Diabetes Therapies Part 2:
Pioglitazone AND DDP-4
Inhibitors - Cardiovascular,
Renal, and Liver Effects

May 18,2022

Savitha Subramanian MD

Associate Professor, Division of Metabolism, Endocrinology, and Nutrition
University of Washington

UW Cardiometabolic ECHO

OHDOA
OI]0QBIWOIPIR)

UO0ISUIYSBA JO AJISIDATUN







* 54 year old male with 5 years of type 2 diabetes, no complications
* On metformm 1000mg twice daily

* Has gained 12 lIbs working from home over the past 2 years

* Self-pay

* A1C 8.6-9% over recent 12 months (8.6 2 8.9 2 9.2%)




Glycemic control declines over time with traditional monotherapy
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Progressive deterioration in glycemic control over time
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Presenter
Presentation Notes
C (core) represents a core slide in this curriculum.
UKPDS: Progressive Deterioration in Glycemic Control Over Time
This slide demonstrates the progressive nature of hyperglycemia despite treatment in patients with established type 2 diabetes. It also demonstrates the loss of b-cell function as glucose levels rise.
In the United Kingdom Prospective Diabetes Study (UKPDS), 3,867 subjects with symptomatic type 2 diabetes were randomized at entry to one of two treatment arms—conventional treatment with dietary therapy alone or intensive treatment with sulfonylurea or insulin.
The glycemic goal of conventional treatment was fasting plasma glucose (FPG) �<15 mmol/L (<270 mg/dL). Patients attended UKPDS clinics every 3 months; patients who eventually failed conventional diet treatment (FPG >15 mmol/L, >270 mg/dL) were subsequently randomized to one of the intensive treatment arms.
The aim of the intensive treatment groups was FPG <6 mmol/L (<180 mg/dL). Although levels of A1C initially dropped in patients in the intensive treatment arm, eventually A1C deteriorated over time in all treatment groups, albeit the levels were significantly lower in the intensive treatment group compared with the conventional group.
The figure on the right shows the change in b-cell function assessed by homeostasis model assessment (HOMA) measurements over time. The dashed line extrapolated from the plotted data suggests that deterioration in b-cell function may have begun from 10 to 12 years prior to the diagnosis of diabetes.

	Holman RR. Diabetes Res Clin Pract. 1998;40(suppl):S21-S25. 
	UK Prospective Diabetes Study (UKPDS) Group. Lancet. 1998;352:837-853. 


Sulfonylureas
- Increase insulin secretion \

DPP-4 inhibitors

= Inhibit the breakdown of GI
hormones that stimulate
insulin release (GLP-1 and GIP)

GLP-1 receptor agonists —

- Stimulate the release of insulin
in the pancreas

Meglitinides
Alpha glucosidase inhibitors
Bromocriptine
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__,--'"" Biguanides

- Reduce hepatic
gluconeogenesis

-~ Decrease insulin resistance

+ Thiazolidinediones O
- Modulate expression of
insulin-sensitive genes in
adipocytes and skeletal
\_ muscle )

B SGLT2 inhibitors

~ Inhibit reabsorption of glucose
in kidney

i




Algorithm for Type 2 Diabetes Treatment — 2022

PHARMACOLOGIC TREATMENT OF HYPERGLYCEMIA IN ADULTS WITH TYPE 2 DIABETES

FIRST-LINE THERAPY depends on comorbidities, patient-centered treatment factors, including cost and access considerations, and

management needs and generally includes metformin and comprehensive lifestyle modification®

RECOMMEND INDEPENDENTLY OF BASELINE A1C,
INDIVIDUALIZED A1C TARGET, OR METFORMIN USE}

+ASCVD/INDICATORS

OF HIGH RISK*
CKD and CKD without

albuminuria albuminuria
{e.g., =200 mg/g || (e.g., eGFR <60
creatinine) mbL/min/1.73 m)

PREFERABLY
SGLT2i with primary evidence

of reducing CKD progression

SGLT2i with evidence of
reducing CKD progression in

* For patients on a
GLP-1 RA, consider

incorporating SGLT2i )
withrgr.;van %;vn GLP-1 RA with proven CVD
benafit and vice versa’ benefit! if SGLT2i not tolerated
or contraindicated
= TZD?

ASCVD/INDICATORS OF HIGH RISK, HF, CKDt

For patients with CKD (e.g., eGFR
<60 mL/min/1.73 m?) without
albuminuria, recommend the

following to decrease cardiovascular
risk
GLP-1 SGLT2i
RA with with
proven proven
CVD CVD
benefit’ benefit’
\

—_—

If A1C above target, for patients on
SGLT2i, consider incorporating a
GLP-1 RA and vice versa

1.
2.

v ¥ ¥

If A1C remains above target, consider treatment intensification based on comorbidities,
patient-centarad treatment factors, and management needs

-

TO AVOID
THERAPEUTIC
INERTIA
REASSESS AND
MODIFY TREATMENT
REGULARLY

(36 MONTHS)

Incorporate agents that provide adequate EFFICACY to achieve and maintain glycemic goals

Higher glycemic efficacy therapy: GLP-1 RA; insulin; combination approaches (Table 9.2)
*  Consider additional comorbidities, patient-centered treatment factors, and management needs in choice

of therapy, as below:

!

MINIMIZE HYPOGLYCEMIA

MNo/low inherent risk of hypoglycemia:
DPP-4i, GLP-1 RA, SGLT2i, TZD

For SU or basal insulin, consider agents with
lower risk of hypoglycemia™

¥

!

!

IF A1C ABOVE TARGET

i

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs

Proven benefit refers to label indication (see Table 9.2)

Low dose may be better tolerated though
less well studied for CVD effects

3. Choosa later generation SU to lower risk of hypoglycemia

Risk of hypoglycemia: degludec / glargine LI-300
< glargine U-100 / detemir < NPH insulin

Consider country- and region-specific cost of drugs

Lol L eSS i e CONSIDER COST AND ACCESS
PROMOTE WEIGHT LOSS
PREFERABLY ' Available in generic form at lower cost:
GLP-1 RA with good efficacy for weight loss = Certain insulins: consider insulin
available at the lowest acquisition cost
OR
SGLT2i " Su
. *TZD
2 v
IF A1C ABOVE TARGET IF A1C ABOVE TARGET

¥

For patients on a GLP-1 RA, consider
incorporating SGLT2i and vice versa

= If GLP-1 RA not tolerated or indicated,
consider DPP-4i (weight neutral)

2

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs

AFor adults with ovenweight or obesity, lifestyle modification to achieve and maintain 25% weight loss

2

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs

and =150 min‘week of moderate- to vigorous-intensity physical activity is recommended

(See Section 5: Facilitating Behavior Change and Well-being to Improve Health Outcomes).
tActionad whenever these become new clinical considerations regardiess

of background glucose-lowering medications,

tMost patients enrolled in the relevant trials were on metformin at baseline as glucose-lowering therapy.

*Refer to Section 10: Cardiovascular Disease and Risk Management.
“*Rafer 1o Section 11: Chronic Kidney Dissase and Risk Management and specific medication

label for @GFR criteria.

Pharmacologic Approaches to Glycemic Management: Standards of Medical Care in Diabetes - 2022. Diabetes Care 45: S125-143

THE JOURNAL OF CLINICAL AND APPLIED RESEARCH AND EDUCATION VOLUME 45 | SUPFLIMENT 3

Diabetes Care

WWW.DIABETES.ORG/DIABETESCARE

JANUARY 202
Rt - o

AMERICAN DIABETES ASSOCIATION et

STANDARDS OF
MEDICAL CARE
IN DIABETES—2022

American

156N 01495992



Presenter
Presentation Notes
 A patient-centered approach should be used to guide the choice of pharmacologic agents. Considerations include effect on cardiovascular and renal comorbidities, efficacy, hypoglycemia risk, impact on weight, cost, risk for side effects, and patient preferences



PHARMACOLOGIC TREATMENT OF HYPERGLYCEMIA IN ADULTS WITH TYPE 2 DIABETES

FIRST-LINE THERAPY depends on comorbidities, patient-centered treatment factors, including cost and access considerations, and

management needs and generally includes metformin and comprehensive lifestyle modification”

ASCVD/INDICATORS OF HIGH RISK, HF, CKD¥} : NONE ,' ‘

INDICATORS OF HIGH RISK OR ESTABLISHED ASCVD,
CKD OR HF

CONSIDER INDEPENDENT OF BASELINE A1C OR
INDIVIDUALIZED A1C TARGET

TO AVOID
THERAPEUTIC
INERTIA
REASSESS AND
MODIFY TREATMENT
REGULARLY

(3-6 MONTHS)




9

(NONE )

MODIFY TREATMENT
REGULARLY
(3-6 MONTHS)

Incorporate agents that provide adequate EFFICACY to achieve and maintain glycemic goals

Higher glycemic efficacy therapy: GLP-1 RA; insulin; combination approaches (Table 9.2)

e  Consider additional comorbidities, patient-centered treatment factors, and management needs in chol

of therapy, as below:

MINIMIZE HYPOGLYCEMIA

No/low inherent risk of hypoglycemia:
DPP-4i, GLP-1 RA, SGLT2i, TZD

For SU or basal insulin, consider agents with

lower risk of hypoglycemia®*

¥

L

MINIMIZE WEIGHT GAIN/
PROMOTE WEIGHT LOSS

PREFERABLY
GLP-1 RA with good efficacy for weight loss

OR
SGLT2i

IF A1C ABOVE TARGET

2

v

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs

IF A1C ABOVE TARGET

3.

Available in generic form at lower cost:
= Certain insulins: consider insulin
available at the lowest acquisition cost
= SU
= TZD

v

Minimize hypoglycemia
Minimize weight gain/
Promote weight loss
Cost and access
considerations

CONSIDER COST AND ACCESS

i

IF A1C ABOVE TARGET

For patients on a GLP-1 RA, consider
incorporating SGLT2i and vice versa

» |f GLP-1 RA not tolerated or indicated,
consider DPP-4i (weight neutral)

¥

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs

v

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs







* PPAR gamma agonist

» T insulin sensitivity by acting on fat, liver
and skeletal muscle to increase glucose
utilization and suppress liver glucose

production

» Efficacy — Al Creduction 1-1.5%

2N

Skeletal muscle Adipose tissue Liver
* Glucose Adipogeneasis * Gluconaogenesis
uptake
4 Fatty acid uptake
+ Lipogenesis
* Glucosa uptake

'

Kay: FFA = free fatty acids

Adapted with permission from Bailey CJ, Feher MD, Therapies for Diabetes,
Sherborne Gibbs, Birmingham UK, 2004




PROactive
N=5238 with prior CVevent
Pioglitazone vs placebo for 34.5 months

PRIMARY ENEPOINT

25 —
Pioglitazone (514 events)
Placebo (572 events)
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0 6 12 18 24 30 36
Time from randomisation (months)

Numbers at risk
Pioglitazone 2488 2373 2302 2218 2146 348
Placebo 2530 2413 2317 2215 2122 345

Dormandy J et al Lancet 2005

Proportion of events (%)

25

ZOFT

157

107

Numbers at risk

Pioglitazone
Placebo

SECONDARY ENPOINT

Pioglitazone (301 events)
Placebo (358 events)

HR=0-84 (95% Cl 0-72-0-98)
p=0-027

2536
2566

| | | | |
12 18 24 30 36

Time from randomisation (months)
2487 2435 2381 2336 396
2504 2442 2371 2315 390



Yki-Jarvinen H Lancet 2005

Primary endpoints
A=-58

80

60

40 -

20 7

Primary composite

endpoints

ACS
Amputation
Stroke

Silent MI
Non-fatal Ml

Death

What is the overall
effect on health?

Heart failures

Heart failure endpoints
A=+115

Oedema not due to
heart failure

A=+4+221

-0
Bypass/revascularisation
Fatal 50
Requiring
hospitalisation 40
—60
No hospitalisation —30
—100
Not classified




Pioglitazone: IRIS

e N= 3876 individuals without diabetes
but with mmsulin resistance

e Recent h/o TIA or stroke

* Pioglitazone vs placebo for 4.8y

» Pioglitazone { fatal/NF stroke or MI by
24%

« | ACS by 29%
e Mechanism unclear

* Improved msulin sensitivity, blood

pressure, plasma glucose, triglycerides,
HDL-C, and CRP

e No T in heart failure

Kernan W et al IRIS Trial, NEIM 2016
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0 1 2 3 4 5
Years since Randomization
No. at Risk
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G 0 228 / 1937
~ P=0.007
=
<
o 10k
| =
a 17571939
£ 9.0%
=
!
c
Q
ot
@
o
5 "

PIOGLITAZONE

PLACEBO



Presenter
Presentation Notes
Based upon (1) evidence that insulin resistance was a strong risk factor for stroke as well CHD,2 (2) the consistently positive results observed in these CV outcome trials,16,17,21,22,24–28 and (3) the reduction in recurrent stroke (by 47%) and MI (by 28%) in T2DM individuals in PROactive,16 the National Institutes of Health initiated the IRIS study.


Prediabetes, insulin resistance Type 2 diabetes

Pioglitazone  Comparator Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 95% C| \
1.1.1 MACE

ACT NOW 2011 2 303 1 299 04% 1.87[0.18 21, 65] g
IRIS 2016 175 1839 228 1937 0996%  0.77[0.64,092] !

Subtotal (95% CI) 2242 2236 100.0%  0.77[0.64, 093]

Tatal events 177 209

Heterogensity: Chi¥ = 0.80, df = 1 (P = 0.44); F = 0% <

Test for overall effect: £ = 2.73 (P = 0.006)

1.1.2 Myocardial infarction

ACT MOW 2011 2 303 1 209 1.3% 1.87[0.18, 21, 65] +
IRIS 2016 52 1939 7E 1937 98.7% 067 [0.47, 0.94] t

Subtotal (95% CI) 2242 2236 100.0% 068 [0.49, 0.96]

Tatal events 54 79

Heterogensity: Chi = 0.77, df = 1 (P = 0.38); F = 0%
Test for overall effect: Z = 2.70 (P = 0.03)

1.1.3 Stroke

ACT NOW 2011 o 303 0 200 Mot estimable

IRIS 2016 127 1938 154 1837 954% (.82 [0.66,1.03] -
J SPIRIT 2015 4 B 7 57 48%  052[0.16,1.67]

Subtotal (95% CI) 2305 2293 100.0%  0.81 [0.65, 1.01] -
Total events 131 161

Heterogensity: Chi® = 0.58, df = 1 (P = 0.45); F = 0%
Test for overall effect: Z = 1.86 (P = 0.06)

A 1
T 1

1 o2 0.5 i 2 5 10

Tast for subgroup differences: Chif =068 di =2 (P =0.71) 2 = 0%

Favours piogltazone  Favours comparator /

{ MACERRO0.77
J MIRRO.68

Liao Het al, BMJ open 2017

{ MACERRO0.72

Pioglitazone  Comparator Rizk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total ht_M-H 95% ClI M-H, Fixed, 95% CI
2.1.1 MACE
CHICAGO 2006 0 230 2 228 08% 0.20[0.01,4.11]
Kaku 2009 7 23 7 234  21%  1.00([0.36, 2.82]
PERISCOPE 2008 5 270 6 273 1.8%  0.84[0.26, 2.73]
PROactive 2005 257 2605 33 2833 931% 0.83 [0.71, 0.97] .'
PROFIT J 2014 8 234 B 247 23% 1.06 [0.40, 2.77]
Subtotal (95% CI) 3632 3675 100.0%  0.83 [0.72, 0.97] L 3
Todal evenis arr 336
Hetaropanaity. Ghi® = 1.22, df = 4 (P = 0.87); I = 0%
Test for overall effect: Z = 2.36 (P = 0.02)
2.1.2 Myocardial inarction
CHICAGD 2006 i} 230 1 228 1.2% 0.33 [0.01, 8.07)
Lea 2013 2 B0 7 B1 0.8% 2.03[0.19, 21.84] $
PERISCOPE 2008 2 27 4 2m 3.2% 0.51 [0.09, 2.74]
PROactive 2006 a0 2605 116 2633 01.8% (.78 [0.60, 1.03] _._
FROFIT J 2014 G 234 4 247 31% 1.32 [0.36, 4.85)
Subtotal (85% CI) 330990 3442 100.0%  0.80 [0.62, 1.03] -
Todal evenis 2 ] 126
Heterogenaity. Chi* = 1.76, df = 4 (P = 0.78); I = 0%
Test for overall effect: Z = 1.73 (P = 0.08)
2.1.3 Stroke
CHICAGO 2006 0 230 1 228 1.2%  0.33[0.01,8.07]
J SPIRIT 2015 4 63 7 57 61%  0.52[0.16, 1.67]
PERISCOPE 2008 0 270 1273 12%  0.34[0.01,824]
PROactive 2005 96 2605 107 2633 B8.2%  0.81([0.61,1.07] —
PROFIT J 2014 3 234 4 247 3% 1.79 [0.18, 3.50]
Subtotal (95% CI) 3402 3438 100.0%  0.78 [0.60, 1.02] ol
Total evenis 93 126
Heterogenaity. Ghi? = 1.09, df = 4 (P = 0.90); F = 0%
Test for overall effect: Z = 1.83 (P = 0.07)
1 i + l l
0.2 0.5 1 2 5 10
Test for subgroup differences: Chif = 0.22, df= 2 (P=0.90), F = 0% Favours pioglitazone  Favours comparator




Pioglitazone: kidney effects

* Decrease 1in urmnary albumin and protem excretion m T2D

e No studies 1n low e GFR!




Pioglitazone: Effect on the liver

* Improves liver histology in biopsy-proven

A Alanine Aminotransferase
0

NASH m patients with or without T2D —

g
decreases steatosis/ hepatic fat S Placebo
£
* Improves hepatic fibrosis at any stage of E |
v o
NASH (use up to 24 months E -30- L‘l g Vi
( g ) & Thaen e o ’
. . . L . £ -40- VitaminE © Ny’ @ m—af
* Discontiuation of pioglitazone 1s U T .
0 24 48 72 96 120
Weeks

accompanied by an abrupt T in ALT levels



Presenter
Presentation Notes
Fibrosis changes have been more modest and variable, with the proportion of patients achieving fibrosis improvement ranging between ~ 13 and 20% compared with placebo, the improvement reaching statistical significance in some


Weight gam
* 1-4 kg of adipose tissue mass over 1 yr (2-5% body wt)
* Dose related

» Greater wt gain =2 greater reductions im Al C = improvements in

insulin sensitivity

 Tin body weight —due to stimulation of PPARy receptors in the

hypothalamus to augment appetite
* No negative effects of weight gam

* Can be minimized by limiting dose to 30mg



Fluid retention/ heart failure

e Edema — 5-10%
* Dose related; increased with use of
sulfonylureas and insulin

— Causes 2 renal sodium retention. Peripheral
vasodilation

e T serious heart failure events on
ploglitazone m PROactive

* Can improve diastolic dysfunction

» Should not be used in patients with
symptomatic HF, if edema present on
exam

Erdmann E et al Diabetes Care 2007

(o)
271  — Pioglitazone (149/2605)
.% ~~~~~ Placebo (108/2633) .
%
> ©
Ll
L .
)
Z 8 I " 5.7vs4.1%
® © & -
£ P=0.007
0 |
X
Q
dﬂr
N at Risk: | 5238 5143 5047 4956 4861 4759 838 (273)
1
0 6 12 18 24 30 36

Time from Randomization (months)



Other

e Bone fractures

e Bladder cancer




Enparimental—0onirat

ARt

Aisr-Ratr

tudy or Subgroup Events  Total Ewents Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% G
3.1.1 Heart failure
AGT NOW 2011 303 1 299 04%  0.99[0.06 1570 *
CHICAGO 2006 1 230 0 228 02%  297[012 7262
IRIS 2016 74 1939 71 1937  25.9% 1.04 [0.76, 1.43] ——
PERISCOPE 2008 4 270 5 273 18% 0.81 [0.22, 2.98]
PROaclive 2005 281 2605 198 2633 71.8% 143 [1.21, 1.71] .
Subtotal (95% CI) 5347 5370 100.0%  1.32[1.14, 1.54] .
Tolal evenls 361 275 275
Heterogeneity: Chif= 3.83, df = 4 (P=0.43); P= 0%
Test for overall effect: Z = 3.64 (P = 0.0003)
3.1.2 Fracture
ACT MOW 2011 8 a3 7299 8.0% 1.13 [0.41, 3.07]
IRIS 2016 99 1939 62 1937 70.9% 1,60 [1.17, 2.18] -
Kaku 2009 18 293 18 284 20.5% 1.00 [0.53, 1.89] . S
PERISCOPE 2008 8 270 0 273 06% 17.19[1.00, 296.32] ‘
Subtotal (95% CI) 2805 2803 100.0%  1.52[1.17,1.99] £ -3
Total evenls 133 &7 87
Hetarogeneity: Chi*=4.89, df=3 (P=0.18); F=39%

ast for overall effect: Z=3.13 (P =0.002)
3.1.3 All-cause mortality
ACT NOW 2011 a 303 1 299 03%  296[0.31,28.30] g
CHICAGD 2006 1 230 0 228 0.2% 2.97 [0.12, T2.62] '
IRIS 2016 136 1939 146 1937  49.6% 0.93 [0.74, 1.17] -
Lee 2013 0 60 1 61 05% 0.34[0.01,8.16) *
PERISCOPE 2008 a 270 2 2713 07% 1.52 [0.26, 9.01]
PROactive 2005 129 2605 142 2633  4B.0% 092[0.73,1.16] —ﬂ—
PROFIT J 2014 1 234 2 247 07% 053[0.05,578) *
Subtotal (95% Cl) 5641 5678 100.0%  0.93[0.80, 1.09] *
Total events 273 294
Heterogeneity: Chit=2.42, df = & (P=0.88); = 0%
Tast for overall effect: Z= 0.85 (P=0.40)
3.1.4 Any cancer
ACT NOW 2011 3 303 B 209  30% 0.37[0.10,1.38) *
IRIS 2016 133 1939 150 1937 56.5% 0.89[0.71,1.11] "_'.|'_
PROactive 2005 103 2605 103 2633  38.6% 1.01 [0.77, 1.32]
PROFIT J 2014 a 234 5 247  18% 0.63 [0.15, 2.62]
Subtotal (35% CI) 5081 5116 100.0%  0.91[0.77, 1.08] <
Total events 242 266

Heterogeneity: Chit=268, df=3 (P=0.44); F=0%
Test for overall effect: Z= 1.05 (P = 0.30)

Liao Het al, BMJ open 2017

12 1939 B 1937 57.3%
14 2605 B 2633 427%
4544 4570 100.0%
26 14
Heterageneity: Chi*=0,46, df=1 (P =0.50); F=0%
Test for overall effect: Z= 1.89 (P = 0.06)
3.1.6 Edema
ACT NOW 2011 a8 303 19 289 2.0%
CHICAGD 2006 30 230 16 228 1.7%
IAIS 2016 691 1939 483 1937  50.6%
Kaku 2009 48 293 12 294 1.3%
PERISCOPE 2008 48 270 30 273 31%
PROactive 2005 689 2608 397 2633 41.3%
FROFIT J 2014 12 234 o 247 0.1%
Subtotal {95% CI) 5874 5911 100.0%
Total events 1557 857
Heterogeneity: Chi?=21.65, di=& (P =0.001); F=T2%
Test for overall effect: Z=13.62 (P <0.00001)
3.1.7 Weight gain
ACT MOW 2011 205 303 128 259 156%
CHICAGD 2006 15 230 10 228 1.2%
IAIS 2016 1013 1939 653 1937 79.0%
PROaclive 2005 85 2605 35 2633 4.2%
Subtotal (95% Cl) 5077 5097 100.0%
Total events 1328 826 B2
Hetarogeneity: Chi*=8.38, di=3 (P=0.04); P=64%
Tast for overall effect: Z=13.76 (P <0.00001)
3.1.8 Hypoglycemia
CHICAGD 2006 45 230 53 228 7.8%
IAIS 2016 1 1939 o 1937 0.1%
Kaku 2009 465 203 3B 204 5.6%
PERISCOPE 2008 41 270 101 273 14.7%
PROactive 2005 708 2605 494 2633 T1.9%
Subtotal (95% CI) 5337 5365 100.0%
alal events 842 GBE

rogeneity: Chif=59.57, df=4 (P =0.00001); F=93%
Telst for overall effect: Z=4.70 (P <0.00001)

1.50 [0.61, 3.66]
2,36 [0.91, 6.13]
1.87 [0.98, 3.57]

2.03[1.20, 3.42]
1.86 [1.04, 3.31]
1.43 [1.30, 1.58]
4.01[2.18, 7.40]
1.62 [1.06, 2.47]
1.75 [1.57, 1.96]

26.38 [1.57, 443.09]
1.63 [1.52, 1.75]

1.58 [1.36, 1.84]
1.49 [0.68, 3.24]
1.55 [1.44, 1.67]
2.74 [1.87, 4.03]
1.60 [1.50, 1.72]

0.84 [0.59, 1.20]
3.00 [0.12, 73.52]
1.21 [0.82, 1.81]
0.41 [0.30, 057]
1.45 [1.31, 1.61]
1.24 [1.13, 1.35]

{

k. d

0.1

Test for subgroup differences: Chif=91.21 df=T7 (P < 0.00001) F=22.33%)

[ aha

rs control
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DPP4 inhibitors




(N MODIFY TREATMENT
NONE

REGULARLY
— ) (3-6 MONTHS)

Incorporate agents that provide adequate EFFICACY to achieve and maintain glycemic goals

9 Higher glycemic efficacy therapy: GLP-1 RA; insulin; combination approaches (Table 9.2)

e Consider additional comorbidities, patient-centered treatment factors, and management needs in choice
of therapy, as below:

! L

MINIMIZE HYPOGLYCEMIA MINIMIZE WEIGHT GAIN/ CONSIDER COST AND ACCESS
PROMOTE WEIGHT LOSS
No/low inherent risk of hypoglycemia: PREFERABLY Available in generic form at lower cost:
DPP-4i, GLP-1 RA, SGLT2I, TZD GLP-1 RA with good efficacy for weight loss = Certain insulins: consider insulin
For SU or basal insulin, consider agents with OR available at the lowest acquisition cost
lower risk of hypoglycemia®* = SU
SGLT2i
J T ' - TZD
IF A1C ABOVE TARGET ~ w
\L IF A1C ABOVE TARGET IF A1C ABOVE TARGET
Incorporate additional agents based on . , | -
comorbidities, patient-centered treatment For patients on a GLP-1 RA, consider Incorporate additional agents based on
factors a’nd management needs incorporating SGLT2i and vice versa comorbidities, patient-centered treatment
= If GLP-1 RA not tolerated or indicated, factors, and management needs
consider DPP-4i (weight neutral)

¥

Incorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs




Incretins:
— Glucagon like peptide 1 (GLP-1)
— Gastric inhibitory peptide (GIP)

Healthy Patients Type 2 diabetes
60

Normal Incretin Effect | Reduced Incretin Effect

Insulin (mU/L)

0 60 120 180
0 60 120 180

Time (min)
Time (min)
w—= (Oral Glucose (50 g/400 ml)
e |soglycemic IV Glucose Infusion
1 Nauck M et al.

Diabetologia (1986) 29:46-52



GILP-1 action

> | Body weight

, LPostprandial
hyperglycaemia

-

! Glucagon

{----

" TGlucose uptake
and storage




DPP-4 enzyme
inactivates GLP-1

DPP-4
inhibitors
block the ]
DPP-4 Stimulates

insulin

Food enzyme |
@ _/ secretion
\’ Q ﬁﬁ —> GLP1
¢ \SUppresses
Small glucagon
intestine secretion

Lovshin JA and Drucker DJ (2009)




Reduction imn HbAlc ~0.6-0.8%
Well-tolerated

— No weight gain when glycemic control improved

— No hypoglycemia

Expensive

Dose adjustment for renal insufficiency for
sitagliptin, saxagliptin and alogliptin; Not
necessary for linagliptin

Sitagliptin (Januvia); Saxagliptin (Onglyza);
Lmagliptin (Tradjenta); Alogliptin (Nesina)

ook

\ 4

Oral intake

Extends the half-life of endogenous
incretings GLP-1 and GIP

Increase insulin
secretion

Decrease glucagon
secretion

|
Glycated hemoglobin
levels decrease

1
Reduction in the rate
of hypoglycemia

Lovshin JA and Drucker DJ (2009)



e All DPP4 inhibitors are non-inferior

to placebo i CVOTs

—Safe to use 1n patients with CVD, BUT no

demonstrable cardiovascular benefit

Alogliptin ~ EXAMINE®*
Linagliptin ~ CARMELINA*
CAROLINA™
Saxagliptin  SAVOR-TIMI**
Sitagliptin ~ TECOS"

Vildagliptin  None planned®

Placebo
Placebo
Glimepiride
Placebo

Placebo
NA

0.96 1.07 (F=0.66)
1.02 0.90 (P=0.26)
0.98 1.21(F=0.18)
1.00 1.27 (P<0.007)
0.98 1.00 (P=10.98)

MNo data No data

Deacon C2020



DPRP4 inhibitors - Kidney effects

* CARMELINA — linagliptin vs placebo

* Secondary composite kidney outcome

—74% CKD

—43% eGFR <45

—15% eGFR <30

* Decreased progression of albuminuria

29




* Early uncontrolled trials suggested decrease i plasma ALT levels
(sitagliptn)
* In RCTs, DPP-4 inhibitors have been largely negative for treatment of NASH

—No 1mpact on transaminases or liver fat accumulation

 Recent small study n=735 from China - addition of sitagliptin resulted in

similar wt loss compared to liraglutide m pts with “uncontrolled” diabetes



* No pancreatitis or pancreatic cancer signal

e No immune efftects

» Saxagliptin - T in heart failure hospitalization (SAVOR-TIMI)

—Not a class effect

» Vildagliptin — T LV volume but no T in HF; T in liver transaminases

* Safe to use — esp m older mdividuals, renal mpairment, multiple

comorbidities

Deacon C2020



* 54-year-old male with 5 years oftype 2 diabetes, no

complications
* On metformin 1000mg twice daily
* Has gained 12 lbs working from home over the past 2 years

* Self-pay

* A1C 8.6-9% over recent 12 months (8.6 2 8.9 2 9.2%)




1. Pioglitazone 1s a cheap, effective drug with likely cardioprotective effects

2. Pioghtazone causes edema, and weight gain; should not be used in people

with heart failure
3. Pioglitazone 1s beneficial in patients with NAFLD

4. DPP4 mhibitors are expensive with no significant CV, renal, or liver

benefits

5. DPP4 mhibitors are safe to use m certain populations



Project

ECHO

Patient Recommendation Form

Cardiometabolic teleECHOmm Clinic

Presentation Date: May 18", 2022 Presenter name: Aristotle Sun, MD

Presenter Facility: UW Valley Medical Clinic

Case Report Recap
® 63 year old Jamaican male with HTN, Sickle cell trait and T2DM
e Taking multiple oral agents for DM, HTN and CVD risk reduction
e Struggles with reducing high starch content of diet and getting physical activity controlled
® On 4 blood pressure medication and 3 oral agents for DM

Medication Dose Frequency
metformin 1000 mg Twice daily
empagliflozin 25 mg Daily
sitagliptin 100 mg Daily
benazepril 40 mg Daily
hydrochlorothiazide 12.5mg Daily
atenolol 25 mg Daily
amlodipine 10 mg Daily
simvastatin 20 mg Daily
aspirin 81 mg Daily
tamsulosin 0.8 mg Nightly
sildenafil 100 mg PRN
omeprazole 40 mg Daily PRN

Case Recommendations:

1. Continue to work on portion size control and offer ideas for food substitutes, given his higher starch
traditional intake

2. Due to this patient’s sickle cell, continue the current course of overall glycemic control with
fructosamine in addition to Alc. An additional option is CGM to confirm average glucose and may also
teach about nutrition and activity

3. Encourage this patient to take extra steps during his workday as an uber driver. For example, walking to
let passengers out of the car and walking for 5-10 minutes in between picking up new passengers if
possible.

PLEASE NOTE that Project ECHO® case consultations do not create or otherwise establish a provider-patient relationship between any UW or
ECHO clinician and any patient whose case is being presented in a Project ECHO® setting



. . . ECHO
Cardiometabolic teleECHOmm Clinic

4. There are no changes to consider for this patient's current DM therapy. If appetite cravings continue to
be a barrier, consider holding empagliflozin, sitagliptin, and replace with GLP-1 RA (if this medication is
available to pt and GERD symptoms on PPl are not limiting).

5. With further nutrition/lifestyle changes, maybe consider holding off on sitagliptin. The goal of
minimizing medications may be encouraging to the patient.

6. Consider moderate intensity statin with atorvastatin 20, rather than simvastatin.

Screen aldosterone/renin ratio since this patient is currently on four BP medications.

8. There is no indication for ASA therapy.

N

Nicole Ehrhardt, MD
Nicole Ehrhardt

Physician Signature Nicole Ehrhardt
Represent case July 2022

PLEASE NOTE that Project ECHO® case consultations do not create or otherwise establish a provider-patient relationship between any UW or
ECHO clinician and any patient whose case is being presented in a Project ECHO® setting
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