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Abstract

Introduction: We measured the effects of azilsartan medoxomil co-administered with chlorthalidone 25 mg in stage
2 hypertension.

Methods: Azilsartan medoxomil 40 or 80 mg plus chlorthalidone were compared with placebo plus chlorthalidone
once daily in a randomized, double-blind, 6-week trial. The primary endpoint was change from baseline in 24-hour mean
systolic blood pressure by ambulatory blood pressure monitoring.

Results: Patients (N=551; mean age 59 years; 51.7% men) were randomly assigned to placebo plus chlorthalidone
(n=184), azilsartan medoxomil 40 mg plus chlorthalidone (n=185), or azilsartan medoxomil 80 mg plus chlorthalidone
(n=182). Baseline systolic blood pressures were similar among groups. After 6 weeks, least squares mean (standard
error) reductions with azilsartan medoxomil 40 mg and 80 mg plus chlorthalidone were similar in magnitude (-31.7
(1.0) and -31.3 (1.0) mmHg, respectively), but greater than chlorthalidone alone (=15.9 (1.0) mmHg). Hypotension and
serum creatinine elevations were more frequent with azilsartan medoxomil plus chlorthalidone than chlorthalidone
alone (reversed with drug discontinuation). Notably, plasma potassium reduction of 0.43 meq/L with chlorthalidone was
attenuated to 0.13 and 0.05 megq/L by azilsartan medoxomil 40 mg and 80 mg, respectively.

Conclusion: Azilsartan medoxomil 40 mg or 80 mg plus chlorthalidone 25 mg was significantly more efficacious than
chlorthalidone alone in reducing blood pressure and was well tolerated.
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an angiotensin receptor blocker (ARB) or angiotensin-
converting enzyme (ACE) inhibitor, is recommended by
clinical guidelines based on efficacy and safety data from
long-term trials.!3 Hydrochlorothiazide, a thiazide-type
diuretic, and chlorthalidone, a thiazide-like diuretic, are
both used to treat hypertension, although several studies
have found chlorthalidone provides greater BP reductions
and has a longer duration of action.®8 Therefore, chlo-
rthalidone may be more efficacious than hydrochlorothi-
azide when used in combination with a RAS inhibitor.
Data from an observational study of 3849 patients with
arterial hypertension treated with either the ARB azilsar-
tan medoxomil (AZL-M) or an ACE inhibitor showed that
AZL-M was more effective in improving control of
hypertension.’ Data from phase 2 and 3 clinical trials have
demonstrated that compared with the ARBs olmesartan
and valsartan, AZL-M monotherapy had similar or better
efficacy at 40 and 80 mg doses.!*!3 Therefore AZL-M
and chlorthalidone in combination may have more power-
ful antihypertensive effects compared with similar antihy-
pertensive combination therapy. Indeed two phase 3 trials
have shown that AZL-M combined with chlorthalidone
showed superior antihypertensive efficacy compared with
AZL-M and hydrochlorothiazide treatment as well as
compared with the ARB olmesartan combined with
hydrochlorothiazide.!#!5> AZL-M is currently approved
for use as a monotherapy at doses of 40 and 80 mg,!6:17
and approved in a fixed dosed combination (FDC) with
chlorthalidone (AZL-M 40 mg/chlorthalidone 12.5 mg
and AZL-M 40 mg/chlorthalidone 25 mg) based, in part,
on the data presented in this report as well as other studies
in patients with essential hypertension such as the pivotal
8-week factorial design phase 3 trial (clinic SBP 160-190
mmHg) and a phase 3 study in patients who were non-
responsive to AZL-M treatment alone (clinic SBP 160-
190 mmHg and 24-hour SBP 140-175 mmHg by
ambulatory BP monitoring (ABPM)).!8-20

An additional major factor in the decision to select chlo-
rthalidone as the thiazide-like diuretic to be combined with
AZL-M was evidence showing that chlorthalidone has been
utilized in major clinical outcomes trials in hypertension,
and was associated with significantly superior stroke pre-
vention than placebo (relative risk 0.64; P=0.0003),2' and
was found to have cardiovascular protective effects similar
to those of an ACE inhibitor and a calcium antagonist.?? It
should be noted, however, that clinical outcomes studies
with hard cardiovascular endpoints have not been conducted
with the AZL-M/chlorthalidone combination.

This phase 3 clinical trial was designed as the first clini-
cal trial of a potential FDC product to assess the additive
BP reduction by AZL-M 40 and 80 mg in combination
with chlorthalidone 25 mg, and served as the basis for the
AZL-M/chlorthalidone FDC clinical development pro-
gramme, that included, among others, the pivotal phase 3
trial, which led to US Food and Drug Administration

approval of the AZL-M/chlorthalidone FDC.?® Herein, we
report the efficacy and safety of AZL-M co-administered
in free combination with chlorthalidone in patients with
stage 2 hypertension.

Methods
Study design and patient eligibility

This was a phase 3, multicenter, randomized, parallel-group,
double-blind, placebo-controlled study to evaluate the effi-
cacy and safety of AZL-M when combined with chlortha-
lidone 25 mg once daily in patients with stage 2 essential
hypertension. Eligible patients were randomly assigned in a
1:1:1 ratio by an interactive voice response system to receive
once daily AZL-M 40 mg with chlorthalidone 25 mg,
AZL-M 80 mg with chlorthalidone 25 mg, or chlorthalidone
25 mg with placebo for 6 weeks. Treatment randomization
was stratified by race: black and non-black. AZL-M was
manufactured by Takeda Pharmaceutical Company (Osaka,
Japan) and chlorthalidone 25 mg was manufactured by
Mylan Pharmaceuticals Inc. (Morgantown, WV, USA). The
protocol conformed to the Declaration of Helsinki and
regional regulatory guidelines and the study was approved
by regional institutional review boards. Each patient signed
an institutional review board-approved consent form before
any study procedures were initiated. The study medication
blind was maintained using the interactive voice response
system, which was accessed by the study sites for randomi-
zation number and study medication assignments.

To qualify for randomization, patients were required to
be at least 18 years of age, to participate in a 3- to 4-week
washout of previous antihypertensive therapy if treated
previously (with all patients receiving single-blind placebo
during the final 2 weeks of the washout), and to have stage
2 hypertension defined as a post-washout sitting trough
clinic SBP >160 and <190 mmHg at day —1 (day prior to
randomization) and 24-hour mean SBP >140 mmHg and
<180 mmHg by ABPM at day 1.2 Patients were also
expected to have within the reference range clinical labo-
ratory test results (including clinical chemistry, hematol-
ogy and complete urinalysis) or abnormal results that were
deemed not clinically significant for inclusion by the
investigator.

Patients with any forms of secondary hypertension,
known or suspected unilateral or bilateral renal artery ste-
nosis, severe hypertension (seated clinic DBP >119
mmHg), those with a recent (within 6 months) history of
major cardio-, or cerebrovascular event, clinically signifi-
cant cardiac conduction defect, left ventricular outflow
tract obstruction/aortic valvular disease, severe renal
impairment (calculated glomerular filtration rate (cGFR)
<30 mL/min/1.73 m?) were excluded. In addition, patients
with hyper- or hypokalemia (defined as serum potassium
outside of the normal reference range of the central
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laboratory), alanine aminotransferase level >2.5 times the
upper limit of normal (ULN), type 1, or poorly controlled
diabetes (glycosylated hemoglobin >8%), those with
hypersensitivity to ARBs, thiazide-type diuretics, or other
sulfonamide-derived compounds, or who were taking or
expected to take an excluded medication, patients with an
arm circumference <24 cm or >42 cm, night-shift workers,
or those with baseline 24-hour ABPM reading of insuffi-
cient quality, and pregnant, or nursing women and those
with childbearing potential not using approved means of
contraception were also excluded.

Blood pressure assessments

ABPM was performed prior to randomization on day —1,
and at week 6 (or early termination, if at least 4 weeks of
double-blind therapy was completed) with a Spacelabs
90207 monitor (Spacelabs, Inc, Issaquah, WA, USA). The
monitor was fitted in the morning immediately after trough
clinic BP measurement and in-clinic dosing, and was pro-
grammed to measure BP every 15 minutes between 06.00
am and 10.00 pm, and every 20 minutes between 10.00 pm
and 06.00 am. The change from baseline to week 6 in SBP
and DBP using additional ABPM parameters included BP
mean at 0—12 hours after dosing, and trough mean at 22—
24 hours after dosing. A complete schedule of study visits
is presented in Supplemental Table 1. All ABPM studies
were to be performed under similar circumstances (i.e. a
working weekday), and patients were to engage in their
usual physical activity levels, but were to avoid strenuous
exercise during the monitoring period. In addition, sleep-
ing during the daytime (e.g. a siesta) was avoided during
the ABPM study period. During BP measurements,
patients were instructed to hold their arm still and remain
in place once cuff inflation began. The patient was
instructed to return to the clinic the following morning to
verify the ABPM reading quality. A successful ABPM
recording had the ‘beginning of test’ time between 06.00
and 10.00 am, must have been >24 hours in duration, cap-
tured >80% of the possible readings, had <2 non-consecu-
tive hours with <1 valid reading, and had no consecutive
hours with <I valid reading. If these criteria were not met,
the procedure could be repeated within 4-5 days while the
patient had sufficient drug supplies.

Trough seated clinic BP measurements were taken at
approximately 24 hours past the previous dose and prior to
dosing or blood collection on days of clinic visits, with the
patient sitting with feet on the floor in a quiet environment
for at least 5 minutes. An appropriate sized cuff was
applied to the non-dominant arm (supported at heart level),
and three serial measurements were taken (with at least 2
minute intervals) with an automated, calibrated and certi-
fied device (Omron HEM 705CP, Omron Healthcare, Inc.,
Kyoto, Japan). The average of the three sitting BP levels
was used to determine eligibility and at all visits

(screening, baseline, weeks 2, 4, 6/early termination). A
single pulse measurement was also taken manually.

Safety assessments

All patients who received at least one dose of study medi-
cation were included in the safety analysis set. Safety
assessments included treatment-emergent adverse events
(TEAEs; defined as adverse events that started after the
first dose of double-blind study drug and <14 days (or
=30 days for a serious adverse event) after the last dose of
double-blind study drug), clinical laboratory data (includ-
ing chemistry, hematology, lipid profile, fasting plasma
glucose, and human chorionic gonadotropin (for female
patients of childbearing potential)), weight, vital signs,
physical examination, and 12-lead electrocardiograms. An
additional safety variable, cGFR using the Modification of
Diet in Renal Disease equation, was calculated and pro-
vided by the central laboratory (ICON Laboratories,
Farmingdale, NY, USA). All TEAEs observed by the
investigator or reported spontaneously by the patient were
recorded and further characterized by the investigator for
seriousness, and whether or not the event led to discontin-
uation of treatment. In addition, the protocol was amended
to instruct investigators on the monitoring and manage-
ment of patients with elevated serum creatinine >1.3 or
>1.5 times above baseline and ULN, based on the National
Kidney Foundation practice guideline.?*

Exploratory  variables included high-sensitivity
C-reactive protein (hs-CRP), adiponectin, insulin and plas-
minogen activator inhibitor type 1. Additional variables
included homeostasis model assessment of insulin resist-
ance and urine albumin-to-creatinine ratio, which were
calculated and provided by the central laboratory.

Statistical analyses

Data analysis, tabulations of descriptive statistics, and
inferential statistics were performed using SAS, version
8.02 (SAS Institute, Cary, NC, USA). All efficacy analyses
were based on the full analysis set (FAS) and per protocol
set (PPS). The FAS was defined as all randomly assigned
patients who received at least one dose of double-blind
study medication. The PPS was defined as all patients in
the FAS except those subjects identified as having a major
protocol violation. A patient was included in the analyses
of a specific continuous variable only when there was both
a baseline value and at least one value obtained during the
double-blind treatment period. The last observation carried
forward method was used to impute missing data. The data
with the last observation carried forward method applied
were used for the primary efficacy analysis.

The primary efficacy variable was change from base-
line in the 24-hour mean SBP by ABPM, while the key
secondary efficacy variable was change from baseline in
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Table I. Patient demographics.

Characteristic CLD 25 mg AZL-M 40 mg + AZL-M 80 mg +
(n=184) CLD 25 mg CLD 25 mg
(n=185) (n=182)
Sex, n (%)
Male 102 (55.4) 89 (48.1) 94 (51.6)
Female 82 (44.6) 96 (51.9) 88 (48.4)
Age, years
Mean (SD) 59.0 (11.6) 58.2 (11.1) 59 (10.9)
=65, n (%) 55 (29.9) 50 (27.0) 57 (31.3)
Ethnicity, n (%)
Non-Hispanic and Latino 108 (58.7) 114 (61.6) 91 (50.0)
Hispanic or Latino 21 (11.4) 25 (13.5) 26 (14.3)
Not collected? 55 (29.9) 46 (24.9) 65 (35.7)
Race, n (%)
White 109 (59.2) 114 (61.6) 103 (56.6)
American Indian or Alaska nativec 44 (23.9) 37 (20.0) 51 (28.0)
Black or African American 29 (15.8) 30 (16.2) 29 (15.9)
Asian 2 (L.1) 4(2.2) 0
Multiracial 1 (0.5) | (0.5) 2(1.1)
Native Hawaiian or other Pacific Islander 1 (0.5) I (0.5) 1 (0.5)
Missing 1 (0.5) 0 0
Weight, kg, mean (SD) 84.6 (18.8) 86.8 (21.4) 84.0 (18.6)
Height, cm, mean (SD) 166.0 (11.5) 167.1 (11.8) 165.7 (11.6)
BMI, kg/m?, mean (SD) 30.6 (5.2) 30.9 (5.9) 30.5 (5.1)
Region, n (%)
United States 129 (70.1) 139 (75.1) 117 (64.3)
Latin America 55 (29.9) 46 (24.9) 65 (35.7)
Anti-hypertensive treatment history, n (%)
RAAS inhibitors 91 (50.3) 101 (54.9) 93 (51.1)
Calcium channel blockers 29 (16.0) 33 (17.9) 31 (17.0)
Diuretics 36 (19.9) 32(174) 27 (14.8)
Beta-blockers 28 (15.5) 22 (12.0) 24 (13.2)
Antihypertensivesd 5(2.8) 4(2.2) 3(1.6)

2Ethnicity was not collected at Latin American sites.

bPatients who indicated more than one race category were included in each category indicated, and they were included in the multiracial category.

Thus, the sum of the number of patients by racial category may be greater than the total number of patients in the treatment group.
“Patients who self-identified as being Native American were predominantly from Latin America.

9Drug class not available.

AZL-M: azilsartan medoxomil; CLD: chlorthalidone; RAAS: renin—angiotensin—aldosterone system; SD: standard deviation.

trough clinic sitting SBP. ABPM SBP was chosen as the
primary endpoint as several studies have shown that
24-hour SBP is the best predictor of cardiovascular risk,
even after adjustment for risk factors including clinic
BP.25-27 Treatment group comparisons (AZL-M plus chlo-
rthalidone vs. placebo plus chlorthalidone) for the change
from baseline in efficacy variables were carried out using
an analysis of covariance (ANCOVA) with terms for
treatment and baseline value (as a covariate) in the model.
Model estimates, including P values, least squares (LS)
means, and 95% confidence intervals (Cls) for treatment
differences in the change from baseline were developed
within the ANCOVA framework. Type 1 error was con-
trolled for in the primary analysis by using the closed test-
ing principle. An additional secondary analysis was

performed on change from baseline in 24-hour mean
ABPM DBP with treatment as fixed effect and baseline in
24-hour mean ABPM DBP as a covariate. These analyses
were also performed on other ABPM parameters for SBP
and DBP, including daytime mean (06.00 am to 10.00
pm), nighttime mean (12.00 am to 06.00 am), BP mean at
0-12 hours after dosing, and trough mean at 22—24 hours
after dosing. Subgroup analyses such as age, sex, race and
other important baseline factors were also performed for
primary and secondary efficacy variables.

Sample size was estimated based on SBP by ABPM
and clinical sitting SBP as it was a key secondary end-
point. Assuming a 13 mmHg standard deviation (SD) for
the mean change from baseline in 24-hour mean SBP by
ABPM for any treatment and a 15% dropout rate, a total
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Subjects Screened
N=1786

Failed Screen
N=442

Subjects Entered Into
Single-Blind Run-In
N=1344

Failed Single-Blind Run-In
(not randomized)
N=793

Subjects Randomized

[

AZLM 40 mg + AZLM 80 mg +
GLD 25 1 CLD 25 mg CLD 25 mg
- N=181 PP: N= N=185 N=182
(FAS: N=181; PP- N=161) (FAS: N=184; PP N=159) (FAS: N=182; PP: N=159)

| ] |

| | |

N=168 (91.3%) N=16 (8.7%) N=169 (91.4%) N=16 (8.6%) | [N=158 (86.6%) N=24 (13.2%)
Completed Discontinued Completed Discontinued Completed Discontinued
Study® Study® Study® Study® Study® Study®
T I T
Adverse Event 6 (3.3%) Adverse Event 9 (4.9%) | | Adverse Event 9 (4.9%)
Pratocol Deviation [} Protocol Deviation 2(1.1%) Protocol Deviation 3 (1.6%)
Lost to Follow-up 1(0.5%) Lost to Follow-up 1 (0.5%) Lost to Follow-up 4(2.2%)
Voluntary Withdrawal 3 (1.6%) Voluntary Withdrawal 2 (1.1%) | | Voluntary Withdrawal 5 (2.7%)
Lack of Efficacy 2(1.1%) | | Lack of Efficacy 1(0.5%) | |Lack of Efficacy 2(1.1%)
Study Termination 0 Study Termination 0 Study Termination 0
Pregnancy 0 Pregnancy 0 Pregnancy 0
Other 4 (2.2%) | | Other 1(0.5%) | | Other 1(0.5%)

Figure 1. Disposition of patients.

2For the purpose of this disposition figure, patients who completed study were calculated as the total number randomly assigned per treatment

group minus those who discontinued.

bPatients could have had more than one reason for discontinuation; only the primary reason is presented here.
AZL-M: azilsartan medoxomil; CLD: chlorthalidone; FAS: full analysis set; PP: per protocol.

of 540 patients (180 per treatment group) was deter-
mined to be sufficient to achieve at least 90% power to
detect a difference of S mmHg between the AZL-M plus
chlorthalidone treatment groups and placebo plus chlo-
rthalidone group by a two-sample ¢-test of the mean
change from baseline in 24-hour mean ABPM SBP with
a two-sided significance level of 5%. Similarly, assum-
ing a SD of 14 mmHg for the mean change from baseline
in trough clinic sitting SBP, the sample size provided at
least 85% power to detect a difference of 5 mmHg in
trough clinic sitting SBP between the AZL-M plus chlo-
rthalidone treatment groups and placebo plus chlortha-
lidone group with a two-sided significance level of 5%.

Results

Patient disposition and demographics

Patients were enrolled at 74 investigative sites in Argentina,
Chile, Mexico, Peru and the United States from September
2007 to March 2009. The disposition of patients screened
and enrolled in the study and the demographics of enrolled
patients are shown in Figure 1 and Table 1, respectively.
Patient demographics were comparable between groups. A
total of 1786 patients were screened, and 1344 patients from
74 sites in the United States and Latin America entered the
single-blind period. Of these patients, 551 were randomly
assigned to treatment with placebo with chlorthalidone 25
mg (n=184), AZL-M 40 mg with chlorthalidone 25 mg

(n=185), or AZL-M 80 mg with chlorthalidone 25 mg
(n=182). All but four randomly assigned patients received at
least one dose of double-blind study medication (three in the
AZL-M 40 mg plus chlorthalidone 25 mg group and one in
the placebo plus chlorthalidone 25 mg group). A total of 495
(89.8%) patients completed the study. The most common
reasons for premature discontinuation included adverse
events (4.4%) and voluntary withdrawal (1.8%). There was
a higher withdrawal rate in the AZL-M 80 mg plus chlortha-
lidone 25 mg group (13%) versus the other groups (8.6—
8.7%), primarily due to more patients who voluntarily
withdrew or were lost to follow-up. Among the randomly
assigned participants, the mean age was 58.7 years, with
males and females similarly represented; the baseline mean
24-hour BP (151.4/89.7-153.2/90.5 mmHg) and mean
clinic BP (165.6/93.4-166.4/94.8 mmHg) were similar
across the groups. There were no major differences with
respect to other demographic characteristics.

Change from baseline in SBP

At baseline, 24-hour LS mean (standard error (SE)) SBP
by ABPM was similar among the chlorthalidone-alone
(153.4 (0.8) mmHg) and the AZL-M 40 mg plus chlortha-
lidone (152.0 (0.8) mmHg) and AZL-M 80 mg plus chlo-
rthalidone (151.9 (0.8) mmHg) groups. After the 6-week
treatment period, the LS mean (SE) reductions in SBP by
24-hour ABPM observed in the AZL-M 40 mg plus chlo-
rthalidone and AZL-M 80 mg plus chlorthalidone
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Figure 2. Clinic and ABPM results for both SBP and DBP.
*P<0.001.

ABPM: ambulatory blood pressure measurement; AZL-M: azilsartan medoxomil; CLD: chlorthalidone; DBP: diastolic blood pressure; LS: least

squares; SBP: systolic blood pressure.

co-administration groups were similar in magnitude (—31.7
(1.0) and —31.3 (1.0) mmHg, respectively), but greater
than that of the chlorthalidone-alone group (—15.9 (1.0)
mmHg) (Figure 2). A statistically significant LS mean dif-
ference was observed for the change from baseline in
24-hour mean SBP between the chlorthalidone-alone and
AZL-M 40 mg plus chlorthalidone groups (—15.9 (95% CI
—18.5, —13.2) mmHg; P<<0.001) and between the chlo-
rthalidone-alone and AZL-M 80 mg plus chlorthalidone
groups (—15.5 (95% CI —18.1, —12.8) mmHg; P<<0.001).
Overall, there was a significant change from baseline fol-
lowing 6 weeks of treatment between chlorthalidone alone
and AZL-M plus chlorthalidone (P<<0.001). Similar results
were also observed for the analysis based on the PPS, in
which the LS mean difference for AZL-M 40 mg plus
chlorthalidone co-administration and AZL-M 80 mg plus
chlorthalidone groups was —16.5 (95% CI —19.4, —13.6)
and —15.5 (95% CI —18.3, —12.6), respectively, relative to
chlorthalidone alone (P<<0.001 for all comparisons).
Clinic SBP observations were similar to those observed
with 24-hour ABPM. At baseline, LS mean (SE) clinic
SBP was similar among the chlorthalidone-alone (165.6
(1.0) mmHg) and AZL-M 40 mg plus chlorthalidone
(166.3 (1.0) mmHg) and AZL-M 80 mg plus chlortha-
lidone (166.3 (1.1) mmHg) groups. At week 6, LS mean
(SE) reductions in clinic SBP in both the AZL-M 40 mg

plus chlorthalidone and AZL-M 80 mg plus chlorthalidone
co-administration groups were similar in magnitude (—36.2
(1.2) and —34.4 (1.2) mmHg, respectively), but greater
than that observed in the chlorthalidone-alone group
(—21.8 (1.2) mmHg) (Figure 2). AZL-M 40 mg plus chlo-
rthalidone and AZL-M 80 mg plus chlorthalidone were
associated with statistically significantly greater reduc-
tions of 14.4 mmHg (95% CI —17.81, —10.99) and 12.7
mmHg (95% CI —16.10, —9.25), respectively, relative to
the chlorthalidone-alone group (P<<0.001 for both indi-
vidual comparisons).

Change from baseline in DBP

The baseline 24-hour LS mean (SE) DBP by ABPM was
also similar between the chlorthalidone-alone (89.8 (0.9)
mmHg) and both the AZL-M 40 mg plus chlorthalidone
(90.5 (0.9) mmHg) and AZL-M 80 mg plus chlorthalidone
(90.1 (0.9) mmHg) groups. After 6 weeks of treatment,
reductions in ABPM DBP in both the AZL-M 40 mg plus
chlorthalidone and AZL-M 80 mg plus chlorthalidone co-
administration groups were similar in magnitude (—18.3
(0.6) mmHg, —18.5 (0.6) mmHg, respectively), but greater
than that observed with chlorthalidone alone (—8.0 (0.6)
mmHg) (Figure 2). The difference in the change from
basecline was statistically significant across groups
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(P<<0.001). Relative to chlorthalidone, the LS mean of the
reduction from the baseline was significantly greater for
AZL-M 40 mg plus chlorthalidone (the differences in the
LS means are —10.3 mmHg (95% CI —12.0, —8.6)) and
AZL-M 80 mg plus chlorthalidone (—10.5 mmHg (95% CI
—12.2, -8.8)).

At baseline, LS mean (SE) clinic DBP measures were
also similar among the chlorthalidone-alone (93.5 (0.9)
mmHg) and the AZL-M 40 mg (94.7 (0.9) mmHg) and
80 mg (94.5 (0.9) mmHg) plus chlorthalidone groups.
After 6 weeks of treatment, reductions in clinic DBP in
both the AZL-M 40 mg plus chlorthalidone and AZL-M
80 mg plus chlorthalidone groups were similar in magni-
tude (—=16.2 (0.7) mmHg and —16.0 (0.7) mmHg, respec-
tively) but greater than that observed in the
chlorthalidone-alone group (—8.9 (0.7) mmHg) (Figure
2). The differences in the LS means of the change from
baseline (=7.3 mmHg (95% CI —9.3, —=5.3) and —7.1
mmHg (95% CI —9.1, —=5.1)) were statistically signifi-
cant for the AZL-M 40 mg and 80 mg plus chlortha-
lidone co-administration groups, respectively, relative to
the chlorthalidone-alone group (P<<0.001 for both indi-
vidual comparisons). Significantly greater reductions in
mean clinic DBP were also observed in both AZL-M
plus chlorthalidone groups relative to the chlorthalidone-
alone group at week 2 and week 4.

At baseline, there were no statistically significant dif-
ferences across treatment groups for any of the mean
ABPM SBP or DBP parameters (trough, daytime, night-
time and 0-12 hours after dosing). At week 6, ABPM
parameters for both SBP and DBP showed greater reduc-
tions in the nighttime and trough measures in the chlortha-
lidone-alone group compared with daytime measures,
whereas the opposite was true for the co-administration
therapy groups. However, co-administration therapy
yielded incremental reductions in SBP/DBP for each
measure, and there were statistically significantly greater
reductions in favor of each AZL-M plus chlorthalidone
group relative to chlorthalidone alone for all ABPM
parameters (Table 2). Results were similar between the
FAS analyses described above and the analyses based on
the PPS (Supplemental Table 2). The mean SBP values
observed at each hour of the week 6 ambulatory recording
are shown in Figure 3. Both AZL-M plus chlorthalidone
co-administration groups’ 24-hour and 12-hour trough to
peak ratios for SBP and DBP were >0.5 (range 0.52—0.63)
and slightly higher than those of the chlorthalidone-alone
group (range 0.37-0.56). Patients aged >65 years tended to
have a higher baseline 24-hour SBP compared with those
aged <65 years; however, treatment responses were simi-
lar in both groups.

Subgroup analyses for heterogeneity of BP effects of
AZL-M when co-administered with chlorthalidone relative
to chlorthalidone alone were performed by age, gender,
race, body mass index (BMI), baseline 24-hour mean SBP

and cGFR for primary and secondary efficacy variables.
Greater BP reductions were observed with AZL-M plus
chlorthalidone therapy relative to chlorthalidone alone
across all subgroups examined (Supplemental Table 3).

Achievement of response criteria

For each response criterion (defined as clinic SBP <140
mmHg and/or reduction of =20 mmHg from baseline,
clinic DBP <90 mmHg and/or reduction of =10 mmHg
from baseline, and joint SBP and DBP criteria), both co-
administration groups had a statistically significantly
higher proportion of responders than in the chlorthalidone-
alone group (Figure 4). For both the SBP and combined
SBP and DBP categories, there were over 20% more
responders in the co-administration groups compared with
the chlorthalidone-alone group. Likewise, improved
response was also observed for the DBP category, with
over 12% more responders in the co-administration groups
compared with the chlorthalidone-alone group. Similar
results were observed in the analysis based on the PPS.

Safety

As summarized in Table 3, the overall frequency of TEAEs
across groups was similar (chlorthalidone alone (51.9%)
and AZL-M 40 mg and 80 mg co-administration groups
(52.2%) and (51.6%), respectively); however, there were
notable variations in the reporting rates of individual
TEAEs. Commonly reported TEAEs (=2% of patients in
any of the treatment groups), such as dizziness, hypoten-
sion, increased blood creatinine, diarrhea, urinary tract
infection, hematuria, asthenia and muscle spasms were
more frequent in the AZL-M with chlorthalidone groups,
whereas headache and hypokalemia were reported more
frequently in the chlorthalidone-alone group. Increased
serum plasminogen activator inhibitor and elevated hs-
CRP, which were exploratory variables, were also com-
monly reported and more frequent in the AZL-M plus
chlorthalidone groups.

The percentage of patients with a TEAE that the inves-
tigator considered related (possibly, probably, or defi-
nitely) to the study drug was higher in the AZL-M plus
chlorthalidone groups relative to chlorthalidone alone, pri-
marily due to increased reports of dizziness in the co-
administration arms. The majority of TEAEs were mild to
moderate in severity. Reports of TEAESs that led to discon-
tinuation and serious TEAEs were infrequent. The inci-
dence of TEAESs that led to permanent discontinuation was
slightly higher in the AZL-M plus chlorthalidone groups
than with chlorthalidone alone. A total of seven patients
across treatment groups reported serious TEAESs, includ-
ing one death in the chlorthalidone-alone group (due to
cardiogenic shock). There were two serious TEAEs of syn-
cope, one in each AZL-M plus chlorthalidone group, but
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Table 2. Baseline to week 6 for other ABPM parameters.

Parameter CLD 25 mg AZL-M 40 mg AZL-M 80 mg
(n=18l) + CLD 25 mg + CLD 25 mg
(n=184) (n=182)

SBP
Daytime (06.00 am—10.00 pm)

Baseline, LS mean (SE) 156.9 (0.8) 155.6 (0.8) 155.2 (0.8)

Change from baseline, LS mean (SE) —-15.7 (1.0) -32.5 (1.0) -32.0 (1.0)

Difference from CLD, LS mean (95% Cl) —16.8% (-19.6, —14.0) —16.2%* (-19.0, —13.5)
Nighttime (12.00 am—06.00 am)

Baseline, LS mean (SE) 142.4 (1.1) 141.3 (1.1) 142.3 (1.1)

Change from baseline, LS mean (SE) —-16.6 (I.1) —29.5 (1.1) —29.4 (1.1)

Difference from CLD, LS mean (95% Cl) —12.9% (-15.9, -9.9) —12.8%* (-15.8, -9.8)
0-12 Hours

Baseline, LS mean (SE) 157.4 (0.8) 156.2 (0.8) 155.5 (0.8)

Change from baseline, LS mean (SE) —-15.5 (1.0) =33.0 (I.1) -32.5(1.0)

Difference from CLD, LS mean (95% Cl) —17.5% (-20.4, —14.6) —17.0% (-19.8, —14.1)
Trough (22-24 hours)

Baseline, LS mean (SE) 156.8 (1.0) 155.8 (1.0) 155.8 (I.1)

Change from baseline, LS mean (SE) —17.0 (1.1) =30.7 (I.1) -30.2 (I.1)

Difference from CLD, LS mean (95% Cl) —14.0% (-=17.1,-10.9) —13.5% (-16.6, —10.4)
DBP
Daytime (06.00 am—10.00 pm)

Baseline, LS mean (SE) 93.1 (0.9) 93.9 (0.9) 93.3 (0.9)

Change from baseline, LS mean (SE) —-7.8 (0.7) —-18.8 (0.7) -19.0 (0.7)

Difference from CLD, LS mean (95% CI) —11.0%* (-12.9, -9.2) —11.2% (-13.04, -9.4)
Nighttime (12.00 am—06.00 am)

Baseline, LS mean (SE) 80.0 (0.9) 81.0 (0.9) 81.0 (0.9)

Change from baseline, LS mean (SE) -8.9 (0.7) —17.1 (0.7) —17.1 (0.7)

Difference from CLD, LS mean (95% Cl) —8.2% (—10.14, —6.19) —8.2% (-10.2, —6.2)
0-12 Hours

Baseline, LS mean (SE) 93.6 (0.9) 94.3 (1.0) 94.0 (1.0)

Change from baseline, LS mean (SE) -7.5(0.7) —-19.1 (0.7) -19.2 (0.7)

Difference from CLD, LS mean (95% Cl) —11.5% (-13.5, -9.6) =1 1.7% (-13.6, -9.7)
Trough (22-24 hours)

Baseline, LS mean (SE) 94.6 (1.0) 95.9 (1.0) 95.8 (1.0)

Change from baseline, LS mean (SE) -9.4 (0.8) —-18.8 (0.8) —-19.0 (0.8)

Difference from CLD, LS mean (95% CI)

—9.4% (—11.7,-7.2)

—9.7% (—11.9, -7.5)

*P<0.001.

ABPM: ambulatory blood pressure measurement; AZL-M: azilsartan medoxomil; Cl: confidence interval; CLD: chlorthalidone; DBP: diastolic blood

pressure; LS: least squares; SBP: systolic blood pressure; SE: standard error.

these events did not result in discontinuation. TEAEs
related to signs and symptoms of hypotension (such as diz-
ziness) were reported more frequently in the AZL-M plus
chlorthalidone groups.

Among laboratory parameters, a mean increase from
baseline in serum creatinine tended to be greater in the
AZL-M plus chlorthalidone groups compared with chlo-
rthalidone alone, whereas the mean decrease from baseline
in serum potassium was greater in the chlorthalidone-alone
group compared with AZL-M 40 mg and 80 mg plus chlo-
rthalidone co-administration groups. Moderate increases of
uric acid were observed in all groups, with slightly greater
mean increases in the AZL-M plus chlorthalidone groups.

Small increases of glucose and creatine kinase were
observed proportionally in all groups. There were no signifi-
cant mean changes from baseline in liver function parame-
ters in any treatment group (Supplemental Table 4).
Creatinine elevations that met certain criteria (=30%
and =50% from baseline and >ULN) were reported by
investigators as TEAEs of special interest, and patients
with >50% ULN elevations were considered for discon-
tinuation. All patients with creatinine elevations meeting
either criteria were followed up until normalization or
stabilization. An analysis of the relationship between
creatinine elevations and BP reduction showed that
patients with serum creatinine elevations had a higher
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Figure 3. Hourly SBP and DBP ABPM data at baseline and week 6.

ABPM: ambulatory blood pressure measurement; AZL-M: azilsartan medoxomil; CLD: chlorthalidone; DBP, diastolic blood pressure; LS: least

squares; SBP: systolic blood pressure.

mean SBP at baseline and also experienced greater
reductions in SBP at week 6 than patients without serum
creatinine elevations. Among patients with serum creati-
nine elevations who had available follow-up data, serum
creatinine returned to or near baseline levels in all but
one patient.

Discussion

In this study of patients with stage 2 hypertension, co-
administration of AZL-M 40 mg/chlorthalidone 25 mg
and AZL-M 80 mg/chlorthalidone 25 mg produced clini-
cally meaningful and statistically significant reductions
in 24-hour mean SBP and clinic trough SBP relative to
chlorthalidone alone. In addition, both combination
doses were more effective than chlorthalidone alone in
achieving BP responses for clinic SBP, DBP, and joint
SBP and DBP targets. Importantly, the treatment effect
observed in the chlorthalidone 25-mg alone group (-21.8
mmHg) was consistent with previously reported reduc-
tions between 15 mmHg and 20 mmHg in patients with

mild to moderate hypertension.?®2? Likewise, reductions
in 24-hour mean SBP in the chlorthalidone-alone arm
(—=15.9 mmHg) were consistent with those observed in an
ABPM study of chlorthalidone 25 mg (—12.4 mmHg),
albeit in a small cohort of subjects with less severe
hypertension (mean baseline clinic SBP 145 mmHg).?°
Previous studies have shown that as monotherapy,
chlorthalidone was more effective in controlling hyper-
tension than hydrochlorothiazide.®8  Furthermore,
AZL-M alone has been shown to be more efficacious
compared to olmesartan and valsartan.!0-13 Therefore,
these two drugs were selected as combination therapy in
this study as they represented the most effective antihy-
pertensive agents in their respective classes. The current
study was the first clinical trial of the AZL-M/chlortha-
lidone FDC clinical development programme and led to
further clinical trials including a phase 3 trial composed
of 1714 patients treated with AZL-M (20, 40, or 80 mg)
and/or chlorthalidone (12.5 mg or 25 mg) for 8 weeks.!8
Patients treated with AZL-M and chlorthalidone in com-
bination showed greater reductions in both clinic SBP
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Figure 4. Proportion of patients achieving BP target at final visit.

2P<<0.00| based on logistic regression analysis.
P=0.002 based on logistic regression analysis.

AZL-M: azilsartan medoxomil; BP: blood pressure; CLD: chlorthalidone; DBP: diastolic blood pressure; SBP: systolic blood pressure.

and ABPM SBP when compared with AZL-M or chlo-
rthalidone monotherapy. Compelling clinical interest led
to the immediate drafting and publication of two other
clinical trials of AZL-M/chlorthalidone FDCs immedi-
ately on study completion.!*!5 In a study of 1071 patients
with stage 2 hypertension, patients treated with fixed-
dose AZL-M 40 mg with chlorthalidone 25 mg showed a
greater reduction in both clinic SBP (5-7 mmHg) and
ABPM SBP (7-9 mmHg) following 12 weeks of treat-
ment compared with fixed-dose olmesartan plus hydro-
chlorothiazide combination therapy.'# In another study of
609 patients with stage 2 hypertension, treatment with
fixed-dose AZL-M 40 mg plus chlorthalidone 25 mg pro-
vided greater and clinically meaningful reductions in
clinic SBP compared with co-administration of AZL-M
40 mg plus hydrochlorothiazide 25 mg treatment (35.1
mmHg vs. 29.5 mmHg; P<<0.001).'S The current study,
although completed prior to Cushman et al.!# and Bakris
et al.,!” is clinically relevant as these data provided the
basis for a full phase 3 clinical development programme
resulting in the approval of FDC AZL-M/chlorthalidone
in the United States and Mexico, and in other countries in
South America, Europe and Asia. In keeping with the
antihypertensive results observed in this study, we also
note that azilsartan and azilsartan in fixed combination
with chlorthalidone used in the SPRINT trial of 9351
patients with SBP >130 mmHg, in which patients

achieved a mean SBP of 136.2 mmHg (n=4683; standard
treatment group) or 121.4 mmHg (n=4678; intensive
treatment group) following one year of treatment.3° Taken
together, AZL-M plus chlorthalidone combination ther-
apy provides effective and additive BP reductions in
patients with stage 2 hypertension.

Examination of BP reduction by subgroup, including
age, race, sex and BMI, did not reveal evidence of het-
erogeneity in response to AZL-M plus chlorthalidone
treatment. In particular, the response to AZL-M 40 mg or
80 mg plus chlorthalidone 25 mg therapy was compara-
ble among black and white patients, with absolute reduc-
tions in 24-hour SBP ranging between 31.4 mmHg and
34.2 mmHg across both subgroups and doses. Decreases
in 24-hour SBP with AZL-M plus chlorthalidone relative
to chlorthalidone alone were not substantially different
in either subgroup (range —14.9 to —-16.6 mmHg),
although interpretation of these data are limited by the
relatively small number of black patients in the subgroup
analyses.

Overall, AZL-M/chlorthalidone co-administration
was well tolerated and the incidence of TEAEs was low
among all three treatment groups. The majority of
TEAEs were mild or moderate in severity. Patients in the
chlorthalidone-alone group experienced higher rates of
headache and hypokalemia, compared with combination
therapy. In fact, the use of AZL-M largely mitigated the
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Table 3. Treatment-emergent adverse events.

Parameter, n (%) CLD 25 mg AZL-M 40 mg AZL-M 80 mg
(n=181) +CLD 25 mg CLD 25 mg
(n=184) (n=182)
Any TEAE 94 (51.9) 96 (52.2) 94 (51.6)
TEAEs leading to discontinuation 6 (3.3) 10 (5.4) 8 (4.4)
Serious TEAEs | (0.6) 3(1.6) 3(1.6)
Most common TEAEs? (=2% in any treatment group)
Dizziness 6 (3.3) 16 (8.7) 19 (10.4)
Headache 13(7.2) 8 (4.3) 9 (4.9)
Plasminogen activator inhibitor increased 3(1.7) 12 (6.5) 4(2.2)
Hypokalemia Il (6.1) 2(1.1) 4(22)
Dyslipidemia 4(22) 7 (3.8) 5(2.7)
Blood creatinine increased 0 5(2.7) 9 (4.9)
Asthenia 2 (1.1) 6 (3.3) 5(2.7)
Urinary tract infection 3(1.7) 3(1.6) 7 (3.8)
Back pain 2 (1.1) 7 (3.8) 3 (1.6)
Edema® 5(2.8) 4(22) 2(1.1)
Fatigue 5(2.8) 6(3.3) 0
Diarrhea 0 4(2.2) 6(3.3)
Blood uric acid increased 2 (1.1) 4(2.2) 3(1.6)
Blood creatine phosphokinase increased 3(1.7) 1 (0.5) 4(2.2)
hs-CRP increased 0 4(2.2) 4(2.2)
Hypotension 0 4(2.2) 4(2.2)
Palpitations 4(2.2) 3(1.6) 1 (0.5)
Upper respiratory tract infection 2(1.1) 4(2.2) 3(1.6)
Hematuria I (0.6) 3(1.6) 3(1.6)
Hypertriglyceridemia 2 (1.1) 1 (0.5) 4(2.2)
Blood potassium decreased® 3(1.7) 0 0

2TEAEs were coded using the medical dictionary for regulatory activities, version | 1.1.

bIncludes edema and edema peripheral.

cAlthough blood potassium decrease was reported in <2% of patients, it is included because it is related to the preferred term hypokalemia.
AZL-M: azilsartan medoxomil; CLD: chlorthalidone; hs-CRP: high-sensitivity C-reactive protein; TEAE: treatment-emergent adverse event.

hypokalemic effect caused by the diuretic chlortha-
lidone, thus providing an approach for utilizing the anti-
hypertensive efficacy of chlorthalidone while minimizing
its adverse effect on potassium metabolism. A greater
proportion of patients experienced dizziness in the com-
bination therapy groups compared with chlorthalidone
alone. The types of TEAEs and discontinuation rates in
this study were similar to those reported in previous
studies and confirm the safety and tolerability profile of
azilsartan plus chlorthalidone.!%15

Limitations

Notably, while previous phase 3 trials examining the anti-
hypertensive effects of AZL-M alone tended to display a
consistent though modest pattern of dose differentiation
between 40 mg and 80 mg,!*!! these trends were not
observed in this study; however, this study did not for-
mally evaluate differences in efficacy between AZL-M 40
mg and AZL-M 80 mg co-administered with chlortha-
lidone. A similar pattern of blunted dose-response has
been observed with other ARB—diuretic combinations.3!-32

Conclusion

Co-administration of AZL-M 40 mg and 80 mg with
chlorthalidone 25 mg was associated with a positive ben-
efit to risk and tolerability profile relative to chlortha-
lidone 25 mg alone. Co-administration was also
significantly more efficacious than chlorthalidone 25 mg
alone in reducing BP. This study confirms that combina-
tion therapy with AZL-M and chlorthalidone is an effec-
tive antihypertensive treatment in patients with stage 2
essential hypertension.
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