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This 4-week randomized, double blind, placebo-
controlled study (N=240), 1-year open label trial
(N=233), and single-dose pharmacokinetic study
(N=22) evaluated candesartan cilexetil (3 doses)
in bypertensive children aged 6 to 17 years.
Seventy-one percent were 12 years of age or
older, 71% were male, and 47 % were black.
Systolic (SBP)/diastolic (DBP) blood pressure
declined 8.6/4.8-11.2/8.0 mm Hg with candesar-
tan and 3.7/1.8 mm Hg with placebo (P<.01
compared to placebo for SBP and for the mid
and high doses for DBP; placebo-corrected
4.9/3.0-7.5/6.2 mm Hg). The slopes for dose
were not, however, different from zero (P>.05).
The response rate (SBP and DBP <95th percen-
tile) after 1 year was 53%. The pharmacokinetic
profiles in 6- to 12- and 12- to 17-year-olds were
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similar and were comparable to adults. Eight
candesartan patients discontinued treatment
because of an adverse event. Candesartan is an
effective, well-tolerated antibypertensive agent for
children aged 6 to 17 years and has a pharmaco-
kinetic profile that is similar to that in adults.
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With the establishment of normative blood
pressure (BP) data for children and the def-
inition of age-specific criteria for the diagnosis of
hypertension, it has become apparent that pediat-
ric hypertension is more prevalent than previously
believed."* Although it is not yet established that
hypertensive children will suffer the same long-
term cardiovascular consequences as hypertensive
adults, such as myocardial infarction and stroke,
it is not uncommon for the hypertensive child
to exhibit some vascular abnormalities.”™* For
example, left ventricular hypertrophy may be
noted in approximately one-third of hypertensive
children, and carotid intima-media thickness in
hypertensive children exceeds that in normotensive
children.>>® Given these considerations, expert
committees recommend lowering elevated BP in
children and specifically recommend pharmaco-
logic therapy when lifestyle changes are inadequate
or when the hypertension is symptomatic or
accompanied by end organ changes.””

While dosing guidelines for children have been
established for a number of antihypertensive agents,
many of the recommendations have simply been
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derived from adult doses, modified by trial and
error. More recently, controlled clinical trials
accompanied by pharmacokinetic (PK) studies have
been undertaken.” The results of these studies are
often consistent with the antihypertensive effects
described in adults, but there have been some
exceptions.* ¢ Thus, careful study of antihyper-
tensive agents is important to clarify the use of
medications for treating the hypertensive child.

Candesartan is an angiotensin receptor—blocking
agent that selectively inhibits the angiotensin II, type
1 receptor by binding tightly to and dissociating
slowly from the receptor site.'” It lowers BP with
once-daily dosing in adults with the dose range of
2 to 32 mg.'"® The tablet for oral administration is
candesartan cilexetil, which is hydrolyzed to cande-
sartan upon absorption from the gastrointestinal
tract. The tablets are relatively small (7-9.5 mm in
diameter) and are palatable for children.!”

The Candesartan in Children With Hypertension
(CINCH) program set out to evaluate the use of
candesartan tablets as treatment for hypertensive
children aged 6 to 17 years and a candesartan
liquid (suspension) formulation for hypertensive
children aged 1 to 6 years. The program was spe-
cifically designed to comply with a US Food and
Drug Administration (FDA) written request. As
directed by the FDA, the program excluded chil-
dren younger than 1 year, given the potential for
inhibitors of the renin-angiotensin-aldosterone sys-
tem to impair renal maturation in the incompletely
developed kidney.”**' The current report describes
the results of studies in 6- to 17-year-old hyper-
tensives: a 4-week dose-ranging study, a 52-week
clinical experience study, and a single-dose PK sub-
study. A study in children 1 to 6 years of age is
ongoing and will be reported separately.

METHODS

Study Design

The 4-week dose-ranging study was randomized,
double-blind, placebo-controlled, and parallel-group
in design and was conducted in the United States
and Europe (total of 42 sites). The study permitted
enrollment of children aged 6 to 17 years with both
newly diagnosed and previously diagnosed hyper-
tension. Potentially eligible patients first entered a
1-week single-blind placebo period, after which
those found to be study-eligible (systolic blood pres-
sure [SBP] or diastolic blood pressure [DBP] greater
than the population 95th percentile height-corrected
age/sex BP distributions but not exceeding the
95th percentile by >20/10 mm Hg) were randomly
allocated to treatment with placebo or 1 of 3 dose
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levels of candesartan in a 1:2:2:2 ratio. For children
weighing <50 kg, the candesartan doses were 2, 8,
and 16 mg once daily, and for those >50 kg, they
were 4, 16, and 32 mg. The highest dose in each
weight panel was administered as a “half-dose” for
1 week before blinded escalation to the assigned
dose. Clinic visits for BP and safety assessments
occurred at weekly intervals. The study protocol
excluded persons with known secondary hyper-
tension (eg, coarctation of the aorta, endocrinopa-
thies), bilateral renal artery stenosis, uncompensated
nephrotic syndrome, and insulin-dependent diabetes
mellitus and those thought to be pregnant (positive
pregnancy test result). Patients with an estimated
glomerular filtration rate <50 mL/min/1.73 m” were
also excluded.*

The longer-term clinical experience study
enrolled patients who had completed participation
in the 4-week dose-ranging study as well as a lim-
ited number of patients who would have otherwise
met the dose-ranging study eligibility criteria. In the
1-year study, investigators began open-label cande-
sartan at 4 or 8 mg (depending on the patient’s
weight) but could then adjust doses between 2 and
32 mg with the goal of controlling the BP. Other
antihypertensive agents, with the exception of other
angiotensin receptor blockers, were permitted, if
added to candesartan 32 mg (or the highest toler-
ated dose). The follow-up visit schedule was every
4 weeks to week 16 then every 8 weeks to week
48; the final visit was at week 52. Investigators
were also to query postmenarche females monthly
as to changes in menstrual pattern and to conduct
necessary pregnancy testing.

The clinical experience study included PK and
neurocognition substudies. In the PK study, patients
weighing at least 25 kg abstained from candesartan
dosing for at least 48 hours, then received a single
16-mg dose and had predosing and serial post-
dosing blood samples collected over 24 hours for
determination of plasma candesartan concentra-
tions. They then resumed (or started) candesartan
treatment. The neurocognition substudy included a
baseline and 1-year follow-up Wechsler Intelligence
Scale for Children, 4th Edition, conducted by
or under the supervision of a licensed, certified
psychologist.

In both the dose-ranging and clinical experience
study, BP was measured with patients in a resting,
sitting  position, 24 hours postdosing with an
appropriately sized cuff. SBP was taken as the
first and DBP as the 5th Korotkoff sounds. Each
BP determination represented the mean of 3
measurements.
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Laboratory test (hematology, chemistry, and
urinalysis) and electrocardiography results were
collected at the screening visit and at week 4 in
the dose-ranging study, and laboratory test results
were collected at weeks 24 and 52 in the clinical
experience study.

Study participants (parents or guardians) pro-
vided written informed consent/assent prior to par-
ticipating in the study, and the study was approved
by each investigator’s ethics committee or institu-
tional review board as per local regulations.

Statistical Methods

In the dose-ranging study, placebo-corrected change
in sitting SBP (SiSBP) served as the primary efficacy
measure; the primary analysis evaluated the change
as a function of dose (excluding placebo) by multi-
ple linear regression with the two weight panels
pooled (low dose, 2/4 mg; medium dose, 8/16 mg;
high dose, 16/32 mg) and with assigned relative
dose values of 1:4:8. Secondary analyses included a
similar analysis for sitting DBP (SiDBP) as well as
pairwise comparisons in ANCOVA models with
baseline BP as a covariate and treatment group as a
factor.

The dose-ranging study was originally planned
for 210 participants and was based on assumed
standard deviations of the predictor variable (dose)
of 10.1 and of residuals of 12 (0=.05 [two-sided])
and a 20% dropout rate. (The corresponding
power was 84%.) Subsequent to a revised FDA-
written request, which specified statistical criteria
for excluding a minimum treatment effect, the tar-
get sample size was increased to 238 participants.
No formal sample size estimates were done for the
clinical experience study as it simply allowed for
the enrollment of patients who were recruited from
the dose-ranging study as well as for an additional
10% who could enroll directly.

For both studies, therapeutic response was
defined as both an SiSBP and a SiDBP less than the
95th percentile and was expressed as a response
rate, which was the simple proportion of respond-
ers. Growth (change in height and weight) was
based on Z-scores (age- and sex-specific standard
deviation scores based on the US Centers for
Disease Control national growth standards).

For the PK substudy, a sample size of 16
patients (8 aged 6-12 years and 8 aged 12-17
years) was projected to adequately describe the PK
parameters given the variability in plasma concen-
trations observed in prior adult studies. The PK
parameters included maximum plasma concentra-
tion (Cpax), time to Chax (tmax), area under the
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plasma concentration curve extrapolated to infinity
determined by trapezoidal rule (AUC), and terminal
elimination half-life (t;,, calculated as 0.693/term-
inal elimination rate constant).

The neurocognition substudy projected a need
for approximately 24 participants (12 aged 6-
12 years and 12 aged 12-17 years) to detect a
10-point decline in the full-scale intelligence quo-
tient (FSIQ), assuming a mean score of 100 and an
SD of 15 (a=.05 [one-sided]; power, 80%).

Laboratory Methods

Hematology, chemistry, and urinalysis tests (includ-
ing microalbumin/creatinine ratio) were performed
by a central laboratory (Quintiles, Smyrna, GA),
and plasma candesartan concentration samples
were analyzed by Quintiles AB, Sweden, based on
established methods.*?

RESULTS

Four-Week Dose-Ranging Study

The study investigators randomized a total of 240
patients, all of whom were included in the intent-
to-treat analysis group. For 9 patients, a week 4 BP
value was imputed with the last available observa-
tion. Eleven patients discontinued treatment in the
dose-ranging study: 3 for study eligibility violations,
3 for adverse events, and 5 for other reasons.

Most of the children were aged 12 years or
older, were male, weighed >50 kg, and had a body
mass index exceeding the 95th percentile. There
were approximately equal proportions of patients
who were black compared to nonblack, and about
a third were preadolescent (Tanner sexual maturity
score <3). The majority of the patients were dis-
covered to be hypertensive within the prior year,
and the majority had isolated systolic hypertension;
about a third had systolic/diastolic hypertension,
and most were naive to pharmacologic therapy
(Table). The treatment groups were well balanced
with regard to these patient characteristics. Twenty-
two patients had a medical or surgical history of a
renal or urologic abnormality, and two of these had
chronic kidney disease with elevated serum creati-
nine levels (estimated glomerular filtration rates, 61
and 136 mL/min/1.73 m?). Twenty patients had a
baseline urinary albumin/creatinine ratio >30 mg/g.

Although study-qualifying BP levels were specific
to each patient (based on 95th percentile), baseline
mean BP values were nearly identical across treat-
ment groups (mean SiSBP, 133-135 mm Hg; mean
SiDBP, 78-80 mm Hg).

BP declined with all active treatments, with
adjusted mean reductions ranging from 8.6 to
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Table. Demographic and Baseline Characteristics
4-WEEK 52-WEEK
DousLe-Buinp  OPEN-LABEL
PHASE PHASE
TotaL TotaL
(N=240) (N=233)
Age, y, No. (%)
<12 70 (29.2) 68 (29.2)
>12 170 (70.8) 165 (70.8)
Sex, No. (%)
Male 170 (70.8) 166 (71.2)
Female 70 (29.2) 67 (28.8)
Race, No. (%)
White 108 (45.0) 111 (47.6)
Black 113 (47.1) 102 (43.8)
Other 19 (7.9) 20 (8.6)
Tanner score, No. (%)
<3 82 (34.2) 75 (32.2)
>3 158 (65.8) 140 (60.1)
Unknown NA 18 (7.7)
Weight at screening, kg, No. (%)
<50 31 (12.9) 34 (14.6)
>50 209 (87.1) 199 (85.4)
Body mass index percentile at screening, No. (%)
<95 75 (31.3) 77 (33.0)
>95 165 (68.8) 156 (67.0)
Duration of hypertension, y, No. (%)
<1 154 (64.2) 151 (64.8)
1to <2 35 (14.6) 32 (13.7)
2 to0 <3 23 (9.6) 25 (10.7)
3 to <4 14 (5.8) 12 (5.2)
>4 14 (5.8) 13 (5.6)
Type of hypertension®
None 14 (5.8) 9 (3.9
Diastolic only 16 (6.7) 14 (6.0)
Systolic only 125 (52.1) 122 (52.4)
Systolic and diastolic 85 (35.4) 88 (37.8)
*Type of hypertension is defined as diastolic hypertension
>95th percentile; systolic hypertension >95th percentile.
The no hypertension group represents an apparent
difference in the study site’s determination of the 95th
percentile (using blood pressure charts) vs the percentiles
calculated by a central program. Tanner score assesses
sexual maturity.

11.2 mm Hg for SiSBP and from 4.8 to 8.0 mm
Hg for SiDBP; the reduction with placebo was
3.7/1.8 mm Hg (placebo-corrected  declines,
4.9/3.0-7.5/6.2 mm Hg). While neither the slope
for placebo-corrected change in SiSBP nor the slope
for placebo-corrected change in SiDBP were signifi-
cantly different from zero in the dose-response
model (P=.10 and P=.24, respectively), the tests for
declines in BP compared to placebo yielded
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Figure 1. Least square mean changes from baseline to
week 4. SBP indicates systolic blood pressure; DBP,
diastolic blood pressure. & Placebo, & Candesartan
2/4 mg. N Candesartan 8/16 mg. @ Candesartan
16/32 mg. m All candesartan doses.

significant results: P<.01 for all 3 dose levels for
SiSBP and P<.01 for the medium- and high-dose
levels for SiDBP (Figure 1).

The response rates (proportion of patients with
both SiSBP and SiDBP <95th percentile) were
54%, 62%, and 65% for the low-, medium-, and
high-dose groups, respectively, which were signifi-
cantly greater than the 31% for the placebo group
(P<.0S5 for all doses vs placebo).

The decline in SiSBP appeared to be somewhat
greater among patients in the lighter-weight panel
(<50 kg), but the same trend was not apparent for
SiDBP. While candesartan lowered BP across all
racial groups, the reduction was less in blacks than
in nonblacks (eg, the placebo-corrected reduction in
SiSBP [all active doses pooled] was 4.8 mm Hg in
blacks vs 7.9 mm Hg in nonblacks and 3.9 vs
6.7 mm Hg for SiDBP). There were no apparent
differences in BP response based on age, sex,
Tanner stage, or type of hypertension.

52-Week Open-Label Study

A total of 237 patients enrolled in the 52-week
clinical experience study; 213 had participated in
the antecedent dose-ranging study. In all, 235 took
at least 1 dose of candesartan, and 233 could be
included in the intent-to-treat population. As most
of the patients entered the clinical experience study
following participation in the dose-ranging study,
the characteristics of the two study populations
were nearly identical (Table). By the end of the
study, approximately one-fourth of the patients
were taking candesartan at either an 8-, 16-, or 32-
mg dose, while somewhat fewer were taking other
doses. Twenty-two patients (9.4%) were taking an
additional antihypertensive agent, most often
(n=13) a thiazide diuretic.
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Figure 2. Mean (SD) candesartan plasma levels (nmol/L) in a single-dose (16 mg) pharmacokinetic study. A indicates

6-12 years of age (n=12); ® 12-17 years of age (n=10).

Over the course of the study, the response rate
ranged from 50% to 63%, and at 1 year it was
52%. Consistent with the observation in the dose-
ranging study, the response rate was lower for
blacks than for nonblacks (43% vs 61% at week
52, respectively).

Pharmacokinetics

Twenty-two patients (12 younger than 12 years
and 10 aged 12-17 years) participated in the single-
dose PK substudy. The PK parameters for the
younger (6-12 years) and older (12-17 years) chil-
dren were similar (C,,,y, 334 vs 397 nmol/L; AUC,
2728 vs 3060 nmol*h/L; ty. 4.3 hours for both;
tY2 6.7 vs 5.7 hours). The plasma concentration time
curves for the two age groups are illustrated in
Figure 2. Furthermore, there was no significant
correlation between age and either C,, or AUC.
Body weight correlated (negatively) with C,. and
AUC, but there was considerable variability and the
associations were relatively weak (R=—0.528 and
—0.557, respectively).

Safety

Candesartan was generally well tolerated: 3 patients
discontinued treatment in the dose-ranging study
because of an adverse event, and 5 did so from the
clinical experience study. These adverse events
included hypotension, arm fracture, dizziness, head-
ache, low white blood cell count, and progression
of underlying renal disease (2 patients). None of
the study participants became pregnant. The most
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commonly reported adverse events included head-
ache, upper respiratory infection, dizziness, cough,
and sore throat. There were no abnormalities of
note in the laboratory or electrocardiographic
examinations, and there was no consistent pattern
as to change in urinary albumin/creatinine ratio.
There was no notable change in height (mean [SD]
Z-score change to week 52, —0.05 [0.35]) or weight
(mean [SD] change in Z-score, —0.01 [0.31]).

In the neurocognition substudy, a total of 33
patients had both a baseline and 1-year follow-up
evaluation. The mean (SD) baseline FSIQ was 95.0
(12.7) and the change to the end of the study was
+2.6 (6.5). Three patients had an increase in FSIQ
by >10 points, and 3 had a decline of >10 points
(95% confidence interval, 0.0-18.9). In all 3 cases
in which there was a decline, the baseline value
was above “average” (100), and for all 3 the end-
of-study score was within “normal” range.

DISCUSSION

This pediatric hypertension treatment program
describes the antihypertensive effects of an angioten-
sin receptor blocker, candesartan, in hypertensive
children aged 6 to 17 years, in terms of the dose rela-
tionship and a long-term treatment experience, and
describes the single-dose pharmacokinetics of this
agent in the same population. The study population
was consistent with the epidemiologic descriptions
for hypertension in this age group: more common
among males, strongly associated with obesity, and
usually “primary” or “essential” in etiology."*
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The study’s primary objective focused on detecting
a significant slope for reduction in BP across the dose
levels of the drug tested. While candesartan induced
significant reductions in BP at all 3 dose levels relative
to placebo, the slopes across dose levels did not differ
from zero. It would appear that the highest 2 doses
studied were both toward the top of the dose-
response curve, thereby minimizing the ability to
scribe a dose-response curve with only 3 dose levels.
In other words, the highest doses did not appear to
produce much additional BP lowering. The observa-
tion is, however, not inconsistent with findings from
adult studies in which BP reduction is dose-related
but the relationship is not particularly “steep” (8-12/
4-8 mm Hg over 8-32 mg).'® The findings are also
consistent with the pediatric study of the angiotensin
receptor blocker losartan in which the antihyperten-
sive effect was essentially flat between a middle and
high dose.'® The selection of doses for study in the
current program attempted to mimic the candesartan
doses established for adult hypertensive persons by
adjusting roughly for weight, but the approach was
constrained by the available tablet strengths and the
number of dose levels that could be studied. It is pos-
sible that a study with more dose levels over a wider
range of doses would scribe a statistically significant
dose-response curve. In addition, this study highlights
the potential vulnerability of the dose-response
design.?*  Perhaps concurrent placebo-control
designs, when feasible, may be preferable as they
allow for direct quantitation of active treatment
effects.

More important, the magnitude of the BP reduc-
tions obtainable with candesartan as observed in
this study (8.6-11.2/4.8-8.0 mm Hg [placebo-
corrected 4.9/3.0-7.5/6.2 mm Hg]) compares
favorably not only with the adult experience but
with antihypertensive effects reported for other
agents in children of the same general age; for
example, 5.2-7.7/3.1-7.5-mm Hg reductions with
the B-blocker metoprolol succinate extended release
vs 1.9/2.1 mm Hg with placebo.”® The results are
also consistent with the findings reported for the
angiotensin receptor blockers losartan and valsar-
tan, %% although some early studies with angioten-
sin-converting enzyme inhibitors have indicated
somewhat greater reductions (7.6-16.4-mm Hg
reduction in DBP with lisinopril).” In the case of
candesartan in the current study, the BP reductions
were sufficient to translate into hypertension con-
trol rates of about 50% to 60%; this was main-
tained with long-term treatment.

The experience with renin-angiotensin-aldosterone
system—inhibiting  antihypertensive therapy in
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adults consistently indicates that black hypertensive
patients respond less well to these agents than do
nonblacks.?” The experience in this study suggests
that the same may be true in hypertensive children.

Also, consistent with the adult angiotensin recep-
tor blocker treatment experience, candesartan was
generally well tolerated in the current studies,
although children with advanced renal impairment
and those at high risk for significant adverse effects
such as hyperkalemia were not included in the
trials.

Together, the efficacy, safety, and PK data in the
current study suggest that the antihypertensive
effects of candesartan and its PK properties in chil-
dren aged 6 years and older closely parallel those
seen in hypertensive adults.

Other published reports of candesartan treat-
ment in children are limited to one small study
(n=17) in children aged 0.5 to 16 years with hyper-
tension or proteinuria; this study reported a BP
decline of 9/9 mm Hg,*® and a study in 11 chil-
dren suggested that ambulatory BP and clinic BP
values are equally useful in assessing the antihyper-
tensive response.”’

It should be noted that our study evaluated only
3 dose levels, which limits the precision with which
the dose response can be characterized. The study
also excluded children with severe hypertension
and hypertension associated with causative etiolo-
gies, such as renovascular hypertension, and there
were no renal transplant patients in the trial.

Perspectives

In keeping with the experience in adults, candesar-
tan is effective and well tolerated in a pediatric
hypertensive population. The same admonitions
that accompany the use of candesartan in adults
are also relevant for children: use caution to pre-
vent hypotension in volume-depleted patients and
avoid administration if bilateral renal artery steno-
sis is suspected. Of particular importance for ado-
lescent females is the admonition to avoid use of
candesartan during pregnancy.

Together, this program of studies indicates that
candesartan cilexetil (2-32 mg) administered once
daily is an effective, well-tolerated antihypertensive
agent for children aged 6 to 17 years.
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