'.) Check for updates

Received: 3 April 2020 Revised: 5 May 2020 Accepted: 6 May 2020

DOI: 10.1111/jch.13893

ORIGINAL PAPER WILEY

Efficacy and safety of co-administered telmisartan/
amlodipine and rosuvastatin in subjects with hypertension and
dyslipidemia

Xuan Jin MD¥ | Moo Hyun Kim MD** | KiHoon Han MD?® | Soon Jun Hong MD* |
Jeong-Cheon Ahn MD® | Jung-Hoon Sung MD® | Jin-Man Cho MD’ | Han Cheol Lee MD® |
So-Yeon Choi MD? | Kyounghoon Lee MD'® | Woo-Shik Kim MD! | Moo-Yong Rhee MD*? |
JuHan Kim MD®® | Seung Pyo Hong MD'* | Byung Su Yoo MD'® | EunJoo Cho MD* |
Jae-Hwan Lee MDY | Pum-Joon Kim MD*® | Chang-Gyu Park MDY | Min SuHyon MD?° |
Jin Ho Shin MD?! | Sang Hyun Lee MD?? | Ki Chul Sung MD? | Jinyong Hwang MD** |
Kihwan Kwon MD?* | In-Ho Chae MD?® | Jeong-Sook Seo MD?’ | Hyungseop Kim MD?® |
Hana Lee MS¥ | Yoonhwa Cho DVM%’ | Hyo-Soo Kim MD?

'Department of Cardiology, Dong-A University Hospital, Busan, Korea

2Division of Cardiology, Department of Internal Medicine, Seoul National University Hospital, Seoul National University College of Medicine, Seoul, Korea
3Division of Cardiology, Department of Internal Medicine, Asan Medical Center, Seoul, Korea

“Division of Cardiology, Department of Cardiovascular Center, Korea University Anam Hospital, Seoul, Korea

SDepartment of Internal Medicine, Korea University Ansan Hospital, Ansan, Korea

%Department of Cardiology, CHA Bundang Medical Center, CHA University, Seongnam, Korea

’Division of Cardiology, Department of Internal Medicine, Kyung Hee University Hospital at Gangdong, Seoul, Korea

®Division of Cardiology, Department of Internal Medicine, Pusan National University Hospital, Busan, Korea

Department of Cardiology, Ajou University School of Medicine, Suwon, Korea

10pjvision of Cardiology, Gachon University Gil Medical Center, Incheon, Korea

"Department of Internal Medicine, Kyung Hee University Hospital, Seoul, Korea

2Cardiovascular Center, Dongguk University llsan Hospital, Goyang, Korea

BDivision of Cardiology, Department of Internal Medicine, Chonnam National University Hospital, Gwangju, Korea

“Division of Cardiology, Daegu Catholic University Medical Center, Daegu, Korea

5Division of Cardiology, Department of Internal Medicine, Wonju Severance Christian Hospital, Yonsei University Wonju College of Medicine, Wonju, Korea
1Division of Cardiology, Department of Internal Medicine, Yeouido St. Mary's Hospital, The Catholic University of Korea, Seoul, Korea

YDepartment of Cardiology in Internal Medicine, Chungnam National University Hospital, Chungnam National University College of Medicine, Daejeon, Korea
8Department of Internal Medicine, College of Medicine, Seoul St. Mary's Hospital, The Catholic University of Korea, Seoul, Korea

19Department of Internal Medicine, Korea University Guro Hospital, Seoul, Korea

2%Djvision of Cardiology, Department of Internal Medicine, Soonchunhyang University Seoul Hospital, Seoul, Korea

2Department of Internal Medicine, Hanyang University College of Medicine, Seoul, Korea

22pjvision of Cardiology, Department of Internal Medicine, Pusan National University Yangsan Hospital, Yangsan, Korea

2Dijvision of Cardiology, Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University, Seoul, Korea

?*Department of Internal Medicine, College of Medicine, Gyeongsang National University, Jinju, Korea

25Department of Cardiology, Ewha Womans University College of Medicine, Seoul, Korea

Xuan Jin and Moo Hyun Kim equally contributed.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2020 The Authors. The Journal of Clinical Hypertension published by Wiley Periodicals LLC

J Clin Hypertens. 2020;22:1835-1845. wileyonlinelibrary.com/journal/jch 1835


www.wileyonlinelibrary.com/journal/jch
https://orcid.org/0000-0001-9654-9257
https://orcid.org/0000-0001-6706-6504
mailto:﻿
https://orcid.org/0000-0003-0847-5329
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjch.13893&domain=pdf&date_stamp=2020-09-16

183
% | WiLEY

JIN ET AL.

26Cardiovascular Center, Seoul National University Bundang Hospital, Seongnam, Korea

?’Department of Internal Medicine, Busan Paik Hospital, Inje University College of Medicine, Busan, Korea

2Djvision of Cardiology, Department of Internal Medicine, Keimyung University Dongsan Medical Center, Daegu, Korea

2%Yuhan Research Institute, Yuhan Corporation, Yongin, Korea

Correspondence

Hyo-Soo Kim, MD, PhD, Department of
Internal Medicine, Cardiovascular Center,
Seoul National University Hospital 101
Daehak-ro, Jongro-gu, Seoul, 03080, Korea.
Email: hyosoo@snu.ac.kr

Funding information

This study was funded by Yuhan
Corporation.

1 | INTRODUCTION

Abstract

Single risk factors, such as hypertension and dyslipidemia, can combine to exacerbate
the development and severity of cardiovascular disease. Treatment goals may be more
effectively achieved if multiple disease factors are targeted with combination treat-
ment. We enrolled 202 patients who were randomly divided into the following three
groups: telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg, telmisartan 80 mg + ro-
suvastatin 20 mg, and telmisartan/amlodipine 80/5 mg. The primary efficacy variables
were changes from baseline in mean sitting systolic blood pressure (MSSBP) between
telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg and telmisartan 80 mg + rosuv-
astatin 20 mg at 8 weeks, and the percent changes from baseline in low-density lipopro-
tein (LDL) cholesterol between telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg
and telmisartan/amlodipine 80/5 mg at 8 weeks. The secondary efficacy variables were
changes in MSSBP, mean sitting diastolic blood pressure (MSDBP), LDL cholesterol and
other lipid levels at 4 weeks and 8 weeks, as well as observed adverse events during
follow-up. There were no significant differences between the three groups in demo-
graphic characteristics and no significant difference among the three groups in terms of
baseline characteristics for the validity evaluation variables. The mean overall treatment
compliance in the three groups was, respectively, 98.42%, 96.68%, and 98.12%, indicat-
ing strong compliance for all patients. The Least-Square (LS) mean (SE) for changes in
MSSBP in the two (telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg and telmisar-
tan 80 mg + rosuvastatin 20 mg) groups were -19.3 (2.68) mm Hg and -6.69 (2.76)
mm Hg. The difference between the two groups was significant (-12.60 (2.77) mm Hg,
95% Cl -18.06 to -7.14, P < .0001). The LS Mean for the percent changes from baseline
in LDL cholesterol in the two (telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg and
telmisartan/amlodipine 80/5 mg) groups were -52.45 (3.23) % and 2.68 (3.15) %. The
difference between the two groups was significant (-55.13 (3.20) %, 95% Cl -61.45 to
-48.81, P < .0001). There were no adverse events leading to discontinuation or death.
Combined administration of telmisartan/amlodipine 80/5 mg and rosuvastatin 20 mg
for the treatment of hypertensive patients with dyslipidemia significantly reduces blood

pressure and improves lipid control. ClinicalTrials.gov identifier: NCT03067688.

KEYWORDS

Amlodipine, Dyslipidemia, Hypertension, Rosuvastatin, Telmisartan

Nevertheless, patient compliance with combination therapy is low,

and improved drug compliance is an important factor in achieving

A joint study of six hospitals affiliated with the US Department
of Veterans Affairs showed that 30.4% of all-cause inpatients
had dyslipidemia with hypertension.* Single risk factors, such as
hypertension and dyslipidemia, were synergistic in the develop-
ment and exacerbation of cardiovascular disease, so treatment

goals should be targeted to treat combinations of all factors.?

treatment goals.3

The 2017 American College of Cardiology/American Heart
Association hypertension guideline recommended initiating two an-
tihypertensive agents from different classes in adult patients with
stage 2 hypertension, which is defined as an average systolic blood

pressure (BP) of at least 140 mm Hg or an average diastolic BP of
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at least 90 mm Hg.? The guideline recommended thiazide diuretics,
CCBs, and ACEIs or ARBs as first-line agents and 2 first-line agents
with different mechanisms of action for stage 2 patients. Telmisartan
and amlodipine are a representative angiotensin receptor blocker
(ARB) and a calcium channel blocker (CCB), respectively. Combination
treatment with the two components has been shown to lower blood
pressure significantly compared to single doses.” In a previous study,
combination of telmisartan plus amlodipine showed significant BP
control by reducing the systolic BP and diastolic BP by 26.4 and
20.1 mm Hg, respectively.® Telmisartan not only inhibits the renin-an-
giotensin-aldosterone system but also partially acts on peroxisome
proliferator activated receptor-y (PPAR-y), giving it a number of pleio-
tropic effects beyond lowering blood pressure.”

Over the last 20 years, accumulating evidence has shown a dra-
matic reduction in cardiovascular risk using 3-hydroxy-3-methylgl-
utaryl coenzyme A reductase inhibitors (“statins”) to lower levels of
low-density lipoprotein (LDL) cholesterol. In general, a 21% reduction
in the risk of major cardiovascular events is associated with every
1 mmol/L (39 mg/dL) reduction in LDL cholesterol.® Rosuvastatin is a
selective inhibitor of HMG-CoA reductase. The cholesterol-lowering
effect of the drug manifests by blocking 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, a rate controlling enzyme in the
metabolic pathway that produces cholesterol. Of particular note,
rosuvastatin has the highest affinity and highest inhibitory effect
against HMG-CoA reductase compared to other statin drugs, effec-
tively reducing LDL cholesterol and increasing HDL cholesterol.’

In previous ARB or CCB with rosuvastatin combination studies,
telmisartan 80 mg plus rosuvastain 20 mg and amlodipine 10 mg plus
rosuvastatin 20 mg showed good efficacy and safety profile.1%!
Therefore, a combination of ARB and CCB with rosuvastatin was ex-
pected to show excellent efficacy and safety in patients with hyper-
tension and dyslipidemia. The objective of this study was designed
to compare the efficacy and safety of telmisartan/amlodipine plus
rosuvastatin versus telmisartan plus rosuvastatin or telmisartan/am-

lodipine in patients with hypertension and dyslipidemia.

2 | METHODS
2.1 | Overall study design

This study was conducted as a randomized, double-blind, active-
controlled, multicenter Phase llI trial to evaluate the efficacy and
safety of telmisartan/amlodipine and rosuvastatin in patients with
hypertension and dyslipidemia. The study protocol was approved by
the institutional review boards of each participating center, and writ-
ten informed consent was provided by all study patients.

Patients who met the screening criteria were asked to discon-
tinue prescriptions for previous antihypertensive or lipid lowering
drugs, instructed on lifestyle modifications, and given telmisartan
80 mg once daily for 4 weeks run-in period. Subjects receiving anti-
hypertensive drugs (eg, beta-blockers, patients with central nervous
system antihypertensives) that require gradual reduction were ta-

pered for 1-2 weeks before the start of the run-in period. Eligible
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patients were randomly assigned to receive telmisartan/amlodipine
80/5 mg plus rosuvastatin 20 mg (Tel/AmI 80/5 mg + Ros 20 mg), tel-
misartan 80 mg plus rosuvastatin 20 mg (Tel 80 mg + Ros 20 mg), or
telmisartan/amlodipine 80/5 mg (Tel/Aml 80/5 mg) using an interac-
tive web-based system in a 1:1:1 ratio. A double-dummy technique
was used to maintain a double-blind study. All patients took 3 tablets
of investigational products once daily. ‘Tel/Am| 80/5 mg + Ros 20 mg’
group received 1 active tablet of telmisartan/amlodipine 80/5 mg
fixed-dose combination (FDC), 1 active tablet of rosuvastatin 20 mg,
and 1 placebo tablet of telmisartan 80 mg. ‘Tel 80 mg + Ros 20 mg’
group received 1 active tablet of telmisartan 80 mg, 1 active tablet
of rosuvastatin 20 mg, and 1 placebo tablet of telmisartan/amlodip-
ine 80/5 mg FDC. ‘Tel/Aml 80/5 mg’ group received 1 active tablet
of telmisartan/amlodipine 80/5 mg FDC, 1 placebo tablet of telmis-

artan 80 mg, and 1 placebo tablet of rosuvastatin 20 mg.

2.2 | Study population

The eligible subjects in present were as follows: (a) aged 219 years old in
both gender, (b) drugs-free patients with hypertension and dyslipidemia
(defined as mean sitting systolic blood pressure [MSSBP] 2160 mm Hg
and <180 mm Hg, an LDL-C level of <250 mg/dL, and a triglyceride
level <400 mg/dL'?) at the time of screening, (c) and had uncontrolled
hypertension and dyslipidemia (defined as MSSBP 2140 mm Hg and
<180 mm Hg, or 2130 mm Hg and <180 mm Hg in patients with dia-
betic or chronic kidney disease, an LDL-C level of <250 mg/dL, and a
triglyceride level <400 mg/dL'?) were included in the study.

Subjects with any of following criteria were excluded if: (a) women
of childbearing potential, who were unable or unwilling to use appro-
priate contraceptive methods to avoid pregnancy for the entire trial pe-
riod, women were pregnant or lactating, women with positive results
on a pregnancy test; (b) suspected secondary hypertension or second-
ary hypertension; (c) orthostatic hypotensive patients with symptoms;
(d) concomitant diseases, which were severe ventricular tachycardia,
atrial fibrillation, atrial flutter, hypertrophic obstructive cardiomyop-
athy, ischemic heart disease (unstable angina and myocardial infarc-
tion), aortic stenosis, hemodynamically significant aortic valve or mitral
stenosis, peripheral vascular disease, severe heart failure (NYHA class
Il or IV), prior percutaneous coronary angioplasty or coronary artery
bypass grafting, severe cerebrovascular disorders (cerebral infarction,
cerebral hemorrhage, transient ischemic attack) within the previous
6 months; (e) adverse drug reactions and drug allergies.

After 4 weeks run-in period, patients who fulfilled the ran-
domization criteria were eligible for 8 weeks treatment period: (a)
140 mm Hg < MSSBP <180 mm Hg measured at randomization, or
130 mm Hg < MSSBP <180 mm Hg for patients with diabetes or
chronic kidney disease, (b) LDL-C levels and TG criteria measured at
the time of randomization corresponding to one of the following cri-
teria according to cardiovascular risk factors; 2-1) cardiovascular risk
factors <1; 160 < LDL-C < 250 mg/dL; TG < 400 mg/dL; 2-2) cardio-
vascular risk factors 22; 10-year risk <10%; 160 < LDL-C < 250 mg/
dL; TG < 400 mg/dL; 2-3) cardiovascular risk factors > 2; 10% <10-
year risk < 20%; 130 < LDL-C < 250 mg/dL; TG < 400 mg/dL; 2-4)
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Screening
(N=408)
Screening Failure
(N=206)
Randomized
(N=202)

Tel/Aml 80/5mg + Ros 20mg
(N=68)

Tel/Aml 80/5mg
(N=67)

Tel 80mg + Ros 20mg
(N=67)

Completed Discontinued Completed
(N=65) (N=3) (N=62)

Discontinued Completed Discontinued
(N=5) (N=58) (N=9)

FIGURE 1 Subject disposition

Coronary artery disease or equivalent; 100 < LDL-C < 250 mg/dL;
TG < 400 mg/dL (Appendix S1).

2.3 | Efficacy variables

The primary end points were the change from baseline in MSSBP
between telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg and
telmisartan 80 mg + rosuvastatin 20 mg at 8 weeks; and the per-
cent changes from baseline of LDL cholesterol between telmisartan/
amlodipine 80/5 mg + rosuvastatin 20 mg and telmisartan/amlodi-
pine 80/5 mg at 8 weeks. The secondary end points included the
changes in MSSBP at 4 and 8 weeks after administration compared
to baseline (excluding primary efficacy variable); changes in MSDBP
at 4 and 8 weeks after administration compared to baseline; percent
changes of LDL-C at 4 and 8 weeks after administration compared
to baseline (excluding primary efficacy variable); percent changes of
the other lipid profiles (TC, HDL-C, TG) at 4 and 8 weeks after admin-
istration compared to baseline.

The BP was measured when the patient was relaxed for at least
3 minutes using the same arm and electronic sphygmomanometer
provided by the sponsor. BP was measured three times at the in-
terval of >1 minute in the selected arm. If the gap of the last two
diastolic BP was >5 mm Hg, BP was measured once more. Mean BP
was calculated from the last two of the three or more measured BPs.
Blood samples were drawn from each patient after 8 hours of fast-
ing. The lipid profiles (LDL-C, TC, HDL-C, TG) for efficacy analysis

were analyzed at the central laboratory.

2.4 | Safety variables

Safety was assessed based on adverse events (AE) monitored and

recorded by the investigators. AEs were rearranged by treatment

group and encoded to system-organ class (SOC) and preferred term
(PT) according to the Medical Dictionary for Regulatory Activities
(MedDRA), version 20.0.

2.5 | Statistical analysis

The safety analysis population for the assessment of safety included
all patients who took the investigational products at least once. The
efficacy analysis population for the assessment of efficacy included
all patients in the safety population who assessed efficacy at least
once. The efficacy assessments for continuous such as change in
MSBP were performed by using a MMRM included visit, baseline
value, treatment group, the stratification factor (cardiovascular risk
category-group 1/ 2/ 3), visit-by-baseline value interaction and visit-
by-treatment group interaction. The efficacy assessments for pro-
portion such as a responder rate in MSBP were performed by using a
logistic regression model included treatment group and the stratifi-
cation factor (cardiovascular risk category-group 1/ 2/ 3).

2.6 | Sample size

Since the efficacy variables of both hypotheses must be satisfied,
the significance level was set to 5% on both sides without multiplic-
ity correction. Assuming a mean (SD) difference of 7.8 (12.4) mm Hg
for change from baseline in MSSBP between the treatment groups,
we calculated a sample size of 54 per group to satisfy a significance
level of 5% (two-sided) and power of 90%. And assuming a mean (SD)
difference of 48 (25) % for percent change from baseline in LDL-C
between treatment groups, 54 per group to satisfy a significance
level of 5% (two-sided) and power of over 99%. The total sample
size was set to 180 (60 per group) patients in consideration of a 10%

dropout rate.
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TABLE 1 Demographics and baseline characteristics of the patients

Tel/Aml

80/5 mg + Ros 20 mg

Tel/Aml 80/5 mg

Tel 80 mg + Ros

(N = 66) (N = 66) 20 mg (N = 65) Total (N = 197)
Age (years) 68.33+£8.31 66.09 +10.43 64.89 +9.11 66.45 + 9.39
Sex, Male, n (%) 45 (68.18) 48(72.73) 46(70.77) 139 (70.56)
Height (cm) 163.56 + 8.65 164.27 +9.21 163.10 + 8.11 163.65 + 8.64
Weight (kg) 70.56 +12.58 72.13 +10.78 70.97 + 11.56 71.22 + 11.62
BMI (kg/m?)CHD risk factors, n (%) 26.26 + 3.40 26.67 +2.81 26.60 + 3.23 26.51 +3.14
Current Smoker 10 (15.15) 15(22.73) 11 (16.92) 36(18.27)
DBP 290 mm Hg 24 (36.36) 33(50.00) 37 (56.92) 94 (47.72)
HDL-C <40 mg/dL 16 (24.24) 16 (24.24) 12 (18.46) 44 (22.34)
Family history of premature CHD 6(9.09) 2(3.03) 2(3.08) 10 (5.08)
(-) HDL-C 260 mg/dL 11 (16.67) 16 (24.24) 12 (18.46) 39 (19.80)
Diabetes mellitus’ 28 (42.42) 29 (43.94) 32 (49.23) 89 (45.18)
Coronary and peripheral arterial disease 40 (60.61) 38 (57.58) 39 (60.00) 117 (59.39)
10-y risk >20% 31(46.97) 30 (45.45) 21(32.31) 82 (41.62)
Cardiovascular risk category
Group 1 (risk factor 0-1) 1(1.52) 2(3.03) 2(3.08) 5(2.54)
Group 2 (risk factor 22 and 10-y risk <20%) 6(9.09) 6(9.09) 5(7.69) 17 (8.63)
Group 3 (CHD or CHD equivalence or 10-y risk 59 (89.39) 58 (87.88) 58 (89.23) 175 (88.83)
>20%)
Chronic kidney disease, n (%) 3(4.55) 5(7.58) 1(1.54) 9 (4.57)

Baseline values
MSSBP (mm Hg)
MSDBP (mm Hg)
LDL-C (mg/dL)
Total cholesterol (mg/dL)

155.40 + 12.12
87.60 + 8.61

160.12 + 32.34
225.55 + 34.29

155.00 + 12.09

89.49 + 9.99

153.41 + 31.30

218.17 + 36.91

154.42 + 12.86
88.54 + 11.17

153.88 + 36.73
221.20 + 38.74

154.94 + 12.30
88.54 + 9.95

155.81 + 33.49
221.64 + 36.62

Triglyceride (mg/dL) 170.68 + 78.79 159.27 + 67.87 174.26 + 84.14 168.04 + 77.06

HDL-C (mg/dL) 46.38 + 10.89 47.80 + 12.04 47.89 + 12.88 47.36 + 11.92
LDL-C/HDL-C 3.59 +0.94 3.38 +0.98 342+1.16 3.46 +1.03
TC/HDL-C 5.05+1.08 4.79 +1.19 4.89 + 1.41 491 +1.23

Note: Data are mean + SD or n (%).Percentage denominator is the number of patients in each column.

Abbreviations: Aml, Amlodipine; BMI, Body Mass Index; CHD, Coronary Heart Disease; DBP, Diastolic Blood Pressure; HDL-C, High Density
Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; MSDBP, Mean Sitting Diastolic Blood Pressure; MSSBP, Mean Sitting Systolic
Blood Pressure; Ros, Rosuvastatin; TC, Total Cholesterol; Tel, Telmisartan.

*Patients with FPG (fasting plasma glucose) = 126 mg/dL or HbA1c 26.5% at screening.

TABLE 2 Treatment compliance

Tel/Aml 80/5 mg + Ros Tel/Aml 80/5 mg Tel 80 mg + Ros 20 mg Total
Variables 20 mg (N = 67) (N =67) (N = 65) (N =199)
Compliance at week 4 (week O ~ week 4) 98.61 + 3.25 97.39 +4.50 98.24 + 5.12 98.09 +4.36
Subjects with compliance 280% at week 66 (100.00) 63 (98.44) 62 (98.41) 191 (98.96)
4, n (%)
Compliance at week 8 (week 4 ~ week 8) 98.32 +3.28 98.89 + 5.04 98.19 +5.12 98.47 + 4.52
Subjects with compliance 280% at week 65 (100.00) 62 (100.00) 57 (98.28) 184 (99.46)
8,n (%)
Overall compliance 98.42 + 2.57 96.68 + 11.70 98.12 + 4.85 97.73 +7.50
Subjects with compliance = 80%, n (%) 66 (98.51) 66 (98.51) 64 (98.46) 196 (98.49)

Abbreviations: Aml, Amlodipine; Ros, Rosuvastatin; Tel, Telmisartan.
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TABLE 3 Change from baseline in MSSBP and LDL-C at week 4 and week 8

MSSBP (mm Hg)

Baseline

Week 4

MMRM
LS Mean (SE)
Difference vs Tel/AmI80/5 mg + Ros 20 mg
95% ClI
P-value

Week 8

MMRM

LS Mean (SE)
Difference vs Tel/AmI80/5 mg + Ros 20 mg
95% ClI
P-value
LDL-C (mg/dL)

Baseline

Week 4

MMRM
LS Mean (SE)
Difference vs Tel/AmI80/5 mg + Ros 20 mg
95%Cl
P-value

Week 8

MMRM
LS Mean (SE)
Difference vs Tel/AmI80/5 mg + Ros 20 mg
95% ClI

P-value

Tel/Aml 80/5 mg + Ros
20 mg (N = 66)

155.4 +12.12
136.44 + 13.47

-19.61 (2.63)

135.16 + 13.72

Tel/Aml 80/5 mg (N = 66)

155.0 + 12.09
141.57 + 14.61

Tel80 mg + Ros20
mg (N = 65)

154.42 +12.86
148.55+18.58

-13.57 (2.61) -5.66 (2.64)
-6.04(2.57) -13.95(2.54)
[-11.12, -0.96] [-18.97, -8.93]
.0201 <.0001

141.87 + 14.74

146.27 + 17.75

-19.30(2.68) -12.99 (2.64) -6.69 (2.76)
-6.30(2.67) -12.60(2.77)
[-11.58, -1.03] [-18.06, -7.14]
.0194 <.0001

160.12 + 32.34 153.41+31.3 153.88 + 36.73

72.83 +19 153.64 + 38.45 69.72 + 23.52

-51.68 (2.95) 2.42(2.88) -51.99 (2.92)
-54.10 (2.63) 0.31(2.61)
[-59.29, -48.91] [-4.84, 5.45]
<.0001 .9065

73.3+22.18 154.77 + 36.94 69.63 + 29.09

-52.45(3.23) 2.68 (3.15) -51.89 (3.26)
-55.13 (3.20) -0.56(3.29)
[-61.45, -48.81] [-7.06, 5.94]
<.0001 .8661

Abbreviations: Aml, Amlodipine; Cl, Confidence Interval; LDL-C, Low-Density Lipoprotein Cholesterol; LS Mean (SE), Least-Square Mean (Standard
Error); MMRM, Mixed effect Models for Repeated Measures; MSSBP, Mean Sitting Systolic Blood Pressure; Ros, Rosuvastatin; Tel, Telmisartan.

3 | RESULTS
3.1 | Study population

A total of 408 patients from 28 clinical centers were screened after
providing written consent, while 206 patients were screened out of
the study, leaving 202 patients eligible for randomization according
to criteria (Figure 1, Appendix S1). There were no significant differ-
ences between the three groups in terms of demographic and base-
line characteristics of the efficacy evaluation variables (Table 1).
The mean overall treatment compliance for the three groups was
98.42%, 96.68%, and 98.12%, respectively, indicating strong compli-

ance for all patients (Table 2).

3.2 | Primary end points

The least-square mean values (LS Means, SE) of the MSSBP in the
two (telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg and
telmisartan 80 mg + rosuvastatin 20 mg) groups were -19.3 (2.68)
mm Hg and -6.69 (2.76) mm Hg at 8 weeks. The difference between
the two groups was significant (-12.60 (2.77) mm Hg, 95% Cl -18.06
to -7.14, P < .0001) (Table 3, Figure 2). The LS Means for LDL cho-
lesterol reduction in the two (telmisartan/amlodipine 80/5 mg + ro-
suvastatin 20 mg and telmisartan/amlodipine 80/5 mg) groups
were -52.45 (3.23) % and 2.68 (3.15) % at 8 weeks. The difference
between the two groups was significant (-55.13 (3.20) %, 95% Cl
-61.45 to -48.81, P < .0001) (Table 3, Figure 2).
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FIGURE 2 Primary end points: MSSBP (A)
and LDL-C changes at week 8. A, the
least-square mean values (LS Means, SE) = 0.00
of the MSSBP in the two (telmisartan/ g .
amlodipine 80/5 mg + rosuvastatin 20 mg — a -5.00
and telmisartan 80 mg + rosuvastatin 3 = o
20 mg) groups. B, the LS Means 3 € -10.00
for LDL cholesterol reduction in g
the two (telmisartan/amlodipine g o. -15.00
80/5 mg + rosuvastatin 20 mg and - %
telmisartan/amlodipine 80/5 mg) groups % (7)] -20.00
=
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BTel/Aml 80/5mg

3.3 | Secondary end points

The LS mean (SE) of the MSSBP changes in the three (telmisartan/
amlodipine 80/5 mg + rosuvastatin 20 mg group, the telmisartan/
amlodipine 80/5 mg group and telmisartan 80 mg + rosuvastatin
20 mg) groups were -19.61 (2.63) mm Hg, -13.57 (2.61) mm Hg
and -5.66 (2.64) mm Hg at 4 weeks, respectively. The difference
between the two (telmisartan/amlodipine 80/5 mg + rosuvastatin
20 mg and telmisartan 80 mg + rosuvastatin 20 mg) groups was sig-
nificant (-13.95 (2.54) mm Hg, 95% CI -18.97 to -8.93, P < .0001).
The difference between the other two (telmisartan/amlodipine
80/5 mg + rosuvastatin 20 mg and telmisartan/amlodipine 80/5 mg)
groups was also significant (-6.04 (2.57) mm Hg, 95% Cl -11.12 to
-0.96, P =.0201) (Table 3). The LS mean (SE) of the MSDBP changes
in the three (telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg
group, the telmisartan/amlodipine 80/5 mg group and telmisartan
80 mg + rosuvastatin 20 mg) groups were -7.26 (1.23) mm Hg, -7.13
(1.22) mm Hg and -0.99 (1.23) mm Hg at 4 weeks, and -7.89 (1.31)
mm Hg, -6.31 (1.29) mm Hg and -1.83 (1.35) mm Hg at 8 weeks,
respectively. The difference between the two (telmisartan/amlodi-
pine 80/5 mg + rosuvastatin 20 mg and telmisartan 80 mg + ro-
suvastatin 20 mg) groups was significant at 4 weeks (-6.27 (1.16)
mm Hg, 95% Cl -8.56 to -3.98, P < .0001) and 8 weeks (-6.06 (1.38)

mm Hg, 95% Cl -8.78 to -3.33, P < .0001). However, the differ-
ence between the other two (telmisartan/amlodipine 80/5 mg + ro-
suvastatin 20 mg and telmisartan/amlodipine 80/5 mg) groups was
not significant at all time points. The LS mean (SE) for the percent
changes from baseline in LDL cholesterol in the telmisartan/am-
lodipine 80/5 mg + rosuvastatin 20 mg group and the telmisartan/
amlodipine 80/5 mg group were -51.68 (2.95) % and 2.42 (2.88) %
at 4 weeks, and the LS mean difference (SE) in the LDL-C reduc-
tion between the two groups was -54.10 (2.63) % (95% ClI -59.29 to
-48.91, P <.0001) (Table 3, Figure 3). In the telmisartan/amlodipine
80/5 mg + rosuvastatin 20 mg group, total cholesterol levels were
decreased at all time points after administration, whereas the tel-
misartan/amlodipine 80/5 mg group had total cholesterol increased
at all time points, with the LSM difference (SE) for percent change
in total cholesterol between the two treatment groups at each time
point being -37.81 (1.96) % (95% Cl -41.67 to -33.94, P < .0001) at
4 weeks, and -38.17 (2.36) (95% Cl -42.82 to -33.52, P < .0001)
% at 8 weeks. The telmisartan/amlodipine 80/5 mg + rosuvastatin
20 mg group showed higher triglyceride reduction than the telmisar-
tan/amlodipine 80/5 mg group, which was statistically significant;
and the LSM Difference (SE) for percent change from baseline in tri-
glyceride was -19.39 (4.71) % (95% Cl -28.68 to -10.11, P < .0001)
at 4 weeks and -16.95 (5.25) % (95% Cl -27.30 to -6.59, P = .0015)
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FIGURE 3 Secondary end points at week 4 and week 8. A, the LS Means for LDL cholesterol reduction in all groups. B, the LS Means
for total cholesterol reduction in all groups. C, the LS Means for triglyceride reduction in all groups. D, the LS Means for HDL cholesterol

increase in all groups

at 8 weeks, respectively (Figure 3). HDL cholesterol increased at all
time points in both telmisartan/amlodipine 80/5 mg + rosuvastatin
20 mg and telmisartan/amlodipine 80/5 mg groups, with higher in-
crease observed in the former group, and the LSM difference (SE) for
percent changes from baseline in HDL-C was 11.59 (2.96) % (95% Cl
5.75t0 17.43, P =.0001) at 4 weeks and 11.19 (3.29) % (95% Cl 4.69
to 17.69, P = .0008) at 8 weeks, respectively (Figure 3).

3.4 | Safety assessments

Safety analysis was performed on patients who took at least 1 dose
of the double-blind investigational drug. Treatment-emergent ad-
verse events occurred in a total of 30/199 (15.08%) patients: 12/67
(17.91%) in the telmisartan/amlodipine 80/5 mg + rosuvastatin 20 mg
group, 10/67 (14.93%) in the telmisartan/amlodipine 80/5 mg group,
and 8/65 (12.31%) in the telmisartan 80 mg + rosuvastatin 20 mg

group. Serious TEAEs occurred in 2/199 (1.01%) patients, involving
severe spinal column stenosis in a patient of the telmisartan/amlodi-
pine 80/5 mg + rosuvastatin 20 mg group and severe chest pain in
a patient of the telmisartan 80 mg + rosuvastatin 20 mg group. No
serious TEAE occurred in the telmisartan/amlodipine 80/5 mg group
(Table 4).

4 | DISCUSSION

The treatment of chronic diseases such as hypertension and dyslipi-

demia can be negatively impacted by poor levels of patient compli-

ance with medication. For such patients, reducing the number of pills

and improving convenience could improve outcomes.*®*1°
Telmisartan is an angiotensin receptor antagonist that effectively

reduces blood pressure, while amlodipine is a dihydropyridine CCB

that reduces peripheral vascular resistance and blood pressure with
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TABLE 4 Overall summary of TEAEs

Tel/Aml 80/5 mg + Ros 20 mg

(N=67)
Subjects with TEAEs 12 (17.91)
Subjects with ADRs 5(7.46)
Dizziness 2(2.99)
Headache 0
Essential tremor 0
Asthenia 0
Chest pain 0
Oedema peripheral 1(1.49)
Helicobacter gastritis 0
Upper respiratory tract infection 0
Viral upper respiratory tract infection 0
Palpitations 0
Tachycardia 0
Abdominal pain 1(1.49)
Constipation 0
Arthralgia 1(1.49)
Myalgia 0
Alanine aminotransferase increased 1(1.49)
Aspartate aminotransferase increased 1(1.49)
Blood alkaline phosphatase increased 1(1.49)
Gamma-glutamyl transferase increased 1(1.49)
Gout 0

Orthostatic hypotension 0
Subjects with SAEs 1(1.49)
Subjects with Serious ADRs 0
Subjects with TEAEs Leading to Discontinuation 0
Subjects with TEAEs Leading to Death 0
Subjects with ADRs Leading to Discontinuation 0

Subjects with ADRs Leading to Death 0

WILEY- %%

Tel 80 mg + Ros

Tel/Aml 80/5 mg (N = 67) 20 mg (N = 65)
10 (14.93) 8(12.31)
6(8.96) 6(9.23)
1(1.49) 0

0 2(3.08)
0 1(1.54)
1(1.49) 1(1.54)
0 1(1.54)
0 0
1(1.49) 0

0 1(1.54)
0 1(1.54)
0 1(1.54)
0 1(1.54)
0 0
1(1.49) 0

0 0
1(1.49) 0

0 0

0 0

0 0

0 0
1(1.49) 0

0 1(1.54)
0 1(1.54)
0 0

0 0

0 0

0 0

0 0

Abbreviations: ADR, Adverse Drug Reaction; Aml, Amlodipine; Ros, Rosuvastatin; SAE, Serious Adverse Event; TEAE, Treatment Emergent Adverse

Events; Tel, Telmisartan.

a long half-life of 35 hours.'® These two drugs are the most common
components of CCB and ARB fixed-dose combinations. Such com-
bination approaches can effectively lower blood pressure through
different mechanisms.’

Other studies'”*® have shown that compared to baseline val-
ues, the percent changes in lipid levels such as LDL-C, total cho-
lesterol and triglyceride in the Aml/Los/Ros 5/100/20 mg group
are superior to the Aml/Los 5/100 mg group, while the MSSBP
changes exceed the Aml/Ros 5/20 mg group, similar to the find-
ings in our study. Briasoulis et al,'? performed a meta-analysis
evaluating data from a total of 40 prospective randomized con-
trolled trials of statin therapy, finding small but statistically signif-
icant reductions in SBP (-2.62 and -3.07 mm Hg in patients taking
statins and in hypertensive patients, respectively). Although the
mechanism (s) involved and the extent of BP reduction with statin

use remain to be clearly elucidated, it is believed that statins lower

BP by increasing nitric oxide bioavailability and improving arterial
compliance.??

Our results show that HDL-C changes in the triple combination
group were higher than in the dual combination group, but other

studies?%-??

reported contrary results, although the underlying
mechanism remains unclear. Several factors, including genetic vari-
ation, sex, baseline HDL/triglyceride levels and medications may be
involved.

Our phase 1 trial have shown no statistically significant ef-
fect of co-administration on telmisartan pharmacokinetics.?®
The geometric least-square mean (GLSM) ratios and 90% Cls of
telmisartan were 0.9829 (0.8334-1.1590) for C__ . and 1.0003
(0.9342-1.0710) for AUC
effect of co-administration on amlodipine pharmacokinetics; the
GLSM ratios and 90% Cls of amlodipine were 0.9908 (0.9602-
1.0223) for C and 1.0081 (0.9758-1.0413) for AUC__. The

There was no statistically significant

T,88"

max,ss
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GLSM ratios and 90% Cls of rosuvastatin were 2.2762 (2.0113-
2.5758) for C and 1.3261 (1.2385-1.4198) for AUC Both

the Crnax.ss and AUC__ of rosuvastatin showed statistically signifi-

max,ss T,88"

cant changes and their 90% Cls did not meet the equivalence crite-
ria. The change in the absorption phase of rosuvastatin is evident
with a shortened T__ .,

speculated to be due to intervention in hepatic uptake and a pos-

and the mechanism of this change was

sible change to biliary excretion transporters.?*

Telmisartan and its metabolites can also compete for breast cancer
resistance protein (BCRP), which may explain the increase in plasma
rosuvastatin exposure through the reduced efflux of rosuvastatin into
bile. BCRP can also be inhibited by amlodipine,?® which could further
increase plasma rosuvastatin exposure. The pharmacokinetic parame-
ters of telmisartan and amlodipine met the pharmacokinetic equivalent
criteria, but the pharmacokinetic parameters of rosuvastatin were af-

fected when telmisartan/amlodipine was administered in combination.

5 | CONCLUSION

Telmisartan/amlodipine 80/5 mg and rosuvastatin 20 mg combina-
tion administration for the treatment of hypertensive patients with
dyslipidemia simultaneously elicited a significant reduction in blood
pressure and improved lipid control. If developed as a combination
drug in future, it would be expected to not only increase the effect
of blood pressure control, but also contribute to the therapeutic goal
of higher compliance over the long term through ease of use and

cost-effectiveness.
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