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1.

EXECUTIVE SUMMARY

1.1 Conclusions and Recommendations
The sponsor conducted two dose ranging studies in pediatric subjects. One study in
children less than 6 years old showed a dose response among the three doses studied. A
second study in children age 6 to 17 failed to show a dose response among the three
doses studied using the pre-specified primary analysis.
1.2 Brief Overview of Clinical Studies
One study (328) enrolled 93 subjects less than 6 years old. Subjects were randomized to
low, middle, or high dose regimen of candesartan with actual dose based on body weight
(0.05, 0.2, or 0.4 mg/kg). The primary endpoint was change in systolic blood pressure
after 4 weeks of treatment. This study did not have the required percentage of black
patients according to the Written Request letter.
One study (261A) enrolled 240 subjects between 6 and 17 years old. Subjects were
randomized to placebo, or to a low dose, medium dose, or high dose of candesartan. For
subjects under 50 kg in body weight, the doses were 2, 8, and 16 mg per day, for subjects
50 kg or greater, the doses were 4, 16, and 32 mg per day. The primary endpoint was
change in sitting systolic blood pressure after 4 weeks of treatment. The primary analysis
was based on the slope of the dose response relationship for the non-placebo groups.

1.3 Statistical Issues and Findings
The first study (328) showed a difference between the three dose regimens using the perspecified primary analysis (p=0.014).
The second study failed to show a difference between the three doses using the prespecified primary analysis (p=0.1). An exploratory analysis in the second study showed
that all three doses were different from placebo.

2.

INTRODUCTION
2.1 Overview- Study 328
Study 328 was a multicenter, dose-ranging study of candesartan in hypertensive pediatric
subjects ages 1 to <6 years. It employed a double-blind, randomized, dose-ranging design
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followed by a 52-week, open-label treatment experience evaluation. Subjects underwent a
screening evaluation, then a 1-week, single-blind, placebo run-in period, after which
eligible subjects received ½ the dose until Day 7. If tolerated, dose was increased to full
dose: subjects were allocated to receive 1 of 3 dose levels of candesartan (0.05 mg/kg, 0.2
mg/kg, or 0.4 mg/kg), liquid formulation, in a 1:1:1 ratio. The study drug concentration
was adjusted to correspond to a fixed dose volume (5 ml for subjects <25 kg and 10 m for
those ≥25 kg). Subjects returned weekly during the double-blind period (Day 1 to Day
28).
The primary objective of the study was to determine if candesartan induced a doserelated reduction in blood pressure in the double-blind phase of the study. The primary
efficacy measure was SBP determined at ‘trough’ (24 hours post-dosing) and the measure
of effect was change from baseline to Week 4. Missing data was imputed by last
observation carried forward. More than 90% of patients in each group completed the
study.
The total number of subjects were randomized was 93 (out of 118 enrolled). According
to the study report: "The candesartan pediatric hypertension clinical trial program has
examined children from 1 to <17 years of age. The sample size estimates for the program
took into account criteria outlined in a FDA modification to the written request to assure
that studies were adequately powered to detect a meaningful antihypertensive effect, (see
FDA Written Request, Module 1). The sample size for this study was chosen to assure
that 25% of the efficacy evaluable subjects participating in the overall program were
between 1 and <6 years of age." About the only thing I can agree with in that statement
is the first and last sentence, indeed the two studies examined subjects from 1 to less than
17 years of age and about 25% of the total number of subjects in the two studies were
between 1 and less than 6 years old. The middle sentence is vague, not describing
exactly how the sample size was chosen, but even this vague description is different from
what was in the written request letter. For example, the letter did not say to find a sample
size, then split up that sample size into two studies which would be analyzed
independently. Moreover, even the total sample size for the two studies combined is far
short of what was required to achieve 90% to detect a clinically meaningful effect as
defined in the letter.
The summary of the baseline demographics appears in Table 1. Of note, the percentage
of Black subjects was only 18%, which did not fall within the range required by the
written request (at least 35%).
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Table 1 Summary of demographics and other baseline data (Study 328).

Source: p 56 of Study Report.

The primary analysis was conducted using a linear regression model. The response
(dependent) variable was the change from baseline to the end of the double-blind
treatment period in trough SBP, and the independent variables were dose ratio (1:4:8,
representing the low, middle, and high dose groups) and weight group (0 or 1
representing the 2 weight panels) as a blocking factor. If the coefficient for the dose ratio
term was significantly different from zero at a significance level of 0.050, then a dose
response relationship was concluded. The regression model takes the following form:
change from baseline=α + β*(dose ratio) + τ*(weight group) + ε, where α, β, and τ are
coefficients to be derived in the model and ε is the error term. In order to retrieve a
single-point estimate for each of the 3 dose ratios, a value had to be applied to the weight
group parameter. The weight group parameter identifies those subjects in the lower
(assigned a value of 0) and higher (assigned a value of 1) weight panels. To represent the
5

study population, the proportion of subjects in the upper weight group (0.129) was
entered into the regression equation. Each of the 3 dose ratio estimates was calculated by
entering the dose ratio value into the equation.
Secondary endpoints included the dose response examined within each weight panel
separately where changes from baseline in trough SBP were analyzed using simple linear
regression with dose ratio as the independent variable. The dose-response analyses were
repeated for the secondary blood pressure variable, change from baseline to the end of the
double-blind period in trough DBP. No adjustment was made for these secondary
analyses to control the familywise error rate.
2.2 Overview- Study 261A
Study 261A was a multicenter, placebo-controlled dose-ranging study of candesartan in
hypertensive pediatric subjects ages 6 to <17 years. It employed a double-blind,
randomized, dose-ranging design followed by a 52-week, open-label treatment
experience evaluation. Subjects underwent a screening evaluation, then a 1-week, singleblind, placebo run-in period. The study included 2 dosing panels based on subject weight:
Panel 1: Subjects <50 kg were allocated (1:2:2:2) to placebo or candesartan cilexetil 2
mg, 8 mg ,or 16 mg
Panel 2: Subjects ≥50 kg were allocated (1:2:2:2) to placebo or candesartan cilexetil 4
mg, 16 mg, or 32 mg
The primary study objective was to characterize the dose relationship of candesartan
cilexetil (in once-daily, oral doses) in hypertensive pediatric subjects (6 to <17 years)
receiving treatment for 4-weeks by evaluation of the slope of linear regression for the
change from baseline to double-blind (DB) Week 4 in trough sitting systolic blood
pressure (SiSBP) as a function of non-zero dose. Missing data was imputed by last
observation carried forward. About 95% of patients in each group completed the study.
The total number of subjects were randomized was 240 (out of 301 enrolled). According
to the study report: "The study sample size was initially based on an assumed 8 mmHg
reduction in SiSBP for the highest candesartan cilexetil treatment group when compared
to the lowest candesartan cilexetil group. This assumption led to a sample size of 176
subjects completing Study 261A to provide 84% power to reject a null hypotheses of
regression of slope =0 assuming that the standard deviation of the predictor variable
(dose) was 10.1, the standard deviation of the residuals was 12, and using a t-test with an
α 0.05 with a 2-sided significance level. If a 20% dropout rate was assumed, then
approximately 210 randomized subjects were required. The target sample size was
subsequently increased based on additional (negative interpretability) criteria specified in
a re-issued written request from the FDA 8 January 2003 (see details in Section 5.8).
These criteria define an interpretable study in the event that neither a dose response nor a
difference for active doses vs. placebo was found. A blinded interim analysis of Study
261A, as suggested in the written request from the FDA, showed an approximate 9
mmHg standard deviation for the reduction in SiSBP for all treatment groups. Using a
more conservative projection of 10 mmHg for the final standard deviation for the
6

261A completed study, the total number of subjects needed to satisfy the negative
interpretability criteria was calculated to be 320 subjects for the Studies 261A and 328
combined." Again, the letter did not say to find a sample size, then split up that sample
size into two studies which would be analyzed independently. Moreover, even the total
sample size for the two studies combined is far short of what was required to achieve
90% to detect a clinically meaningful effect as defined in the letter. This study was
initially planned to achieve 84% power assuming an 8 mmHg difference between the
high dose and low dose- it was never designed to have 90% power for a difference of 3
mmHg- not at the beginning, nor after the interim analysis, nor even by combining both
studies together.
The summary of the baseline demographics appears in Table 2.
The primary efficacy measure was the placebo-corrected change from baseline to the end
of treatment in SiSBP. The primary efficacy analysis was based on the slope of linear
regression for the placebo-corrected change from baseline to DB Week 4 in trough SiSBP
as a function of non-zero dose. SiDBP and standing BP served as secondary efficacy
measures. The protocol specified a primary analysis based on the slope of change from
baseline to DB Week 4/LOCF in trough SiSBP as a function of non-zero dose as
determined by a multiple linear regression, which included 2 weight panels. The low (2/4
mg), medium (8/16 mg), and high (16/32 mg) doses were pooled and assigned values
corresponding to relative dose, 1:4:8. The independent variables for the regression
models involved body weight panel as a blocking factor and dose ratio (1/4/8).
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Table 2 Summary of demographics and other baseline data (261A).

Source: pp 59-60 of Study Report.

Secondary efficacy variables, which included the placebo-corrected change from baseline
to the end of treatment in SiDBP, standing SBP and DBP, and sitting pulse pressure were
analyzed using the same multiple-linear regression model as described for the primary
variable in Section 5.7.4.1. To supplement the analyses, a multiple linear regression was
also performed with treatment and race as factors. The slope of change from baseline to
DB Week 4/LOCF in trough SiSBP as a function of dose was also determined for each of
the 2 weight panels separately with a simple linear regression. Secondary analyses for the
primary and secondary efficacy variables also included comparisons of each of the 3
active treatment groups and all active treatment groups pooled relative to placebo by
linear contrasts in an analysis of covariance (ANCOVA) model, with treatment group as
a factor and the baseline value as a covariate. The differences of the treatment least
square means, together with one-sided nominal p-values and 95% CI are provided and no
adjustments for multiplicity were made for these analyses. The individual least square
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means and 95% CI are also provided. For the SiSBP and SiDBP, the least square mean of
the active treatments pooled was calculated. While the ANCOVA analysis was planned
in the protocol, the study was not powered to show significant differences between an
individual active treatment group and placebo. No adjustment was made for these
secondary analyses to control the familywise error rate.
2.3 Data Sources
Electronic study reports and data sets (\\CDSESUB1\EVSPROD\NDA020838)

3.

STATISTICAL EVALUATION
3.1 Evaluation of Efficacy- Study 328
Systolic blood pressure, the primary efficacy variable, declined monotonically across the
three candesartan dose levels (0.05 mg/kg, 0.2 mg/kg, and 0.4 mg/kg) by 6 to 12 mmHg
(see Figure 1 and Table 3), a decline that was significantly related to the candesartan dose
(p=0.0136). Similarly, DBP declined by 5 to 11 mmHg in a significant dose-related
fashion (p=0.0301).
Figure 1 Changes in SBP at each week (Study 328)

Source: page 65 of Study Report
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Table 3 Analysis of primary endpoint SBP (change at Week 4/LOCF) and secondary
endpoint DBP (Study 328).

Source: Study Report, p 67 and confirmed by the FDA reviewer.

I would have liked to see all pairwise comparisons of the three doses following the global
test. These three tests of all pairwise comparisons can be done without correction for
multiple comparisons under a closed test procedure (when there are exactly three groups).
Then, I could see if any dose is significantly better than any other. When I do that in this
case, I found that only the high dose is significantly different than the low dose. No other
pairwise comparison is significant.
3.2 Evaluation of Efficacy- Study 261A
"In hypertensive children 6 to <17 years of age, the reduction from baseline in SiSBP
with candesartan cilexetil administered for 4 weeks was not dose related (over the range
of doses studied: 2/4 mg, 4/8 mg, and 16/32 mg in children weighing <50 kg/≥50 kg
(p=0.0973)" [from p. 65 of Study Report]. Also, see Figure 2 and Table 4 for the plot of
the changes in blood pressure over time by group and the summary statistics for the
primary efficacy analysis.
As an exploratory analysis, I also fit a linear regression model similar to that used in the
primary analysis. However, I did not include weight in the model, but I included the
placebo group (treating it as a dose of 0 mg). I fit two straight line regression (one
including the placebo data and one not including placebo) and also a quadratic curve
(including placebo) as a function of dose level (see Figure 3 and Table 5). The figure
shows that neither straight line does a good job of modeling the data; in particular, neither
line comes close to the observed mean in the placebo group. Also, the quadratic model
fits better, but has a U-shape that I would not expect for this data since I would expect the
actual change in SiSBP to be monotonically decreasing as a function of dose in the range
studied, unless for some reasons patients in the high dose group did not take full dose or
10

there are high dropout rate in that dose group. To me, this indicates that none of these
models makes sense for this data if we want to include the placebo data (using the dose
levels 0, 1, 4, and 8) for this study. This modeling exercise also taught us that statistical
inference based on modeling can be risky in confirmatory trials. If the question is
whether there is a difference among the three doses, the pre-specified model is adequate
to answer that question and the red line in the figure (the linear regression line not
including the placebo data) fits the data from the 3 doses fairly well, it was also the prespecified primary analysis model (except I did not adjust for weight strata in this
analysis). The only "problem" with it is that it fails to show a difference between the 3
doses. But, that doesn't mean the model is wrong- a plausible explanation for that is that
there is no difference between the doses or that the sample size was too small to detect
the difference.
Figure 2 Changes in SBP at each week (Study 261A)

Source: Study Report, p 67.
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Table 4 Analysis of primary endpoint SBP (change at Week 4/LOCF) and secondary
endpoint DBP (study 261A).

Source: Study Report, p 69 and confirmed by the FDA reviewer.

0

Figure 3 Changes in SBP by dose level and three fitted regression models (with dose
level as independent variable, not including weight) (Study 261A)
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Circles are unadjusted means, vertical lines represented confidence limits for unadjusted means.
Source: FDA exploratory analysis.
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Table 5 Exploratory analysis of SBP (change at Week 4/LOCF)- linear and quadratic
regression models including placebo (dose levels 0, 1, 4, 8)† (study 261A).
Parameter
Intercept
Dose
Intercept
Dose
Dose2

Estimate
Standard Error
Response as a linear function of dose
-6.832
0.947
-0.656
0.198
Response as a quadratic function of dose
-5.293
1.204
-2.254
0.804
0.190
0.093

p-value
<0.001
0.001
<0.001
0.006
0.042

†

Regression model with response equal to change in SBP at Week 4/LOCF and independent variable dose
level (0=placebo, 1=low dose group, 4=middle, 8=high)
Source: FDA reviewer.

For the secondary efficacy measure SiDBP, the slope for change from baseline to
Week 4/LOCF across the 3 active dose groups (ITT population) was also not
significantly different from 0 (p=0.3708, see Table 4). In a secondary analysis,
Candesartan cilexetil administered for 4 weeks (at doses of 2/4 mg, 8/16 mg, and 16/32
mg) effectively lowered SiSBP (post-hoc 2-sided p≤0.0074, each candesartan cilexetil
dose vs placebo, see Table 6).
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Table 6 Secondary analysis of SBP (change at Week 4/LOCF) and DBP, pairwise
comparison to placebo (study 261A). [NB: these are one-sided p-values and confidence
limits at the bottom four rows and are also not adjusted for multiple comparisons]

Source: Study Report, p 70

3.3 Evaluation of Safety
See clinical review.

4.

FINDINGS IN SPECIAL/SUBGROUP POPULATIONS
4.1 Gender, Race and Age
The results for the primary endpoint for Study 328 in subgroups defined by gender, race
and age appear in Table 7. There seems to be consistent effect across these subgroups in
this study. The results for the primary endpoint for Study 261A in subgroups defined by
gender, race and age appear in Table 8. There is a suggestion of a 2-3 mmHg difference
between Blacks and non-Blacks in this study for each dose. Otherwise, there does not
appear to be much difference in response by gender or age group in this study.
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Table 7 Results for change in BP in demographic subgroups (Study 328, all doses
pooled)

Source: p 71 Study Report

Table 8 Results for primary endpoint (proportion of responders) in demographic
subgroups (261A)
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Table 8 (continued)

Source:Study Report pp 312, 313, and 315

4.2 Other Special/Subgroup Populations
NA

5.

SUMMARY AND CONCLUSIONS
5.1 Statistical Issues and Collective Evidence
Study 328, in children less than 6 years old showed a dose response among the three
doses studied. When I looked at the pairwise comparisons, I only saw a significant
difference between the high dose and low dose. I think the pairwise comparisons should
always be done after finding a dose response, which is simply a test of the global null
hypothesis. In the case of exactly three groups, no adjustment is needed to these pairwise
comparisons following a significant global test. The second study, 261A, in children age
6 to 17 failed to show a dose response among the three doses studied using the prespecified primary analysis.
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5.2 Conclusions and Recommendations
The sponsor did not conduct a study in pediatric subjects that met the terms of the written
request letter. Study 328 was successful on the primary analysis, but did not meet the
other terms of the letter. I recommend the sponsor to follow the terms of the letter.
Moreover, I would recommend all sponsors to think about all the chances they want to
have of winning and then create an analysis plan that controls the error rate for all those
chances. In this case, the sponsor could have claimed a significant effect for one or more
doses compared to placebo if they had planned six analyses and used, for example a
Bonferroni correction for these six analyses: a) high dose vs. low dose b) high dose vs.
middle dose c) middle dose vs. low dose d,e,f) pairwise comparison of each dose vs.
placebo. These six analyses are all permitted by the letter (the first 3 fall under the
category of "look for a dose response"). Clearly, something better than a Bonferroni
correction would be possible, but what's not desirable is to spend all the α on a single test
and then argue post hoc that if only I had chosen some other analysis, I would have won,
so can't I just pretend that I did choose that other one? (there is nothing wrong with the
first part of that, but something seriously wrong with the rest).
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