common Adverse Reactions in Patients with Type 2 Diabetes Mellitus (excluding
Hypoglycemia) Treated with AFREZZA

Placebo’ AFREZZA Non-placebo
comparators
(n = 290) (n = 1991) (n=1363)
Cough 19.7% 25.6% 5.4%
Throat pain or irritation 3.8% 4.4% 0.9%

2.8% 3.1% 1.8%
Diarrhea 1.4% 2.7% 2.2%
Productive cough 1.0% 2.2% 0.9%
Fatigue 0.7% 2.0% 0.6%
0.3% 2.0% 1.0%

*Carrier particle without insulin was used as placebo [see Description (11)].

Headache

Nausea

Afrezza product monograph: afrezza.com



WARNING: RISK OF ACUTE BRONCHOSPASM IN PATIENTS WITH CHRONIC LUNG
DISEASE

e Acute bronchospasm has been observed in patients with asthma and COPD using
AFREZZA. [see Warnings and Precautions (5.1)].

o AFREZZA is contraindicated in patients with chronic lung disease such as asthma or
COPD. [see Contraindications (4)].

e Before initiating AFREZZA, perform a detailed medical history, physical examination,

and spirometry (FEV,) to identify potential lung disease in all patients [see Dosage and

Administration (2.5), Wamings and Precautions (5.1)].

Figure 2. Mean (+/-SE) Change in FEV, (Liters) from Baseline for Type 1 and Type 2 Diabetes
Patients

| -+ AFREZZA (n1) < Comparator (n2) |

Change from Baseline in FEV, (L)

aseline Month3 Month 6 Month 8 Month 12
(M1=1532) (n=1173) (n1=1058) (n1=454) (n1=801) (n1=507) (n1=380)
n2=1542) (n2=1262) (n2=1202) (n2=519) (n2=957) n2=674

Afrezza product monograph: afrezza.com
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-« two pharmacokinetic-pharmacodynamic euglycemic
glucose-clamp clinical trials, one to characterize dose-
response and one to characterize within-subject
variability.
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art Wlth nicotinamide keeps insulin in monomers
)sorption (inject 2 min prior to eating)
| aa éad study with Insulin Aspart in type 1 DM:

-z
- -
™

-Better pc sugar control
= ~ Trend to reduction of HgAlc in some studies
, ‘Non - inferior with regards hypoglycemia

May have a role as insulin of choice in insulin pumps?

Diabetes Care. 2017 Jul;40(7):951-957
Diabetologia 2016; 59(Suppl. 1):5S1-S581



https://www.ncbi.nlm.nih.gov/pubmed/28483786
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EPOPU atlon (/8 DI\/I1 ‘mean Alc 8.5%
s nter entlon dapagliflozin vs placebo
2 C u come Alc at 24 weeks

Gth dapa doses reduced Alc by 0.4%,
Iower TDD insulin by 9-13%; no increase
in severe or overall hypos, DKA in 4, 5,
and 3 per grp

Dandona P, Lancet Diab Endo, Sept 14, 2017
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~ Reduction in HgAlc
1-0-
0-8-

~@- Dapagliflozin 5 mg + insulin
~#- Dapagliflozin 10 mg + insulin
—4— Placebo + insulin

0-6 -
0-4-
0-2

0

-0-2 -

-0-4 -

0-6- P — g

-0-8 - Dapagliflozin 5 mg (difference vs placebo): -0-42 (95% C1-0-56 to -0-28); p<0-0001

Dapagliflozin 10 mgq (difference vs placebo): -0-45 (95% Cl -0-58 to -0-31); p<0-0001
T T T l T T T T T l T 1
0 2 4 6 8 10 12 14 16 18 20 22 24

Adjusted mean change in HbA,_ (%)

. ‘ ,‘\ ‘.‘“I\;‘l

= -1.0

Patients per timepoint Sy weex
Dapagliflozin § mg + insulin 254 252 246 238 233
Dapagliflozin 10 mg + insulin 254 251 247

Placebo + insulin 2 248 2

The Lancet Diabetes & Endocrinology DOI: (10.1016/S2213-8587(17)30308-X)



. Total Daily Insulin Dose

4 - ~e- Dapagliflozin 5 mg + insulin

5 | ~® Dapagliflozin 10 mg + insulin

: —&— Placebo + insulin i
e
-4 - \\
6 \\

\ |
% - il \ -____.__+_

104 |\ i__-_-f—-"""'- '
-12 - I — + . ;

-16 4 Dapagliflozin 5 mg (difference vs placebo): -8-80 (95% CI-12.56 to -4-88); p<0-0001

Adjusted mean change in TDD (%)

= _18 -| Dapagliflozin 10 mg (difference vs placebo):-13-17 (95% C1-16-75 to -9-43);
= p<0-0001
- 20 T T T T T T T T T T T I
0 2 4 6 8 10 12 14 16 18 20 22
Patients per timepoint A0y weex
Dapagliflozin § mg + insulin 258 255 236
Dapagliflozin 10 mg + insulin 254 253 238
Placebo + insulin 258 254 229

The Lancet Diabetes & Endocrinology DOI: (10.1016/S2213-8587(17)30308-X)



- — Body Weight
—&— Placebo + insulin
2.0 —® Dapagliflozin 5 mg + insulin
1.5 ~™ Dapagliflozin 10 mg + insulin
1.0 - Dapagliflozin § mq (difference vs placebo): -2.96 (95% Cl -3-63 to -2-28); p<0-0001

05 Dapagliflozin 10 mg (difference vs placebo): -3.72 (95% Cl -4-38 to -3.05); p<0-0001

0 X
-0-5
-1.0 -
-1.5
-2.0
-2:57
-3.0
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-45
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@
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2

0 10

Patients per timepoint Study weeks

Dapagliflozin 5 mg + insulin 259 259 255 250 243
Dapagliflozin 10 mg + insulin 258 257 246 254 249
Placebo + insulin 260 260 251 256 240

The Lancet Diabetes & Endocrinology DOI: (10.1016/52213-8587(17)30308-X)
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nterven ]_pn: dtagliﬂdzin 400mg OD vs placebo
@UICOME '7\1c<7 at week 24 w/o hypo or DKA
RESu t‘“29 vs. 15%, P<0.001.

f--ﬂ;k Of es 'hlgher severe hypos (3 vs. 2.4%) and
,:. KA (3 vs 0.6%) in sotagliflozin group despite

== Retone monitoring

Garg S. NEJM Sept 13 2017



A Primary End Point

100+
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k5 70—
g 604 Difference, 13.4 percentage points —
% 50 (95% Cl, 9.0-17.8)
T 404 P<0.001
@
v} 28.6
5 30
= 76+ 15.2
10— -
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w O __
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» American Associatio ‘
|n|cal EnaU'rmologlsts (AACE)
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»__16 Outpatient Glucose
jonitoring Consensus Statement

ENDOCRINE PRACTICE Vol. 21 No. 2 February 2016 Pages 231-261.



S eontinuous Glucose Moniterings
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: __ Sensorftransmitter
| . \ e T ‘I‘
. _,L" - 1
—F \
\
\ - . ‘ !

. " ]

Sensor/transmitter plus Monitor (may be a watch or cell phone)



he Sensoris in Interstitial Tissue SO
irelies on diffusion -

{f-

Superficial vascular plexus

Epidermis

“Subcutaneous
Tissue

Deep dermal vascular plexus

The diffusion imparts a delay in the detecting

of true capillary or venous blood glucose



Sensor lag Is approximately 15-20 minutes

o

Sensor Lag

500

—&— Freestyle
—&— Sensor

Blood Glucose (mg/dl)
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Time (minutes) (O = start if meal)



contintous Glucese Monitering”

| y S— — J&
des real time interst

itial glucose values

- every 5 mlnutes

f
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1 al d low alerts

e
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F=nc) "‘rdes direction

Programming for analysis of glucose values
-advise on insulin doses (eg bolus wizard)

-low glucose suspend

-predictive low glucose suspend

-Hybrid pump: basal control




CGIMWS S“I\/IBG with fingerstickitests,.

Vﬂ Continuous glucose monitoring data . Fingerstick tests
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Daily Trends :, [051265]
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Sensor Data (mg/dL)
Mon Sep 28 Tue Sep29 Wed Sep30 Thu Oct 1 Fri Oct 2

| 7 -‘«-.W"b‘\b ‘&\ S A

~/

2002 4002 a2 SO0 000 12009 <009 4009

Your Advice?

* A. Change carb ratio to 1:10

° B. Change carb ratio to 1:15

° C. Change 24-hr basal to 0.7 u/hr



.~ Gomparison of CGM vs SMBG

_Study. Year (Reference) Mean Between-Group Difference in HbA, Mean Difference (95% CI) rt- CGM n SMBG,
Change From Baseline, %

rt-CGM vs. SMBG -0.60 (-1.01 to -0.19) 27 27
Deiss et al, 2006 (58) — -0.53 (~0.71 to -0.35) 52 46
Tamborlane et al, 2008 (56)" . -0.43 (~0.71 to <0.15) 26 29
O‘Connell et al, 2009 (55) e -0.34 (-0.48 to -0.20) 67 62
Beck et al, 2009 (54) - -0.27 (-0.47 to -0.07) 62 54
Battelino et al, 2011 (59) —— ~0.24 (-0.61 to 0.13) 55 60
Raccah et al, 2009 (53) ——1 ~0.13 (~0.37 to 0.11) 56 58
Tamborlane et al, 2008 (56)t et ~0.11 (~0.36 t0 0.13) 66 72
Hirsch et al, 2008 (57) — 0.00 (~0.20 to 0.20) 69 68

. Mauras et al, 2012 (60) 0.08 (-0.17 to 0.33) 57 53

i Tamborlane et al, 2008 (56)¢ e -0.26 (-0.33 to -0.19) - -

Subtotal (12 = 69.9%; P = 0.000) O
SAP vs. MDI plus SMBG ——
Hermanides et al, 2011 (66) + =1.10 (-1.46 to -0.74) 41 36
Lee et al, 2007 (65) - = ~0.97 (~2.54 to 0.60) 8 kS
Peyrot and Rubin, 2009 (64) == -0.70 (-1.32 to -0.08) 14 14
Bergenstal et al, 2010 (63) <> -0.60 (-0.75 to -0.45) 244 241
Subtotal (12 = 53.7%; P = 0.091) r 1 : -0.68 (-0.81 to -0.54) - -

Favors rt-CGM Favors SMBG

Ann Intern Med. 2012;157(5):336-347.
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Continuous Glucose Monitoring

Alerts patients to Issues related to

« Episodes of hypoglycemia « Accuracy
and hyperglycemia « Comfort

* Predicts episodes of « Convenience
hypoglycemia and « Patient acceptance
hyperglycemia  EXpense

Device displays help patients Most devices require frequent
with clinical decision making calibration
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(“,Jrr‘r Developments In Insuln‘r |
POmp: Technolegy

Datc Supportlng the feaS|b|I|ty of locating
niusion sets and CGM catheters in close

J oximity make It likely that combination
ensor and infusion sets will be developed

Sk nsulln pumps can now display CGM data on
-*:-*"fthe same screen and share display data on
—other remote devices

* Medtronic’s MiniMed 530G with Enlite
(approved in 2013) is the first device that
alters insulin delivery in response to CGM
sensor data

| 1

CGM: continuous glucose monitoring
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23 R ,n =976 patients with T1DM)
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S mﬂcantly lower HgA1c in CSII cf. MDI
~*SII had better quality of life measures
"Severe hypoglycemia reduced in CSl|

CSiIlI: continuous subcutaneous insulin infusion

Misso ML, et al. Cochrane Database Syst Rev. MDI: multiple daily injection
2010;(1):CD005103. doi(1):CD005103 T1DM: type 1 diabetes mellitus
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b gwars. of CSII VS MDI In T2DM

=N ,sm_- aIyS|s of 4 RCT Iin T2DM:

__ \ eneflt In HgA1lc, hypoglycemia or weight
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Bode BW. Diabetes Technol Ther. 2010;12 Suppl 1:S17-21.
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=~ = — Asks to be on a pump
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