Management of Type 2 DM
( Role of DPP4 inhibitor)

Case scenario
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Case scenario 1

55 year salesman , DM & HT for 15 years
Social drinker and occasional smoker
Family history of Diabetes in father and siblings

Maximal therapy with Glimiperide 2 mg BD + Janu-
Met 50/500 mg BD

Amlodipine 10 mg OD + valsartan 80 mg OD
Atorvastation 20 mg HS + Aspirin 80 mg OD
Pregabalin 50 mg HS



Has been suffering from polyuria at night and
daytime fatigue and tiredness,

Sensory peripheral neuropathy at feet

BMI 32.5 kg/m?2

BP 140/80, HR 98 /min, Heart & lungs NAD
HbAlc—-9.2 % (80 mmol/mol)

LDL—-120 mg/dl, TG — 150mg/dl , HDL 35 mg/dlI

Creatinine 115 mg %, Urine microalbumin 218
mcg/min



Case scenario 1

Poorly controlled Type 2DM ( long duration )
Hyperlipidaemia

Microalbuminuria

Peripheral neuropathy

CVD risk

WHAT IS THE NEXT LINE OF MANAGEMENT ?



OHA Failure

Primary OHA failure : initial resistance

Secondary OHA failure : gradual resistance

What is the underlying cause: beta cell failure

What to do next ---- eventually needing insulin



Current Antihyperglvr emic

Medications

Sulfonylureas

Generalized
insulin

secretagogue

12 Groups with Different
Mechanisms of Action

DPP-4 Inhibitors

Restore
GLP-1Level




Management of Type 2 Diabetes: 2017

Cardiovascular
Disease
Prevention
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Initial
Management
and
Monotherapy

Lifestyle modification

A\ .
r ™
Metformin
e W
f '

consider Sulphonylurea
(SU) if symptomaticor
Metformin contraindicated
or not tolerated
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a N
Dual Therapy

HbAlc target
(individualised) or
>48mmol/mol (6.5%)
after Y3months

Metformin+5U

Metformin + Pioglitazone

Metformin + DPP-1V
Inhibitor

Metformin + GLP-1 Receptor
Agonist

Metformin + SGLT-2
Inhibitor

mMetformin+ Basal Insulin

4 I
Triple Therapy

HbAlc target
(individualised) or
>58mmol/mol (7.5%)
after ¥3-emonths

Metformin+ 35U +
Pioglitazone

Metformin + Pioglitazone +
sU

Metformin + DPP-IV
Inhibitor+5U

Metformin+ SU + 5GLT-2
Inhibitor

Metformin +5U + GLP-1
Receptor Agonist

Metformin + 5U + Basal
Insulin

More
complex
insulin
strategies

If combination therapy
including basal insulin does not
achieve HbAlctarget after 3-6
months in combination with 1-
2 non-insulin agents, more
complexinsulin strategies are
required

Complex insulin strategies may
be combined with:-
Metformin

DPP-1V Inhibitors

SGLT-2 Inhibitors

GLP-1 Receptor Agonists
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ADA 2020

FIRST-LINE therapy is metformin and comprehensive lifestyle (including weight management and physical activity)
if HbA, above target proceed as below

TO AVOID
CLINICAL INERTIA
REASSESS AND

MODIFY
TREATMENT

REGULARLY
No \ (3-6 MONTHS)
ESTABLISHED ASCVD OR CKD l =
WITHOUT ESTABLISHED ASCVD OR CKD
ASCVD PREDOMINATES HF OR CKD ¢

PREDOMINATES ; == .
EITHER/ ~O| > NI : | 3 vIN! " " COST IS A MAJOR

OR

PREFERABLY ISSUE®™°
SGLT2i SGLT2i with evidence of ] —— ————— o !
GLP-1RA with reducing HF and/or CKD | EITHER/
with proven progression in CVOTs if eGFR GLP-1RA SGLT2¢ § oRrR " -
proven CcVvD adequate® QLP-1 RA i | sU TZD
cvo benefit!, -l EEE T T L . — 58 ) el "0 W sura ‘
benefit’ if eGFR If SGLT2i not tolerated or hings
e % weight loss®
adequate’ contraindicated or if eGFR less

than adequate?add GLP-1 RA
with proven CVD benefit'

2 = GLP-1RA SGLT2i?
. SGLT2# SGLT2i OR OR
OR OR DPP-4i DPP-4i GLP-1RA | TZD® Sue
OR OR SGLT2i? w1_th good
If further intensification is TZD GLP-1RA eff_lcacy for
required or patient is now = Avoid TZD in the weight loss®
unable to tolerate setting of HF

GLP-1 RA and/or SGLT2i,
choose agents demonstrating
CV safety:

Choose agents
demonstrating CV safety:

» Consider adding ]

= Consider adding the other the other class with Continue with addition of other agents as outlined above

! * Insulin therapy basal
class (GLP-1 RA or SGLT2i)

proven CVD benefit'

| 2 ; aeuliF o
L s : If triple therapy required or insulin with lowest
with proven CVD benefit * DPP-4i (not saxagliptin) SGLT2i and/or GLP-1 RA not acquisition cost
* DPP-4i if not on GLP-1 RA in the setting of HF (if tolerated or contraindicated OR
« Basal insulin® not on GLP-1RA) use regimen with lowest risk of « Consider DPP-4i OR
« TZDS * Basal insulin® weight gain SGLT2i with lowest
= SU° = SUS Consider the addition of SU® OR basal insulin: PREFERABLY acquisition cost®
= Choose later generation SU with lower risk of hypoglycemia DPP-4i (if not on GLP-1 RA)
» Consider basal insulin with lower risk of hypoglycemia’ based on weight neutrality
1. Proven CVD benefit means it has label indication of reducing CVD events. For ¢
GLP-1RA e for iraaiitide s
release. For SGLT2i evi for in > 6. Choose later generation SU with lower risk of hypoglycemia If DPP-4i not tolerated or
2. Be aware that SGLT2i vary by region and individual agent with regard 7. Degludec / glargine U300 < glargine U100 / detemir < NPH insulin contraindicated or patient
to indicated level of eGFR for initiation and continued use 8. Iutide > li e s ide > 5 already on GLP-1 RA, cautious
3. Both empaglifiozin and canaglifiozin have shown reduction 9. If no specific est6 CVD, low risk of hypoglycemia addition of:
InHE and reduction In CKD' progression In CVOTs and lower priority to avold weight gain or no welght-related comorbidities) « SUS » TZDS « Basalinsulin

4. Degludec or U100 glargine have demonstrated CVD safety 10.Consider country- and region-specific cost of drugs. In some countries
5. Low dose may be better tolerated though less well studied for CVD effects TZDs relatively more expensive and DPP-4i relatively cheaper



Summary of guidelines

Metformin tolerated

First Metformin
line
Second ASCVD (+)
line
Metformin +
= SGLT-2i
» GLP-1 RA

No ASCVD

= Hypoglycae
mic concern

= Weight
oncern

= Cost
concecrn

Metformin
not-tolerated

Individualized
choice

Individualized
choice

In order of
priority

= Metformin

s GLP-1RA
= SGLT-2i

= DPP-4j

= TZD

= AGi

= SU/ GLN

Metformin/ other

first line agent +

second line agent

+

*GLP-1RA

= SGLT-2i

= TZD

= Basal insulin

= DPP-4i

= Colesevelam

= Bromocriptine
QR

= AGi

= SU/ GLN

Metformin
tolerated

Metformin

Metformin +

* DPP-4i

» Pioglitazone
= SU

» SGLT-2i

Metformin not-
tolerated

* DPP-4i

* Pioglitazone
« SU

* SGLT-2i
instead of
DPP-4i if SU
or Pio is not
appropriate

Metformin

Metformin
+SU
(public
Healthh
approach)

UDual therapy

* DPP-4i +
Pioglitazone

- DPP-4i + SU

* Pioglitazone
+ SU
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When OHAs fail, early addition of insulin optimises
glycaemic control

OHAs fail over time Add-on insulin therapy gives

best glycaemic control
Insulin added when FBG
>6 mmol/l (>108 mg/dl)

n=826 50 p=0.01—

47

Proportion of patients with
HbA,. 7% at 6 years (%)
N
U1

SU-treated patients requiring
additional insulin (%)

12 3 456 n=242 n=245 n=339
Time since randomisation (years)

sulphonylurea

UKPDS 57: Adapted from Wright A, et al. Diabetes Care 2002;25
11



UKPDS 57 STUDY

« Early insulin use, prior to B cell
fallure

helped in

— preserving and sustaining 3 cell
secretory capacity

— achieving smoother, better glycemic
control

— lowering incidence of hypoglycemia
— Causing less weight gain



Insulin therapy is not
the Last Resort

By the time insulin is initiated (or considered)
patients often have had the disease for more
than 10 to 15 years and have already developed
complications

Greater glycemic control achieved by the early
initiation of insulin therapy may reduce morbidity
and mortality, limit healthcare costs and improve

quality of life (QOL)

INITIATE INSULIN THERAPY
EARLIER



Insulin optimisation and intensification should follow
disease progression

@ ~ o Lifestyle + OADs

o Basal insulin + OADs
P
— O
gv
© S Titrate dose to reach/maintain glycaemic
=
@ O Basal and 1-4 bolus Or Premix
= C8) =
\In\t’ensify for mealtime insulin
. . coverage
Optimise < ~
~
N
~
B -
N
N
~N

. L Treatment optimisation and intensification
chematic diagram adapted from

Kahn. Diabetologia 2003; 46:3-19
Inzucchi et al. Diabetologia
2012;55(6):1577-96.



Insulin is the most potent to achieve
glycemic control

ExpectedlDecieace
0 A0S Wil
Moncthetapyfies)
Steplls irestylejto) \1¥02270)] BroadlbenefitsEMInsufficientfomost:
initial decreaseiweights (Withinifirstyearg
therapySandlincrease
activitys
0 dindicatediwith)
additional rapidiyleffectiveSimonitoringiweight{gainy
therapyy improvedllipid
profile analoguesiarelexpensive
LO20

ehlurp_rgpamide)
Gl=gastrointestinall

NathanlbVIetia¥DiabetesiCare®2008:31ME publaheadlofipublication®
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Benefits of Insulin

¢

Most Clinical Experience, Best Understood
Physiological actions

Recombinant Human DNA Insulin — Easy to use
No Drug Interactions
Easily Titratable

Reverses “Glucotoxicity

Anabolic Effects — | glucosuria?, | protein?
breakdown, |lipolysis3, Tweight gain

16



Case Scenario 2

45 year middle school teacher, known Diabetes for
10 years, had inferior AMI last year, admitted
recently with post infarct angina with CCF

She was under cardiologists consultation taking many
heart medications : antiplatelet, beta blocker,
Valsartan, antimetabolic agents

metformin 500 mg TDS + Diamicron MR 60 mg Od +
Insulin glargine 14 units HS

BMI 26 kg/m2, poor compliance to lifestyle



FBS 145 mg/dl, PPBS > 220 mg /dl , HbAlc 8.9%
Direct LDL 160, TG 120, CRP 16, Pro BNP 265 pg/ml
Creatinine 112 mg /dl, UACR 48mg/g

Echocardiogram revealed reduced LVEF 35%, mild MR,
moderate TR ,right ventricular dysfunction,

She was referred for optimization of glycemic control;

She refused for intensification of insulin as afraid of
weight gain & hypoglycemia



* Finally Dapagliflozin was added and follow up
appointment to see endocrinologist in 2 months time

* She appeared with early appointment with problems
of recurrent UTI, no good response to antibiotics,
symptoms affecting her daily life

 Her SMBG appears better controlled but she doesn’t
want to continue DAPA



e What would be the alternative medication for

* Uncontrolled T2DM, overweight lady, high
CVD risk with CCF, Early Nephropathy,
recurrent UTI

* Any drug that we miss out??



Current Antihyperglycemic
Medications

12 Groups with Different
Mechanisms of Action

DPP-4 Inhibitors

GLP-‘I Level

21



DPP-4 inhibitor

Weight neutral
No serious hypoglycemia

No dose adjustment for renal dysfunction
Can combine with insulin + OHA

No liver toxicity

Renal safe

Cardiologically safe??



CVOT ( DPP4- inhibitors )

DPP-4 inhibitor | CAROLINA TECOS SAVOR-TIMI53 w

comparator
No of patients
Trial initiation

Diabetes stage
focus

Diabetes
background Tx

Results

Linagliptan
sulphonylurea
6,000

Oct 2010

Early

Predominantly
on metformin

HR 0.98
(95.47%Cl 0.84-
1.14)

Sitagliptan
placebo
14,000
Nov 2008

Advanced

Any

HR 0.98(95% Cl
0.88 — 1.09)

Saxagliptan
placebo
16,500
May 2010

Advanced

Any

HR 1.0(95% ClI
0.89 -1.12)

Alogliptan
placebo
5,400
Sept 2009

All but limited
to acute event

Any

HR 0.96 (95% CI
<1.16)
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Together, CARMELINA and CAROLINA constitute
a comprehensive CV outcomes trial programme

CARMELINA* CAROLINA*?

Patients with established Patients with relatively early
CV disease and/or CKD T2D atincreased CV risk

HbAlc 6.5-10% HbAlc 6.5-8.5%

CARMELINA and CAROLINA constitute a comprehensive CVOT programme

demonstrating the long-term safety profile of linagliptin in a broad range of patients with T2D

24



CAROLINA

CARdiovascular Outcome Trial of LINAgliptan vs
Glimeperide in Type 2DM) is the randomized double
blind longest term active control CVOT

Testing the Safety of DPP-4inhibitor vs Sulphonylurea
added to Metformin on usual care

Cardiovascular outcome

Primary : time to 1t occurrence of any of 3P-MACE
- CV death( fatal Ml & fatal stroke)
- Non fata Ml ( excluding silent M)
- Non fatal stroke

Secondary: time to first occurrence of 4P-MACE( occurrence of
hospitalization for unstable angina)



* Metabolic outcome

e secondary metabolic efficacy outcome

* maintain HbAlc <5.7% between end of titration & final visit
- without needing rescue medication
- with weightgain <2%
- without moderate or severe hypoglycemia



CAROLINA included participants with relatively
early T2D at increased CV risk

Median T2D

duration
6.3 years

Had established

On metformin [ERSELVA CV disease

Displayed =2 defined

Oninsulin .
CVrisk factors

(excluded from trial)

Treatment naive Had T2D for <5 years

Receiving
standard of care

for CVrisk

27



Linagliptin was non-inferior to Glimepride for 3P MACE

30+
HR, 0.98 (95.47% Cl, 0.84-1.14)

P <.001 for noninferiority

23] P=_76 for superiority

20 4
15+
10+

5

Percentage of Participants With Event

0

0 05 10 15 20 25 30 35 40 45 50 55 6.0 6.5
Years After Treatment Initiation

No. of participants
Glimepiride 3010 2890 2797 2710 2618 2509 1865
Linagliptin 3023 2901 2803 2725 2627 2534 1830
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Occurence of any hypoglycaemic AE was lower with
Linagliptin versus Glimepride

40

HR, 0.18 (95% CI, 0.15-0.21)

339 p< oot

30. Glimepiride
25
20 -
15-

10+
Linagliptin o

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Years After Treatment Initiation

Percentage of Participants With Event

No. of participants
Glimepiride 3000 2382 2145 1999 1882 1779 1691 1607 1539 1473 1411 1325 957 344
Linagliptin -~ 3014 2763 2596 2499 2386 2298 2234 2140 2072 2001 1932 1850 1333 526
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No differences in HbA1lc levels in both arms

02 Weighted average mean difference up to week 256
~&-Linagliptin -0.07% (95% Cl ~<0.19, 0.06)
S ; 01 ~~ Glimepiride
80 BLT12
0 § BL7 11
TE:
7 014
£
5
¢ § 02 4
3
82 .
1
044
05

0 186 22 48 64 80 96 112 128 144 160 176 102 208 224 240 2%
Weeks

Linagliptin (1) 465 458 440 432 428 423 408 2307 306 400 402 394 302 380 2393 386 306

Gimepiride (7) 468 450 447 441 435 427 420 407 405 404 401 307 380 380 384 383 378
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Adjusted mean (SE)

Linagliptin was associated with reduced weight

body weight (kg)

85

83 1

82

81

80

0

compared with Glimepride

18 32 48 684 80 68 112 128 144 1680 1768 182 208 224 240 25E
Weeks
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Linagliptin did not increase the risk for all cause mortality compared
with Glimepride, although the curves separated at 5 years

Glimepiride

30
Linagliptin

HR, 0.91 (95% Cl, 0.78-1.06)

35 P=.23

20

15 -

10 -

5 4

Percentage of Participants With Event

O

0 0.5 1.0 1.5 20 25 30 35 40 45 50 55 6.0 6.5
Years After Treatment Initiation

3010 2982 2937 2885 2823 2751 2068
3023 2991 2951 2908 2838 2780 2045
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CARMILENA trial

Mean T2D
duratlon
Were on
metformin 499 6 2%
0
57% :
Were on \ Had a history
. , insulin 64% 21.3% ofl heart
.0f the trial population failure

were aged 265 years old /
[n=40T ) f
Had UACR | 76.8% 71.6%
>30 mg/g’

15.8 years*

Had ischaemic
heart disease

Participants
aged 265 years
in CARMELINA®

Had eGFR
<60 ml/minf1.73 m4
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Effect of Linagliptan vs placebo in adverse
cardiovascular outcomes in patients with T2DM
with high Cardiovascular and renal risk

PRIMARY ENDPOINT Py e KEY SECONDARY ENDPOINT

Time to first occurrence of any of the following: Time to first occurrence of any of the following:

« OV death (including fatal stroke and fatal M) » Death from kidney disease
« Non-fatal MI {excluding silent MI) « End-stage kidney disease
+ Mon-fatal stroke « Sustained =40% eGFR reduction

34



Long term CV safety profile of linagliptin was confirmed

Time to first occurence of 3P MACE

30. HR 1.02 — Linagliptin — Placebo

(95% CI0.89, 1.17)

- p=0.001 for non-inferiority

- p=0.74 for superiority

= 20

s 20

1

S

2

£ 1

R

w

o

0.0 0.5 10 1.5 20 2.5 30 3.5

Years
The 3P-MACE?* primary outcome occurred in 434/3494 (12.4%) and 420/3485 (12.1%)
patients in the linagliptin and placebo groups, respectively
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Hospitalisation for heart failure

15 - HR 0.90 = Linagliptin = Placebo
(95% CI 0.74, 1.08)

= p=0_26 for superiority
E 101
w
5
2
B ¢
E Tl
R
™
o

ﬂ 3 1 1 I L 1 I L

0.0 0.5 1.0 1.5 2.0 2.3 3.0 3.3

Years

No increased risk of hospitalisation for heart failure*
Rates of hospitalisation for heart failure did not differ between treatment groups:
209/3494 (6.0%) and 226/3485 (6.5%) in the linagliptin and placebo groups
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The long-term renal safety profile of linagliptin was confirmed

Time to death to kidney disease, progression to ESKD or sustained eGFR decrease of 2 40%

30 - HR 1.04 = Linagliptin = Placebo
(95% CI 0.89, 1.22)

— p=0_62
3
E 20 -
T
-]
2
8 10 ;
o
™
o

ﬂ 1 1 T T 1 1 1

0.0 0.5 1.0 15 2.0 2.5 3.0 35
Years

The key kidney outcome occurred in 327/3494 (9.4%) and
306/3485 (8.8%) patients in the linagliptin and placebo groups, respectively
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Linagliptin, fewer patients initiated or increased insulin dose

Initiation or dose increase of insulin

w
o

HR 0.72 — Linagliptin  — Placebo

(95% CI 0.65, 0.81} 729 patients

555 patients

n
o

Participants
with event (%)
=

0 ' : . ; - . .
0.0 0.5 1.0 1.5 20 2.5 3.0 3.5

Years
No. at risk

Placebo, n 3,485 3,203 2913 2,263 1,590 1,024 613 220
Linagliptin,n 3,494 3,271 3,072 241 1,746 1,140 676 242

Mejer ostimate. Hazard ratio and 95% CI based on Cox regression model :(L. CARMELINA
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CARMELINA study ASIAN subsets

* Linagliptin and cardiorenal outcomes in
Asians with type 2 diabetes mellitus and
established cardiovascular and/or kidney
disease: subgroup analysis of the randomized

CARMELINA® trial

* The Japan Diabetes Society 2019
* Diabetology International https://doi.org/10.1007/s13340-019-00412-x

e 555 participants from Asian countries



Time to first cardiovascular events and hospitalisation
for heart failure in Asian patients

a 3-point MACE

30 Placebo = Linaghplin
HR 0.90
(95% C1 0.55-1.48)
P=067T41

FuJ
=

=

Patients with event (%)

No. of patients Yoars
Flaceba (n) 283 271 2063 204 151 113 T0 21
Linaghptin (n) 272 266 256 190 149 108 76 23
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b Cardiovascular death
10 . -  Placebo — Linaghptin
(95% C10.30-164)
Pz 04162

Patients with event [3%)

No. of patients
Placeba(n) 283 279 215 211 159 "7
Linaghptin (n) 272 272 268 198 155 115



C Hospitalization for heart failure

20 . — Placebo = Linaghptin
HR 047
(95% C1 0.24-0.95)
E P=00350
i 0 |
! !
00 0s 10 15 20 25 30 s 11
No. of patients Yours
Placebon) 283 210 264 201 149 110 66 7e)
Linaghptin () 272 266 260 192 150 109 1 2%
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Time to first kidney events in Asian patients

b Death due to renal failure, progression to end-stage kidney disease, or eGFR <10 mimin/1.73 m?

Patients with event (%)

No. of patients
Placebo (n)
Linagiptin (n)

30 .

15

Placebo — L
HR 0.52 —
[25% O 0.24-1.17)
P=0.1144
.—-J._.
S |
— ~
——
00 05 1.0 15 20 25 30 35
283 268 261 197 148 106 =] 14
2r2 262 242 178 137 86 ] 19
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After 12 weeks of treatment of Asian patients, the
adjusted mean difference in HbAlc level with
linagliptin compared with placebo was 0.60% (95%
Cl-0.73to-0.47)

There was no difference in change over time in body
weight, cholesterol levels, or blood pressure with
linagliptin compared with placebo

Fewer linagliptin-treated Asian patients (77.9%) had
an adverse event compared with placebo-treated
Asian patients (84.8%)

The incidence of hypoglycemia was also slightly
lower with linagliptin than placebo, including severe
episodes
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Final recommendation

e subgroup analysis of the multinational CARMELINA®
trial indicates that linagliptin did not increase
the risk of MACE in Asian T2DM patients with
established CVD with albuminuria and/or
kidney disease.

* Furthermore, linagliptin did not increase the
risk of clinically relevant kidney complications
or heart failure.
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The best choice for this scenario is

e DPP-4 inhibitor which is Cardiovascular safe
as well as Renal safe is

* LINAGLIPTAN
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THANK YOU



