What's New in Type 27




Therapy considerations in T2DM

Thiazoledinediones
DPP IV inhibitors
GLP 1 agonists

Insulin

— Type

— Delivery
Horizon scanning
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Resistant Susceptible

Overnutrition, inadequate exercise
Chronic fuel surfeit

Overnutrition, inadequate exercise
Chronic fuel surfeit

Robust islet B cells Susceptible islet B cells

Adequate B-cell compensation Failed B-cell compensation

Normal a-cell function Increased a-cell glucagon secretion
Maintenance of normal blood 4 Elevated nutrient concentrations
nutrient levels | Postprandial hyperglycaemia
SAT expansion predominates SAT expansion restricted
VAT expansion minimal € VAT expansion predominates |
P Hypoadiponectinaemia
Inflammatory cytokines production
Normal hepatic glucose production Elevated glucose production
Limited liver fat accumulation i Hepatic insulin resistance :
NAFLD/NASH
Normal or minimally impaired N Muscle nutrient overload L)
insulin sensitivity @ | Insulin resistance al
Normal ovulation Polycystic ovarian syndrome ”
Abnormal ovulation

Healthy overweight individual Type 2 diabetes and complications

Harrogate and District NHS

Nolan CJ et al. Lancet 2011;378:169-181 ,
NHS Foundation Trust



Therapeutic targets

Harrogate and District NHS

Tahrani A et al. Lancet 2011:;378:182-197 ,
NHS Foundation Trust



Panel 2: Desired characteristics of glycaemic control
therapies in type 2 diabetes

The therapy. in addition to achieving target HbA,,. should:
« Bedisease modifying {ie. reverse one or more of the
vnderlying pathophysiclogical processes)
(i) Reduce chronic fuel surfeit
(ii} Protect islet B-cells from progressive failure
(iil) Prevent adipose tissue dysfunction, induding
abnormal fat distribution and inflammation
(i) Restore normal islet a-cell function and incretin
physiclogy
(v} Restore normal regulation of hepatic glucose
production
(vi) Enhance skeletal musde mitochondrial functiony
oxidative metabolism
{vii) Enhance energy expenditure and thermogenesis
= Sustain good metabaolic control with low
therapy-associated vrwanted effects
« Enhance quality of life of patients
« Reduce diabetes microvascular and macrovascular
complications
» Reduce diabetes-related mortality {includes
cardiovascular disease-related), and all-cawse mortality

Hih, =glycabed hasmogiobind,

Harrogate and District NHS

Nolan CJ et al. Lancet 2011;378:169-181 .
NHS Foundation Trust



Blood-glucose-lowering therapy

‘ HbA,, = 6.5% after trial of lifestyle interventions . Consider sulfonylurea® here if:

« not overweight (tailor the assessment
of body-weight-associated risk
according to ethnic group?), or

» metformin is not tolerated or is
contraindicated, or

e & rapid therapeutic response is
required because of hyperglycaemic
symptoms

Sulfonylurea®
(see page 10)

Metformin?
(see page 10)

HbA, < 6.5%!
HbA, > 6.5%] Monitor for
detericration

N2

HbA, > 65%! e Saresll
1 Monitor for deterioration

3

Consider adding a DPP-4 inhibitor? or
a thiazolidinedione!? if metformin
contraindicated or not tolerated

)

Metformin? + DPP-4 inhibitor®® Sulfonylurea* + DPP-4 inhibitor>® or a
or a thiazolidinedione™1° thiazolidinedione®1?

| |

Consider a rapid-acting insulin
secretagogue for people with erratic
Metformin + lifestyles.

sulfonylurea’ -
Consider substituting a DPP-4
(SN s ) inhibitor” or & tI'nazc%it:llnedume''J for
the sulfonylurea if there is a significant
risk of hypoglycaemia (or its
\I/ consequences) or a sulfonylurea is !
HbA,, < 7.5%' ' contraindicated or not tolerated. HbA,_< 7.5%"

HoA._ < 7.5%]

1
Py, = A Menitor for deterioration HbA, 27 5%! Monitor for Monitor for

Consider adding sitagliptin or a Seteriorstion ]
thiazolidinedione® instead of insulin if
insulin is unacceptable (because of
employrment, social, recreational or - —
Add insulinZ.® (see page 11), omr personal issues, of obesity). Metformin? + sulfonylurea® + sitagliptin®, or
particularly if the person is ’ + 2
markedly hyperglycaemic Consider adding exenatide® to MO?:WI:_J ::lfon:sll::;u‘ +a
i T — metformin and a sulfonylurea if: RSS0N NN AcNOm-~ 5 oF
metformi » BMI 2 35 kg/m? in peopke of European Metformin? + sulfonylurea® + exenatide®
descent’ and there are problems I
1 associated with high weight, or
i * BMI < 35 kg/m? and insulin is HbA, < 7.5%' m—rr
Hba, =7 5% HbA, < 7.5% ' unacceptable because of occupational Mé;.m, for HbA, 2 7.5%! Start insulin

0

‘

Monitor for deterioration implications or weight loss would deieiontion (see page 11)
benefit other comorbidities

Increase insulin dose and intensify
regimen over time (see page 11).
! Or individually agreed target Consider pioglitazone with insulin if:

HbA, <7.5%'
HbA, = 7.5%! Monitor for

deterioration
2 With active dose titration,
hiazoll
3 See the NICE dinical guideline on obwesity (vawvi.nice org.uk/CG43). ¢ :; d'?:]'ﬁ:{?:;g:ﬂ'lf&f:ﬁ"u;ﬁ’
4 Oftfer once-daily sulfonylurea if adherence is a problem. i 7 With adjustment for other ethnic groups.
“ Only continue DPP4 inhibitor or thiazobdinedione if reduction in HbA_ effect, or # Continue with metformin and sulfornylurea (and acarbose, if used), but only continue other drugs that are licensed for use with
of at least 0.5 percentage points in 6 months * blood glucose control is inadeguate insulin. Review the use of sulfonylurea il hypoglycaemia ocours

& Only continue exenatide if reduction in HbA,_ of at least 1 percentage with high-dose insulin

2 DPP-4 inhibitor refers o sitagliptin and vildagliptin
point and weight loss of at keast 3% of initial body weight at 6 months.

10 Thiazolidinedione refers to pioglitazone and rosiglitazone.

Harrogate and District NHS

NHS Foundation Trust



ADA and EASD algorithm

Reinforce lifestyle interventions at every visit and check HbA -
every 3 months until HbA,- is <7% and then at least every 6
months. The interventions should be changed if HbA . is 27%.

Tier 1:

)

At diagnosis:

Lifestyle

Well validated core therapies

+
metformin

—

Step 1

Tier 2:

\ 4

e
Lifestyle and metformin

+ basal insulin

.

~\

7

\ 4

7

Lifestyle and metformin
+ sulphonylurea?

.

N\

Step 2

Less well validated studies

======="
|

v

v

>

Lifestyle and metformin
+ intensive insulin

Step 3
4 )
Lifestyle and metformin
+ pioglitazone
+ sulphonylurea?
.
( )

Lifestyle and metformin
+ basal insulin

(Lifestyle and metformin
+ pioglitazone
No hypoglycaemia \
Oedema/CHF v\
\_ Bone loss ) ‘x:
1
rLifestyle and metformin R Ifl
+ GLP-1 agonist? / :
No hypoglycaemia ==
Weight loss
\_ Nausea/vomiting J

\_

aSulfonylureas other than glybenclamide (glyburide) or chlorpropamide.
blnsufficient clinical use to be confident regarding safety.
Nathan et al. Diabetes Care 2008;31:1-11




Natural History of Type 2 Diabetes

Body Weight
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Legacy Effect of Earlier Glucose Control

After median 8.5 years post-trial follow-up

Aggregate Endpoint 1997 2007

Any diabetes related endpoint RRR:  12% 9%
P 0029 0.040

Microvascular disease RRR:  25% 24%
P 0.0099 0.001

Myocardial infarction RRR:  16% 15%
p 0.052 0.014

All-cause mortality RRR: 6% 13%
P 044  0.007

RRR = Relative Risk Reduction, P = Log Rank UKPDS 80. N Engl J Mad 2008 353
Harrogate and District NHS

NHS Foundation Trust



There is no place for pioglitazone
in the management of type 2
diabetes

Harrogate and District NHS

NHS Foundation Trust



Pioglitazone — pros and cons

 Bladder cancer: RR 1.12-1.33

— Avoid if active or PH of bladder ca, or if have
uninvestigated haematuria

— Consider risk factors: smoking, age
» Osteoporosis

« PROACTIVE study: 16% RR in all-cause
mortality, non-fatal Ml and stroke

Harrogate and District NHS

MHRA Safety Update August 2011 NHS Foundation Trust



Pioglitazone — case study

PH, 78 M

Jan’ 11: wt 90.1 kg, HbA1c 72 mmol/mol (8.7%)
— Glargine 20 u am, 50 u pm

— Metformin 850 mg tds

— Sitagliptin 100 mg od

Added pioglitazone 30 mg od

— Glargine dose reduced to 16 u am, 44 u pm

July '11: wt 98.1 kg, HbA1c 57.5 mmol/mol (7.4%)
— Lows during the night

Harrogate and District NHS

NHS Foundation Trust



Physiological effects of GLP1

Pancreas

fnsulin secretion
(glucose-dependent)
and beta-cell sensitivity

f Insulin synthesis

Glucagon secretion
(glucose-dependent)

f Beta-cell mass®

*in animal studies

| Brain

Energy intake*

Liver
Hepatic glucose output

Gl tract
Decreased

motility



The family of incretin-based
therapies

Human GLP-1 Exendin-based
analogues, e.g. therapies, e.g.
liraglutide exenatide
DPP-4
inhibitors, e.g.
GLP-1 receptor sitagliptin,
agonists vildagliptin

Incretin-based
therapies

Harrogate and District NHS

NHS Foundation Trust



DPP IV inhibitors

« Comparable improvement in glycaemic
control to SUs but with much less
hypoglycaemia and weight neutral

« Useful in renal failure

— Saxagliptin: renal dose 2.5 mg od

— Linagliptin: biliary excretion, no dose
adjustment needed

* CV outcome trials in progress

Harrogate and District NHS

NHS Foundation Trust



Exenatide — national audit

10+
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Exenatide in real clinical use - conclusion

* 60% of patients achieve the ideal of both weight
loss and fall in HbA1c

* However many patients experience a
predominant response to only one of weight or
HbA1c with more minimal response to the other

* Hence only 28% achieve the NICE guideline

* The NICE guideline should change to
acknowledge that significant weight loss or
significant HbA1c response may represent a
beneficial response

_
ABCh

Harrogate and District NHS

NHS Foundation Trust



Composite end points that matter

HbA,, <7.0%

+
No weight gain
+
No hypoglycaemia

Harrogate and District NHS

NHS Foundation Trust



Composite endpoint: HbA,.<7.0%,
no weight gain and no hypos

50 * LEAD studies
No head-to-head comparison in the LEAD programme
45 1 between liraglutide 1.2mg and glargine or exenatide
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Liraglutide Liraglutide SuU TZD Glargine Exenatide Placebo

1.8 mg 1.2 mg
(n=1363) (n=896) (N=490) (n=231) (n=232) (n=231) (n=524)
Liraglutide 1.8 mg is superior (*p<0.01; ** p<0.0001)
Liraglutide 1.2 mg is superior (T p<0.0001)

Percentages are from logistic regression model adjusted for trial, previous treatment and with baseline HbA,;. and weight as covariates
Zinman B et al. Diabetologia 2009; 52(Suppl 1): S292 (A743);

Prately RE et al. Lancet 2010; 375:1447-56 Harrogate and DISthCt m
NHS Foundation Trust



Comparative odds ratio for
achieving the composite endpoint

HbA,.<7.0%, no welgn gain, no mlnoPor major hypoglycaemia

Liraglutide 1.8 mg vs glargine

**p<0.005; ***p<0.0001 in favour of liraglutide 1.8 mg
Based on meta-analysis of LEAD 1-6. Adjusted for previous treatment, baseline values and randomisation. LOCF, ITT

Harrogate and District NHS

NHS Foundation Trust

Zinman B et al. Diabetologia 2009; 52(Suppl 1): S292 (A743);
Prately RE et al. Lancet 2010; 375:1447-56



Exenatide ER
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DeYoung MB et al. Diab Tech Ther 2011;13:1145-54

Harrogate and District NHS

NHS Foundation Trust



Exenatide ER (Bydureon)

Liquid
{solventlinside  White Cap

T 2
o= |

Dose Line

syringe h

Plumger 2
, S -
5 .J_

==

vial Vial connector

Graen Eq?‘ﬁ Cover
= I

| :
The powder inside | Vial commector! ™ & If
is your medicine i package \ i /
— bl | §r
Orange connector
; " Needle (monoject)
The single-dose kit has a spare needle
o encle R {niot shown] in case you nesd it

Harrogate and District NHS

NHS Foundation Trust



Microsphere deposits

‘ !I

) {a
2

WD T
IIIIIII

=
B

=0

B il B
..-'
#H s
|
FN
ol

= E

-

=1

0

-l

Harrogate and District NHS

DeYoung MB et al. Diab Tech Ther 2011;13:1145-54 ,
NHS Foundation Trust



Exenatide ER vs Glargine
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Exenatide ER vs glargine: targets
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Exenatide ER vs BD
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Exenatide ER vs BD: targets
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Long vs short-acting GLP 1 agonists

* Advantages:
— Better glycaemic control
— Better tolerated
— 7?Better adherence

* Disadvantages:
— ?Less weight loss

— Slower onset of action
— More difficult to stop

Harrogate and District NHS

NHS Foundation Trust



GLP1 agonists and insulin

Figure 2. Change in HbA,_ over 30 weeks. Figure 3. Changes in body welight and glucose levels over

—— Insulin glargine + placebo 2

—— Insulin glargine + exenatide 15—
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Buse JB et al. Ann Intern Med 2011:154:103-12



GLP1 and insulin — case study

« PC,52 M

« Jan '10: wt 135.6 kg HbA1c 86 mmol/mol (10.0%)
— On 256 units insulin/d
— Started liraglutide: titrated to 1.8 mg od
— Treatment costs injectable therapy £5.84/day

* April '11: wt 129.0 kg HbA1c 62 mmol/mol (7.8%)
— On 68 units insulin/d
— Treatment costs injectable therapy £5.69/day

Harrogate and District NHS

NHS Foundation Trust



NPH/isophane insulin should be
first choice for initiation in type 2
diabetes

Harrogate and District NHS

NHS Foundation Trust



Glycaemic control
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ACCORD - intensive BG lowering

B Death from Any Cause

= 204
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Mo at Risk
Intersse theraoy 5123 972 L840 1250 1748 523 L 04
Standard therapy 3123 971 4700 FE" 4] 159 450
Figure 2. Kaplan-Meier Curves for the Primary Outcome and Death from
Any Cause,

The ACCORD study group. N Eng J Med 2008;358:2545-59

Harrogate and District NHS

NHS Foundation Trust



Hypoglycaemia and mortality:
The ACCORD experience

35
__ 3.0F 2.8%
§
> 25
fp
©
o 2.0
o)
S
— 1.5F
© 1.2%
2 10}
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0.5

0
Never experienced Experienced
severe hypoglycaemia severe hypoglycaemia

Harrogate and District NHS

Bonds DE et al. BMJ 2010; 340: b4909 NHS Eoundation Trust



Hypoglycaemia and mortality:
The ADVANCE experience

Severe Mo Severe
Hypoglycemia Hypoglycemia
Events (N=1231) (N=10,909)
no. of patients with events [34)
Major macrovascular events 33 (15.9) 1114 (10.2)

Unadjusted model
Adjusted model

Major microvascular events 24 (11.5) 1107 (10.1)
Unadjusted model
Adjusted model

Death from any cause 45 (19.5) 986 (9.0)
Unadjusted model
Adjusted model

Cardiovascular disease 22 (9.5) 520 [4.8)
Unadjusted model
Adjusted model

Moncardiovascular disease 23 (10.0) 466 (4.3
Unadjusted model
Adjusted model

Hazard Ratio (95% ClI)

- 4.05 (2.86-5.74)
—— 3.53 (2.41-5.17)
+

2.39 (1.60-3.59)
—— 2.19 (1.40-3.45)

- 4.86 [3.60-6.57)
- 3.27 (2.29-4.65)
+

4,87 (3.17-7.49)
3.79 (2.36-6.08)

+
— 482 (3.16-7.35)
—_— 2.80 [1.64—4.79)

0.1

Zoungas S et al. N Engl J Med 2010; 363: 1410-8

1
1.0 10.0

Harrogate and District
NHS Foundation Trust



Pathophysiological cardiovascular
consequences of hypoglycaemia
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Desouza et al. Diabetes Care 2010;33:1389-94



Hypoglycaemia in clinical
practice

+ 3% of people with type 2 diabetes experienced
severe hypoglycaemia over a 12 month period

* People of all ages who experienced severe
hypoglycaemia had a 79% increased risk of
suffering an acute cardiovascular event

* Hypoglycaemia directly preceded an acute
cardiovascular event in over 25% of people

* People who experienced severe hypoglycaemia
incurred a 2 fold greater health related
expenditure

Harrogate and District NHS

NHS Foundation Trust

Johnston et al. Diabetes care March 2011
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Nocturnal hypoglycaemia

« Almost 50% of all episodes of severe hypoglycaemia occur at night
during sleep’

« Nocturnal hypoglycaemia is a major concern to patients and family,
and is a particular barrier to insulin dose titration?3

« Nocturnal hypoglycaemia has a major detrimental effect on mood
and well being the following day’

« Nocturnal hypoglycaemia is linked to ‘dead in bed’ syndrome?

« Recurrent nocturnal hypoglycaemia is linked to development of
hypoglycaemia unawareness®

* Avoiding nocturnal hypoglycaemia is a key clinical imperative

Allen KV. Endocr Pract 2003; 9: 530-43

Frier BM. Diabetes Metab Res Rev 2008; 24: 87-92
Yale JF. Diabetes Res Clin Pract 2004; 65 Suppl 1: S41-6
Tanenburg RJ et al. Endocr Pract 2010; 16: 244-8

Veneman T et al. Diabetes 1993; 42: 1233-7 Harrogate and District m

NHS Foundation Trust



Consequences of hypoglycaemia for
driving in the UK

Patients managed by insulin, must inform the DVLA of their treatment

and also if the following apply:

— You suffer more than one episode of disabling
hypoglycaemia (low blood sugar) within 12 months, or
if you or your carer feels you are at high risk of
developing disabling hypoglycaemia
You develop impaired awareness of hypoglycaemia
(difficulty in recognising the warning symptoms of low
blood sugar)

You suffer disabling hypoglycaemia while driving

DVLA guidance. Available at: http://www.dft.gov.uk/dvla/medical/ataglance.aspx Harrogate a nd District m
NHS Foundation Trust



Higher rate of severe hypoglycaemia with
intensive glycaemic control*

UKPDS' ADVANCE? ACCORD? VADT#
p<0.001 HR 1.86 (1.42-2.40) p<0.001 p=0.001
5.0 - vs. conventional p<0.001
g
% g 4.0 -
S % 3.0
§ £ 307
m q)
- _§ 50 2.0
% § 1.4
> > 4 1.0
£ 1.0 0.7 04 0.7 05
<<
0.0
Conv  Gly Ins Std Int Std Int Std Int
HbA, .= 7.9% 7.1% 7.2% 7.3% 6.5% 7.5% 6.4% 8.4% 6.9%

*Intensive glycaemic control was defined differently in these trials. THypoglycaemia requiring any assistance in glucose-lowering
trials. Conv, conventional therapy; Gly, glibenclamide; HbA, , glycated haemoglobin; HR, hazard ratio; Ins, insulin; Int, intensive
therapy; Std, standard therapy

1UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:837-53; 2Patel et al; ADVANCE Collaborative Group
[ADVANCE]. N Engl J Med 2008;358:2560-72; 3Gerstein et al; Action to Control Cardiovascular Risk in Diabetes Study
Group [ACCORD]. N Engl J Med 2008;358:2545-59; “Duckworth et al. N Engl J Med ZOOH@FF‘Ogate a nd D|Str|ct m

NHS Foundation Trust



Myth 1: hypoglycaemia does not occur in T2DM

Severe hypoglycaemia? Mild hypoglycaemia?

o7 t o
o4 - |

0.1
0.0

1 ]

——
o
N

Proportion reporting at least one
hypoglycaemic episode

.

SuU <2yr >5yr <5yr >15yr SuU <2yr >5yr <5yr >15yr

12D T1D 12D T1D

- T1D

— 55% of severe and 43% of all hypoglycaemic episodes occur during sleep in
T1D?

— 36% of severe episodes that occurred while awake had no warning signs?
SU, sulphonylurea

UK Hypoglycaemia Study Group Diabetologia 2007;50:1140-7;

2DCCT. Am J Med 1991:90:450-9 Harrogate and District m

NHS Foundation Trust



Myth 2: hypoglycaemia does not have major
consequences in T2DM

« Similar clinical (CV and neurological) consequences to
T1D

However:

 T2D population is older
— Symptoms can be different
— Hypoglycaemia unawareness
— More comorbidities
 high frequency of CVD
» osteoporosis — higher fracture risk
 longer hospital stay duration
 Event rate increases with disease duration —
progressive disease

CV, cardiovascular; CVD, CV disease

Chelliah et al. Drugs Aging 2004:21:511-30; Lebovitz Diab Rev 1999;7:139-53 Harroga‘te and District m
NHS Foundation Trust



Hypoglycaemic event rates are reduced with
basal analogue insulins vs. NPH in T2DM

p<0.001
1.0 -~

0.9 -
0.8 -
0.7 A
0.6 -
0.5 o
0.4 A
0.3 -~
0.2 -
0.1 -

Relative risk

0 -

p<0.001

24—Four
Hermansen 2006

~
Nocturnal

24 weeks, n=476

* PM dose

Threshold of <3.1 mmol/L for
confirmed hypoglycaemia

p<0.05

p<0.05

24—%ur*
Philis -Tsimikas 2006
20 weeks, n=498

iy
Nocturnal

p=0.018 p=0.009

B nsulin detemir

B nPH
B Insulin glargine

. AN

Y Y~
24-hour  Nocturnal

Home 2010
Meta-analysis, n=2711

J

Threshold of <3.9 mmol/L for
confirmed hypoglycaemia

Home et al. Diabetes Obes Metab 2010;12;772-9; Hermansen et al. Diabetes Care 2006;29:1269—-74; Philis-Tsimikas et al.

Clin Ther 2006;28:1569-81

Harrogate and District NHS

NHS Foundation Trust



Hypoglycaemia and basal analogues
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Waugh N et al. HTA assessment 2010;14:No 6
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Bullet Points for New Clinical Solutions

* There is a legacy effect of good glycaemic
control so NICE targets are essential and
combination drug therapy is inevitable

* The ideal drug combination therapy for glucose
control combines low risk of hypoglycaemia,
weight reduction and CV safety

* Newer agents, particularly those targeting the
GLP1 receptor show potential but CV safety
data is awaited

Harrogate and District NHS

NHS Foundation Trust
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“What fits your busy schedule better, exercising
one hour a day or being dead 24 hours a day?” S
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