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First line therapies in hypertension

ACE inhibitors

AT,-receptor blockers Calcium antagonists

B-blockers Diuretics

. First-line therapies

Adapted from the 2009 Reappraisal of ESH/ESC Hypertension Guidelines € v
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® Blockers of the RAS
© Dihydropyridines

. _ Thiazides
Isolated systolic hypertension

Hypertension in blacks
Angina pectoris
Post-myocardial infarction
Left ventricular hypertrophy
Atrial fibrillation

Heart failure

Carotid/coronary atherosclerosis

Metabolic syndrome
Non diabetic nephropathy
Diabetic nephropathy

Proteinuria/microalbuminuria

Adapted from ESH/ESC Hypertension Guidelines



ACCOMPLISH: Exceptional Control Rates
with Initial Combination Therapy
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ACEl / HCTZ CCB / ACEI
N=5733 N=5713

P<0.001 at 30 months follow-up
Control defined as <140/90 mmHg




One topic of debate: ACEl or ARB ?

Arguments regarding:
Impact on morbidity and mortality

Tolerability profile and risk of SAE




Ramipril vs Telmisartan

ONTARGET - -
Time to Primary Outcome
g #atRisk Yrl Yr 2 Yr3 Yr 4 Yr4.5
8542 8177 7778 7420 7051 4575
8576 8214 7832 1472 7093 4562

Cumulative Hazard Rates
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Years of Follow-up N Engl JMed 2008;358:1547-59



ONTARGET Non-Inferiority

ONTARGET

comp

arison

CV Death |
Ml
Stroke |
CHF Hosp
All Death l
Telmisartan better Ramipril better
[ [ [ [ [ [ [ |
0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 14

RR (95% ClI)

Note that the outcomes are presented as point estimates with confidence intervals. The solid line
is the 95% ClI representing 1.96 SD for each outcome

N Engl JMed 2008;358:1547-59



Angiotensin receptor blockers and all cause mortality,
stratified by comparison group (placebo v active treatment).

Events
Trial ARBs Control Relative risk Weight  Relative risk
(95% C1) (%% (95% C1)

Placebo

CHARM:-alternative?? 265/1013  296/1015 4 0.90(0.78 0 1.03)
CHARM-preserved?’ 244/1514 237/1509 3 1.03(0.87to 1.21}
CHARM-added?! 377/1276  412/1272 6 0.91(0.811t01.02)
DIRECT- Prevent 12°26 71711 5/710 —_— <1 1.40 (0.45 to 4.38)
DIRECT- Protect 12°2¢ 7/951 8/954 — 1 0.88(0.32102.41)
DIRECT- Protect 2%°%7 37/951 35/954 <1 1.06(0.67 to 1.67)
GISSI-AF? 8/722 71720 —_— 1.14 (0.42 t0 3.13)
I-Preserve’> ¢ 445/2067  436/2061 1.02(0.91t01.14

IDNT (placebo)* 87/579 93/569 0.92 (0.70 to 1.20)
IRMA 27 11/404 5/207 1.13 (0.40 to 3.20)
NAVIGATOR"? 295/4631  327/4675 0.91 (0.78 to 1.06)
PROFESS* 755/10 146  740/10 186 1.02 (0.93 to 1.13)
RASS (placebo)*® 1/96 1/95 0.99 (0.06 to 15.59)
RENAALY 158/751 155/762 1.03 (0.85 to 1.26)
SCOPE*? 259/2477  266/2460 0.97 (0.82 to 1.14)
TRANSCEND®? 364/2954  349/2972 1.05 (0.91 to 1.20)
VAL-Heft*? 495/2511  482/2499 1.02 (0.91 to 1.14)

Random effects subtotal: 3815/33 754 3856/33 620 0.99 (0.95 to 1.03)
17=0.0%, P=0.952
Fixed effects subtotal 0.99 (0.95 to 1.03)

Active
CASE-J?® 73/2354 86/2349 0.85 (0.62 to 1.15)
DETAIL* 6/120 6/130 R E— 1.08 (0.36 to 3.27)
E-COST?® 4/1053 41995 t— 0.95 (0.24 t0 3.77)
E-COST-R? 4169 4172 R 1.04 (0.27 to 4.01)
ELITE® 17/352 32/370 0.56 (0.32 t0 0.99)
ELLITE 11! 280/1578  250/1574 1.12 (0.96 to 1.31)
HIJ-CREATE® 69/1024 59/1025 1.17 (0.84 to 1.64)
IDNT (CCB)* 87/579 83/567 1.03 (0.78 to 1.36)
JIKEP® 28/1541 27/1540 1.04 (0.61 to 1.75)
KYOTO*® 22/1517 32/1514 0.69 (0.40 o 1.18)
Kondo et al*’ 4/203 11/203 0.36 (0.12 t0 1.12)
LIFE!! 383/4605  431/4588 0.89 (0.78 t0 1.01)
MOSES*? 57/681 52/671 1.08 (0.75 to 1.55)
ONTARGET® 989/8542  1014/8576 0.98 (0.90 to 1.06)
OPTIMAAL* 499/2744  447[2733 1.11 (0.99 to 1.25)
RASS (ACEi)*® 1/96 1/94 0.98 (0.06 to 15.43)
Suzuki®® 25/183 38/183 0.66 (0.42 to 1.04)
Takahashi et al*! 0/43 7137 0.06 (0.00 to 0.98)
VALIANT** 979/4909 958/4909 1.02 (0.94 to 1.11)
VALUE? 841/7649  818/7596 1.02 (0.93 t0 1.12)
ALPINE'? 0/197 0/196 Excluded
ROAD*® 0/180 0/180 Excluded

Random effects subtotal: 4368/40219 4360/40 102 0.99 (0.94 to 1.06)
1’=30.8%, P=0.094
Fixed effects subtotal 1.00 (0.96 to 1.04)

Random effects overall: ~ 8183/73 973 8216/73 722 1.00 (0.97 to 1.02)
12=0%, P=0.482
Fixed effects overall 1.00 (0.97 to 1.02)
P=0.99 for interaction 0.1 10
ARBs better Control better

Bangalore S et al. BMJ 2011;342:bmj.d2234 ¢
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Angiotensin receptor blockers and myocardial infarction,
stratified by comparison group (placebo v active treatment).

Events

Trial ARBs Control Relative risk Weight  Relative risk
Placeb (95% C1) (%5 (95% C1)
icebo

CHARM-alternative?? 75/1013 48/1015 —— 1.57 (1.10 t0 2.23)
CHARM-preserved?? 57/1514 73/1509 0.78 (0.55 to 1.09)
CHARM-added”! 44/1276 69/1272 0.64 (0.44 10 0.92)
I-Preserve’> 3¢ 60/2067 54/2061 1.11(0.77 to 1.59)
IDNT (placebo)* 44/579 46/569 0.94 (0.63 to 1.40)
IRMA 2%7 5/404 5/207 0.51 (0.15 to 1.75)
NAVIGATOR" 138/4631 140/4675 1.00 (0.79 to 1.25)
PROFESS* 168/10 146  169/10 186 1.00 (0.81 to 1.23)
RENAALY 50/751 68/762 0.75 (0.53 to 1.06)
SCOPE*? 70/2477 63/2460 1.10 (0.79 to 1.54)
TRANSCEND?? 116/2954  147/2972 0.79 (0.63 to 1.01)

Random effects subtotal: 827/27 812 882/27 688 0.93 (0.81 to 1.07)
1>=50.7%, P=0.027
Fixed effects subtotal 0.94 (0.85 to 1.03)

Active
ALPINE'® 1/197 1/196 1.00 (0.06 to 15.79)
CASE-)? 17/2354 18/2349 0.94 (0.49 to 1.82)
DETAIL?* 9/120 6/130 1.63 (0.60 to 4.43)
E-COST?® 10/1053 23/995 0.41 (0.20 to 0.86)
E-COST-R? 4169 2/72 2.09 (0.40 t0 11.03)
ELITE® 1/352 4/370 0.26 (0.03 to 2.34)
ELLITE 1! 31/1578 28/1574 1.10 (0.67 to 1.83)
HIJ-CREATE?? 29/1024 26/1025 1.12 (0.66 to 1.88)
IDNT (CCB)* 44/579 27/567 1.60 (1.00 to 2.54)
JIKE® 17/1541 19/1540 0.89 (0.47 to 1.71)
KYOTO*® 7/1517 11/1514 0.64 (0.25 to 1.63)
Kondo et al*’ 2/203 1/203 2.00 (0.18 10 21.88)
LIFEY 198/4605  188/4588 1.05 (0.86 to 1.28)

Random effects subtotal: 2007/40 080 1918/39 971 59 1.04(0.98t0 1.11)
1°=1.2%, P=0.442
Fixed effects subtotal 1.04 (0.98 to 1.11)

Random effects overall:  2834/67 892 2088/67 659 100 0.99 (0.92 to 1.07)
=30.7%, P=0.055
Fixed effects overall 1.01 (0.96 to 1.06)
P=0.15 for interaction 0.1 10
ARBs better Control better

galore S et al. BMJ 2011;342:bmj.d2234




Angiotensin receptor blockers and stroke,
stratified by comparison group (placebo v active treatment).

Events
Trial ARBs Control Relative risk Weight Relative risk
(95% C1) ('%3 (95% C1)

Placebo
CHARM:-alternative?® 36/1013 42/1015 3 0.86(0.56t01.33)
CHARM-preserved?’ 58/1514 63/1509 4 0.92(0.65 t0 1.30)
CHARM-added?! 47/1276 41/1272 3 1.14(0.76 01.73)
GISSI-AF*? 4(722 0/720 <1 8.98 (0.48 to 166.40)
I-Preserve® 3 68/2067 79/2061 4 0.86(0.62101.18)
IDNT (placebo)™ 28/579 26/569 2 1.06 (0.63t01.78)
NAVIGATOR"? 105/4631 132/4675 5 0.80(0.621t01.03)
PROFESS*® 880/10 146  934/10 186 10 0.95 (0.87 t0 1.03)
RENAALY 48751 50/762 3 0.95(0.65 to 1.40)
SCOPE*? 89/2477 115/2460 5 0.77 (0.59t0 1.01)
TRANSCEND?? 112/2954  136/2972 5 0.83(0.65t01.06)

Random effects subtotal: 1474/28 130 1618/28 201 0.91 (0.85 t0 0.98)
1?=0%, P=0.644
Fixed effects subtotal 0.91 (0.85 t0 0.98)

Active

CASE-J?® 60/2354 47/2349
DETAIL? 6/120 6/130
E-COST?® 47/1053 77/995
E-COST-R? 17/69 20/72
ELITE®® 4/352 3/370
ELLITE I1*! 18/1578 11/1574
HIJ-CREATE? 45/1024 49/1025
IDNT (CCB)* 28/579 15/567
JIKEIP® 25/1541 43/1540
KYOTO*® 19/1517 42/1514
LIFE*! 232/4605  309/4588
MOSES™ 36/681 42/671
ONTARGET® 369/8542 405/8576
OPTIMAAL* 140/2744 132/2733
ROAD*® 2/180 2/180 1.00 (0.14 to 7.02)
Suzuki*® 6/183 8/183 0.75 (0.27 t0 2.12)
VALIANT** 157/4909 166/4909 0.95 (0.76 t0 1.17)
VALUE? 322/7649  281/7596 1.14 (0.97 t0 1.33)
ALPINE'? 0/197 0/196 (Excluded)

1.27 (0.87 to 1.86)
1.08 (0.36 t0 3.27)
0.58 (0.41 t0 0.82)
0.89 (0.51 to 1.55)
1.40 (0.32 10 6.22)
1.63 (0.77 to 3.44)
0.92 (0.62 10 1.37)
1.83 (0.99 t0 3.39)
0.58 (0.36 t0 0.95)
0.45 (0.26 10 0.77)
0.75 (0.63 t0 0.88)
0.85 (0.55 to0 1.30)
0.92 (0.80 to 1.05)
1.06 (0.84 to 1.33)

*
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Random effects subtotal: 1533/39877 1658/39 768 0.91 (0.80 to 1.04)
1?=59.5%, P=0.001
Fixed effects subtotal 0.92 (0.86 to 0.99)

Random effects overall: ~ 3007/68 007 3276/67 969 0.90 (0.84 t0 0.98)
1>=43.9%, P=0.007
Fixed effects overall 0.92 (0.88 t0 0.96)
P=0.99 for interaction 0.1 10
ARBs better Control better

Bangalore S et al. BMJ 2011;342:bmj.d2234 ‘N‘V




Reasons for Permanently

ONTARSET Stopping Study Medications
Ram Tel Tel vs. Ram
N=8576 N=8542 RR P
Hypotension 149 224 1.51 0.0001
Syncope 15 18 1.20 0.593
Cough 359 93 0.26 <0.0001
Diarrhea 12 19 1.59 0.20
Angioedema 25 10 0.40 0.0115
Renal 59 68 1.16 0.41
Impairment
Any 2098 1962 0.94 0.02

Discontinuation

N Engl JMed 2008;358:1547-59



Risk of angioedema : ARBs vs ACEls

ACEI ARBs Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

EUITE 3 370 352 1.5% 6.71[0.35, 130.45) 1997 T

Neutel 2 183 385 1.0% 10.07 [0.48, 210.69] 1999

Karlberg 1 139 139  14%  3.02[0.12, 74.82] 1999

Himmelmann 0 194 196 43% 0.34 [0.01, 8.28] 2001
OPTIMAAL 22 2733 2744 2B.6% 2.22[1.05,4.69] 2002
VALIANT 22 4909 4909 345% 1.84 [0.91,3.72] 2003
ONTARGET 25 8576 8542 28.8% 2.49[1.20,5.20] 2008

Total (95% CI) 17114 17267 100.0% 2.24 [1.50, 3.34]
Total events 75 a3

L

i P = E = R= - - . - + :
Heterogeneity: Ch ‘3.23. df=6 (P=0.78) P=0% 0102 05 1 5 5
Test for overall effect: Z = 3.95 (P < 0.0001) Favors ACEI Favors ARBs

Incidence of angioedema is higher in patients with heart failure

Makani et al, Am J Cardiol 2012; 110:383




The importance of tolerability is reflected by within-

ACEls

Captopril
Moexipril
Spirapril
Fosinopril
Quinapril
Benazepril
randolapril
Delapril
Cilazapril
Lisinopril
Enalapril
Perindopril
Zofenopril
Ramipril
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Standardised discontinuation rate

(100 patients/month)

class differences in discontinuation rates

ARBs

Losartan
Eprosartan —_——

Telmisartan

Candesartan

+
Irbesartan —o—
——
+

Valsartan

Olmesartan ——

2 4 6 8 10 12

Standardised discontinuation rate
(100 patients/month)

Mancia et al. J Hypertens 2011;29:1012-1018.



Another question: which calcium antagonist ?




ACCOMPLISH: RAS-blocker/CCB combined
therapy offers benefits in higher-risk patients

The primary cardiovascular composite end point was significantly lower with an
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ACEI/CCB than an ACEl/diuretic combination

Benazepril plus hydrocholorthiazide

Benazepril plus amlodipine

20% lower

No. at risk:
Benazepril / AML
Benazepril / HCTZ

| |
18 24 30
Months
5141 4959 4739
5082 4892 4655

Jamerson et al. N Engl J Med 2008;359:2417-28




Incidence of adverse responses to different
classes of drugs as reported by physicians

25 -

20

Diur B-block CCB ACEi Alpha- other
block

E.Ambrosioni et al, J Hypertens ;18 , 2000




Adherence to cardiovascular drugs in primary prevention

Primary prevention

Mumber of Adherence
Drug class studies (%, 95% CI)

Aspirin

ACE inhibitors 56 (49, B84)
ARB's 61 (51, 70)
Beta blockers 44 (38, 51)
CCB's 48 (38, 58)
Diuretics 42 (34, 50)

Statins 57 (51, 64)

1 1 T T T T T 1
20 30 40 50 60 70 80 90 100

Percent Adherent

Naderi et al, The American Journal of Medicine (2012) 125, 882-887
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Adverse events in the VALUE trial

Valsartan Amlodipine P
(N=7622) (n=7576)
Pre-specified adverse events
Peripheral edema 1135 (14.9%) 2492 (32.9%) <0.0001
Dizziness 1257 (16.5%) 1083 (14.3%) <0.0001
Headache 1120 (14.7%) 947 (12.5%) <0.0001
Fatigue 739 (9.7%) 674 (8.9%) 0.0750
Additional common adverse events
Diarrhea* 670 (8.8%) 515 (6.8%) <0.0001
Edema other* 243 (3.2%) 462 (6.1%) <0.0001
Hypokaliemia* 266 (3.5%) 469 (6.2%) <0.0001

*With an incidence >3% and a difference between treatment groups >1%

Julius et al. Lancet. 2004:363:2022-2031.



Adverse events in the ASCOT trial

Amlodipine Atenolol +
Adverse event* perindopril thiazide p-value
n (%0) n (%)
Bradycardia 34 (0.4) 536 (6) <0.0001
Chest pain 740 (8) 849 (9) 0.0040
Cough 1859 (19) 782 (8) <0.0001
Diarrhoea 377 (4) 548 (6) <0.0001
Dizziness 1183 (12) 1555 (16) <0.0001
Dyspnoea 599 (6) 087 (10) <0.0001
Eczema 493 (5) 383 (4) 0.0002
Erectile
dysfunction 37 % Of edema <0.0001
Fatigue 182 (8) 1550 (10) <0.0001
{oointswelling D] 1371 (14) 308 (3) <0.0001
Lethargy 202 (2) 525 (6) <0.0001
|oedema peripheral | 2188 (23) 588 (6) <0.0001
Peripheral coldness 81 (1) 579 (6) <0.0001

Vertigo 642 (7) 745 (8) 0.0039




PREVALENCE OF DRUG-SPECIFIC AE’s IN THE
LERCANIDIPINE CHALLENGE STUDY.

Ankle edema

100 _°° -

80; P<0.001

60-

401

% patients with
S.Es

201

CCB Lercanidipine CCB

Borghi C et al, Blood Pressure, 2003



7% OF PTS WITH ANKLE EDEMA OVER TIME

20 -
18 Lercanidipine
" 13 1 -®- Amlodipine
= e -o- Lacidipine P<0.001
9 121
"é_ 10 -
5 o
X 41 _o—"°
2 _
O I I I I I

Baseline 1month 2 months 3 months 6 months End of
study

COHORT Study, Am J Hypertens, 2002



Impact of lercanidipine on peripheral edema in 2199 patients
followed by GPs in Switzerland

Initiation Substitution
(n=683) (n=672)

Premature treatment
interruption due to 4.4 : 8.8
adverse events

Ankle edema 0.6 _ 3.0

Headache 0.6 . 1.1

Flush 0.4 : 0.6

Burnier and Gasser, 2007




Last question: which diuretic ?

Hydrochlorothiazide
Chlorthalidone

Indapamide




Placebo adjusted ASBP (mmHg) >
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Dose-response relationships for thiazides vs BP (A and B)
(C) serum potassium; and (D) serum urate.

Hydrochlorothiazide
Chlortalidone
Bendroflumethiazide
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Chlortalidone
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Placebo adjusted Aurate (umol/l) O

0 4

O

~— Hydrochlorothiazide
— Chlortalidone
" Bendroflumethiazide

3

32
Dose (mg)
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8 16
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Peterzan M A et al. Hypertension 2012;59:1104-1109



Risk of cardiovascular events in patients receiving HCTZ or chlorthalidone
according to the changes in systolic BP

143 hctz-amlodipine
®

hctz-enalapril
+:1:4
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Difference in Mean Achieved OSBP: Diuretic minus Control

Roush G C et al. Hypertension 2012;59:1110-1117




Antihypertensive Efficacy of Hydrochlorothiazide vs Chlorthalidone
Combined with Azilsartan Medoxomil

165
06

A Clinic SBP
Week 6

164
206

B 24-Hour Mean SBP by ABPM

Week 6 Week 10

147 145 147 145
0.9 209 =09 209

[(] azLmco

[ azi-m+ HeTz

Baseline:

C Trough SBP by ABPM

Week 6 Week 10

150 149 150 149
£11 211 11 £1.1




Azilsartan + CLD vs olmesartan + HCTZ

AZL-M/CLD
40/25 mg

AZL-M/CLD
40/12.5 mo
AZL-M/CLD AZL-M/CLD
20/12.5 -
mg 80/25 mg

AZL-M/CLD
3-4 Week Washout 80/12.5 mg

with
2-Week Placebo Run-In AZL-M/CLD OLM/HCTZ

- 40/12.5 mg 40/25 mg

OLM/HCTZ Week 12
40/12.5 mg Final ABPM
OLM/HCTZ Week 8
20/12.5 mg Forced-Titration

Baseline ABPM Week 4 (Diuretic)
and Forced-Titration
Randomization (ARB)

Cushman W C et al. Hypertension 2012;60:310-318



Change in systolic blood pressure by ABPM at week 12.

—@— AZL-M/CLD 40/25 mg

—@— AZL-M/CLD 80/25 mg
—A— OLM/HCTZ 40/25 mg
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12
Hour after Dosing

Cushman W C et al. Hypertension 2012;60:310-318



Over one year, compliance and persistence with
anti-hypertensive therapy typically falls to <50%

Persistence
—— Adherence/compliance
Perfect adherence

Study of hypertensive

patients in clinical

studies 20 Fall in persistence
because of

80 - discontinuation
of treatment

A

4783 patients in 21

Phase |V trials 707

60— Fallin adherence
because of
50 Poor execution of
dosing regimen

Evaluated by
medication event
monitoring system

Percentage of patients

4

[ [ [ [
150 200 250 300

Time (days)

No of patients 3108 980 828 618 474 400
remaining in study

Vrijens et al. BMJ 2008;336:1114-7.



Adherence to cardiovascular drugs
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