.

Type 2 DM-Sulphonylurea :

Vecchio amore ?
Progressive amore ?

2017. 5. 13. A 30%} Ot = Fots| =A==l
Sung-Rae Kim MD, PhD
Division of Endocrinology and Metabolism
The Catholic University of Korea



SU-exit: is it inevitable?
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History of glucose-lowering agent
development

15 SGLT2 inhibitors
— Bromocriptine
— Colesevelam
o - DPP4 inhibitors
'g - Inhaled insulin
£ 10- Pramlintide
= - GLP-1 receptor agonists
{f - Glinides
§ m Thiazolidinedione antidiabetics
2 - Insulin analogues
B 57 a-glucosidase inhibitors
% - Human insulin T
- — Metformin ¢
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0 | T | | | | | | | | |
0 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Year

..



History of glucose-lowering agent
development
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Treatment of diabetes

s* Most persons with diabetes (80.2%) are treated with oral hypoglycemic agents,
but 10.8% of them have remained untreated.

Non-pharmacological therapy

0.1%
No treatment

10.8%

Insulin + OHA
8.9%0

OHA only
80.2%

*In persons with diagnosed diabetes. OHA, oral hypoglycemic agent(s)



Percentage of dual or triple therapy
steadily increased

M Triple therapy [ Dualtherapy M Mono therapy

6.6 8.2
35.0 35.8
58!4 53.4

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
(year)

(%)

s Fact Sheet 2015



Monotherapy in Korea

Monotherapy 2o

Among prescriptions for 2003
monotherapy, only 13.0%

was metformin in 2002, but 2004
it increased up to 53.2%

by 2013. In contrast, the 2005
use of sulfonylurea declined

dramatically from 75.2% in

_ 2006

2002 to 30.6% in 2013 as

monotherapy.

Y 2007

2008
2009
2010

- INSULIMN 2011

- SULFONYLUREA
2012

] METFORMIN

| Others

(%

T



Dual therapy in Korea

METFORMIN + SULFONYLUREA +
DPP-4 INHIBITOR METFORMIN
32.5% 41.7%
INSULIN + SULFONYLUREA +
METFORMIN DPP-4 INHIBITOR

4.4% 4.8%



Treatment of Diabetes in Korea

() SULFONYLUREA  @» METFORMIN  (» A-GLUCOSIDASE INHIBITOR @) INSULIN @) TZD

100 — o MEGLITINIDE 0 DPP-4 INHIBITOR
(%)
Hﬂ\& 7 80.4
80 — !’ A,AQD
58.5
b M —0— 0
38.4

40 —

20 —

—0——0—0—

Ol 0—0——0—
o—O0——0-
/ /

2005 2006

2007 2008 2009 2010 2011 2012 2013

(year)

2002 2003 2004




Main Medication changes in
Korean Type 2 DM

Before 2000 : SU or SU + MET or SU + MET + AGI
2000 ~ :SU + MET + TZD
2008 ~ : SU + MET + DPP 4 inh

2014 ~ : MET + DPP 4 inh or SGLT2 inh

L



The control rate of glycemia among
Korean T2DM patients

. Glycemic control rate of Diabetes . . Glycemic control < 6.5% .

35.0% -

43.5% 4994 30.0% - 29.5%
25.0% - \233%
20.0% -
15.0% -
10.0% -
5.0% -
0.0% . . . .
HbA1c HbA1c HbA1c HbA1c 2012 2013 2015 2016

< 6.5% <7% =7.0~89% =29.0%

s Fact Sheet 2016



Harrison’'s Princip
medicine 1%9th edition

les of Internal

- HbA - -
Mechanism of a 1c Agent-Specific Agent-Specific AR e
. Examples Reduction : Contraindications
Action (%) b Advantages Disadvantages
()
Weight neutral, do not Serum creatinine
. . * | Hepatic glucose cause hypoglycemia Diarrhea, nausea, lactic >1.5mg/dL (men)
B|guan|desC . Metformin 1 _2 . . - LoTEeEe >1.4 mg/dL (women) (see text), CHF,
production inexpensive, extensive acidosis = ; !
- radio-graphic contrast studies,
experience, | CV events 2 . X i
hospitalized patients, acidosis
a-Glucosidase 1 6l glucose , '
inhibitorsc** absorption Acarbose, miglitol, voglibose 0.5-0.8 Reduc;l}f)coesntqri);andlal Glfﬂit;!g:cteéslt“s/er Renal/liver disease
. e N Reduced dose with renal disease; one
DPP' IV endogre?]lgzg GLP- mlr?ggl]ll?;:n égiggﬁgtr:nngg:g: 0-5'0-8 Well tolerated, do not associated with increase heart failure
inhibitorsc*** 1 action teneligliptin, vildagliptin cause hypoglycemia risk; possible association with ACE

Insulin secre-
tagogues:
Sulfonylureas

insulin secre-
tagogues:
Nonsulfonylure
35c™

SGLT-2
inhibitors***

Thiazolidinedio

1 Insulin secretion

1 Insulin secretion

1 Urinary glucose
excretion

$dnsulin
resistance,
1 glucose
utilization

Glibornuride, gliclazide, glimepiride,
glipizide, gliquidone, glyburide,
glyclopyramide

Nateglinide, repaglinide, mitiglinide

Canagliflozin, Forxiga, empagliflozin

Rosiglitazone, pioglitazone

1-2

0.5-1.0

0.5-1.0

0.5-1.4

Short onset of action, lower
postprandial glucose,
inexpensive

Short onset of action, lower
postprandial glucose

Insulin secretion and action
independent

Lower insulin requirements

Table 418-5. AGENTS USED FOR TREATMENT OF TYPE 1 OR TYPE 2 DIABETES

Hypoglycemia, weight
gain

Hypoglycemia

Urinary and vaginal
infections, dehydration,
exacerbate tendency to

hyperkalemia

Peripheral edema, CHF,
weight gain, fractures,
macular edema

inhibitor induced angioedema

Renal/liver disease

Renal/liver disease

Limited clinical experience; moderate
renal insufficiency

CHF, liver disease
1. Harrison's Principles of Internal Medicine - 19th ed



Trends in Drug Utilization,
Glycemic control and rate of Hypoglycemia

OBJECTIVE

To examine temporal trends in utilization of glucose-lowering medications, gly-
cemic control, and rate of severe hypoglycemia among patients with type 2 di-
abetes (T2DM).

RESEARCH DESIGN AND METHODS

Using claims data from 1.66 million privately insured and Medicare Advantage
patients with T2DM from 2006 to 2013, we estimated the annual 1) age- and sex-
standardized proportion of patients who filled each class of agents; 2) age-, sex-,
race-, and region-standardized proportion with hemoglobin A;. (HbA;.) <6%,
6to<7%, 7 to <8%, 8 to <9%, 29%; and 3) age- and sex-standardized rate of severe
hypoglycemia among those using medications. Proportions were calculated over-
all and stratified by age-group (18-44, 45-64, 65-74, and 275 years) and number
of chronic comorbidities (zero, one, and two or more).

RESULTS

From 2006 to 2013, use increased for metformin (from 47.6 to 53.5%), DPP-4 inhib-
itors (0.5 to 14.9%), and insulin (17.1 to 23.0%) but declined for sulfonylureas (38.8 to
30.8%) and thiazolidinediones (28.5 to 5.6%; all P < 0.001). The proportion of patients
with HbA;. <7% declined (from 56.4 to 54.2%; P < 0.001) and with HbA;. 29% in-
creased (9.9 to 12.2%; P< 0.001). Glycemic control varied by age and was pooramong
23.3% of the youngest and 6.3% of the oldest patients in 2013. The overall rate of
severe hypoglycemia remained the same (1.3 per 100 person-years; P = 0.72), de-
clined modestly among the oldest patients (from 2.9 to 2.3; P < 0.001), and remained
high among those with two or more comorbidities (3.2 to 3.5; P = 0.36).

Diabetes Care

e@ CrossMark

Trends in Drug Utilization, S
Glycemic Control, and Rates of B i

Severe Hypoglycemia, 2006-2013 oMo s

DOI: 10.2337/dc16-0985

CONCLUSIONS

During the recent 8-year period, the use of glucose-
lowering drugs has changed dramatically among patients

with T2DM. Overall glycemic control has not improved

and remains poor among nearly a quarter of the

youngest patients.

CONCLUSIONS

During the recent 8-year period, the use of glucose-lowering drugs has changed
dramatically among patients with T2DM. Overall glycemic control has not im-
proved and remains poor among nearly a quarter of the youngest patients. The
overall rate of severe hypoglycemia remains largely unchanged.

0.2337dc16-0985

The overall rate of severe hypoglycemia remains largely

unchanged.




100%
90%
80%

70%

Proportion of
Patients with Type

2 Diabetes 50%

30%

20%

10%

Trends in Drug Utilization,
Glycemic contirol and rate of Hypoglycemia

Al 44.1%|  |43.8% a4.3%|  |43.1%| 49 49
153%  |147%|  |148% [0 70  [12.4% 126%  |13.6%  |131%
2006 2007 2008 2009 2010 2011 2012 2013

HbAlc C<6% C6<7% [M7-<8% MmMB8-<9% mM=>9%

Figure 2—Glycemic control among patients with T2DM, 2006-2013. Estimates were standard-
ized by age, sex, race, and region to the 2013 cohort of people included in the study.

A

53.5% Biguanides

47.6%

8.8%

30.8% Sulfonylureas

- 24.1% No medications
23.0% Any insulin

14.9% DPP-4 inhibitors

5.6% TZDs
5.0% GLP-1 agonists

2.2% Other

9%
0.5%
2006 2013

Figure 1—Age- and sex-standardized proportion of patients with T2DM who filled each class of
glucose-lowering agents, 2006 and 2013 (see Supplementary Table 1 for annual data). Since
patients may fill more than one dass in each year, percentages do not add up to 100%. Other
medications were comprised of meglitinides, c-glucosidase inhibitors, SGLT-2 inhibitors, and
amylin analogs. Patients with no fills for glucose-lowering medications were included in the “No
medications” group.




Diabetes and Morbidity

p M\ B Stroke
/-\ \ 1)/ '9 N’ ], 3foldincrease in stroke®
Diabetic \

retinopathy

Leading cause
of blindness in working-age adults’

Cardiovascular
disease

’ : | 1to 5fold risk
e I . "\ increase*
.\\3( g ' : ‘-’?—-’_’7’ -
ST ‘ jabeti
[ ‘ Diabetic
)Y || NS neuropathy

Leading cause of non-
traumatic lower extremity
amputations®

Diabetic
nephropathy

Leading cause of
end-stage renal disease?

003;26:578-9.



Metabolic pathway

Genetic
influences

Independent accelerators, such
as hypertension, lipids, smoking

Y |

Metabolic factors Haemodynamic factors
Glucose toxicity Angiotensin |l/renin
Glycation > angiotenin system
Polyol pathway Endothelium
Hexosamine pathway Nitric oxide

Y Y

Growth factors and Intracellular factors
cytokines Diacylglycerol-protein
Transforming growth kinase, mitogen
factor B, vascular activated protein
endothelial growth kinase, and nuclear
factor, angiotensin 1, factor x B
connective tissue
growth factor, growth
hormone, and insulin-
like growth factor |

Y Y
Diabetic vascular disease
mwolic pathways that contribute to vascular complications of diabetes]




High CV risk in diabetic patients

Ca rd i OvaSCUI ar In 2013 (events/10,000 persons)
events

Type 2 diabetes Non-diabetes

Ischemic heart disease

248 /59

Type 2 diabetes Non-diabetes

Cerebral hemorrhage

DEFINITION OF CARDIOVASCULAR EVENTS: 4 1 / 1 7
ICD-10 code and events-related hospitalization

Ischemic stroke: 163, 164, 1693, 1694, G45 Type 2 diabetes Non-diabetes
Ischemic heart disease: 120, 121, 122, 123, 124, 125
Cerebral hemorrhage: 161, 161, 162, 1690, 1692




Glycemic control and Complications

Microvascular
complications (eg, kidney
disease and blindness)

Amputation or fatal
peripheral blood vessel
disease

Deaths related to diabetes

Heart attack

Stroke

Objective: To determine the relation between exposure to glycaemia over time and the risk of
macrovascular or microvascular complications in patients with type 2 diabetes.

Design: Prospective observational study.

Participants 4585 white, Asian Indian, and Afro-Caribbean patients.




Risk of CV events or death associated with
HbA1lc level

+* EPIC-Norfolk study

HbA, level: 5-5.4% 5.5-5.9% [Jj] 6.0-6.4% [ 6.5-6.9% M >7%

Men

Women

8
5 7
| .
> 6
©
T 5
| .
o 4
7]
3 3
®
& 2
B0
< 1
0
CHD events CVD events All-cause
mortality

Objective: To examine the relationship between hemoglobin Alc, cardiovascular disease, and total mortality.

Design: Prospective population study in Norfolk, United Kingdom.

Participants: 4662 men and 5570 women who were 45 to 79 years of age and were residents of Norfolk.
Measurements: Hemoglobin Alc and cardiovascular disease risk factors were assessed from 1995 to 1997,
and cardiovascular disease events and mortality were assessed during the follow-up period to 2003.

CHD events CVD events All-cause
mortality

* P < 0.001 for linear trend across hemoglobin Alc categories for all end points. Age-adjusted relative risks
were determined by using logistic regression models. (Relative risk of HbAlc < 5.0% =1 )



Intensive blood glucose control &
vascular risk in T2D

¢ Evidence and experience

ACCORD ADVANCE
(N=10251) (N =11 140)
/ Favors | Fovors  gejative Risk \
; End pOl.ﬂlS more less vs. control P
Tolbutamid iyl
olutamice SU, metformin, insulin VADT intensive | intensive
UGDP UKPDS (V=1791)
(N = 600) (N=5102) 2009
ACCORD —- +35% 002
PROactive N ADVANCE - -12% 0.12
(N =5 238) Pioglitazone UKPDS — +2% N/A
o " VADT —— +32% 026
5 § RECORD Over 0‘” +] 0% 004 /
Rosiglitazone
(N=4447)
5 hl \ o
o o (@]
O |0 (=]
’ i o~ ! o N
| y/4 ] ] ] ] ]
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Effect of Rosiglitazone on the Risk of Myocardial Infarction
and Death from Cardiovascular Causes

Steven E. Nissen, M.D., and Kathy Wolski, M.P.H.

From the Cleveland Clinic, Cleveland. Ad-
dress reprint requests to Dr. Nissen at
the Department of Cardiovascular Medi-
cine, Cleveland Clinic, 9500 Euclid Ave.,
Cleveland, OH 44195, or at nissens@ccf.

org.
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Rosiglitazone-containing Diabetes Medicines:
Drug Safety Communication - FDA Eliminates the
Risk Evaluation and Mitigation Strategy (REMS)

f sHarE in UMKEDIN | @ PINIT | &% EMAIL | &=k PRINT

[Posted 12/16/2015]
AUDIENCE: Family Practice, Endocrinology, Cardiology

ISSUE: FDA is eliminating the Risk Evaluation and Mitigation Strategy (REMS) for rosiglitazone-containing type 2
diabetes medicines, which are approved as Avandia, Avandamet, Avandaryl, and generics. The REMS is no longer
necessary to ensure that the benefits of rosiglitazone medicines outweigh their risks.

In 2013, FDA required removal of the prescribing and dispensing restrictions for rosiglitazone medicines after
determining that data did not demonstrate an increased risk of heart attack with rosiglitazone medicines compared
fo the standard type 2 diabetes medicines metformin and sulfonylurea. FDA also required the drug manufacturers
to provide educational training to health care professionals about the current state of knowledge regarding the heart
risks of rosiglitazone medicines. Manufacturers have since fulfilled these requirements.

FDA has continued monitoring these medicines and identified no new pertinent safety information. FDA will update
the public if any new information becomes available.

BACKGROUND: Type 2 diabetes is a disease that can lead to serious complications such as Kidney failure,
blindness, and premature death. Rosiglitazone can be used along with diet and exercise to control blood sugar in
adults with the disease.

RECOMMENDATION: The REMS is no longer necessary to ensure that the benefits of rosiglitazone medicines
outweigh their risks.
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SAVOR-TIMI 53
(Saxagliptin vs. PBO)
COMPLETED

EXAMINE (Alogliptin vs. PBO)
COMPLETED

ELIXA (GLP-TRA; Feb 2015) COMPLETED g\‘,‘::a‘t’:gf"g ofinterest being
TECOS (DPP-4i: Mar2015) COMPLETED W 0P 4i.
EMPA-REG-OUTCOME (SGLT2i; Apr2015) B GLP-1RA

LEADER (GLP-1RA; Oct2015 :
B scLrzi
SUSTAIN 6
GLP-1RA: Jan 2016 B Alpha-glucosidase inhibitor
CANVAS-R B Basal insulin
(SGLT2i; Apr2017) =

NCT01703208 (DFPP-4i; Oct 2017) 55"; TZDiSu

CAROLINA (DPP-4ivs. SU; Sep 2018)

DEVOTE (Basal insulin; Nov 2018)
TOSCA.IT (TZD vs. SU; Dec 2018)
REWIND (GLP1-RA; Apr2019)
DECLARE-TIMI 58 (SGLT2i; Apr2019)
CREDENCE (SGLT2i; Jan 2020)

NCT01986881 (SGLT2i; Oct 2020)

Fig. 2 A CVoutcome studiesin patients with T2DM:chronology of completion dates. (https://clinicaltrials.gov/ct2/home; last
accessed May 29, 2015) (SAVOR-TIMI53,NCT01107886; EXAMINE,NCT00968708; ELIXA,NCT01147250; TECOS, NCT00790205;
EMPA-REG-OUTCOME, NCT01131676; LEADER, NCT01179048; SUSTAIN 6, NCT01720446; CANVAS-R, NCT01989754;
ACE,NCT00829660 (*https://www.dtu.ox.ac.uk/ace/; last accessed May 29, 2015); CARMELINA, NCT01897532; EXSCEL,




ADA/EASD Position Statemen

Start with Monotherapy unless:

AT is areater than or egual o 9%, consider Dual Therapy.

AT I3 greater than or egual to 10%, blood glucose i greater than or egqual to 300 mea/dl,
or patient is markedly symplomatic, consider Combination Injectable Therapy (See Figure 8.2)

Monotherapy Metformin Lifestyle Management

I-‘

EFFICACY™ nigh

HYPO RISK o Fisk

WEIGHT neutralloss
SIDE EFFECTS Glflactic acidosis
CO5TS" oW

If AIC target not achieved after approximately 3 months of monotherapy, proceed to 2-drug combination (order not
meant to denote any specific preference — choice dependent on a variety of patient- & disease-specific factors):

]
Dual Therapy Metformin + Lifestyle Management
Sulfonylurea Thiazelidinedione DPP-4 inhibitar SGLT2 inhibitar GLP-1 receptor agonist m

HYPO RISK moderate risk low risk low risk o risk ow rishk high risk
WEIGHT aain gain Aeutral G55 o5 gan
SIDE EFFECTS nypoalyosmia ecema, HF, fxs rare GU, dehydration, fxs Gl hypoglycemia
COsTS" Crer | high Righ migh high
IT ATC target not achieved alter approximately 3 months of dual therapy, proceed 1o I-drug combination (erder not

v meant to denocte any specific preference — choice dependent on a variety of patient- & dizease-specific factorsh

Triple Therapy Metformin + Lifestyle Management

Sulfonylurea + | Thiazolidinedione +  DPP-4 inhibiter ¢+  SGLT2 inhibitar +  GLP-1 receptor aganist +

TZD S50 50U s 1] TZD
or DPP-4-| or DFP-4-i or TZD or TZD or TZD or DPP-4-|
or SGELT2-i or SGLT2-i or SGLT2-i or DPP-4-i or SGLT2-i or SGLT2-

or  GLP--RA or  GLP-1-RA or or  GLP-I-RA o IS o GLPA-RA
il Insulin® __JEECIE Insulint el Insulin® |

I ATC target not achieved after approximately 3 months of trigle therapy and patient {1) ¢n oral combination, mave Lo
basal insulin or GLP-1 RA, (2) on GLP-1 RA, add basal insulin, or {(3) on optimally titrated basal insulin, add GLP-1 RA or
mealtime insulin, Matformin therapy should be maintained, while other oral agents may be discontinued on an individual
Bazis to avoid unnecessarly camplex or costly regimens (e, adding a fourth antinyeeralycemic agent),

L
Combination Injectable Therapy (See Figure 8.2)




Cardiovascular outcomes
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Cardiovascular outcomes

A Primary Outcome

B Death from Cardiovascular Causes

20+ e Placebo
T Flacebo T LS
= 15 = 7
g Hazard mtio, 086 (35.02% Cl,0.74-0,99) - 5 57 Hazard ratio, 0.62 (959 CI, 0.49-0,77) Ermpagliflozin
& P=0.04 for supericrity Empagliflazin £ 54 P=0.001
- ln_ 1
= 5,
] ]
5 TS
E_] 5 E_d
& 7 £ 2
14
0 T T T T T T T 1 H T T T T T T T 1
0 & 12 18 24 30 E1 42 48 0 & 12 18 24 30 i6 42 48
Maonth Maonth
Mo. at Risk Ma. at Risk
Empagﬁﬂ:-zin AER T 4580 4455 43728 3851 221 2359 1534 70 Empagliﬂcu.zin 4687 4651 4608 4556 4128 07 2617 1722 414
Placeba 7333 2356 2194 2112 1875 1330 1161 741 166 Placebo 2333 2303 2FO 0 FM43 0 2012 1503 1281 825 177
C Death from Ary Cause D Hospitalization for Heart Failure
13 74 Aacebo
Flacebo
£ £ 5
s s 5
5 10- .
& Hazard mtio, 068 (95% O, 0.57-0.82) o & Hazard ratio, 0,65 (95% CI, 0.50-0.85)
- P=0.001 Empagliflozin & 4= p=n.onz Empagliflozin
= =
£ g7
5
3 -
1_
H T T T T T T T 1 0 T T T T T T T 1
0 & 12 18 24 0 36 42 48 0 & 12 18 24 30 i6 42 48
Maonth Manth
Mao. at Risk Ma. at Risk
Empagliflazin 4687 4651 4608 4556 4128 3079 2ELF 1722 414 Em pagliflazin 4687 4614 4523 4427 3988 2950  4E7 1634 395
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177 Placebo 23133 2271 2226 2173 1932 1424 1202 775 168
4 & EMPA-REG
ot .®. OuTCOME®
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CV death, Ml and stroke

Patients with event/analysed

Empagliflozin Placebo HR (95% ClI) p-value
3-point MACE 490/4687 282/2333 0.86 (()09;?* —@— 0.0382
CV death 172/4687 137/2333 0.62 (0.49,0.77)° o— <0.0001
Non-fatal Ml 213/4687 121/2333 0.87 (0.70, 1.09) —— 0.2189
Non-fatal stroke 150/4687 60/2333 1.24 (0.92, 1.67) ® 0.1638
0.25 0.50 1.00 2.00

< >
Favours empagliflozin Favours placebo

R, hasord rofior G/ cardiovascular w myocardial nfarction % eMPA-REG

*95.02% Cl . "
7 o .'."I ) . OUTCOME® .



EMPA-REG OUTCOME®: Summary

Empagliflozin in addition to standard of care reduced CV risk and
improved overall survival in adulfs with T2D at high CV risk

14% 38% 32% 35% 39

Empagliflozin
for 3 years
]

Relative risk Reduction Reductionin Reductionin NNT to save
reduction in inCV all cause  hospitalisations one lifein 3
3P-MACE death mortality  for heart failure years

The overall safety profile of empagliflozin was consistent
with previous clinical trials and current label information

o gigfe)®
4 & EMPA-REG
Zinman et al N Engl J Med 2015;_doi: 10.1056/NEJM0al1504720 o ..3"... OUTCOME®



Table 1—Cardiovascular outcomes in the EMPA-REG OUTCOME study

Placebo group Pooled empagliflozin Relative risk

CV outcome (n=2,333) group (n = 4,687) reduction
CV death, nonfatal MI/stroke 12.1 10.5 —14%*
Death from any cause 8.3 5.7 —32*
CV death 5.9 3.7 —38*
Hospitalization for HF 14.5 9.4 —35*
Fatal/nonfatal Ml (excludes silent Ml) 5.4 4.8 —13%**
Nonfatal stroke 3.0 3.5 +24**

Data are %. *Significant. **Nonsignificant.

CV death redection : 1.7 / 1,000

‘ Sunder Mudaliar Diabetes Care 2016;39:1115-11.



Key: ' 1 death per 100,000 population

per | ploglitazone ‘m 1 fewer death due to pioglitazone

100,000 m 'ﬂ‘ 1 extra death due to pioglitazone
’HMMHMMMHMHiﬂ‘i”ﬂr Mil i‘ ‘ﬁ

L j i Rl imw
R ittt
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stoke 42 20% s RIRNARERRARRRARRARAARRANRARARAARANDARANAD

Diabetes 22 20% 4 AARARARRRARARANANALNDR

NAFLD- 5% “Deaths from cirrhosis and hepatocellular carcinoma
5 -20% -1 | -
related* “ﬁ““'ﬂ“ assuming one third of these are due to NAFLD

oo SRS [ [

oune s o s pARtReRRRARRRRRARRRARAAARRRRDAGARARRAAADDDAARAAAAE
Ear:::tr 23 0% 2 thereretRpRRARARARRRADA

ooon 6 0% 2 fRedetfeeeRRARAE

Potential
Deaths effect of

Cardiometabolic Cancer Hip Fracture (age 65+)
------------------- BRBIRAH
4 LLLLLLLLLL PEERETTTRE
HH:HHR Net effect: Terarannn
e 8 fewer deaths Potentially
HALLLLLLY per 100,000 20-30 more deaths
Total of per 100,000**
52 fewer deaths **Assuming pioglitazone increases hip fractures 20%

with the typical all-cause mortality within one year
per 100,000 (which includes cardiometabolic and cancer causes)
Cell Metabolism 20, October 7, 2014
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Age-Specific Trends From
2000-2011 in All-Cause and
Cause-Specific Mortality in Type 1
and Type 2 Diabetes: A Cohort
Study of More Than One

Million People

Diabetes Care 2016,;39:1018-1026 | DOI: 10.2337/dc15-2308
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Figure 1—ASMRs in people with type 1 (A) and type 2 (B) diabetes between 2000 and 2011. Note:
rates were standardized to the 2001 Australian population. *Pyeng < 0.05.
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Figure 5—Trends in the occurrence of diabetes-related complications from 1990 to 2010 among
adult population with diagnosed diabetes (13). ESRD, end-stage renal disease.
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Mortality and Cardiovascular Disease in Type 1 and Type 2
Diabetes

Aidin Rawshani, M.D., Araz Rawshani, M.D., Ph.D., Stefan Franzén, Ph.D., Bjérn Eliasson, M.D., Ph.D.,
Ann-Marie Svensson, Ph.D., Mervete Miftaraj, M.Sc., Darren K. McGuire, M.D., M.H.Sc.,
Naveed Sattar, M.D., Ph.D., Annika Rosengren, M.D., Ph.D., and Soffia Gudbjérnsdottir, M.D., Ph.D.

N Engl J Med 2017:376:1407-18.
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Figure 2. Major Cardiovascular Outcomes in Patients with Type 2 Diabetes and Matched Controls.

Controls were matched for age, sex, and county. I bars represent 95% confidence intervals.
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Sulfonylurea in the guidelines
and ifs role today




IDF Guideline

IDF Treatment Algorithm for People with Type 2 Diabetes

- International
Lifestyle measures Diabetes
Federation

Then, at each step, if not to target (generally HbA_ <7.0%)

Consider first line

Sulfonylurea

or
a- Glucosidase inhibitor

4 a- Glucosidase inhibitor or
DPP-4 inhibitor or
Thiazolidinedione

Metformin

Sulfonylurea (if not first line)

Consider third line

Basal insulin a- Glucosidase inhibitor or
or DPP-4 inhibitor or GLP-1 agonist

Pre-mix insulin Thiazolidinedione

Consider fourth line

Basal + Basal insulin, or . = usual approach
meal-time Pre-mix insulin

insulin (later basal + meal-time) . = alternative approach




ADA/EASD Position Statemen

Start with Monotherapy unless:

AT is areater than or egual o 9%, consider Dual Therapy.

AT I3 greater than or egual to 10%, blood glucose i greater than or egqual to 300 mea/dl,
or patient is markedly symplomatic, consider Combination Injectable Therapy (See Figure 8.2)

Monotherapy Metformin Lifestyle Management

I-‘

EFFICACY™ nigh

HYPO RISK o Fisk

WEIGHT neutralloss
SIDE EFFECTS Glflactic acidosis
CO5TS" oW

If AIC target not achieved after approximately 3 months of monotherapy, proceed to 2-drug combination (order not

meant to denote any specific preference — choice dependent on a variety of patient- & disease-specific factors):
¥

Dual Therapy Metformin + Lifestyle Management

Sulfonylures Thiazolidinedione  DPP-4 inhibitor SGLTZ inhibitor  GLP-1 receptor agonist m

EFFICACY" algh ki Intermed ate ntermediate High highest
HYPO RISK moderate risk low risk low risk o risk ow rishk high risk
WEIGHT aain gain Aeutral G55 o5 gan

SIDE EFFECTS nypoalyosmia ecema, HF, fxs rare GU, dehydration, fxs Gl hypoglycemia
COsTS" Crer | high Righ migh high

IT ATC target not achieved alter approximately 3 months of dual therapy, proceed 1o I-drug combination (erder not

meant to denote any specific preference — choice dependent on a variety of patient- & disease-specific factors):
'1!

Triple Therapy Metformin + Lifestyle Management

Sulfonylurea + | Thiazolidinedione +  DPP-4 inhibiter ¢+  SGLT2 inhibitar +  GLP-1 receptor aganist +

TZD S50 50U s 1] TZD
or DPP-4-| or DFP-4-i or TZD or TZD or TZD or DPP-4-|
or SGELT2-i or SGLT2-i or SGLT2-i or DPP-4-i or SGLT2-i or SGLT2-

or  GLP--RA or  GLP-1-RA or or  GLP-I-RA o IS o GLPA-RA
il Insulin® __JEECIE Insulint el Insulin® |

I ATC target not achieved after approximately 3 months of trigle therapy and patient {1) ¢n oral combination, mave Lo
basal insulin or GLP-1 RA, (2) on GLP-1 RA, add basal insulin, or {(3) on optimally titrated basal insulin, add GLP-1 RA or
mealtime insulin, Matformin therapy should be maintained, while other oral agents may be discontinued on an individual
Bazis to avoid unnecessarly camplex or costly regimens (e, adding a fourth antinyeeralycemic agent),

L
Combination Injectable Therapy (See Figure 8.2)




Italian Diabetes Society
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Metformina

Se non sufficients, aggiungera alla metformina un sacondo farmaco:
[_suiciinidi_ | [N Pioglitazone ][ Acarbose || oPP4inivitori | [ GLP1 agonisti | [SGLISINBIGHN L L B

Se non sufficiente, aggiungere un terzo farmaco:

- SU/Glinidi Pioglitazone Acarbose DPP4 inibitori || Insulina
I Pioglitazone I | suGlinidi | I Pioglitazone I | Pioglitazone | M
[  Acarbose | [ Acabose |||[ swieniai ||| [ suicimai ]
[ oppainiv. |||[ DPPainib. | _ [Seirzin’ |

tpiagon. | ||[oteiegon. ||| IR | | (0|

el L7

Insulina SU/Glinidi

In caso di cattivo controllo con la triplice terapia. iniziare comunque |a terapia insulinica, mantenendo la metformina:

Insulina

con l'aventuale aggiunta di;

SU/Glinidi Pioglitazone DPP4 inibitori GLP1 agonisti

SID

Societd Italiana
di Diabetologia



UK NICE - Algorithm for blood glucose-
lowering therapy

= Rainforce advica on diet, lifestyle and adherance o drug reatmant.

* Agresa an individualised HbA1c target based on: the person’s needs and circumstances induding preferences, comorbidilies, risks from polypharmacy and tighd blood glucosa control ard ability to achieve

langer-term risk-reduction benefits. Where appropriate, support the person to aim for the HbAdc levels in the algorithm. Measure HbA c levels at 36 monthly intervals, as appropriate. If the person achieves
an Hh e baraal lmuar than laraal with no bennahsesamiza anooiraoe tham b mainfain il Be awsara thal thare ara athar roesihle masans far 3 lowe Hhd 4o lewal

(/_ ADULT WITH TYPE 2 DIABETES WHO CAN TAKE METFORMIN ™ { METFORMIN CONTRAINDICATED OR NOT |
If HbA1c rises to 48 mmolimol (6.5%) on lifestyle (i standard-release | TOLERATED anant
interventions: | metformin is not | [RTif HbA1C rises to 48 mmolimol (6.5%) on :
» Offer standard-release melformin ! tolerated, consider a lifestyle interventions:
» Support tI1e person to aim for an HbA1c level of 48 mmol/ [ | trial of modified-release : « Consider ane of the following™
mal (6.5%) |metformin_ 4 - DPP-4i, pioglitazone” of an SU
= Support the person to aim for an HhATC
[ ripla therapy = not | level of 48 mmolimd (6.5%) for people on
| effective, not tolerated a2 DPP-4i ar picglitazone or 53 mmolmaol
onSaer Qual Tharapy Wi, | or contraindicated,
- metformin and & DPP-4| | consider combination
| therapy with metformin,

- metfarmin and pioglitazone®

| an SU and a GLP-1
| mimatic” for adults with

I

I

I

I

I

I FIRST INTENSIFICATION
| type 2 diabetes who: I i HbA1c rises to 58 mmol/mol {7.5%):

I

I

I

I

I

I

| -have 3 BMI of 35 kg'nt’ = Consider -:_:Iual thf:ra py" -.-.-iﬂ'ii
| or higher (adjusi - a DPP-4i and pioglitazone’
acooedingly Tor peoplé from - a DPP-4i and an SU
| black, Asian and othar - pioglitazone” and an SU
I : :,'.:.m"”fﬂ':“ w;r;";gliml S[oJAiAA R ISR A it U o111 10 Lo
_ : ) o mﬁm dfﬁﬂ?dﬁl i o level of 53 mmol/mal (7.0%)
onSiciar _ | | associated with obesity or
- triple therapy with: B have a BM lower than 35 |
o matformin, a DPP-4i and an SU | Ikg'm‘. and for whorn I e
o metformin, pioglitazone® and an SU insulin therapy would have | SECOND I_NTEI'ISIFIEATIDH srafar
o metformin, plogitazona® or an SU, and an SGLT-2¢ ||| snificant coowpetional | if HbA1c rises to 58 mmol/mol (7.5%): sk
TRV P S i g IIWIIEEIIb;Eﬁ Ur&:‘;‘ﬁm loss | « Consider insulin-based treatment g
« Support the person to aim for an HBATC evel of 53 mmoll ||| seniicant ety relates 1] 1 ® Support he parson D aim foran Hoate
‘\ mol (7.0%5) I_'-’E’"f_mff _____ L} evel of 53 mmelimal (7.0%) B

e
d. Ba aware that, if metformin Is contraindicated or not tolerated, repaginids |5 bath cinlcally effectve and cost effective in adufis wih byps 2 diabetes. However, discuss with any persan for whom repsslinics s beiing consldersd, that
theare s no licensed non-rmelfommin-hased comBinalion containing repaglinide that can be offered & firs] intensilication.

&, Ba awara that the drugs in dual tharagy shoud Ba introduced insa stapeise mannsr, checking for tdarability and sffectivenass of aach drug,

f. MHRS, guidance (2011} notes that casas of cardiac failure have besn mpored when pioglitazons was used in combination with insulin, espacially in patiens with risk factors for the developrmant of cardiac failura. |t &dvises that ifthe
combinstion ks used, pecple should be obssrvad for signs and symptoms of heart fallune, weight gain, and cedema. Ploglitazone should be discomtinued IF amy detedoration in cardiac stabus oocurs.

g. The recormmendations In this guldding alsa apgly 1o any curenl and Tubare Blasimilae proguetis] of insuin glargine that kave an apprepriate Maketing Aatharisalion that allows (e use of the Blosimilans) in the sare indicatian,

h. A corsuliant-lad mullidiscplinary leam may ndude a wide range of s based in prirmary, sacondary and communily care,

ideline NG28 (December 2015)



Avusiralian Blood Glucose Treatment
Algorithm for Type 2 Diabetes

All patients should receive education regarding lifestyle measures: healthy diet, physical activity and weight contral

Determine the individual's HbA  target — this will commonly be < 53 mmol/mol (7.0%).
If not at target, or if an HbA,_ reduction of = 0.5% is not achieved after 3 months, move down the algorithm.

First line: Metformin is the usual first-line therapy unless contraindicated or not tolerated

DPP-4
inhibitor

5GLT2 .
sSu inhibitor Insulin Acarbose TZD

If HbA,_ target not achieved in 3 months:

*¢ads

Australian Diabetes Society

* check and review current therapies, stop any that fail to

+ review use of therapies

improve glycaemic contral

= check patient ding and self:

+ exclude other comorbidities/therapies impacting on glycaemic control
= reinforce lifestyle measures

Second line: If metformin was not used first line, add it now, if not contraindicated
Sulfonylureas (SU) are the usual initial agent to add to metformin. If SU are contraindicated or not tolerated,

another agent may be used.

DPP-4

inhibitor

SGLT2

inhibitor

GLP-1RA Insulin® Acarbose TZD

If HbA,_ target not achieved in 3 months:

* check and review current therapies, stop any that fail to
improve glycaemic control

« check patient understanding and self-management

* review use of therapies
+ axclude other comorbidities/therapies impacting on glycaemic control
+ reinforce lifestyle measures

Third line: Consider triple oral therapy or addition of GLP-1RA or insulin

SGLT2
inhibitor

DPP-4
inhibitor

Acarhose TZD

= review use of therapies
» exclude other idities pies i ling on gly ic control
» reinforce lifestyle measures

THEN - |

IfHbA _ target not achieved in 3 months:

+» check and review current therapies, stop any that fail to
improve glycaemic control

ding and self-mar it

» check patient L

If on triple oral therapy If on GLP-1RA If on basal insulin®

Add SGLT2 inhibitor or
GLP-1RA or basal bolus or

basal plus insulin or change
to premixed insulin

Change to Add
basal or basal or

premixed
insulin*

Switch = 1 oral agent

to GLP-1RA or insulin®
or another oral agent!

premixed
insulin®

PBS = Pharmaceutical Benefits Scheme, SU=sulfonylurea, TZD= thiazolidinedione, DPP-4 = dipeplidyl peplidase-4, GLP-1RA= glucagon like peplide 1 receptor agonist,
SGLT2 = sodium glucose transporter.

Dark blue bexes indicate usual therapeutic strategy forder is not meant to dencte any specific preference) (usual refers to commenly available, evidence based, cost
effective therapy). White boxes indicale alternate approaches (order is not meant to dencte any specific preference). Red outlines indicate the classes of glucose lowering
agant that include PBS subsidised praducts.

* Unless meltformin is contraindicated, or not loleraled, it is often therapeutically useful lo continue it in combinaticn with insulin in people with Type 2 diabeles.

1 Switching an oral agent is likely to have the smallest impact on glycasmia.



Suggested Treatment Approach for Specific
Patient Profiles

‘ Increased Risk of
hn E“ns> Normal Weight m m Hypoglycaemia CKD Stage 3-5

ﬁ'r‘:‘ P_:““’vr;r:r """”""" ")qf i'l

r{l

Established 1981 generaily. 50.0%)
Consider first line Consider first lm Conudar first line Consider first line Consider first line
‘hotoicsocety D - gL X - _
& Metabolic Society
& Consider second line '%conﬂdu second line Cons-dor second line Consider second lmo Consider second Imo

DPP-4i or

5’ Consider third line ‘g' Consider third kne Com-dg’ third line Consader third line 3’ Consider third line a

-@r Consider fourth line .5 Consider fourth fine COnséde:%unh line Consider fourth line # Consider fourth line @

\ GLP-1RA | GLP-1 RA ‘

Basal Insulin or
Premixed Insuli

Basal Insulin or
Premixed Insulir

¢1: sodium-glucose co inhibitor; GLP-1 RA:

glucagon-like peptide-1 receptor agonist. DPP-4i should be stopped once GLP-1 RA is

introduced.

o Patients who are well-controlled on their existing drugs should continue with the
treatmentregime.

e Bariatric surgery may be considered in patients with BMI 232 kg/m2 and their

diabetes not controlled by lifestyle changes and pharmacotherapy.

Lumpur: Joint Publication of the Ministry of Health Malaysia, Academy of Medicine Malaysia, Malaysian



National/Regional Diabetes Guidelines in
non-Western Countries

North Africa East and South Asia Central and Other
and Middle East South America
_ Type 2 diabetes (7) 11 9 5 8
33 guide“nes Algeria Bangladesh Argentina Belarus
Egypt China Brazil Kazakhstan
Iraq India Chile Israel

66% recommended addition of a sulfonylurea
to metformin as the choice for second-line therapy

Morocco South Korea Ukraine
Saudi Arabia Taipei South Africa
Syria Thailand

Tunisia

*Published online: May 4, 2013

United Arab Emirates

I,



ST ERTRE

Lifestyle Modification

~

Symptoms + A1C> 9.0%

>> Dual therapy > Triple therapy \ >> Insulin-based therapy ]

Metformin DPP4i TZD, SU, Insulin, SGLT2i
DPP4i SU/GLN DPP4i, TZD, Insulin, SGLT2i, GLP-1A
SU/GLN TZD DPP4i,SU, SGLT2i, a-Gl, Insulin, GLP-1A
TZD Me - SGLT2i SU, DPP4i, TZD, Insulin
a-Gl > a-Gl SU, TZD, DPP4i, Insulin
SGLT2i Insulin DPP4i, TZD, SGLT2i,SU, a-Gl, GLP-1A . . .

If glycemictarget is not
Insulin GLP-1A SU, TZD, Insulin achieved in ~ 3 months,

;\ proceed intensifiedinsulin

Insulin
+
OHAs

© 4 b ©
DD g d
If glycemictargetis not SCLI2 R

achievedin ~3 months, Insulin ' H
: If glycemic target is not If glycemic targetis not Intensified

add 2nd drug (Dual therapy)

‘ W achievedin ~3months, achievedin ~ 3 months, I NSU LI N
add3rddrug proceed insulin
(Triple therapy) orintensified insulin

TZD
DPP4i
SGLT2i
a-Gl

Insulin

; KOREAN
Insulin DIABETES l>
ASSOCIATION

SGLT2i /U

2015 KDA treatment Guideline for Diabetes



SU is effective for lowering HbA, .

¢ Glucose lowering efficacy of OAD

*
=4
<
§=
)
0
c
©
£
(@

* Difference from placebo; based on package Insert date; combination of different
classes of oral agents tend to have an additive effect on HbAlc lowering



Sulfonylurea-efficacy

*¢* Proven efficacy of SU

Otabetes Care Volume 3/, September 2014 2o

e a

Beyond Metformin: Safety
Considerations in the Decision-
Making Process for Selecting a Mot € Re
Second Medication for Type 2

Diabetes Management

Reflections From a Diabetes Care
Editors’” Expert Forum

Diobetes Core 2014,37.2647-2659 | DOV 10.2337/dc 14-1395

The trend toward pe: of diab has focused attention on
the diff es among ilable ph. ! agents in terms of mechanisms
of action, efficacy, and, most important, safety. Clinicians must select from these
to develop therapy reg In June 2013, a nine-member
Diabetes Care Editors’ Expert Forum convened to review safety evidence for six
major diabetes drug classes: insulin, sulfonyl (Sus), (TZDs),
glucagon-like peptide-1 receptor agonists, dipeptidyl pep a s, and Penn
sodium glucose cotransporter 2 inhibitors. This article, an outgrowth of the forum, om0 &
well and | safety related to these drug
classes, as well as the panelists’ opinions regarding their best use in patients with [‘
type 2 diabetes. All of the options appear to have reasonably wide safety margins
when used appropriately. Those about which we know the most — metformin, SUs, »
insulin, and perhaps now also TZDs—are efficacious in most patients and can be
placed into a basic initial algorithm. However, these agents leave some clinical needs
unmet. Selecting next steps is a more formidable process involving newer agents that
are understood less well and for which there are unresolved questions regarding risk &
versus benefit in certain populations. Choosing a specific agent is not as important as
implementing some form of early intervention and advancing rapidly to some form ‘
of combination therapy as needed. When all options are relatively safe given the °
benefits they confer, therapeutic decision making must rely on a personalized ap-  ©
proach, taking into account patients’ clinical
lological defects, preferences, abilities, and costs.

Today, there are more

SUs: a Proven and Still Valuable Option

As new drug classes have been intro-
duced, promotional efforts have sug-
gested that SUs are an outmoded class
to be replaced by newer agents. How-
ever, we do clearly know the efficacy of

these agents, just as we are aware of

their limitations of hypoglycemia and
weight gain. Objectively, one could ar-
gue that, given the wealth of clinical ex-
perience, new safety concerns are not
likely to emerge. Although poor durabil-
ity of effectiveness has been a major
criticism, participants assigned to stan-
dard therapy in the ORIGIN trial, treated
mainly with metformin and an SU,

maintained glycemic control (average

A1C 6.5%) for 6 years (9). SUs also offer
the advantages of ease of administra-
tion, good tolerability, and low cost.




Sulfonylurea-efficacy

** As an add-on agent, Sulfonylurea was more effective
in achieving HbA1c<7% than DPP-4 inhibitor.

Add-on to metformin n HbA:.<7.0% aRR (95% ClI)
SU 2,484 1 (ref)
DPP-4 inhibitor 1,262 0.94 (0.89, 0.99)
GLP-1 receptor agonist 329 1.10(1.01, 1.19)
Other non-insulin GLD 282 @ 0.86 (0.77, 0.96)
Insulin 377 0.88 (0.77, 0.99)
014 OTE DtE 1 172 1..4 176
aRR (95% C|) aRR: Adjusted relative risk

Aims : To assess glycaemic control in metformin users receiving their first add-on glucose-lowering therapy and to examine the real-life effectiveness of different add-on drugs
Methods : A population-based cohort study using healthcare databases in northern Denmark during 2000-2012. included 4,734 persons who initiated metformin monotherapy
and added another glucose-lowering drug within 3 years. Attainment of recommended HbAlc goals within 6 months of add-on was investigated, using Poisson regression
analysis adjusted for age, sex, baseline HbAlc, diabetes duration, complications and Charlson Comorbidity Index.




Sulfonylurea-hypoglycemia?

** Old SUs were associated with a high rate of hypoglycemia

ARTICLES

Emerging Treatments and Technologies
O RIGINAL A RTICLE

Intensive blood-glucose control with sulphonylureas or insulin
compared with conventional treatment and risk of complications
Frequency of Severe Hypoglycemia in patients with type 2 diabetes (UKPDS 33)

Requiring Emergency Treatment in Type r

1 and Type 2 Diabetes

A population-based study of health service resource use

1 Reviews/Commentaries/ADA Statements
M ETA-ANALYSIS

A Systematic Review and Meta-Analysis of
Hypoglycemia and Cardiovascular Events

A comparison of glyburide with other secretagogues and with insulin

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Glycemic Durability of Rosiglitazone,
Metformin, or Glyburide Monotherapy

N UKPDS Group Lancet 1998;352:837-853. 3. Kahn SE et al. N Engl J Med 2006;355:2427-2443. 4. Gangji AS et al. Diabetes Care 2007;30:389-394.




Hypoglycemia-Which Patients are at Risk?

Risk of Severe Hypoglycemia in Sulfonylurea
-Treated Patients from Diabetes Centers in Germany/Austria
:How Big is the Problem? Which Patients are at Risk?

ABSTRACT [[Word-count: 250, max 250 allowed]]

Background: We investigated the rate of severe hypoglycemic events and confounding
factors in patients with type-2-diabetes treated with sulfonylurea (SU) at specialized diabetes

centers, documented in the German/Austrian DPV-Wiss-database.

Methods: Data from 29,485 SU-treated patients were analyzed (median[IQR] age 70.8[62.2-
77.8]yrs, diabetes-duration 8.2[4.3-12.8]yrs). The primary objective was to estimate the
event-rate of severe hypoglycemia (requiring external help, causing
unconseiousness/coma/convulsion and/or emergency.hospitalization). Secondary objectives
ineluded exploration of confounding risk-factors through group-comparison and Poisson-

regression.

Results: Severe hypoglycemic events were reported in 826(2.8%) of all patients during their
most recent year of SU-treatment. Of these, n=531(1.8%) had coma, n=501(1.7%) were
hospitalized at least once. The adjusted event-rate of severe hypoglycemia [95%CI] was
3.9[3.7-4.2] events/100 patient-years (coma: 1.9[1.8-2.1]; hospitalization: 1.6[1.5-1.8]).
Adjusted event-rates by diabetes-treatment were 6.7 (SU+insulin), 4.9 (SU+insulintother
OAD). 3.1 (SU+other OAD), and 3.8 (SU only). Patients with =1 severe event were older
(p=<0.001) and had longer diabetes-duration (p=0.020) than patients without severe events.
Participation in educational diabetes-programs and indirect measures of insulin-resistance
(increased BMI, plasma-triglycerides) were associated with fewer events (all p<0.001).
Impaired renal function was common (N=3,113 eGFR =30mL/min) and associated with an

increased rate of severe events (<30mL/min: 7.7; 30-60mL/min: 4.8; >60mL/min: 3.9).

Conclusions: These real-life data showed a rate of severe hypoglycemia of 3.9/100 patient-

years in SU-treated patients from specialized diabetes centers. Higher risk was associated

with known risk-factors including lack of diabetes-education, older age, and decreased eGFR,

but also with lower BMI and lower triglyceride-levels, suggesting that SU-treatment in those

patients should be considered with caution.

Background: to investigated the rate of severe hypoglycemic events
and confounding factors in patients with type-2-diabetes treated with
sulfonylurea (SU) at specialized diabetes centers, documented in the
German/Austrian DPV-Wiss-database.

Methods: Data from 29,485 SU-treated patients were analyzed
Objective : to estimate the event-rate of severe hypoglycemia.*
Secondary objectives included exploration of confounding risk-factors

through group-comparison and Poisson-regression.

*Severe hypoglycemia:
requiring external help, causing unconsciousness
/coma/convulsion and/or emergency.hospitalization

ar ;32(3):316-24 (Epub 2015 Nov 20)



Risk factor for severe hypoglycemia

*» The risk of severe hypoglycemia was significantly increased in patients receiving
with insulin and in patients with impaired renal function

10 - a) By type of diabetes treatment 10 - b) By renal function (eGFR)
= | | s | p<0.001
(2] <0.001 T =
» 8 : » 8- | p<0.001
by ! p=0.006 ' o
o =
g ° | s 6
2 p=0.010 o p=0.024
P =
| 5 4
£ 8
Q
> 2 'E' 2 -
w 6.67 4.86 o

0 (0.43) (k7)) w

L L 0 - -
SU + insulin SU + insulin + SU + other OAD SU only :
N = 3,819 other OAD N = 11,530 N = 8,554 eGFR (mL/min) > 60 > 30-60 <30
N = 5,582 N =14,475 N = 6,532 N=3,113

‘m()(b Nov 20)



Risk factor for severe hypoglycemia

** Increased risk of severe hypoglycemia occurs in patients with
chronic renal impairment and the elderly.

Table 1. Patient characteristics
Characteristic 2006 2007 2008 2009 Total Pvalue
N 38 74 128 80 320

M 13 33 52 35 133

F 25 41 76 45 187
Age, yr 70.7+10.0 71.6+104 67.6+11.9 700119 69.5+10.9 0.316
HbAIlc, % 6.9+1.1 6.5+1.3 70+1.3 7.3+1.8 70+1.5 0.485
Serum creatinine, mg/dL 2.0+2.1 19+1.8 22423 1.8+1.8 20+2.1 0.770
GFR, mL/min/1.73 m* 59.0+36.1 58.9+35.8 50.4+32.7 54.7+30.6 48.0+33.6 0.034
CKD 3-5 (GFR <60 mL/min/1.73 m?) 21/38 (55.3) 41/74 (55.4) 81/128 (63.3) 45/80 (56.3) |188/320 (58.8) <0.01
Duration of diabetes, yr 11.0+10.8 12.7+9.90 11.2+7.6 15.8+10.8 12.7+9.6 0.416
Serum glucose, mg/dL 37.1x14.4 36.8+£13.5 345+23 3511159 37.9+345 <0.007
Serum AST, U/L 22.1+10.1 33.0+24.8 33.5+27.3 36.0+49.4 33.4+33.6 <0.007
Serum ALT, U/L 18.0+£8.8 24.5+10.1 27.5+47.8 26.0+30.5 26.7+38.6 <0.035

Values are presented as mean == standard deviation or number (%). * Most hypoglycemic patients (87.5%, 280/320) were over 60 years old.

* Retrospective analysis of the characteristics, risk factors, and medical costs of 320 severely hypoglycemic patients with
diabetes who presented to an ER of Uijeongbu St. Mary’s Hospital from January 1, 2006 to December 31, 2009.




Hypoglycemia is common with old SUs

¢ Glyburide was associated with a higher risk for hypoglycemia than
gliclazide MR in older adults.

Table 2
Ninety-day outcomes in the monotherapy study
Number of events (%) Absolute risk NNH (95% CI) Conditional p value
liff %) (95% Cl OR (95% CI
Glyburide Gliclazide difference (%) ( ) ( )
n=4374 n=4374
Hospital encounter due to hypoglycemia 69 (1.58%) 8 (0.18%) 1.40% (1.01% to 1.79%) 71 (55 to 99) 8.63 (4.15t0 17.93 <0.0001
All-cause mortality 100 (2.29%) 84 (1.92%) 0.37% (—0.21% to 0.95%) (-..) 1.21 (0.89 to 1.63) 0.22

Table 4
Ninety-day outcomes in the metformin combination study
Number of events (%) Absolute risk difference NNH (95% 1) Conditional p value
Glyburide Gliclazide (%) (95% €1) OR (95% CI)
n=8038 n=8038
Hospital encounter due to hypoglycemia 110 (1.37%) 19 [0.24%) 1.13% (0.86% to 1.40%) 77(71 to 116) 6.06 (3.68 to 9.97) =0.0001
All-cause mortality 109 (1.36%) 75 (0.93%) 0.43% (0.10% to 0.76%) 233 (131 to 1000) LATT.09 1o 1.97) 0.012

NNH, number needed to harm; OR, odds ratio.
Note: Patients prescribed gliclazide MR served as the referent group.

Objectives: To investigated the risk of a hospital encounter with hypoglycemia following a new prescription for glyburide compared with modified-release gliclazide.

Methods: In 2 population-based matched retrospective cohort studies in Ontario, Canada, between 2002 and 2011, older adults who were newly prescribed glyburide
or gliclazide as monotherapy or in the presence of metformin.

primary outcome : hospital encounter with hypoglycemia assessed within 90 days.




Hypoglycemia-Are all SUs same?

21.3%

Incidence of Hypoglycemia (%)

5%
2.9%*
Glyburide?! Chlorpropamide? Glibenclamide?® Glimepiride® Gliclazide MR* Glipizide®

Sulfonylureas

*Hypoglycemia: hypoglycemic symptom and fingerstick blood glucose measurement <50 mg/dL (2.75 mmol/L)

; 2004. 2. UKPDS Group. Lancet 1998; 352: 837-853. 3. Draeger KE, et al. Horm Metab Res. 1996; 28: 419-425.
: Bristol-Myers Squibb Company; 2002
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Figure 4 | Severe hypoglycemia in individuals receiving dipeptidyl peptidase-4 inhibitors (DPP-4i) as add-on to sulfonylureas (SUs). (a) Comparison
of the incidence rate of severe lycernia in individuals receiving the DPP-4i, sitagliptin, in Japan and the USA. The inddence of hypoglycemic
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Sulfonylurea Control Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Year Peto, Fixed, 95% ClI
5.1.1 Total mortality

Gerich [55] 1 209 1 219 1.1% 1.05 [0.07, 16.82] 2005

Matthews [70] 2 313 ] 317 1.1% 7.51 [0.47,120.31] 2005

Home [61] 67 1105 57 1117  63.7% 1.20[0.84, 1.72] 2007 . B
Mauck [74] 2 584 1 588 1.6% 1.96[0.20, 18.91] 2007 T
Hamann [59] 2 302 2 294 2.2% 0.97 [0.14, 65.95] 2008

Ferrannini [49] 3 1393 2 1396 2.7% 1.50 [0.26, 8.65] 2009

Filozof [50] 1 494 1 513 1.1% 1.04 [0.06, 16.63] 2010

Goke [58] 2 430 2 428 2.2% 1.00 [0.14, 7.09] 2010

Nauck [73] 3 408 0 406 1.6% 7.39[0.77,71.24] 2011

Gallwitz [53] 4 775 4 776 4.3% 1.00 [0.25, 4.02] 2012

Gallwitz [52] 5 514 5 515 5.4% 1.00[0.29, 3.48] 2012 S
Cefalu [46] 2 482 2 968 1.9% 2.13[0.27,17.10] 2013 -
Del Prato [48] 5 874 6 1765 5.3% 1.75 [0.50, 6.15] 2014 —]
Ridderstrale [80] 5 780 5 769 5.4% 0.99[0.28, 3.42] 2014 E
Ahren (Albiglutide) [40] ] 103 1 302 0.4% 0.26 [0.00, 23.56] 2014 + "

Subtotal (95% CI) B766 10373 100.0% 1.26 [0.94, 1.68] >
Total events 104 89

Heterogeneity: Chi® = 5.70, df = 14 (P = 0.97); I’ = 0%
Test for overall effect: Z = 1.56 (P = 0.12)

5.1.2 Cardiovascular mortality

Mauck [74] 2 582 1] 587 9.1% 7.47 [0.47, 1159.50] 2007

Hamann [52] 1 300 2 292 13.6% 0.50[0.05, 4.81] 2008 =
Ferrannini [49] 1 1390 2 1394 13.6% 0.51 [0.05, 4.95] 2009 "

Mauck [73] 2 405 0 406 9.1% 7.43[0.46, 118.92] 2011

Callwitz [53] 2 771 3 772 22.6% 0.67 [0.12, 3.88] 2012 =

8] 4 274 4 17EE 37 1w 21510 014 =

|5ubtnta| (95% CI) 4322 5216 100.0% 1.40 [0.61, 3.22] -l*l-
Total events 12 11

Heterogeneity: Chi® = 5.34, df = 5 (P = 0.38); I¥ = 6%

Test for overall effect: Z = 0.78 (P = 0.43)

0.01 0.1 ] 10 100

Favors Sulfonylurea Favors Control
Test for subgroup differences: Chi? = 0.05, df = 1 (P = 0.82), I* = 0% vors sulionylured Tav e

Fig 5. Forest plots for all-cause and cardiovascular mortality of sulfonylureas as an add-on to metformin. For studies with multiple treatment groups.
the group being compared is presented in parentheses.

PLOS Medicine | DOI:10.1371/journal.pmed.1001992 April 12,
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Sulfonylurea-CV safety?

American Diabetes Association 75th Scientific Sessions | June 5-9, 2015 | Boston, MA

Sequential Analysis of Randomized Clinical Trials

I—Sulphonylureas Are Not Associated with Increased Mortality: Meta-analysis and Trial
Session New Insights into the Effects of Oral Agents

Sulphonylureas Are Not Associated with Increased Mortality: Meta-
analysis and Trial Sequent:al Analys:s of Randomized Clinical Trials

JORGE L. GROSS, Porio Ar‘egre Brazn‘

The aim of this study was to evaluate the safety of currently used sulphonylureas (SU) in total and cardiovascular mortality,
myocardial infarction and stroke, and to analyse if the available sample is powered enough to support the results. We performed
a systematic review, meta-analysis and trial sequential analysis (TSA) of randomized clinical trials (PROSPERO registry
CRD42014004330). MEDLINE, EMBASE, Cochrane Library, clinicaltrial.gov databases, and manual review of references and
recent congresses were researched to identify randomized clinical trials (RCT) with at least 52 weeks of duration evaluating any
second or third generation sulphonylureas (glyburide, glibenclamide, gliclazide or glipizide) in the treatment of type 2 diabetes.
Peto's OR summarized the data. Sensitive analyses were performed with empirical continuity correction. TSA was conducted for
quantifying the statistical reliability of data and included studies with zero events in both arms.Forty-seven RCT were included,
totalizing 37650 patients. SU were not associated with total (OR 1.12, 95% C.1. 0.96 to 1.30; 12 = 0%, p = 0.67) or
cardiovascular mortality (OR 1.12, 95% C.I. 0.87 to 1.42; 12 = 12%, p = 0.30). SU were also not associated with increased risk
of myocardial infarction(OR 0.92, 95% CI 0.76 - 1.12; 12 = 3% p = 0.42) or stroke (OR 1.16, 95% CI 0.81 - 1.66; 12 = 30% p =
0.09). These results were similar across the different comparator classes. Individually, Glipizide was the only sulphonylurea
associated with increased risk for total and cardiovascular mortality. Quality of the evidence was considered high for mortality
outcomes and moderate for stroke and myocardial infarction. In conclusion, SU are not associated with increased harm. The
present analysis has enough power to exclude an absolute risk as small as 0.5%.

Keywords Sulphonylureas, mortality

American
American Diabetes Association Diabetes
1701 North Beauregard Street Alexandria, VA 22311 -Association. |




Sulfonylurea-CV safety?

Effect of sulfonylurea versus metformin monotherapy

Favours | Favours
| .
€ sylfonylurea ' metformin  —

L 3

Second and third-generation sulfonylureas may not

affect all-cause or cardiovascular mortality but may
decrease the risk of non-fatal macrovascular outcomes

1
1
1
'
'
'
RR 0.98 :
1
Background: Guidelines recommend metformin as the first-line oral treatment for type 2 diabetes. We conducted a systematic (0 61_1 58)
review to assess whether the use of second- and third-generation sulfonylurea agents is associated with benefits and harms in terms . .
of patient-important outcomes P with ). :
T T 1 T
Methods: We searched several electronic databases and other sources for randomized clinical trials published to August 2011. We
trials that P St versus mor py among patients 18 years or older with type 2 diabetes and 0.01 0.1 1 10 100
that had an intervention period of at least 24 weeks. We assessed risk of bias and extracted data related 1o interventions and out-
comes. The risk of random errors was assessed by trial sequential analysis.
Results: We included 14 trials (4560 participants). All trials were judged to be at high risk of bias. Data on patient-important out- r
comes were sparse, Ci with ), y did not ly affect ali-cause mortality (relative risk [RR] 0.98, - - |
95% confidence interval [CI] 0.61 to 1.58) or cardiovascular mortality (RR 1.47, 95% CI 0.54 to 4.01). Sulfonylurea significantly c d I t I t i .
decreased the risk of nonfatal macrovascular outcomes (RR 0.67, 95% Cl 0.48 to 0.93). However, the definition of this outcome var- a r Iova Sc u a r m O r a I y 1
ied among trials, and trial sequential analysis showed that more trials are needed before reliable conclusions can be drawn. No differ- |
ences between sulfonylurea and metformin were found for change in fasting blood glucose level or glycosylated hemoglobin concen- !
tration in the random-effects model. Sulfonylurea resulted in greater weight gain compared with metformin, a finding confirmed in the - :
trial sequential analysis. Significantly more patients in the sulfonylurea arm than in the metformin arm had mild hypoglycemia (RR :
o i o o0
1
1
Interpretation: Some evidence suggests that, compared with metformin, second- and third-generation sulfonylureas may not affect 1
all-cause or cardiovascular mortality but may decrease the risk of nonfatal macrovascular outcomes among patients with type 2 dia- ; -
betes. They may also increase the risk of hypoglycemia. In general, the available data were too few and inconsistent to provide firm '
avidence concerning patient-important outcomes in relation to the benefits and harms of sulfonylurea versus metformin monotherapy. . !
= [
i
he American Diabetes Association and the Furo-  the 195057 The second-generation agents (e.g., glil le. .
pean Association for the Study of Diabetes consen-  glipizide, glibormuride and gliclazide) and the third-generation i
sus algorithm for the treatment of type 2 diabetes  agents (glimepiride, gliclazide modified-release and glipizide gas- RR 1 47 1
recommends beginning metformin treatment at diagnosis or  trointestinal therapeutic system) have almost completely replaced : ;
soon after, along with lifestyle interventions.! For patients  the first-generation drugs. The second- and third-generation sul- (0 54_4 01) *
who cannot use metformin, another oral antidiabetic agent  fonylureas are preferred because of their perceived greater o o
might be prescribed, for example a sulfonylurea. The ratio-  potency and perceived better safety profiles.' ™ r : .
nale for recommending metformin as the drug of choice for The purpose of this systematic review was to determine 0.01 0.1 1 10 100
type 2 diabetes seems to be based on its perceived beneficial ~ whether the use of second- and third-generation sulfonylurea
effect on conventional surrogate outcomes (e.g., weighe, tol-
erability and cost),’ on the United Kingdom Prospective
< P o © 2 S Competing Interests: See end of article
Diabetes Study (UKPDS) 34 outcomes in a selected sub- : 2 T
group of 342 obese patients® and on findings from observa- This article has been peer reviewed. I
conal srudies.™ c to: Bianca Nonfatal macrov lar tcom .
e - . 3 & 1
Sulfonylureas are divided into classes. The first-generation @hotmail.com o a a ac 0 a sc u a ou co es =
agents (carbutamide, rolbutamide, acetohexamide, tolazomide CMAJ Open 2014.D0I:10.9778/cmajo.20130073 '
and chlorpropamide) were introduced for diabetes treatment in !
1
1
E162 CMAJ OPEN, 2(3) an Medical Association or Hs licensors RR 0.67 (0.48 i
.67 (0.48—- |
'
0.93) L 2
0 0 0 o g !
Systematic review of 14 RCTs(4560 participants) that compared sulfonylurea versus metformin monotherapy | | T

among patients 18 years or older with type 2 diabetes and that had an intervention period of at least 24 weeks. 0.01 0.1 1 10 100
Relative risk (95% Cl)




CV safety-Are all SU same?

Risk of All-Cause Mortality Varies amongst Sulfonylureas: A Network Meta-analysis
Session Diabetes Complications—From Head to Toe

Oral Presentatlons

It is uncertam if th|s r|sk is 5|m|Iar for aII sulfonylureas because tissue

selectivity and risk of hypoglycemia varies among these drugs.

Sulfonylureas are often used as second-line options for management of type 2 diabetes; however, several studies and recent
meta-analyses report an increased risk of adverse cardiovascular events associated with these drugs compared to other

antidiabetic drugs. It is uncertain if this risk is similar for all sulfonylureas because tissue selectivity and risk of hypoglycaemia
varies amongst these drugs. We conducted a network meta-analysis to compare risk of all-cause mortality amongst the most

commonly used second (gliclazide. glipizide, and glyburide) and third (glimepiride) generation sulfonylureas. Based on previous

Where possible, pairwise comparisons were calculated using random effects models and network meta-analyses were
performed to compare risk amongst sulfonylureas. We identified 11 studies reporting mortality rates for patients using: gliclazide
(839 (4.4%) of 19,177), glimepiride (5,318 (11.4%) of 46,644), glipizide (2,102 (14.6%) of 14,392), and glyburide (5,164 (6.8%)
of 75,795). Inconsistency was low for the network meta-analysis and the relative risk of death compared to glyburide was:
gliclazide 0.62 (95% Cl 0.49-0.79), glimepiride 0.79 (95% CI 0.62-0.99), and glipizide 0.96 (95% CI 0.75-1.20). Our
observations from 13,423 (8.6%) deaths in 156,008 type 2 diabetic patients using a second or third generation sulfonylurea
suggest that there are important differences in risk amongst sulfonylureas. Although this hypothesis needs to be tested in a
randomized clinical trial, clinicians should consider these possible risk differences when selecting a sulfonylurea.




Different tissue selectivity among SUs

*¢* Molecular structure of SUs and the effect of SUs on these KATP channels
in different tissues varies
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amino azabicyclo-octyl ring

Gliclazide

Glibenclamide

Glipizide

Glimepiride

Table 5: SUR type present in different tissues

Tissue SUR type

Blocked by

Pancreatic beta-cell SUR,/Kir6.2

Sulfonylureas

Cardiac and skeletal muscle SUR,,/Kir6.2
Vascular smooth muscle SUR,_/Kir6.1

Glibenclamide, glimepiride
Glibenclamide, glimepiride

Nonvascular smooth muscle SU RzB/Kiré.Z

Brain .

Glibenclamide

SUR, ./Kir6.2 -

SUR: Sulfonylurea receptor




Sulfonylurea-Costs

* If cost of medications needs to be considered when determining what drug to add
to metformin, SU would be the preferred class of medication

Table 1—Comparison of medications that could be added to metformin
S5uU TZD DPP-4 GLP-1 SGLT2 AGI Colesevelam Cycloset Insulin

Efficacy High High Moderate High High Moderate Moderate Moderate High
Major side Well Edema, Pancreatitis Nausea, UTI, vaginal yeast  Flatulence, Well Nausea, Well

effects tolerated CHF, (rare) vomiting, infection, polyuria, diarrhea tolerated  vomiting tolerated

fractures pancreatitis orthostasis
(rare)

Hypoglycemia Moderate Low Low Low Low Low Low Low High

risk
Weight Gain Gain Neutral Loss Loss Neutral Neutral Neutral Gain
Cardiovascular  Neutral Neutral Neutral Neutral Unknown May lower Neutral May Neutral

safety MACE lower

MACE

Cost Low Low High High High Moderate Moderate Moderate Variable
AGI, a-glucosidase inhibitors; MACE, major adverse cardiovascular events; UTI, urinary tract infection.




The Place of Sulfonylureas

Diabetes Care Volume 38, January 2015
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Should Sulfonylureas Remain an Mot Aerhomsen
Acceptable First-Line Add-on to

Metformin Therapy in Patients

With Type 2 Diabetes? Yes, They

Continue to Serve Us Well!

e 2015;38:166-169 | DOI: 10.2337/dc14-1945

...the ideal antihyperglycemic agent would be easy to administer,
unlikely to cause symptomatic side effects that pose barriers to
adherence, inexpensive, reliably efficacious, and safe.

By such standards, it can be argued that the
remaining modern SUs do well.

o



Conclusion

Sulfonylureas,
An recommended therapy !
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Efficacy

Hypoglycemia: different among SUs
CV safety: could be different

Cost
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